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ABOUT THE FOUNDATION FOR OHIO RIVER EDUCATION 
 
Education empowers communities to value and protect their watersheds. The Foundation for Ohio 
River Education (FORE, formerly ORSANCO Educational Foundation) teaches people of all ages in the 
Ohio River Basin to become environmental stewards through hands-on programs that get people on 
the water and engaged in preserving the cultural, ecological, and economic value of our rivers. 
 
FORE was established in 2004 as a 501(c)(3) non-profit organization by the Ohio River Valley Water 
Sanitation Commission (ORSANCO). ORSANCO is an interstate water pollution control agency for the 
Ohio River representing eight states and the federal government. Member states include: Illinois, 
Indiana, Kentucky, New York, Ohio, Pennsylvania, Virginia, and West Virginia. 
 
THE PA DENNY RIVER EDUCATION CENTER:  
AT THE CONFLUENCE OF LEARNING AND EXPLORING 
 
In Life on the Mississippi, Mark Twain wrote, “the people fasten their eyes upon the coming boat as a 
wonder they are seeing for the first time.” The PA Denny River Education Center seeks to inspire this 
sense of awe and wonder in all who take part in the journey. The floating classroom offers a unique 
opportunity for students to experience the Ohio River, connecting with this resource while learning key 
scientific concepts, establishing a foundation of knowledge on which they can base future decisions 
about the environment.  
  
The PA Denny River Education Center focuses on water quality, an environmental issue that is relevant 
to the millions of people in the Ohio River Basin. The goals of this program are: 
 

• to encourage an ethic of awareness and environmental stewardship for the Ohio River and its 
tributaries;  

• to provide schools and instructors with a model for a coordinated environmental education 
program by offering materials, training, and access to resources while also meeting state 
science proficiency standards; 

• to offer students a river-based learning experience in which they explore real-world 
environmental problems and develop life skills they can use to address issues in their own 
community;  

• to encourage students to become involved in addressing and solving environmental issues in 
their own communities. 

 
How it Works 
During a day-long voyage aboard the PA Denny River Education Center, students will make 
observations and take measurements of the Ohio River and the land area surrounding the river. Using 
the information gathered at stations - where students investigate water quality, watersheds, biological 
indicators, food webs and navigation - students will gain an understanding of the current condition of 
the Ohio River. Data will be collected at two sites along the Ohio River, including a “downstream” site 
located in Cincinnati, Ohio and an “upstream” site located near California, Ohio. Students will compare 
pollution levels at the two sites and investigate possible pollution sources. This will teach students that, 
when assessing pollution problems in the Ohio River, it can sometimes be difficult to narrow down a 
specific answer or cause. It was also teach them that most of the pollution in the river, nearly 80%, 
comes from non-point sources.  
 
Each student will spend the entire day collecting data from one station. Once they return to the 
classroom, they will then work with students from other stations to synthesize their data, determine 
pollution types, and explore possible sources of the pollution. 
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Pre-voyage Instruction 
Prior to the floating classroom trip, students will learn about watersheds and water quality through pre-
voyage instruction lessons designed to prepare them for concepts explored on the vessel.  During the 
pre-voyage instruction, students will map and define a watershed through hands-on activities and 
investigate the characteristics of the watershed, such as land use, that could influence water quality. 
Through mini-experiments, students will identify parameters that can be used to measure water quality 
and how these parameters are influenced by pollutants and specific water quality conditions. They will 
also take water quality measurements from a local stream and determine what the “normal” ranges of 
these parameters are for their area and identify local water quality influences. The pre-voyage 
instructional period requires approximately two-four weeks to complete.   

 
PA Denny River Education Center Voyage 
The floating classroom consists of four “expert” stations. Activities at these stations focus on water 
quality, watershed characteristics, navigation, food webs, and biological indicators. While all students 
will participate in the pre-voyage instruction activities, students will not conduct activities at all stations 
on the floating classroom. Instead, each student will spend the day at one station becoming an expert 
in their particular area (for example, Water Quality or Land Use).  

 
Post-voyage Instruction  
On-board the floating classroom, each group will focus on one aspect of the Ohio River, becoming 
“experts” in that area. Back in the classroom, student groups will convene to synthesize the big picture. 
Specifically, one member from every on-board station will meet with members from each of the other 
stations to compile data and discuss their findings. Based on the information gathered at each station, 
these new groups will create a list of possible pollution sources that influenced their findings.  Student 
groups will explain their findings and how they reached their conclusions. Educators should explain that 
there is no “right answer” and that the conclusions each group reached could change with additional 
information from subsequent investigations—the nature of science. Students will also reflect on their 
experiences during the program, both verbally in class and as a written homework assignment.   
 
FORE will soon offer periodic training for teachers who would like to involve their students in an 
optional Community Action Project (CAP). The CAP serves as a culminating activity for students, which 
integrates knowledge gained during pre-voyage instruction, aboard the River Education Center and 
during the post-voyage synthesis. The Community Action Project will allow students to use their 
knowledge to research local environmental issues, then plan and execute a community outreach 
project that addresses one or more of those issues.   
 
Concepts: Skills: 

• Point & non-point source pollution • Making observations 
• Water quality measurements • Measuring water quality 
• Biological indicators • Sampling aquatic biota 
• Watersheds • Measuring weather conditions 
• Best Management Practices • Data analysis  
• Aquatic ecosystem 
• Land use and water quality 
• Uses of the Ohio River 
• Water Quality Regulation 

• Communicating results 
• Predicting  
• Inferring 
• Researching 
• Drawing conclusions 
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Stream Savers Chest (SS Chest) 
To facilitate the completion of pre- and post-voyage instruction, teachers will receive curriculum kits 
(called Stream Savers Chest or SS Chest). Included in the SS Chest are the materials and equipment 
necessary to conduct the recommended activities.  
 
Science Education Standards 
With the help of a Curriculum Advisory Board, comprised of members from five states bordering the 
Ohio River, the PA Denny River Education Center curriculum is aligned with both state and national 
science standards. Activities for the floating classroom, prior to, aboard, and following the boat voyage, 
focus on concepts, skills, and teaching strategies recommended by the science standards. FORE staff 
encourages the use of the curriculum activities as these will help students prepare for their voyage. 
However, teachers are free to substitute their own activities if they cover the same concepts.   

 
THE LEARNING CYCLE 
 
The 5-E Model describes the process of learning as a cycle rather than a linear transformation.  Using 
this model, students construct their own knowledge based on prior experiences and their previous 
understanding of related concepts. The five Es are Engage, Explore, Explain, Extend, and Evaluate. 
Using these five steps as a guide, teachers capture the students’ interest in the new concept, and 
through a series of activities and discussions, allow them to explore the concept and apply their 
newfound knowledge, while challenging their existing ideas about the concept and how it relates to 
other concepts.    

 
The 5-E Model is an integral part of the PA Denny River Education Center high school curriculum, both 
on and off the boat, as the entire program is designed around this instructional approach. During the 
pre-voyage instruction, teachers will ENGAGE students through a series of activities designed to pique 
their curiosity about the concepts that will be investigated on the boat. While aboard the River 
Education Center, students will EXPLORE these concepts further at each station. Back in the 
classroom, teachers will use post-voyage instruction lessons to EXPLAIN the concepts further, 
synthesizing information collected on the boat. The final portion of the post-voyage instruction will focus 
on the student’s ability to apply their knowledge of the concepts to a new situation as they EXTEND 
their understanding. Finally, students and teachers can EVALUATE their newfound knowledge by 
completing an optional Community Action Project, in which they apply what they learned through they 
learned in this curriculum to address a water quality issue in their community.   

 
Each portion of the learning cycle is an essential step that will enable students to construct their own 
knowledge from their previous understanding. Similarly, as the floating classroom program is based on 
this 5-E model, each component of the program, from the teacher workshop to the community action 
project, is important to provide students with the tools necessary to learn and understand concepts 
related to the Ohio River and water quality. 
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The 5E Model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Engage 
Pre-voyage Instruction 

Explore 
On-board Program 

Evaluate 
Community Action Project 

Extend 
Post-voyage Instruction: 

Application

Explain 
Post-voyage Instruction: 
Data Analysis/ Reflection 
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BACKGROUND 
 
THE OHIO RIVER:  THEN AND NOW 
 
The Ohio River is 981 miles long. It is formed 
by the confluence of the Monongahela and 
Allegheny Rivers in Pittsburgh, PA and empties 
into the Mississippi River at Cairo, IL. Water 
from parts of nine states forms the drainage 
basin for the Ohio River: Illinois, Indiana, Ohio, 
Pennsylvania, New York, West Virginia, 
Virginia, Kentucky, and Tennessee.    

 
The Ohio River that is seen today resulted from 
systems of glaciers that advanced through 
Ohio, Indiana, and Northern Kentucky over a 
million years ago. These glaciers ultimately 
buried an ancient river system, known as the 
Teays. As the glaciers retreated, they created 
new headwaters for the Ohio River in Western 
Pennsylvania, and carved the channel for the 
Ohio River to flow toward Illinois. 
 
Among the first human inhabitants to depend 
on the river were the Mound Building 
Paleoindians. Other Native American tribes, 
such as the Deleware, Wyandot, Shawnee, 
Miami, Cherokee, Chickasaw, and Iroquois 
followed. The Iroquois called the river “OYO”, 
meaning “great river”, while Frenchmen Rene 
Robert Cavelier Sieur de La Salle, the first 
European to see the river in 1669, referred to it 
as “la belle riviere”, meaning the beautiful river. 
 
After LaSalle’s discovery, the Ohio River was 
home to many settlements, where it evolved 

into a primary transportation route during the 
westward expansion of the early United States.   
In the 1800’s the Ohio River played an 
important role in the Civil War, separating free 
states from slave states, and fostering escape 
routes that were part of the Underground 
Railroad. 
 
The river was also used in the 1800’s as a 
shipping route for coal and agricultural goods 
destined for major cities on its mainstem, and 
along the Mississippi River. At the time, the 
river was so shallow in places that it could be 
crossed with horse and buggy. Thus, goods 
could only be shipped during high water in the 
spring and the fall. 
 
In response to this problem, the Army Corps of 
Engineers began a series of projects on the 
Ohio River that removed sandbars and other 
obstructions to navigation. This removal 
process was followed by the construction of 
locks and dams that pooled the water to a 
minimum depth of nine feet, providing safe 
navigation on the river year-round. However, 
these dams, which relied on wooden wickets 
being raised and lowered from the river bottom, 
quickly became dangerous to operate as 
barges began carrying bigger loads. Therefore, 
in the 1950’s, Corps began replacing wicket 
dams with modern concrete structures that 
provided quicker and more efficient navigation 
along the river. Today, there are 18 of these 
“high lift” dams and two wicket dams on the 
Ohio River. 
 
The growth of cities, along with navigation and 
industrial activities in the late 19th and early 20th 
centuries, took a heavy toll on water quality in 
the Ohio River. This resulted in high levels of 
human sewage and industrial discharges that 
rendered the river unsafe for human contact, 
and unable to support fish and other wildlife.   
 
In 1948, the Ohio River Valley Water Sanitation 
Commission (ORSANCO) formed a Compact 
that stated “sewage or industrial waters 
originating within a signatory State shall not 

The Ohio River Watershed 
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injuriously affect the various uses of the 
interstate waters as hereinbefore defined.”   
 
The formation of this compact marked the 
beginning of a coordinated effort among states 
bordering the Ohio River to control discharges 
going into the river. Thus, one major outcome of 
the Compact was the treatment and regulation 
of industrial and municipal (sewage) 
discharges. These regulations, along with 
regulations enforced by the Clean Water Act in 
1972, led to significant water quality 
improvements that now allow the river to 
support diverse populations of fish and wildlife, 
to be used for recreational activities, and to 
serve as a source of drinking water. 
 
Although the regulation of discharges, or “point 
sources” have decreased many sources of 
pollution in the Ohio River, “non-point” 
pollutants, which are harder to regulate, still 
account for almost 80% of the pollution 
problems that exist today. Non-point pollutants 
include fertilizers, pesticides, and agricultural 
runoff that are carried directly into the river and 
its tributaries when it rains.   
 
Another major pollution problem in many cities 
along the Ohio River today is failing sewage 
infrastructure that can result in overflows of 
sanitary and combined sewer systems during 
heavy rain events. These overflows account for 
high levels of bacteria and pathogens that 
render the river unsafe for recreational contact 
during and after wet-weather events. 
 
Ohio River Facts 

• The Ohio River is a source of drinking water 
for more than three million people. 

 
• More than 25 million people, almost 10 

percent of the U.S. population, live in the 
Ohio River Basin.  

 
• Approximately 130 species of fish have 

been collected from the Ohio River. 
 

• The average depth of the Ohio River is 24 
feet. 

 
• There are 20 dams and 49 power generating 

facilities on the Ohio River.  
 

• Over 230 million tons of cargo are 
transported on the Ohio River each year. 
Coal and other energy products make up 
approximately 70 percent of the commerce 
traveling by barge. 

 
About ORSANCO and FORE 
The Ohio River Valley Water Sanitation Commission 
(ORSANCO) is an interstate agency established in 
1948 by a compact to control and abate interstate 
water pollution in the Ohio River Valley.  ORSANCO 
represents eight states and the federal government.  
Member states are Illinois, Indiana, Kentucky, New 
York, Ohio, Pennsylvania, Virginia and West 
Virginia. Among ORSANCO programs are water 
quality monitoring and assessment; spill detection 
and notification; pollution control standards for 
discharges into the Ohio River; and public 
information programs. 
 
Each member state’s governor, and the President of 
the United States, appoints three commissioners to 
ORSANCO’s governing board. ORSANCO’s 
advisory committees also provide guidance for 
programs. These committees are made up of private 
citizens, along with representatives from businesses, 
industries, municipalities, utilities, state agencies, 
and federal government agencies. Approximately 30 
staff members work at the organization’s 
headquarters in Cincinnati, OH. 
 
The ORSANCO Educational Foundation (OEF) was 
developed in 2003 as a 501(c)3 non-profit arm of 
ORSANCO. In January of 2009, OEF changed its 
name to the Foundation for Ohio River Education 
(FORE).  FORE teaches people of all ages in the 
Ohio River Basin to become environmental stewards 
through hands-on programs that get people on the 
water and engaged in preserving the cultural, 
ecological, and economic value of our rivers. The PA 
Denny is the flagship program of FORE. 
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Section One: Pre-voyage Lessons 
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 TIME   
• 3 – 4 days of homework time for 

students. 
• 1 day of in class discussion. 

 
GUIDING QUESTIONS 

• How do my activities connect to the 
Ohio River? 

• How do I use the Ohio River in my 
daily routine? 

• How do I affect the water quality of 
the Ohio River? 

• How do I feel about the Ohio River? 
 

 
OBJECTIVES 

 
• Explore how humans are intricately connected 

to bodies of water. 
 

• Determine how an individual’s activity can be 
traced to a body of water. 

 
• Identify common activities that affect water 

quality. 
 

• Explore personal perceptions of the Ohio 
River. 

 
  
.   
 
 

 

CONCEPTS 
• Land use and water quality 
• Uses of the Ohio River 

 

  SKILLS 
• Predicting 
• Making observations 
• Conducting research 

 
   
   

Introduction to the Ohio River 
Introduction
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OVERVIEW  
Students will explore the ways in which 
they, as residents of the tri-state area, 
connect to the Ohio River. Through two 
separate activities, students will trace their 
everyday activities from their home to the 
Ohio River. In doing so, they will realize 
how much our society depends on the 
river, how we all affect the river, and how 
we can all help protect the river. 

 
 

 
 

 
TIME  

• 2 – 3 days of homework time for 
students. 

• 1 day of in class discussion. 
 
PREPARATION TIME 

•   10 – 15 minutes 
 
MATERIALS 

• Copies of “The Ohio River and Me” 
journal handout (Worksheet 1) 

• Copies of “My Connection to the 
Ohio River” handout (Worksheet 2) 

• Access to the internet (most 
activities can be done without 
internet access) 

 
Note to Teachers: Students should complete” The Ohio River and Me” Journal BEFORE being told 
about the “My Connection to the Ohio River” activity. 
 
PROCEDURE  

1. Give each student a copy of “The Ohio River and Me” journal handout. This journal requires 
students to track their activity for one full day. 

2. Briefly explain to students that they are to record all activities they do in one day that COULD 
use or affect the Ohio River. For example, a student should record brushing their teeth 
because they COULD be using the river for water. Similarly, a student should record littering 
(which they hopefully do not do) because the litter COULD end up affecting the river.  

      3.   After students have completed “The Ohio River and Me” journal, give them each a copy of the   
            “My Connection to the Ohio River” handout. This activity is probably best done as a  
            homework assignment. The students will need access to the internet to complete the activity.      
      4.   Briefly explain to students that this assignment will trace their everyday activities to the   
            Ohio River. It will explore companies their family uses, foods they eat, and ways they may           
            affect the river. Directions are located on the handout.  

5. After students have finished, you should have an in-class discussion of what they found;  
specifically, any activities that they were not aware of connecting to the Ohio River before this 
assignment. 

 
 

Introduction to the Ohio River 
Activity 1: Connecting to the Ohio River
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Name______________________________________ Date of Journal____________________ 

 
----------------------------------------------------------------------------------------------------- 
 

Activity 1______________________________________________________________ 
 

Number of times activity was repeated_______________________________________ 
 

How do you think this activity uses or affects the Ohio River? _____________________ 
 

______________________________________________________________________ 
 

 
Activity 2______________________________________________________________ 

 
Number of times activity was repeated_______________________________________ 

 
How do you think this activity uses or affects the Ohio River? ____________________  

 
______________________________________________________________________ 

 
Activity 3______________________________________________________________ 

 
Number of times activity was repeated_______________________________________ 

 
How do you think this activity uses or affects the Ohio River? _____________________  

 
______________________________________________________________________ 

 
 
 
 
 

• In this journal, you should record all activities you do during the course of one day 
that could be connected to the Ohio River.  Use room on the back of this sheet if 
you have done more than nine activities. 

• Think about daily activities that either use the Ohio River or affect the Ohio River.  
• If you do the same activity more than once during the day, you do not have to 

record it again. Simply put a check mark in the space provided each time you do 
that activity. 

 WORKSHEET 1 
 

“The Ohio River and Me” Journal 

INTRODUCTION TO THE OHIO RIVER 
 



 

 
PA Denny River Education Center: At the Confluence of Learning and Exploring 

 

15

 
 
Activity 4______________________________________________________________ 

 
Number of times activity was repeated_______________________________________ 

 
How do you think this activity uses or affects the Ohio River? _____________________  

 
______________________________________________________________________ 

 
Activity 5______________________________________________________________ 

 
Number of times activity was repeated_______________________________________ 

 
How do you think this activity uses or affects the Ohio River? _____________________  

 
______________________________________________________________________ 
 
Activity 6______________________________________________________________ 

 
Number of times activity was repeated_______________________________________ 

 
How do you think this activity uses or affects the Ohio River? _____________________  

 
______________________________________________________________________ 
 
Activity 7______________________________________________________________ 

 
Number of times activity was repeated_______________________________________ 

 
How do you think this activity uses or affects the Ohio River? _____________________  

 
______________________________________________________________________ 

 
  Activity 8______________________________________________________________ 
 

Number of times activity was repeated_______________________________________ 
 

How do you think this activity uses or affects the Ohio River? _____________________  
 

______________________________________________________________________ 
 

 
Activity 9______________________________________________________________ 

 
Number of times activity was repeated_______________________________________ 
 
How do you think this activity uses or affects the Ohio River? _____________________  

 
______________________________________________________________________ 

 



 

 
PA Denny River Education Center: At the Confluence of Learning and Exploring 

 

16 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Name_____________________________________________Date_______________________ 
 
 
Section A – Transportation of Goods 
 
1. Check the following ways you use electricity in your home: 
 

 Video Games   Lights   Furnace / Air Conditioner 
 

 Radio / Alarm Clock  Computer   Chargers (cell phone, etc) 
 
            Vacuum    Water Heater        Stove / Oven 
 
            Exercise Equipment  T.V. / DVD            Refrigerator / Freezer 
 
            Kitchen Appliances (toaster, can opener, etc.)    Washer / Dryer 
 
            Bathroom Appliances (electric razors, hair dryer, curling iron, etc) 
 

• Are there any other ways you use electricity? _____________________________ 
 
2. What electric company / provider do you get your electricity from?  

 
___________________________________________________________________________ 
  

• What is their website address? _________________________________________ 
 
3. What type of resource(s) does this company use to generate their electricity? A company may use 
more than one type. 
 
  Nuclear           Coal           Hydro           Oil/Gas 
 

• In this exercise, you will explore the ways in which your daily activities connect to 
the Ohio River.  

• This exercise will expand upon the activities you kept track of in your “The Ohio 
River and Me” journal. 

• Each activity listed in this exercise is connected to the Ohio River. 
• For each section, you will need to access the internet in order to trace your 

activities to the Ohio River.  

INTRODUCTION TO THE OHIO RIVER 
 

 Worksheet 2 
 

My Connection to the Ohio River 
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4. See if you can find the specific power plant that supplies the energy to your home. Most electric 
companies have many power plants; with each one supplying energy to a certain region.  
 

Name of power plant ____________________________________________________ 
 

• Print off a picture of your power plant if one is available. 
 
5. What specific resource does your power plant use? Most only use one type. 
 
            Nuclear           Coal           Hydro           Oil/Gas 
 
6. Briefly describe how your power plant converts their resource into energy. 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
7. Where do you think the coal that a power plant in this region uses comes from? 

 
___________________________________________________________________________ 
 
8. How does that coal get to the power plant?   

 
___________________________________________________________________________ 

 
• Name a company that transports goods on the Ohio River.  

 
     ___________________________________________________________________ 

 
9. Name some other goods that are transported on the Ohio River.   
 
___________________________________________________________________________ 
 
 
10. If your power plant utilizes hydroelectric power, what water source serves as its provider? 
 
___________________________________________________________________________ 
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Section B – Water 
 
1. Check the following ways you use water in your home: 
 
            Drinking    Brush Teeth  Shower / Bathe 
 

 Cooking    Ice    Watering the Lawn           
 
            Swimming    Toilet   Shaving 
 
  Washing Dishes   Cleaning   Washing Vehicles 
 
            Watering Plants    Laundry 
 

• Are there any other ways you use water? _________________________________ 
 
2. How does water get to your house? 
 
              Via a water company or district 
 
     Via a private well or cistern 

 
* If your home has a private well or cistern, use your school’s water supply to answer the 
following questions. 

 
3. What is the name of the company or district that supplies water to your home (or school if 
applicable)? 

 
___________________________________________________________________________ 
 

• What is their website address? _________________________________________ 
 
4. What is the original source of water that your company uses? (Be specific) 

 
___________________________________________________________________________ 
 
5.  What type of source is this? 
 
             Surface Water                   Ground Water 
 
6. How do companies retrieve water from a surface source?   
 
___________________________________________________________________________ 

 
• Print off a picture of a water retrieving facility; preferable one that your water provider uses.                  

 
 
 
 
 
 
 



 

 
PA Denny River Education Center: At the Confluence of Learning and Exploring 

 

19

7. After a water provider draws water from a source, how do they go about treating it for public use? 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 

 
8. After treatment, how does a water provider get the usable water to its customers? 

 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 

 
9. Why is it important to conserve treated water? 

 
___________________________________________________________________________ 
 
___________________________________________________________________________ 

 
10. Name 5 ways YOU can conserve water around your house. 
 

1.) ___________________________________________________________________ 
 

2.) ___________________________________________________________________ 
 

3.) ___________________________________________________________________ 
 

4.) ___________________________________________________________________ 
 

5.) ___________________________________________________________________ 
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Section C – Wastewater 
 
1. Check the following ways you dispose of water and waste through pipes around your house. 
 
            Flushing Toilet  Brushing Teeth  Shower / Bathe 

 
 Cooking Waste  Laundry Water  Dish Water 

 
  Shaving   Washing Hands  Cleaning Water 
 

• Do you do any other activities that dispose of water and waste through pipes?   
 
              _________________________________________________________________ 
 
2. Where does water and waste go once it leaves your home? 
 
              To a waste water treatment center 
 
     To a private septic tank 
     
 * If your home uses a private septic tank, use your school’s wastewater treatment center to answer 
questions 4 through 7. 
 
3. What is the name of the wastewater treatment center that your wastewater goes to? 

 
___________________________________________________________________________ 
 

• What is their website address? _________________________________________ 
 
5.  Briefly explain how your wastewater treatment center treats your wastewater. 

            
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 

• Print out a picture of your wastewater treatment center if one is available.   
 
6. Where is your wastewater discharged after it has been treated by the wastewater treatment center? 
(Be specific)   
 
___________________________________________________________________________ 
 
7. Why is it important for wastewater to be treated before being discharged into a body of water? 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
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Section D- Agriculture 
 

1. Read the ingredient labels on the food in your kitchen and count how many products contain the 
following ingredients (or variations, such as oils, of those ingredients): 
 
  

Ingredients Number of Items 
Corn  
Soybeans  
Grain  
Beef  
Pork  
Chicken  

 
2. It can be difficult to trace most ingredients to a specific farm. However, the six products listed above 
are common crops raised on farms along the Ohio River. Search the internet for the name of a specific 
farm on the Ohio River that grows an edible product. It does not have to be one of the above 
ingredients.  

 
• What is the name of the farm?  _________________________________________ 

 
• What crop/animal does the farm specialize in? ____________________________ 

    
• Where do the majority of crops get sent to? _______________________________ 

 
3. Why would land along the Ohio River be good for agriculture? 

 
___________________________________________________________________________ 
 
4. From the view of a farmer, what are some drawbacks of farming along the Ohio River? 
 
___________________________________________________________________________ 
 
5. How can agriculture have a negative affect on the Ohio River and its ecosystem? 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
 
6. What are some ways farmers can lessen those negative affects? 
  
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
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Section E- Recreation 
 
1. Which of the following activities have you participated in on or along the Ohio River or one of its 
tributaries in the past year? 
 
            Boating                    Sightseeing Cruise             Fishing         Canoeing 

 
 Swimming/Wading       Hiking   Relaxing   Festivals/Events 

 
• Are there other ways that you have enjoyed the Ohio River or one of its tributaries? 

 
        ___________________________________________________________________ 
 
2. Why do you think it is important to promote recreation on or along the Ohio River and its tributaries? 

 
___________________________________________________________________________ 
 
___________________________________________________________________________ 

 
3. What sort of negative affects do you think recreation could have on the Ohio River and its tributaries? 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
 
 
4. How can those affects be lessened?  ___________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
 
Section F- Other Ways You May Affect the Ohio River 
 
1. Which of the following activities have you done at least once in your life? 
 
            Drove a Vehicle         Littered         Applied Fertilizer 

 
 Walked a Dog              Changed Oil         Salted a Driveway 

 
 Washed a driveway or other outside surfaces 

 
 Disposed of yard waste outside (as opposed to disposal in the garbage) 

 
 Disposed of chemicals, such as paint or oil, outside 
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2. How could products of these activities (oil, litter, pet waste, fertilizer, etc.) end up in the Ohio River? 
Be specific with the steps involved. 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 

 
3. Water pollution can be classified as point source pollution, which is traced to a specific source such 
as a discharge pipe, or non-point source pollution, which is pollution that has reached a waterway but 
cannot be traced to a specific source.  Would the activities listed above be considered point or non-
point source pollution?_____________________________ 

 
4. Do you think these activities could still affect the Ohio River even if you do not live directly next to the 
river? How? 

 
___________________________________________________________________________ 

 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
5. What are some ways that you could eliminate or lessen the affect of these activities? 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
 
Section G- Water Quality Regulation  
 
1. What is the name of the organization that regulates water quality in your state? Include their website 
address. 
 
___________________________________________________________________________ 
 
2. What is the mission statement (or goals) of the state level organization?  
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
3.  What is the name of the organization that regulates water quality in the Ohio River, which is 
bordered by six states? 
 
___________________________________________________________________________ 
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4. What is the name of a national level organization that regulates water quality in the United States? 
Include their website address. 
 
___________________________________________________________________________ 
 
5. What is the mission statement (or goals) of the national level organization? 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
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 TIME   
• 5 contact hours 

 
 GUIDING QUESTIONS 

• What is a watershed?   
• How is a watershed delineated on a 

topographic map? 
• How are activities in the watershed 

linked to water quality? 
 

 CONCEPTS 
• Watershed 
• Land use and water quality 

 

 
OBJECTIVES 

• Create a contour map. 
 
• Map the watershed of a small state 

stream. 
 

• Define a watershed. 
 

• Investigate the effects of outside factors 
such as weather, vegetation, and land 
use on water quality in a watershed. 

 
• Identify the impacts of various land use 

types on water quality.   
 

• Interview community members to identify 
community impacts on water quality.   

 
 

 SKILLS 
• Measuring  
• Predicting 
• Inferring 
• Making observations 
• Drawing conclusions 

 
   
 

Watersheds 
Introduction
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BACKGROUND 
 
WATERSHEDS 
 
A watershed, or drainage basin, is the total 
area of land that drains into a particular body of 
water. The delineation of a watershed is usually 
dependent on topographical features of the land 
that direct the flow of groundwater, runoff, and 
precipitation to the water body. The area of 
higher topography that separates one drainage 
basin from another is called a drainage divide.   
 
Multiple smaller watersheds can comprise 
larger watersheds. For example, the drainage 
basin of the Ohio River is comprised of 
watersheds for each of the tributaries that flow 
into the river, and of watersheds for each of the 
smaller streams that flow into the tributaries.   
 
Generally, people cannot identify watersheds 
just by glancing at a map of the United States 
because they do not follow roads, state, or 
county boundaries. Although they are not easy 
to identify, they are very important to 
understanding water quality of lakes, rivers, and 
streams.   
 
Streams 
The smallest streams in a watershed that have 
no tributaries are first order streams. These 
small streams form the headwaters of larger 
bodies of water, and can often dry up during 
certain times of the year. Second order 
streams form when two first order streams 
combine, while third order streams result from 
two second order streams, and so on. The 
mouth of a stream is where a stream empties 
into another, larger body of water. The 
floodplain of a stream or river system is the 
land immediately surrounding a stream that is 
submerged during floods.  
 
The channel of a stream is the area in between 
the banks where water concentrates to flow 

downstream. Most natural stream channels are 
not completely straight; they meander as they 
drop in elevation to flow into another body of 
water. This drop in elevation is called a stream 
gradient.   
 
Within the channel of a meandering stream, 
water can flow at different rates, causing soil 
and sediment to be worn away in some areas 
and deposited in other areas. The cut bank is 
the area on the outside curve of a meander 
where soil and sediment erosion takes place.  
The point bar, located on the inside curve of a 
meander, is where sediment is deposited. If a 
stream is channelized, or straightened 
unnaturally, water will flow faster as it drops in 
elevation, causing more erosion. Removal of 
vegetation through construction, agriculture, 
logging, and other practices can also cause 
erosion in streams. Erosion is one of the 
biggest sources of stream pollution in the Ohio 
River Basin. 
 
Watersheds, Streams, and Water Quality 
Major land uses in the riparian area (the land 
immediately surrounding a stream or other 
water body) and in the watershed determine the 
quality of surface water in the smaller streams 
and waterways, which can influence the water 
quality of larger streams or rivers. Therefore, 
controlling water pollution usually involves 
investigating sources throughout the watershed 
since the water that fills lakes, streams and 
rivers flows through cities, farms, or yards 
before making its way to the main body of 
water. Pollution that is carried into a waterway 
as water flows over the land is called non-point 
pollution. Point sources of pollution are 
pollutants that can be traced to a pipe or direct 
discharge.   
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PART 1: THE GREAT FLOOD 
 
 

OVERVIEW  
Students will explore contour lines and 
how a contour map is made in “The Great 
Flood” so they have background 
information as they map a watershed in 
the second part of this activity. In small 
groups, students will map a watershed in 
their state using topographic maps. They 
will then estimate the area of this 
watershed and discuss how the 
watershed area changes depending on 
the stream segment being investigated. 

 
 
 
 

 TIME 
• “The Great Flood”- 75 minutes reprinted 

with permission from NSTA 
 
PREPARATION TIME 

• 30 minutes 
 
MATERIALS 

• Metric rulers (1/group) 
• Clear plastic box (1/group) 
• Overhead transparency (1/group) 
• Overhead marking pen (1/group) 
• Tracing paper (1/group) 
• Masking tape (1/group) 
• Dissecting probe or sharpened pencil 

(1/group) 
• 500g non-hardening modeling clay (1/ 

group) 
• Water to fill plastic boxes 
• Copies of Worksheet 3 

 
Note to teachers: For “The Great Flood Activity”, there are materials for three groups of 
students.  To keep the groups small, consider purchasing additional clay or setting up stations in 
the classroom to rotate students through the activities.   
 
PRE-ACTIVITY DISCUSSION QUESTIONS 
Prior to the activity, use the discussion questions below to encourage students to think about the 
usefulness of maps and the information we can gather from them.   

• What can maps tell us?     
• How can different maps give us different information (topographic map, road map, other 

examples)? 
• How could they help us to decide where to build roads and trails? 

• What is the purpose of a topographic map?   

• Could topographic maps help us find a good location to build a town or resort? 
• If we were on a hike could a topographic map help us decide where the easiest path lies? 

Watersheds  
Activity 1: Contour Mapping
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• Can you locate rivers on the map?   
• How do your read the map?   
• What do the concentric circles tell us?   
• How do you think these maps were created?  

 
The Great Flood by Carole J. Reesink (reprinted with permission from NSTA- see citation) 

Source: Lind, K.K.  1991.  The Great Flood.  Water, Stones and Fossil Bones.  Washington, D.C.: 
National Science Teachers Association   

 
PROCEDURE 

1. Divide students into small working groups. 
 
2. Building a One-Hill terrain   

a. Using about ¼ of the modeling clay, build a single hill on the bottom of the plastic 
box, making sure that the hill is not taller than the box. For this first activity, instruct 
the students not to build arches, overhangs, or volcanoes with craters, nor should 
they put in vegetation or buildings. 

b. Place a strip of masking tape vertically on the outside of the plastic box and mark 
off 1-cm increments on the tape, starting at the bottom. Next, carefully pour water 
into the box until the water level reaches the first mark on the piece of masking 
tape.   

     Colored water may make it easier to trace the grove on the acetate in step 2f. 
c. Using the dissecting probe, make a groove in the clay at the water line, making 

sure the groove completely encircles the hill (see Figure 1). 
d. After making the groove along the first shoreline, add more water until the water 

reaches the second mark on the masking tape and etch a groove along this 
second shoreline. Continue filling the box with water and marking shorelines until 
the hill is totally submerged or “flooded.” 

e. Next, carefully pour the water out of the model while leaving the clay hill in the box.  
To conserve water, pour the water from this activity into a jug for use in another 
activity. Then, tape an overhead transparency on top of the clear box, taping it 
tight so you can trace on it.   

f. Using the overhead transparency pen, carefully trace all of the grooves in the clay 
while looking directly down on the hill. Try closing one eye and keeping the other 
eye directly over the pen (dominant eye open). Trace the centermost contour lines 
first and work outward, making sure to trace all of the grooves. Finally, trace the 
acetate drawing—the new topographic map of the hill—onto a piece of tracing 
paper. 

g. On the masking tape side of the box, mark a scale of 1 cm= 100m, starting at the 
bottom with zero. Now, on the topographic map mark the correct elevations on the 
contour lines. Mark an “x” on the highest elevation. 

• Although the students may have been exposed to scales in math and 
geography, some instruction in this area may be needed. Make the 
scales as simple as possible, using multiples of 10 or 100 for elevations. 
Note that with topographic maps, two scales are used—one is the 
horizontal scale used on ordinary road maps, and the other is a scale for 
vertical elevations. 

This activity ties into math activities involving coordinate graphing and three-dimensional 
graphing. If students do not fully understand the first simple-hill map that they make, a second 
one may be necessary before attempting the three-hill system that follows. 
 



 

 
PA Denny River Education Center: At the Confluence of Learning and Exploring 

 

29

3. Three-hill terrain 
a. Work in groups of three combining everyone’s clay to build a three-hill terrain.   
b. Repeat steps c-f in the previous section. 
c. Find a place where a stream might flow downhill. Notice the “v” pattern of the 

contour lines, a characteristic of stream beds.   
d. Have students complete Section 1 of Worksheet 1 
 

4. Building from a topographic map (optional) 
a. From the simple topographic map provided by Figure 2 (or another drawing 

developed by the teacher that includes more complex features such as steep 
slopes or a depression) reconstruct the terrain in the plastic box using the 
modeling clay. One approach is to roll out the clay into layers 1 cm thick. 

b. Cut out the paper map, and lay it on top of the clay. Then cut this contour shape 
out of the clay. This is the lowest elevation level. 

c. From the same cut-out map, cut around the next highest contour line, and repeat 
b. above, placing this new clay contour on top of the lowest elevation clay 
contour. 

d. Continue this procedure until all the elevation levels have been cut out of clay and 
a wedding-cake type of terrain has been built. 
• An alternative approach is to sculpt the terrain from a mound of clay. It is 

helpful to place graph paper, to serve as a grid, over the map and another one 
under the plastic box so the contours can be more accurately reconstructed. 
And to accurately measure elevations in the clay, poke a thin wire or pick-up 
stick into the clay to check how thick the clay has been built up. 

• Students come up with various methods for replicating the terrain from the 
map, but these are the two most frequently used. 

 
5. Once the terrains are finished, repeat steps 2c-2f, and compare the student-made maps 

to the original map to see how accurately they replicated the terrain. 
 
6. Have students complete Section A of Worksheet 3 (this worksheet has been developed by 

FORE and is not associated with the original activity as outlined above). 
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Activity reprinted with permission.  Source: Lind, K.K.  1991.  The Great Flood.  Water, Stones and 
Fossil Bones.  Washington, D.C.: National Science Teachers Association    

Figure 1 

Figure 2 
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PART 2: CONTOUR MAPPING 
 
TIME 
50 minutes 
 
PREPARATION TIME 
15 minutes 
 

MATERIALS 
• Topographic map from Stream 

Savers Chest (Madeira Quadrangle) 
• 8.5 x 11 copies of Walton Creek 

Watershed taken from Madeira 
Quadrangle (Figure 3) 

• Copies of Worksheet 3 
• Overhead transparencies (1/group) 
• Overhead markers 
• Calculator 

 
PROCEDURE  

1. Have students complete Section B of Worksheet 3 using the 8.5x11 copies of the Walton 
Creek from the Madeira Quadrangle. 

 
2. Have students complete Sections C of Worksheet 3 using the full-sized Madeira 

Quadrangle topographic map from the SS Chest and the grid provided.   
 
3. Discuss the results. 

• Did everyone come up with the same area value for the watershed?  Why or why 
not? 

• What factors contribute to the area of the watershed? 
• Could the area change? 

 
4. Remind students that every part of the landscape is in a watershed. 
 
5. Ask students if they can define a watershed following this activity.   

 
 
FURTHER CHALLENGES 
Mapping a mini watershed: Using technology in science 
Using the GPS unit in the Stream Savers Chest, students can map a small watershed in their area.  
 

1. Find a small pond surrounded by hills (within a short walk of the pond). 
2. Ask students if they can identify the riparian zone (area bordering the pond).  Can they see the 

watershed for the small pond by looking at the high points around it?  
3. Using the GPS units, ask students to take readings from 10 points along the ridge, making sure 

that they cover the entire edge area taking readings of the watershed boundaries.  
4. After entering the boundaries, students will be able to see the outline of the watershed on their 

GPS units and calculate the watershed area.  You can also email your coordinates to FORE 
and they can be plotted into a topographic map. 
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Figure 3:  Walton Creek Watershed 
      Taken from USGS map of Madeira Quadrangle 
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WATERSHEDS 
 
WORKSHEET 3 
 
Section A 
The Great Flood 
Contour Mapping Activity 
 
1.  On your overhead drawing, you drew the contour lines to indicate different elevations on the clay 
hill.   
 

• What is the distance between each line? ______ 
• What is this distance between elevations on a map called? _________ 

 
2.  Put an “X” on the part of your drawing that indicates the highest elevation on your hill.  At what 
elevation is this point? ________ 
       
3.  Some lines on your drawing may have been closer together than others.  What did the lines that 
were closer together on your drawing indicate about the steepness of your hill?   
 
__________________________________________________________________________________ 
 
4.  Combine your hill with two hills from other groups.  Find places on your three-hill terrain where water 
might flow downhill.  Do your contour lines look different at these places?  If so, what do they look like? 
 
__________________________________________________________________________________ 
 
Section B 
Topographic Mapping 
Walton Creek Watershed 
 
Study the topographic map of Walton Creek, near Mariemont, OH (Figure 3).  Walton Creek is an 
intermittent stream, meaning that it dries up at certain times of the year. 
 
1.  Put an “X” on the highest points surrounding Walton Creek.  How could you tell that these points 
were the highest?_________________________________________________________________ 
 
2.  Use the contour lines to determine the elevations of those points and write them in on the map. 
 
 
3.  Is there an elevation point of 0m on the map?  Why or why not?  
 
_______________________________________________________________________________ 
 
4.  What is the contour interval for the map? ______________________ 
 
 
5.  Circle the steepest areas around Walton Creek.  How could you tell that these areas were steeper 
than others? 
 
__________________________________________________________________________________ 
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6.  Find the points where you think water would flow downhill from the higher elevations into Walton 
Creek.  What pattern do the contour lines make at these points?   
 
________________________________________________________________________________ 
 
 
7.  You marked an “X” on the highest elevations surrounding Walton Creek.  How could you use these 
“X”’s to determine the boundaries of the Walton Creek Watershed? 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
 
8.  A drainage divide is an area of higher topography that separates one watershed from another.  Use 
a pencil to trace the drainage divide around the Walton Creek Watershed. 
 
 
9.  Are there any features on the map that could affect water quality in Walton Creek? 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
Section C 
Calculating Watershed Area 
Walton Creek Watershed 
 
You will calculate the area of the Walton Creek Watershed that lies above the sticker on the full-sized 
map of the Madeira Quadrangle using the grid provided on the next page. 
 
1.  Tape a piece of acetate over the Walton Creek Watershed.  Using an overhead marker, place a 
small “X” on the highest elevations surrounding Walton Creek (as you did Figure 3 above). 
 
2.  Draw a line on the acetate to connect the boundaries of the Walton Creek Watershed that lie above 
the sticker on the map. 
 
3.  Place the acetate over the graph paper on the Calculating Watershed Area sheet to estimate the 
area of the Walton Creek Watershed.  Start by counting the number of squares in the outline of the 
watershed (adding half and quarter squares together whenever possible).  How many squares did you 
count? ________ 
 
4.  Use the scale on the Calculating Watershed Area sheet to find the area of Walton Creek Watershed.      
What is the area of the Walton Creek Watershed?_____________________________________ 
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Calculating Watershed Area 
 

                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 

 
 
Scale: 
1 box= ½ cm2= 100m2 (if using 7.5 minute topographic maps such as the Madeira Quadrangle) 
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WATERSHEDS 
 
WORKSHEET 3 
Teacher Copy 
 
Section A 
The Great Flood 
Contour Mapping Activity 
 
1.  On your overhead drawing, you drew the contour lines to indicate different elevations on the clay 
hill.   
 

• What is the distance between each line? ______ 
• What is this distance between elevations on a map called? contour interval 

 
2.  Put an “X” on the part of your drawing that indicates the highest elevation on your hill.  At what 
elevation is this point? ________ 
       
3.  Some lines on your drawing may have been closer together than others. What did the lines that 
were closer together on your drawing indicate about the steepness of your hill?   
 
Contour lines that are closer together indicate that the hill has gotten steeper.  Terrain is flatter when 
contour lines are farther away from each other. 
 
4.  Combine your hill with two hills from other groups. Find places on your three-hill terrain where water 
might flow downhill. Do your contour lines look different at these places? If so, what do they look like? 
 
The contour lines form a “v” pattern when gullies, ravines, or streams occur.   
 
Section B 
Topographic Mapping 
Walton Creek Watershed 
 
Study the topographic map of Walton Creek, near Mariemont, OH (Figure 3). Walton Creek is an 
intermittent stream, meaning that it dries up at certain times of the year. 
 
1.  Put an “X” on the highest points surrounding Walton Creek. How could you tell that these points 
were the highest? They were closed circles. 
 
2.  Use the contour lines to determine the elevations of those points and write them in on the map. 
 
3.  Is there an elevation point of 0m on the map? Why or why not?  
No; 0 m indicates sea level 
 
4.  What is the contour interval for the map? 10 m 
 
5.  Circle the steepest areas around Walton Creek.  How could you tell that these areas were steeper 
than others? Contour lines were closer together. 
 
6.  Find the points where you think water would flow downhill from the higher elevations into Walton 
Creek. What pattern do the contour lines make at these points? An upside down  “v” pattern.  
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7.  You marked an “X” on the highest elevations surrounding Walton Creek. How could you use these 
“X”’s to determine the boundaries of the Walton Creek Watershed?  
 
At the highest elevations, water flows downhill toward Walton Creek or into another watershed. Thus, 
the highest elevations form the boundaries of the watershed. The elevations can be connected to 
determine the boundaries. 
 
8.  A drainage divide is an area of higher topography that separates one watershed from another. Use 
a pencil to trace the drainage divide around the Walton Creek Watershed. 
 
9.  Are there any features on the map that could affect water quality in Walton Creek? 
A road is located right next to the creek, which could be a source of oil and gas runoff, as well as 
deicers and other chemicals. There is also a railroad that runs across the mouth of the stream. The 
watershed is located near suburban areas that can also contribute pollution. 
 
Section C 
Calculating Watershed Area 
Walton Creek Watershed 
 
You will calculate the area of the Walton Creek Watershed that lies above the sticker on the full-sized 
map of the Madeira Quadrangle. 
 
1.  Tape a piece of acetate over the Walton Creek Watershed. Using an overhead marker, place a 
small “X” on the highest elevations surrounding Walton Creek (as you did on the magnified map 
above). 
 
2.  Draw a line on the acetate to connect the boundaries of the Walton Creek Watershed that lie above 
the sticker on the map. 
 
3.  Place the acetate over the graph paper on the Calculating Watershed Area sheet to estimate the 
area of the Walton Creek Watershed. Start by counting the number of squares in the outline of the 
watershed (adding half and quarter squares together whenever possible). How many squares did you 
count? Answers may vary 
 
4.  Use the scale on the Calculating Watershed Area sheet to find the area of Walton Creek Watershed.      
Answers may vary 
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TIME 

• 50 minutes 
 
PREPARATION TIME 

• 30 minutes 
 

 
 
OVERVIEW 
Students will use the information 
gathered in the previous section 
to develop a definition for a 
watershed. After formulating a 
definition, students will make 
predictions about changes in the 
watershed and the influence of 
water on the stream. Students 
will then manipulate a stream 
table to test these ideas. This 
will enable students to see how 
human actions, as well as 
natural forces in the watershed, 
impact what is happening in the 
stream. 

 
 

 

 
MATERIALS 

• Stream table & sand 
• Water  
• Bucket 
• Sprinkling can 
• Aquarium plants 
• Sprigs of real evergreen (cuttings from 

landscaping bushes work well) 
• Plastic bags, plastic wrap, or foil to simulate 

impervious surfaces 
• Copies of Worksheet 4 
• Optional Materials: popsicle sticks, Easter 

grass or washcloth (to simulate grass), town 
map 

 
   
Note to teachers: Results of stream table activities often vary. Please practice prior to your class 
demonstration.   

Watersheds  
Activity 2: Stream Table
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PROCEDURE 

1. Pre-activity discussion: 
• What factors affect the water in a watershed? 
• How do these factors affect the water in stream lakes and ponds? 
• Make predictions about how heavy rain, light rain, wind, stream channel pattern, 

substrate type, and trees/shrubs/grasses could affect water. 
• How could we test these influences using a stream table, sand and water? 

 
2. Using the stream table provided with the Stream Savers Chest, test some of the predictions 

students made. With the stream table flat on a sturdy surface, wet the sand with a sprinkling 
can. Mix wet sand with dry sand (wetting the sand first works best for the activity). Using one 
finger, trace a single stream channel in the sand. It is best to have at least 3 bends in your 
stream channel. Elevate the stream table using phone books or binders and pour a small 
amount of water from the sprinkling can onto the “headwater” area of your stream. Record 
observations. Students can also create their own stream channel by putting water directly on 
the sand, without first drawing a channel. 

 
3. Next, add a riparian zone (area adjacent to stream or river) using the aquarium plants and 

evergreen sprigs. Add water from the sprinkling can. Record observations. To quantify your 
results, you may want to have students measure the amount of time it takes to collect a certain 
volume of water with and without the riparian zone.   

 
4. Pour water very fast and very slow and make observations about the stream channel and water 

movement.   
 

5. Experiment with impervious surfaces such as foil, plastic bags, or plastic wrap. Have students 
observe how the volume and velocity of water are affected by impervious surfaces. Students 
could add tributaries to observe the effects of additional water contributions.   

 
6. Experiment with small pieces of paper or trash. Place them around the stream when vegetation 

is in place, when it is removed, and when an impervious surface is present. 
 

7. Experiment with other ways you could alter the stream table to evaluate the influence of 
humans or natural factors on the watershed. For additional activities, use the activity guide that 
was sent with the stream table or visit the Missouri Stream Team web site at 
www.mostreamteam.org.   

 
8.  Have students complete Worksheet 4. 
 

FURTHER CHALLENGES 
Find a map of your town and the surrounding area or use the topographic map of Walton Creek from 
the Madeira Quadrangle. Ask students to identify places on the map that could cause pollution in the 
watershed (including farms, industry, landfill, etc.).   

• What is the most prominent type of land use in the watershed? 
• How will the different land uses impact the water quality of the local streams? Of 

more downstream areas or other streams? In other watersheds? 
• How might the different land use impacts interact with each other to cause 

cumulative effects? 
 

 

http://www.mostreamteam.org/�
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WATERSHEDS 
 
WORKSHEET 4 
 
Stream Table 
 
The smallest streams in a watershed that have no tributaries are first order streams.  These small streams form 
the headwaters of larger bodies of water, and can often dry up during certain times of the year.  Second order 
streams form when two first order streams combine, while third order streams result from two second order 
streams, and so on.   The mouth of a stream is where a stream empties into another, larger body of water.  The 
floodplain of a stream or river system is the land immediately surrounding a stream that is submerged during 
floods.  
 
1.  On the diagram below, assign an order number to the mainstem stream in the middle of the picture and to 
each of the tributaries in the watershed.  

 
 

Illustrated by S.B. Lauterbach ~ provided with permission from IDNR Hoosier Riverwatch 
 
 
The channel of a stream is the area in between the banks where water concentrates to flow downstream.  Most 
natural stream channels are not completely straight; they meander as they drop in elevation to flow into another 
body of water.  This drop in elevation is called a stream gradient.   
 
Within the channel of a meandering stream, water can flow at different rates, causing soil and sediment to be 
worn away in some areas, and deposited in other areas.  The cut bank is the part of the meander where water 
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flows the quickest, causing erosion of soil and sediment.  The point bar is the slower part of the meander where 
sediment is deposited.   
 
2.  Draw a picture of the meandering stream you made in the sand on the stream table.  After you observe water 
flowing through the channel a few times, label on your picture where you think the cut banks and point bars 
would occur. 
 
 
 
 
 
 
 

3.  How does the volume of water poured over the table affect the stream and its banks?  

 

4.  What factors within the watershed would affect the volume of water entering the stream?  

 

5. How would channelizing (artificially straightening) the stream affect the movement of the water?  How would it 
affect the banks of the stream? 

 

6.  The riparian zone is the area (~20 feet) that directly borders a stream or other body of water.  How could the 
riparian zone affect the amount of water entering the stream?  How could the riparian area affect water quality? 

 

7.  What influence would land use in the watershed have on the quality of water in a stream or river?  

 

8.  List pollutants that could be carried into a stream or river from the surrounding land in the watershed. 

 

9.  What impact might these factors have on water quality or on living organisms in the water? 

 

10.  Can you identify ways to keep such pollutants from getting into streams? 
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WATERSHEDS 
 
WORKSHEET 4 
Teacher Copy 
 
 
Stream Table 
 
The smallest streams in a watershed that have no tributaries are first order streams. These small streams form 
the headwaters of larger bodies of water, and can often dry up during certain times of the year. Second order 
streams form when two first order streams combine, while third order streams result from two second order 
streams, and so on. The mouth of a stream is where a stream empties into another, larger body of water. The 
floodplain of a stream or river system is the land immediately surrounding a stream that is submerged during 
floods.  
 
1.  On the diagram below, assign an order number to the mainstem stream in the middle of the picture and to 
each of the tributaries in the watershed.  
 

 
Illustrated by S.B. Lauterbach ~ provided with permission from IDNR Hoosier Riverwatch 
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The channel of a stream is the area in between the banks where water concentrates to flow downstream. Most 
natural stream channels are not completely straight; they meander as they drop in elevation to flow into another 
body of water. This drop in elevation is called a stream gradient.   
 
Within the channel of a meandering stream, water can flow at different rates, causing soil and sediment to be 
worn away in some areas, and deposited in other areas. The cut bank is the part of the meander where water 
flows the quickest, causing erosion of soil and sediment. The point bar is the slower part of the meander where 
sediment is deposited.   
 
2.  Draw a picture of the meandering stream you made in the sand on the stream table. After you observe water 
flowing through the channel a few times, label on your picture where you think the cut banks and point bars 
would occur. 
 

 

3.  How does the volume of water poured over the table affect the stream and its banks?  

Large volumes of water wear away the banks, causing erosion in some areas and sediment deposition in 
other areas. The sediment could also be carried into another body of water. 

4.  What factors within the watershed would affect the volume of water entering the stream?  

Precipitation, vegetative cover, impervious surfaces such as concrete, etc. 

5. How would channelizing (artificially straightening) the stream affect the movement of the water? How would it 
affect the banks of the stream? 

Channelizing the stream would cause the water to flow faster since there is no resistance in its way.  
Faster water could cause erosion and undercut the banks. 

6.  The riparian zone is the area (~20 feet) that directly borders a stream or other body of water. How could the 
riparian zone affect the amount of water entering the stream? How could the riparian area affect water quality? 

Plants, grass, and trees absorb water running off from the area surrounding a stream. That runoff could 
potentially carry pollutants, such as fertilizer from a nearby farm or field. If runoff is absorbed by 
vegetative cover, this lessens the amount of pollutants entering the stream. 

7.  What influence would land use in the watershed have on the quality of water in a stream or river?  

Major land uses in a watershed determine the quality of surface water in the smaller streams and 
waterways, which can influence the water quality of larger streams or rivers. Therefore, controlling water 

cut bank

cut bank 

point bar

point bar
point bar 

cut bank 
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pollution usually involves investigating sources throughout the watershed as the water that fills the lakes, 
streams and rivers flows through cities, farms, or yards before making their way to the main body of 
water. Land use activities in the riparian area, the land immediately surrounding a stream or other water 
body, can also influence water quality directly.  

8.  List pollutants that could be carried into a stream or river from the surrounding land in the watershed. 

Anything that could be carried off the land:  fertilizers, fuel, pesticides, animal waste, soil, detergents from 
washing cars, garbage, antifreeze, etc. 

9.  What impact might these factors have on water quality or on living organisms in the water? 

Pesticides toxic to aquatic animals, fertilizers cause blooms of aquatic plants and algae, sediment can 
clog gills of aquatic organisms, etc. 

10.  Can you identify ways to keep such pollutants from getting into streams? 

 Preserving or planting vegetation around streams, not using fertilizer when it’s going to rain, not littering,  
picking up after pets, washing your car in the grass, collecting the stormwater that runs off your yard in a 
rain barrel. 
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TIME 

• Two 50-minute class periods (some 
out-of-class work required) 
- One brainstorming class period 
- One reporting class period 

 
PREPARATION TIME 

• 20 minutes 
 
 
MATERIALS 

• Recent newspaper 
• Map of community or city 
• Push pins (3 colors: yellow, black, 

red) 

 
OVERVIEW 
Students will investigate possible watershed 
influences in their community. Through 
interviews with these possible sources of 
pollution, students will gain a better 
understanding of how the actions of companies 
and landowners as well as their own actions 
contribute to water quality problems and 
solutions. These interviews also enable 
students to make connections with community 
members, a useful partnership for the 
community action project. 

 

 

• Local telephone book 

   
PROCEDURE 
 
1. Students will use a newspaper or telephone book to identify businesses, organizations, or 

individuals that are located or who live along the Ohio River.  Students should also identify 
businesses, organizations, or individuals that may not be located along the river, but located in the 
watershed.  As a class, decide which companies and individuals to interview in the community. 

 
2. Divide the class into pairs of students. Each pair should select (or be given) two individuals or 

companies to interview.  
 
3. Students should contact their selections and explain that they are interviewing entities located in 

the Ohio River watershed in order to determine the possible community influences on water 
quality. They then should set a date for the interview. Once the interview date is set, students 
should develop a list of seven questions to ask the interviewee. Questions may include: 

• What do you or your company do to reduce water pollution? 
• Why do you do this?  Is it because of a law?  What happens if you don’t? 
• Who requires that you take these steps?  An agency?  Personal choice? 

Watersheds  
Activity 3: Scavenger Hunt- Finding Local Watershed Influences 
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• Do you have a plan of action if your company was involved in a spill? 
• How does your company impact the environment (both positively and negatively)? 
• How do your actions at home influence water quality in rivers, streams, and lakes? 
• Do you do anything to prevent or decrease water pollution in your home? 

 
4. Following the interview, students write-up their interview responses and analyze the interview, 

reflecting on how the interview relates to what they’ve learned about watersheds and potential 
water quality issues. 

 
5. Students will mark their interview location on a community map using a pushpin. Use a blue push 

pin if the interviewee has a potential direct impact on water quality (pipes emptying directly into the 
river- point source). Use a red push pin if the interviewee has a potential indirect influence on 
water quality (non-point source). Use a yellow push pin if the interviewee has no impact on the 
water quality (no one should have a yellow push pin- we all influence water quality through our 
actions).  

 
7.  Discussion 

• Which do we have more of, point or non-point source pollution? Why? 
• What were some actions that businesses or individuals used to reduce their impact? 
• Were most businesses regulated? What were the consequences of not obeying these 

laws? 
• Were there laws for individuals? Are they punished? How? 
• What challenges arise when trying to regulate and maintain water quality in a watershed 

that spans several states?   
 

 
Note to Teachers: Remind students that the individuals they interview may say things that the students 
don’t understand. Encourage them to ask questions so they do understand. To resolve an issue they 
must be well informed.   
 
 
FURTHER CHALLENGES 
1.  Discuss the routes the pollution sources identified in the interviews would take to move to the river.   

• Would they impact other water sources?  
• What impact would they have on these sources?   
• How could these potential problems be remedied once in the aquatic system? 
• How could these point or nonpoint source polluters decrease their impact on 

the environment? 
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TIME 
• Five 50-minute class periods 

 
OBJECTIVES: 

• Investigate local and regional water 
quality issues from the past and 
present. 

 
• Conduct water quality 

measurements including pH, BOD, 
DO, nitrates, phosphates, E. coli, 
temperature, turbidity. 

 
• Identify “normal” conditions for a 

local stream. 
 
• Identify adaptations on organisms 

captured in a local stream. 
 

 

 
GUIDING QUESTIONS 

• What are some different types of pollution? 
 
• How do water quality parameters change with 

different types of pollution? 
 
• Why do we measure dissolved oxygen? E. 

coli? Nitrates? Phosphates? pH? Turbidity? 
 
 
CONCEPTS 

• Water quality 
• Point and non-point source pollution 

 
 
SKILLS 

• Predicting 
• Inferring 
• Making observations 
• Drawing conclusions 

 

 

 

Measuring Water Quality  
Introduction 
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BACKGROUND 
 
A healthy, natural stream, lake or wetland is a 
wonderful asset to a community. It enhances 
the beauty of the surroundings, contributes 
recreational and drinking water resources, and 
provides a home for a rich diversity of plant and 
animal life. The water in such resources comes 
from precipitation; rainwater flows overland to 
the river, or soaks into the soil and moves 
through hidden underground aquifers, to 
emerge through the streambed or banks.  
 
Water naturally carries many substances - 
including oxygen, carbon dioxide, nitrates, 
phosphates, calcium compounds, and 
sediments. The amount of each substance in 
unpolluted water depends on the geology, 
topography, water velocity, water temperature, 
climate, and vegetation of the surrounding area. 
Aquatic organisms have adapted over time to 
live in their specific chemical environment and 
therefore are adversely affected by 
uncharacteristic changes.  
 
A healthy water body contains numerous 
habitats for quality life. Aquatic insects, larval 
fish, and tadpoles live and feed among the 
rocks and logs. Schooling fish dwell in the 
deeper pools. Frogs sit along banks, and turtles 
lurk near the bottom or bask in the sun on logs.  
 
Types of Pollution 
Water pollution stems primarily from human 
activity, and can be reflected by a decline in the 
diversity of aquatic plants and animals. In 
addition to being categorized as point or non-
point, water pollution can be divided into four 
general categories that may overlap: sediment 
pollution, organic wastes, nutrient pollution, and 
toxic substances. 
 
Sediment Pollution:  Sediment pollution exists 
wherever the sediment load (sand, silt, mud) in 
a water body exceeds that of natural conditions. 
This occurs where development has stripped 
away the natural vegetation, creating highly 
erodible areas. Such areas include construction 
sites, sand and gravel pits, agricultural lands, 
urban areas, unpaved roads, and eroding 
roadsides. Sediment pollution can have a 
dramatic impact on water resources. Sediment 

fills in the cracks between rocks and logs, 
creating poor habitat and smothering aquatic 
insect life important for fish. Sedimentation also 
reduces the channel capacity of streams, 
resulting in increased flooding. 
 
Organic Wastes:  Most aquatic life needs 
oxygen to survive. Water is capable, however, 
of dissolving only a small amount of oxygen 
from the surrounding air. Waste containing 
organic material, such as sewage, requires 
oxygen to decompose. Large accumulations of 
organic wastes use large amounts of oxygen, 
leaving little oxygen for fish and aquatic insects. 
Less desirable organisms, like some fly larvae 
and worms, may become too abundant in low 
oxygen waters. Large, deep, slow moving water 
tends to have naturally low oxygen levels, and 
is particularly vulnerable to oxygen deficiency.  
 
Nutrient Pollution:  Aquatic plants require 
nutrients, such as nitrogen and phosphorus, for 
growth, but too much of these nutrients can 
result in excessive growth of aquatic vegetation 
and algae. An explosive growth of algae, 
termed an algae bloom, is a result of nutrient 
overloading. Such a bloom blankets the water’s 
surface and can produce odor and taste 
problems in drinking water. An algal bloom will 
deplete the oxygen supply in the water as it 
decomposes. 

 
Toxic substances:  Toxic substances may enter 
water bodies through industrial and municipal 
wastewater discharges, through agricultural and 
urban land runoff, or from leaching of waste 
materials dumped in the area. These 
substances impair or kill aquatic life, reducing 
the numbers and diversity of species, and 
thereby disrupting the natural aquatic 
community.  
 
The effects of toxic substances on living 
organisms can be divided into four categories. 

• Acute toxicity - causes immediate 
danger or death 

• Chronic toxicity - has long term, non-
lethal effects which may alter appetite, 
growth, metabolism, or reproduction 
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• Bioaccumulation - becomes toxic as it 
concentrates in animal tissues either 
from direct consumption or through the 
food chain 

• Behavioral modification - causes an 
organism to leave the area or otherwise 
alter its normal behavior 

 
Diagnosis (Adapted from North Carolina’s Stream Watch Program) 
In order to determine the factors affecting the 
health of your water resource, it is necessary to 
familiarize yourself with some warning signs of 
pollution. Given below are point and non-point 
pollution sources and symptoms associated 
with each. These will help you investigate and 
define the origins of water quality degradation.  
 
Type of land use surrounding stream 

• Forests: Look for signs of sedimentation 
such as cloudy or muddy water. 
Logging, road building, or clear cutting 
of trees for development may cause 
erosion.  

 
• Agricultural: Check for algal blooms 

associated with misuse of fertilizers on 
croplands and orchards, and runoff from 
manure-laden pastures, feedlots, and 
compost heaps. Erosion of cropland and 
over-grazed pastures may lead to 
sediment pollution. A low 
macroinvertebrate count will help 
determine whether pesticide 
management is a factor.  

 
• Urban: Urban runoff may contain many 

kinds of pollutants including metals, 
salts, chemicals, and oils. Check for 
surface color sheen, low pH levels, 
excessive algae growth, or deposition of 
unnatural materials. Check for absence 
of pollution-intolerant 
macroinvertebrates. 

 
• Industries: Watch for discoloration, 

odors, low pH levels, excessive algae 
growth, or deposition of unnatural 
materials. Check for absence of 
pollution intolerant macroinvertebrate 
and fish species. 

 

• Sewage treatment plants and septic 
systems: Watch for organic pollution 
such as excessive algae growth 
associated with release of organic 
matter. Also, very few or no 
macroinvertebrates may indicate the 
presence of too much chlorine in the 
water.  

 
• Sanitary landfills: Look for signs of 

runoff from landfills or inflow of 
contaminated groundwater, such as 
rusty streaks in the stream bank. 
Excessive nutrients or toxic substances 
may be present. Check for algal blooms 
and the absence of pollution-intolerant 
species of Benthic macroinvertebrates.  

 
• Construction: Erosion and sediment 

pollution may occur if appropriate 
control structures are not in place. Look 
for cloudy or muddy water and sediment 
deposition on the streambed. 

 
• Residential: Poor fertilizing practices, 

defective septic systems, and dumping 
or grass clippings may lead to organic 
enrichment with a resultant algal bloom. 
Misuse of pesticides and herbicides may 
cause toxic pollution; check for an 
absence of aquatic life. If a color sheen 
is noticed on the water’s surface it may 
be from automobile oil dumped nearby. 
Sudsy, white foam on the water surface 
may indicate the presence of detergents 
used to wash cars or clothes.  

 
Physical indicators of water pollution 
Color of Water  

• Green or blue-green: If the water is 
excessively green, this could be an 
indication of nutrients being released 
into the water feeding algae and causing 
an algal bloom.  

○ What to do:  Check watershed 
for possible fertilizer or manure 
runoff areas, sewage discharge, 
landfill runoff, or septic system 
failure. 
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• Orange-red:  Orange to red deposits 
could be caused by acid drainage or the 
presence of synthetic dyes. 

○ What to do: Check watershed for 
industrial waste or landfill 
seepage draining into the water 
body. 

• Light brown (muddy or cloudy): 
Indication of sediment deposition 
caused by erosion.  

○ What to do: Search upstream for 
disturbed ground left open to 
rainfall. 

• Yellow brown to dark brown:  This is 
probably due to acids released from 
decaying plants. 

o What to do: Nothing. This 
coloration occurs naturally each 
fall when dead leaves collect in 
the water, also common in 
streams draining into marsh or 
swampland. 

 
Surface or Bottom Coatings 
• Yellow coating on bottom of water body: 

Indication of sulfur entering the water 
body. 

o What to do: Check upstream for 
industrial waste operation. 

• Multi-color reflection:  Indicates oil 
floating on the surface. 

o What to do: Check closely 
upstream for source, waste oil 
may have been dumped nearby. 

• White cottony masses on streambed: 
Indication of “sewage fungus”. 

○ What to do: Check for sewage or 
other organic pollution. 

• White foam on surface: A small amount 
of foam may occur naturally. If the foam 
is more than three inches high, it may 
be from detergents. 

○ What to do: Check upstream for 
industrial or residential waste 
being discharged. 

 
Stream Odor 

• Rotten Egg: May indicate sewage 
pollution. Odor may also occur naturally 
in marshy or swampy land. 

 
• Musky: May indicate presence of 

untreated sewage, livestock waste, 
algae, or other conditions. 

 
• Chlorine: May indicate that a sewage 

treatment plant is over-chlorinating their 
effluent. 

 
• Fishy:  May indicate the presence of 

excessive algal growth or dead fish.
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Non-point source pollution (NPS) is pollution caused by an unidentified source.  This photograph shows an example 
of NPS- car antifreeze in a puddle along the road.  It is considered non-point source pollution because it is difficult to 
identify which car left the antifreeze.  (Source- ORSANCO staff) 
 
 
 

 
 

 
TIME   

• 30 minutes (student work out of class) 
• 30 minutes (in class discussion) 

 
PREPARATION TIME 

• Five minutes (copying handouts) 
 

 MATERIALS  
• Copies of “What’s the Point” and “Acting for 

Clean Water” 
• Worksheet 5- Discussion Questions for 

“What’s the Point” and “Acting for Clean 
Water” 

 

 
OVERVIEW 
Prior to class, students will read “Acting 
for Clean Water” and “What’s the Point” to 
learn about past and current water quality 
issues on a local and national level. 
Following the reading, students will 
answer discussion questions related to 
the articles. In class, students will discuss 
the possible types of pollution involved 
and the major effects on water quality and 
living organisms. They also will try to 
determine how to best measure pollution 
in aquatic systems. Through questioning, 
students will attempt to identify the 
sources of pollution and how these 
sources can be identified. Teachers will 
explain point source and non-point source 
pollution. Students will identify point and 
non-point source pollution causes.  

  
 

  

 
PROCEDURE 

1. As homework, students will read “What’s the Point” and “Acting for Clean Water”. These 
summaries describe point and non-point pollution in local and national settings and provide an 
overview of the Clean Water Act. 
 
2.   Following the reading, students complete Worksheet 5 using the information from the readings.  
 
3.   Discuss students’ answers from Worksheet 5, ensuring that students understand the difference 
between point and non-point sources of pollution, and ensuring that they have a good understanding 
of the Clean Water Act, and how it is used to regulate point and non-point sources of pollution.  

Measuring Water Quality  
Activity 1: Water Quality Parameters Past and Present 
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4.    Ask students if they can identify the environmental agency responsible for water quality 
regulation in their state.   

 
 
FURTHER CHALLENGES 

1.    Find a local water quality issue from the past or a global water quality issue in the news 
recently.  Investigate the past research on the issue. Is any current research being conducted?  
Discuss whether it is point source or non-point source pollution. What impact might this have on 
local communities? 

 
2.    Use the United States Environmental Protection Agency’s Clean Water Act tutorial explore this 
important piece of legislation. The tutorial can be found at www.epa.gov/watertrain/cwa/. 
Have students interview a contact from your state’s regulatory agency to find out how the Clean 
Water Act is enforced in your state and to be added to a mailing list of public notices. 

 
3.    Visit the Ohio River Valley Water Sanitation Commission’s (ORSANCO’s) web site 
(www.orsanco.org) to learn about Pollution Control Standards and Combined Sewer Overflow 
pollution.   

 
 

http://www.orsanco.org/�
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On October 18th, 2007, the nation celebrated a very 
special birthday.  The Clean Water Act had turned 
35 years old.  As a high school student, you 
probably weren’t donning a pointy hat and digging 
into birthday cake on that day, but you should have 
been!  Here’s why… 
 
Contrary to what you might think, our nation’s waters 
are actually less polluted now than they were 50 
years ago.  There was a time when the Cuyahoga 
River in Ohio was so polluted with oil and debris that 
it caught on fire when sparks from a passing train 
ignited it. Around that time, Lake Erie had been 
declared biologically dead.  35 years ago, roughly 60 
percent of our nation’s waters were considered 
unsafe for swimming and could not support aquatic 
life.   
 
Until 1972, our federal government had put the 
responsibility of protecting water quality on the 
shoulders of state and local governments.  As a 
result, many states had very weak laws that were 
not properly enforced.  In response to this problem, 
our U.S. Congress passed the Clean Water Act 
(CWA).  It remains one of the most important 
environmental laws that ever passed in this country 
because it gave the federal government the authority 
to regulate water quality in the United States. 
 
The Clean Water Act contained two lofty goals. The 
first goal was to restore our nation’s waters so that 
they all would be “fishable and swimmable” by 1983.  
“Fishable and swimmable” simply meant that waters 
should be safe enough to recreate in, and healthy 
enough to support the survival and reproduction of 
fish, shellfish, and other forms of wildlife.  The 
second goal of the Clean Water Act was to eliminate 
all discharges of pollutants into our nation’s waters 
by 1985. 
 
As of today, the number of waters that are not 
considered fishable or swimmable has been reduced 
from 60% to roughly 40%.  Many bodies of water, 
such as Lake Erie, are supporting a variety of fish 
and other aquatic organisms because of the Clean 
Water Act.  As you may have guessed, discharges 
of pollutants have not been eliminated in this 
country.  However, they are now regulated through 
permits, which will be discussed further in the next 
section. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
How Does the Clean Water Act Work? 
 
When the Clean Water Act was passed, the federal 
government put a newly established agency in 
charge of enforcing it.  The name of that agency was 
the United States Environmental Protection 
Agency (USEPA).  The USEPA essentially acts as 
the “big boss” of individual agencies who “manage” 
the process of enforcing the Clean Water Act in 
each state.   The state agencies are responsible for 
developing Water Quality Standards that are 
reviewed and approved by the USEPA every three 
years.   
 
Water Quality Standards achieve the goals of the 
Clean Water Act by doing three things:  designating 
uses for waterbodies within an individual state, 
establishing water quality criteria to protect those 
uses, and protecting waters that are already 
considered “high quality”. 
 
DESIGNATED USES 
 
A designated use is a simple way of saying what a 
waterway, such as a river, lake, or stream, could be 
used for.  Examples of designated uses include 
fish consumption, drinking water supply, contact 
recreation, and aquatic life.  A waterway can have 
multiple designated uses, but the uses can never 
include things like “waste transport”, or “trash dump”. 
 
 
 
 
 
 
 
 
 
 

Acting for Clean Water 

Aquatic life is one designated use of 
the Ohio River. 

Recreation, as seen here, is another 
designated use of the Ohio River. 
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WATER QUALITY CRITERIA 
 
To protect the designated uses of their waterways, 
state agencies must establish water quality criteria.  
The criteria establish the conditions that need to be 
met in order for a waterbody to meet its designated 
uses.  Water quality criteria can be numeric or 
narrative.  Here are examples of water quality 
criteria for a stream that has designated uses of 
aquatic life and primary contact recreation 
(swimming):   
 
• Dissolved oxygen levels cannot drop below 5 
milligrams per liter (numeric) 
• E. coli levels cannot exceed 130 colonies per 100 
liters of water (numeric) 
• The stream must be free from large concentrations 
of toxic substances (narrative). 
 
Permits 
 
As mentioned before, one of the goals of the Clean 
Water Act was to eliminate all discharges of 
pollutants into waters by 1985.  As you have 
probably guessed by now, that goal has not been 
met.  However, pollutant discharges are currently 
regulated through a national permitting system that 
is administered by individual states.  In short, for any 
municipality or industry to discharge pollutants into a 
waterway, they must first obtain permission, in the 
form of a permit, from their state agency. 
 
A discharge permit can be described as putting 
Water Quality Standards in action.  A permit 
identifies the designated use of the waterway that 
will receive the discharge, and establishes the water 
quality criteria that must be met to keep from 
impairing that use.  A permit also sets numerical 
limits for how much pollution can be discharged 
without violating water quality criteria.  In addition to 
establishing water quality criteria, a permit sets 
requirements for how often the waterway must be 
monitored.  The limits and requirements set forth in a 
discharge permit cannot be violated.  When 
violations occur, penalties can include fines, 
imprisonment, or other measures. 
 
TOTAL MAXIMUM DAILY LOADS 
 
In addition to designating uses and enforcing Water 
Quality Standards, it is also important for states to 
identify waters that are considered impaired.  
Impaired waters are those that aren’t meeting their 
designated uses because of pollution.  When an 
impairment is identified, it is the responsibility of the 
state agency to write a clean-up plan, called a Total 
Maximum Daily Load (TMDL) that identifies the 

maximum amount of pollutants that can be 
discharged into a waterway without violating water 
quality criteria.  TMDL’s can be very challenging, 
especially if a waterbody has numerous industries or 
municipalities discharging into it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NON-POINT SOURCES OF POLLUTION 
 
It is important to point out that the majority of permits 
issued are for point-source pollutants; those that 
typically come from a pipe and are easily traced 
back to their source.  However, most of the pollution 
we see in our waterways today comes from non-
point sources, which are difficult to trace and even 
more difficult to regulate.  Many non-point pollutants 
make their way into our waterways when rain and 
snow wash sediment, fertilizers, and other pollutants 
from farms, neighborhoods, cities, and construction 
sites into rivers, lakes, and streams.  Thus, in 1987, 
Congress approved additional measures in the 
Clean Water Act that provided funding and other 
incentives for facilities to reduce and contain 
stormwater runoff. 
 
 
 
 
 
 
 
 
 
 
 
 
THE CWA ACROSS STATE LINES 
 
Since the Clean Water Act says that individual 
states have to established Water Quality Standards, 
who is responsible for water quality in the Ohio 
River, which is essentially shared by six states? The 
Ohio River Valley Water Sanitation Commission 
(ORSANCO) is an interstate pollution control agency 

ORSANCO scientists use this lab to measure E. 
coli in river samples.  Their data are compared to 
ORSANCO’s numerical criteria for E. coli to 
determine if segments of the Ohio River are safe 
for contact recreation. 

Non-point pollution from this construction 
site, such as sediment, could be affecting 
a local waterway. 
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responsible for setting Water Quality Standards for 
the Ohio River. These standards, which include 
numeric and narrative water quality criteria, must be 
approved by the USEPA (just like individual states) 
under the laws of the Clean Water Act. Although 
individual state agencies write their own discharge 
permits for discharges into the Ohio River, the 
discharge limits must comply with ORSANCO’s 
Water Quality Standards, including numeric, 
biological, and narrative criteria.   
 
ORSANCO was formed in 1948 by a Compact 
representing states that border, or whose 
watersheds drain into the Ohio River. The Compact 
was written when the river was so polluted with 
human waste and industrial pollutants that Kentucky 
Congressman Brent Spence called it “an open 
sewer”. 
 
The formation of this Compact was extremely 
important because it marked the beginning of a 
coordinated effort among states bordering the Ohio 
River to control discharges almost 24 years before 
the Clean Water Act was implemented. One major 
outcome of the Compact was the construction of 
sewage treatment facilities along the Ohio River. 
These facilities, along with regulations later enforced 
by the CWA, led to significant water quality 
improvements that now allow the river to support 
diverse populations of fish and wildlife, to be used 
for recreational activities, and to serve as a source 
of drinking water. 
 
YOU ENACT THE CLEAN WATER ACT! 
 
Although the USEPA is responsible for approving 
how ORSANCO and individual state agencies 
enforce the Clean Water Act, it takes the 
involvement of students like you to ensure goals of 
the Clean Water Act stay on course. Luckily, each 
state is required by law to provide opportunities for 
the public to comment on their Water Quality 
Standards, and on permits that are issued to 
industries and municipalities. Therefore, it is your 
responsibility to make sure that your state agency, 
along with interstate agencies like ORSANCO, gets 
your input as they make decisions that affect your 
watershed and your community!  
 
Many states issue Public Notices of upcoming 
water quality decisions, such as permits, to the 
general public through the newspaper and other 
forms of media. However, it is always a good idea to 
find the agency responsible for environmental 
regulation in your state and contact them about 
putting you on a mailing list so that you can receive 
these notices.  Here is a current listing of state 

agencies responsible for enforcing the Clean Water 
Act in your state: 
  
OH:  Ohio Environmental Protection Agency, 
Division of Surface Water 
 
KY:  Kentucky Environmental and Public Protection 
Cabinet, Division of Water 
 
IN:  Indiana Department of Environmental 
Management, Office of Water Quality 
 
Attending a public hearing is an excellent way to 
learn how people, organizations, and businesses 
can influence water quality decisions.  Citizen 
involvement is crucial for ensuring that our nation 
gets closer to achieving the goals originally set forth 
in the Clean Water Act so that we can continue to 
celebrate this important legislation each year.  Who 
knows, you may even decide to don that party hat 
and down some birthday cake every October 18th! 
 
RESOURCES 
 
United States Environmental Protection Agency 
"Introduction to the Clean Water Act." [Online] 15 February 
2008. < http://www.epa.gov/watertrain/cwa/index.htm>. 
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RAIN CAUSES ELEVATED BACTERIA LEVELS IN 
THE OHIO RIVER 
 
Scientists studying the Ohio River are frequently 
asked if the water quality of the Ohio River has 
improved.  Many think that question requires a 
simple “yes” or “no”; however, water quality issues 
are seldom that straightforward. 
 
In general, many problems that haunted the 
Ohio River in the past have improved 
tremendously since communities now treat 
human and industrial waste and regulations, 
such as the Clean Water Act, place limits on 
pollution discharges. In fact, millions of 
people safely use the river for recreation 
such as swimming, boating, or water skiing 
each year.  However, even though the Ohio 
River is cleaner than it was even 50 years 
ago, scientists still encounter pollution 
issues that are difficult to control. 
 
Runoff and Overflows 
A widespread problem in the Ohio River is 
elevated bacteria levels from human and 
animal waste during wet-weather events.  
During periods of rain, waste from domestic, 
agricultural, and wild animals can run off into 
the Ohio River and its tributaries.  Sewage treatment 
systems, such as municipal treatment plants and 
failing home septic systems, can also become 
overwhelmed during heavy rains and discharge 
untreated waste into the Ohio River.  Both human 
and animal waste can contain bacteria, viruses, and 
other pathogens that pose a health risk to those who 
come in contact with the river during and after rain 
events. 
 
Another problem in urban areas along the Ohio 
River is Combined Sewer Overflows.  Combined 
sewer systems were originally built to carry both 
human and industrial waste, as well as storm water 
runoff from streets, driveways, and parking lots.  
When it rains, the volume of storm water and 
wastewater entering a combined sewer system can 
exceed its holding capacity.  If the holding capacity 
is exceeded, a mix of storm water and untreated 
wastewater will overflow from these systems into the 
Ohio River through a discharge pipe. This event is 
called a combined sewer overflow (CSO).  There are 
roughly 1,000 CSO’s located in 49 communities 
along the length of the Ohio River.   

 
Unfortunately, combined sewer overflows are not 
easily fixed. However, state and federal 
governments are requiring many cities with 
combined sewers to fix or replace their antiquated 
systems- an expensive process that can take many 
years. 

 
Monitoring and Measuring E. coli 
Scientists measure levels of E. coli in the Ohio River 
to determine whether or not the river is safe for 
contact recreation, such as swimming, skiing, or 
boating.  E. coli is found in the digestive systems of 
warm-blooded animals and is thus carried in human 
and animal wastes.  Although some strains of E. coli 
can cause infections, scientists measure it because 
it is an indicator of other pathogens found in human 
or animal wastes that can cause gastrointestinal 
illnesses and ear, eye, throat infections.  Thus, 
numeric criteria for E. coli are used for waterways 
designated for contact recreation in order to protect 
human health. 
 
The Ohio River Valley Water Sanitation Commission 
(ORSANCO) sets criteria for E. coli in the Ohio 
River, and sets limits for the amount of E. coli that 
can be discharged by sewage treatment facilities.  In 
2006, ORSANCO proposed changes to its Water 
Quality Standards that would have thus affected E. 
coli criteria that apply to municipal (sewage) 

What’s the Point? 
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discharges, including combined sewer overflows 
during wet weather events. 
 
One of the recommendations proposed designating 
the Ohio River as “Lightly Used” for full body contact 
recreation, which meant that the river was used by 
half of the number of people that you would see at a 
typical beach.  This “Light Use” designation would 
have increased the maximum allowable level of E. 
coli in the river. 
 
ORSANCO hosted public hearings in six cities along 
the Ohio River that allowed the general public to 
submit their comments on the proposed 
recommendations to Water Quality Standards.  
Many of the public comments stated the Ohio River 
was not “Lightly Used”, but used by many people 
who enjoy canoeing, kayaking, boating, jet skiing, 
swimming, and fishing.  Therefore, ORSANCO did 
not adopt most of the recommendations and is 
currently conducting a survey to learn more about 
how frequently people recreate on the river, and 
what activities types of activities they do in and 
around the water.   
 
The Foundation for Ohio River Education 
encourages students to stay informed of this issue.  
Remember, it is very important that agencies like 
ORSANCO receive public input.  More information 
can be found by visiting www.orsanco.org. 
 
LESSONS FROM THE PAST 
 
In January 1988, a small mechanical glitch at 
Ashland Oil made for big problems on the Ohio 
River.  A dime-sized flaw on a 48-year-old tank used 
to haul fuel on the river caused the tank to collapse; 
releasing most of the 3.8 million gallons of diesel 
fuel it once held.  Approximately 2.8 million gallons 
were held in a holding area; however, 705,000 
gallons overflowed into the Monongahela River, one 
of the two major rivers that come together to form 
the Ohio River. 
 
The spill could be detected in the Ohio River for an 
entire month as it moved downstream.  Finally, by 
mid-February, it was no longer detectable in the 
Ohio River when monitored at Evansville, Indiana, a 
point 770 miles downstream.  During this event, 
crews from various state and federal agencies were 
out sampling the water.  This monitoring allowed 
them to measure other chemicals as well.  These 
tests indicated that many industries along the river 
took advantage of the situation, dumping their own 
chemicals directly into the river, without proper 
treatment. 
 

Long-term monitoring was conducted after the 
spilled chemicals moved downstream to assess the 
long-term impacts of the spill on water quality, water 
supplies, fish, and wildlife habitat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PPCPS... HARMFUL FOR YOU AND ME? 
 
Many who lived during the sixties or read Silent 
Spring remember the harmful effects that pesticides 
such as DDT had on fish and wildlife.  Based on 
results from a US Geological Survey (USGS) study 
of the Little Miami and Great Miami rivers, issues 
with these types of chemicals may still linger.  A 
study conducted from 1999 to 2001 found that large 
amounts of pesticides such as atrazine continue to 
find their way into waterways at levels above those 
limits set by the federal government. 
 
Another category of chemicals, pharmaceuticals and 
personal care products (PPCPs) - a broad category 
of substances including over-the-counter and 
prescription drugs, fragrances, and cosmetics- have 
also been measured in low amounts.  Many of these 
substances are washed down our drains or are 
excreted in our urine.  Unfortunately, many of these 
chemicals cannot be removed through conventional 
wastewater treatment and are thus discharged back 
into our rivers even in properly treated wastewater. 
 

This oil sheen was spotted on the 
Monongahela River where it joins the 
Allegheny River in Pittsburgh, PA. 
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Both groups of chemicals can have effects on 
reproductive systems.  In the Little and Great Miami 
rivers, atrazine was found to harm the reproductive 
systems of fish, making it difficult to separate the fish 
by sex.  Many pharmaceuticals and personal care 
products can interfere with or mimic natural 
hormones in animals, making this class of chemicals 
dangerous as well.  Scientists are learning more 
about these chemicals and how they affect aquatic 
life in the river.  We can minimize the amount of 
PPCP’s we personally generate by disposing of 
unused medications in the garbage instead of 
flushing them, and reducing unnecessary use of 
medicines and other personal products. 
 
IS IT LOVE? 
 
In the early 1900s, William T. Love sought to 
develop a model city in an undeveloped portion of 
New York.  He thought that by digging a canal 
between the upper and lower Niagara Rivers, he  
could generate power cheaply and effectively for his 
model community.  Unfortunately, his dream was 
shattered and the canal was abandoned. 
 
The canal was used, but not for its intended 
purpose.  Hooker Chemicals, situated close to the 

canal, used the site as a dumping ground for a 
dangerous mix of hazardous chemicals.  In 1953, 
after years of unregulated chemical disposal, Hooker 
Chemicals decided to cover the canal, and the 
chemicals, and sold it to the city for $1.00.  The city 
built homes and a public school on the abandoned 
site. 
 
On August 1, 1978, a record amount of rainfall 
brought these chemicals to the surface, allowing 
them to leach into the soil and the basements of 
homes in the town of Love Canal.  According to 
Eckardt Beck who visited the site during this time, 
“corroding waste-disposal drums could be seen 
breaking up through the grounds of backyards. 
Trees and gardens were turning black and dying. 
One entire swimming pool had been had been 
popped up from its foundation, afloat now on a small 
sea of chemicals. Puddles of noxious substances 
were pointed out to me by the residents. Some of 
these puddles were in their yards, some were in 
their basements, others yet were on the school 
grounds. Everywhere the air had a faint, choking 
smell. Children returned from play with burns on 
their hands and faces.”  Birth defects were also 
more common in Love Canal during this time. 
 
On August 7, the New York Governor announced 
that the state would purchase homes affected by the 
chemicals and the President declared a state of 
emergency in the area.  A number of pieces of 
legislation were instrumental in preventing this 
problem from occurring again in the future, including 
the Clean Air and Water Acts, the Safe Drinking 
Water Act, the Pesticide Act, the Resource 
Conservation and Recovery Act, the Toxic 
Substances Control Act. 
 
RESOURCES 
 
Cincinnati Enquirer (July 20, 2004)  “Miami basins surpass 
safe chemical levels.” 
 
Eckardt C. Beck (January 1979) “The Love Canal Tragedy.” 
(http://www.epa.gov/history/topics/lovecanal/01.htm) 
 

  
 
 
 
 
 
 
 
 
 
 

This ORSANCO scientist is collecting 
water samples for later analysis.  
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MEASURING WATER QUALITY 
 
WORKSHEET 5 
 
“What’s the Point?”  
“Acting for Clean Water” 
 
 
1. What are the goals of the Clean Water Act?   Have they been achieved?  Why or why not? 
 
 
 
 
2. What is the name of the agency responsible for establishing Water Quality Standards under the Clean Water 
Act in your state?  List their website address.   
 
 
 
3. What is the name of the agency responsible for implementing Water Quality Standards in the Ohio River?  
What is their website address? 

 
 
 

4. Which agency approves Water Quality Standards established by the agency in your state?  List their website 
address. 
 
 
 
5. Give a specific example of a non-point source of pollution, and a point source of pollution.  How are each 
addressed under the Clean Water Act? 
 
 
 
6. A new meat processing plant is being built and plans to discharge products from the hot dog making process 
into the Licking River, located in Kentucky.  If you are the owner of the meat processing company, what will you 
have to do before you discharge anything into the Licking River?   
 
 
7. Do you think the Clean Water Act is implemented consistently from state to state?  Why or why not? 
 
 
 
8. Based on what you know about the Clean Water Act and the ORSANCO Compact, what type of pollution would 
you expect to be most common in the Ohio River, point or non-point?   
 
 
 
9. Name three examples each of point and non-point source of pollution you think affect water quality in the Ohio 
River in the Cincinnati area. 
 

 
10. When and where did the pollution occur in each of these situations? 

 

Love Canal 
Date:   
Location:  
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Ashland Oil Spill 
Date:    
Location:  

 
Ohio River- bacteria 
Date:  
Location:  
 
Pharmaceuticals and Personal Care Products (PPCPs) 
Date:  
Location:  

 
What pollutants were detected at each site? 
 
Love Canal-  
 
Ashland Oil Spill-  
 
Ohio River (bacteria)-  
 
PPCPs-  
 
 
11. Were any health effects reported?  In which cases?  What were the health effects? 
 
 
 
12. What were the causes of the pollution? 
 
 
13. Was the pollution point or non-point source pollution?  How do you know? 
 
Love Canal-  
 
Ashland Oil Spill-  
 
Ohio River (bacteria)-  
 
PPCPs-  
 
 
14. What pollution problems described in “What’s the Point” can we address by changing our personal habits? 
 
 
 
15. What pollution problems in “What’s the Point” would be difficult to control using the Clean Water Act if they 
occurred now?  Are they point or non-point sources? 
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MEASURING WATER QUALITY 
 
WORKSHEET 5 
Teacher Copy 
 
“What’s the Point?”  
“Acting for Clean Water” 
 
 
1. What are the goals of the Clean Water Act?   Have they been achieved?  Why or why not? 
 
The goals of the Clean Water Act were to restore and maintain the physical, chemical, and biological parameters 
of the Nation’s waters. Point source discharges were to be eliminated by 1985 and all waters were to be “fishable 
and swimmable” by 1983. 
 
 
2. What is the name of the agency responsible for establishing Water Quality Standards under the Clean Water 
Act in your state?  List their website address.   
 
 
 
3. What is the name of the agency responsible for implementing Water Quality Standards in the Ohio River?  
What is their website address? 

 
 
 

4. Which agency approves Water Quality Standards established by the agency in your state?  List their website 
address. 
 
USEPA 
 
5. Give a specific example of a non-point source of pollution, and a point source of pollution.  How are each 
addressed under the Clean Water Act? 
 
Point sources are addressed through permits; non-point sources are addressed through programs that provide 
funding to facilities to reduce runoff. 
 
6. A new meat processing plant is being built and plans to discharge products from the hot dog making process 
into the Licking River, located in Kentucky.  If you are the owner of the meat processing company, what will you 
have to do before you discharge anything into the Licking River?   
 
Obtain a permit from the Kentucky Division of Water that sets forth numeric water quality criteria that the company 
will have to comply with in order to keep from impairing the designated uses of the Licking River, as well as a 
monitoring schedule. 
 
7. Do you think the Clean Water Act is implemented consistently from state to state?  Why or why not? 
 
 
8. Based on what you know about the Clean Water Act and the ORSANCO Compact, what type of pollution would 
you expect to be most common in the Ohio River, point or non-point?   
 
Roughly 80% of pollution in the Ohio River comes from non-point sources. 
 
 
9. Name three examples each of point and non-point source of pollution you think affect water quality in the Ohio 
River in the Cincinnati area. 
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10. When and where did the pollution occur in each of these situations?

Love Canal 
Date: 1920s-1950s   
Location: Love Canal, NY 

 
Ashland Oil Spill 
Date: 1/2/88    
Location: Monongahela River, PA 

 
Ohio River- bacteria 
Date: currently  
Location: Ohio River- major metropolitan areas 
 
Pharmaceuticals and Personal Care Products (PPCPs) 
Date: 1999-2001 
Location: Little & Great Miami Rivers 
 
What pollutants were detected at each site? 
 
Love Canal- chemicals from Hooker Chemical s- toxic, untreated 
 
Ashland Oil Spill - diesel fuel, other chemicals may have been released by industries during this time as 
well 
 
Ohio River (bacteria) - elevated levels of E. coli & bacteria 
 
PPCPs - atrazine, fragrance compounds, cosmetic compounds, antibiotics 
 
11. Were any health effects reported?  In which cases?  What were the health effects? 
 
Love Canal experienced higher rates of birth defects, children had burns. 
 
Ashland Oil Spill caused water intakes to be shut down as the spill passed by that location. 
 
Contact with water from the Ohio River after heavy rains may increase exposure to pathogens that can 
make you sick. 
 
PPCPs have been shown to cause reproductive problems in organisms. They are found in low amounts 
in the Great and Little Miami rivers, but a majority of the effects are unknown. 
 
12. What were the causes of the pollution? 
Ashland Oil Spill - flaw in construction of holding tank. 
 
Love Canal - unregulated dumping of waste products into uncontained area. 
 
PPCPs - flushing pills, pesticide application, use of cosmetics & fragrances, treatment process that can’t 
remove these chemicals 
 
Bacteria - antiquated sewer systems in urban areas resulting in CSO’s 
 
 
13. Was the pollution point or non-point source pollution?  How do you know? 
 
Love Canal - point source (they knew the chemicals were put there by Hooker Chemicals) 
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Ashland Oil Spill - point source (could identify that a specific barge was responsible for the spill) 
 
Ohio River (bacteria) – Combined sewer overflows are point sources; however, stormwater runoff (non-
point) mixing with wastewater causes CSO’s 
 
PPCPs - non-point source (can’t identify exactly who spread the atrazine or flushed an unused 
prescription) 
 
 
14. What pollution problems described in “What’s the Point” can we address by changing our personal 
habits? 
 
Ohio River (bacteria) - reduce water usage so combined systems do not become overwhelmed and 
overflow. Reduce the amount of water we use for our yards and cars to reduce stormwater runoff. Find 
ways of reducing the amount of water that runs off from our yards and driveways.  Reduce litter and pick 
waste from pets. 
 
PPCPs-Reduce applications of pesticides on our yards and gardens.  Don’t flush cosmetics or 
prescriptions.  Cutting down on unneeded prescriptions and medications can help as well since many of 
these substances pass through our bodies. 
 
15. What pollution problems in “What’s the Point” would be difficult to control using the Clean Water Act if 
they occurred now?  Are they point or non-point sources? 
 
PPCPs - It’s hard to use laws to regulate what people do in their homes, their yards, or their personal 
habits. Pesticides such as atrazine get into the water via stormwater runoff, which is harder to control with 
the CWA because it doesn’t come from point sources. 

 
CSO’s  -Although the federal government is requiring cities to come up with plans to fix CSO’s that 
discharge bacteria into waterways, stormwater runoff and people’s usage of water in their homes and 
yards contribute. These habits may be hard to regulate. 
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OVERVIEW 
Using the information gained during the 
watershed brainstorming session and the case 
study discussion, students will set-up and carry 
out experiments to investigate the interactions 
between these parameters, what factors 
influence the parameters and what the 
parameters mean in terms of water quality.   

 TIME  
• Experiment 1- 40 min 
• Experiment 2- 4 days (Day 1- 30 min; Day 

2- 15 min; Day 3- 15 min; Day 4- 30 min) 
• Experiment 3- 20 min (20 min on 5th day for 

BOD) 
• Experiment 4- 45 min 

 
PREPARATION TIME 

• 10-30 minutes 
 
Note to teachers:  Please select at least two of the activities recommended below to prepare students for 
activities on the boat.   
 
Experiment 1: Turbidity or Not Turbidity  
This experiment is reprinted below with permission from 
Healthy Water, Healthy People). Activity with tokens is 
OPTIONAL. 
 
      Materials 

• Clear quart jar filled with rocks, gravel, soil, 
sand, and water (optional) 

• Student Copy Page for turbidity test 
• Flat bottomed glass test tubes 
• Sample 1: Clear tap water (at least 1 liter) 
• Sample 2: Filtered leaf litter, pebbles & water  
• Sample 3: Local surface water (at least 1L) 
• Sample 4: Filtered fine grained soil (silt) 
• Eyedropper, coffee filter 
• Copies of Worksheet 6 
 

 
Experiment 2:  Nutrients  
This experiment is found in the Healthy Water Healthy 
People Test Kit Manual on pages 29 and 39. Use the 
Nitrate and Phosphate testing instructions provided in the 
Chemical and Biological Testing Manual to run tests.   

  
Materials               
• Glass mason jar (3-5) 
• Clean funnels (3-5) 
• Soil samples (from untreated source) 
• Miracle Gro (provided in SS Kit) 
• Commercial steer manure (optional) 
• Plant residue (leaves, compost, grass) 
• Materials to test for nitrates and phosphates (from 

HACH Stream Survey kit) 
• Copies of Worksheet 7 

Measuring Water Quality  
Activity 2: Measuring Water Quality Parameters
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Experiment 3: Dissolved Oxygen and 
Biochemical Oxygen Demand  
This experiment is found in the Healthy Water Healthy 
People Test Kit Manual on page 19. Use the dissolved 
oxygen and biochemical oxygen demand testing 
instructions provided in the Chemical and Biological 
Testing Manual to run the tests. 
 
      Materials 

• Water samples from lake, pond, puddle, river or 
wetland (choose 2) 

• Equipment for dissolved oxygen test and 
biochemical oxygen demand test (from HACH 
Stream Survey Kit) 

• Copies of Worksheet 8 

Experiment 4: pH  
This experiment is found in the Healthy Water Healthy 
People Test Kit Manual on page 19. Use the Dissolved pH 
testing instructions provided in the Chemical and 
Biological Testing Manual to run the tests. 
        
     Materials 

• pH meter (from HACH Stream Survey Kit) 
• Soil sample (10 g from directly under a pine tree) 
• Soil sample (10 g from site 50 feet away from pine 

tree) 
• 10 mL deionized water for each sample 
• Timer  
• Copies of Worksheet 9 

 
 
PRE-ACTIVITY DISCUSSION 

• What factors could be measured to determine water quality? 
• What factors were measured in the case studies? 
• Are there other factors? Think about what organisms in the water need to survive. Could we measure 

any of these factors? 
• If students don’t suggest some of these factors, guide them by providing examples. For example, 

they will probably think of dissolved oxygen as a factor; however, they may not think of nutrients such 
as phosphates or nitrates. To extract these answers from students, ask them what farmers put on 
their crops to make them grow better (fertilizers). What are fertilizers? What do they contain to help 
the plants grow? Nutrients (such as phosphates and nitrates). Some students may even know that 
farmers rotate their crops (often corn and soybeans) to put more nitrogen in the soil.  Nutrient 
fertilizers are another way to do this. 

• Explain to students that they will be conducting some tests to measure these parameters in the 
water.   
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This activity was reprinted with permission from Healthy Water, Healthy People.  Activity with tokens is 
optional. 

 
 
 

Turbidity or Not Turbidity 
That is the Question! 

 
Summary 
Students explore the effects of sediment on turbidity; compare the turbidity of muddy and clear water; 
simulate environmental conditions that cause erosion; and investigate ways to reduce erosion that leads to 
turbidity in adjacent waterways.   
 
Objectives 
Students will: 

• explore the relationship of soil erosion to the turbidity of water. 
• compare the turbidity of muddy and clear water. 
• simulate environmental conditions that can cause high turbidity in rivers. 
• simulate restoration efforts that reduce erosion and turbidity. 

 
Grade Level: 6-8 
 
Subject Areas: Environmental Science, Math, Earth Science 
 
Duration:  

• Preparation: Setup 30 minutes 
• Activity: 50 minutes 

 
Setting: Outdoors or large gymnasium 
 
Skills: Measure, Interpret, Whole-body Movement, Compare and Contrast, Investigate, Problem-solve 
 
Vocabulary: turbidity, erosion, sediment, runoff, remediate, nonpoint source pollution, best management 
practice 
 
Materials 

• Clear plastic (or glass) quart jar filled with assorted rocks, gravel, soil, sand, and water 
• Copies of Turbidity Test Student Copy Page (one per group) 
• Turbidity test materials 
• Flat-bottomed test tubes (preferred) or clear juice glasses (one per group) 
• Fine-grained soil (e.g., silt) or milk (see Warm Up: Part II- Preparation for amounts to make turbid 

water) 
• Sample of clear water (e.g., tap water- at least 1 liter) 
• Sample of local surface water for comparison (at least 1 liter) 
• Optional: eyedropper, coffee filter 
• Rope or string (about 15 meters) 
• 200 tokens (acorns, leaves, twigs, packaging peanuts, balls, other) 
• Pencils 
• Paper 
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BACKGROUND 
 
Erosion increases the amount of sediment (soil particles) in water. This increased sediment influences 
turbidity, which is “an optical property of water based on the amount of light reflected by suspended 
particles” (USEPA, 1999). Thus, very turbid water appears murky or cloudy. All natural waters are 
somewhat turbid, even if only at microscopic levels. 
 
Measuring turbidity, which will give an idea of the volume of suspended and colloidal matter present in 
a body of water at a particular time, can be one indicator in assessing water quality. Suspended and 
colloidal matter (microscopic particles that remain suspended in water and diffract light) can be 
anything that is suspended in the water column ranging from sand, silt, clay, plankton, industrial 
wastes, sewage, lead, and asbestos to bacteria and viruses. Some suspended matter occurs naturally 
and some is produced by human activities.   
 
Aquatic organisms are particularly susceptible to the effects of increased sediments and turbidity.  
Many fish need clear water to spot their prey. Macroinvertebrates, fish eggs, and larvae require oxygen-
rich water circulating through clean gravel beds to survive. Sediments can smother fish eggs and 
aquatic insects on the bottom and can even suffocate clams and oysters as they filter water through 
their bodies. Sediment and other dissolved substances also decrease light penetration, which inhibits 
aquatic plant photosynthesis. 
 
Because cloudy water absorbs more of the sun’s energy than clear water, high turbidity also leads to 
higher water temperatures. This can severely affect aquatic organisms, many of which are adapted to 
survive within narrow temperature ranges. 
 
Sediment and turbidity also affect people. According to the USEPA, sediment is one of the first things 
filtered out of source water at a drinking water treatment plant and is one of the few water quality 
contaminants that must be monitored daily. Suspended solids can harbor harmful bacteria and can also 
decrease the effectiveness of chlorination used to help remove those harmful bacteria. Increased 
turbidity and sediments have economic impacts as well. The production of everyday products, like 
paper, food, and computer chips, requires water that is free of sediment and other suspended solids. 
 
The most common natural source of suspended matter is sediment washed by erosion and runoff into a 
body of water. Sediment carried over land during runoff is the most common form of non-point source 
pollution in the United States. Human-caused erosion stems mainly from activities like road building, 
construction, agriculture, logging, and other endeavors that remove or disturb vegetation. Natural 
erosion and the resulting turbidity is a common occurrence in some watersheds.   
 
Many rivers carry naturally high sediment loads due to the nature of the rock and soil layers that they 
pass through. Highly erodable rock layers, such as limestone and sandstone, are evidenced by turbid, 
muddy flows in the adjacent river. The Missouri River, also called the “Big Muddy,” is an example of a 
river that is naturally turbid year-round from the highly erodable sedimentary limestone that is courses 
through. The Colorado River rushes through sandstone canyons, like the Grand Canyon, and the highly 
turbid waters found there evidence these highly erodable rocks. 
 
While erosion and turbidity adversely affect some aquatic organisms, several have adaptations that 
allow them to thrive in highly turbid waters. Paddlefish (Polyodon spathula), found in the upper Missouri 
River, have long, sensitive snouts that allow them to probe for food in the dark, murky water, while 
channel catfish (Ictalurus punctatus) have barbells on their snouts that serve the same function.   
 
If erosion and runoff are the largest contributors to sediments in our waterways, then slowing runoff and 
mitigating erosion is crucial to improving water quality. Sometimes human-caused erosion can be 
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managed to reduce the turbidity of waterways. The simplest way is to maintain or plant vegetation 
along the edge of waterways to serve as a buffer strip, capturing the sediments before they enter the 
water. 
 
Plants slow the velocity of water as it runs off over the surface of the land.  When runoff is slowed, 
erosion is decreased. Plants prevent soil from being washed away by holding it together. They also 
reduce the velocity at which raindrops hit the soil. When unobstructed raindrops strike the ground, they 
promote rapid runoff by forcing finer soil particles to the surface. These particles eventually create a 
barrier, which prevents water from soaking easily into the ground (Farthing et al., 1992). 
 
Plants help store water by adding organic matter to the soil, which eventually decomposes into highly 
absorbent humus. Fallen leaves and stems also slow water down, giving it more time to soak into the 
ground. Roots also store water by conducting it away from the surface and into the ground. 
 

Best Management Practices to reduce erosion 
Best Management Practice Explanation 

Buffer Zone Involves leaving a natural, undisturbed strip or 
“greenbelt” on the surrounding erosive area. 
 

Constructed Wetland A modified natural or constructed shallow basin for 
treatment of contaminated waters by wetland 
vegetation. 
 

Impervious Surface Reduction Reducing the amount of paved land reduces water 
velocities and erosion. 
 

Mulches, Blankets, and Mats Covering the soil with these protects the soil 
surface, reduces runoff velocity, increases 
infiltration, slows soil moisture, and improves seed 
germination. 
 

Riprap Rocks placed along a streambank to protect the 
soil from direct contact with erosive stream flows. 
 

Sand Fence A low fence of wooden slats erected perpendicular 
to the prevailing wind.  Prevents wind erosion of 
sand. 
 

Sediment Basin A low earthen dam across a drainage way to form 
a temporary sediment storage pool. 
 

Silt Fence A permeable barrier designed to capture sediment 
from disturbed areas. 
 

Straw Bale Barrier A temporary sediment barrier of anchored straw 
bales. 
 

Trees, Shrubs, Vines, and Ground Covers If planted or left intact, can provide superior, low-
maintenance, long-term erosion protection. 
 

Vegetation Streambank Stabilization Planting trees or shrubs along streambanks to 
stabilize them. 
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Procedure 
Part I 
Fill a quart jar with assorted rocks, pebbles, mud, sand, and soil. Add water until the jar is full. Shake 
the container to stir up the rocks, water, and soil until the water becomes muddy. Show students the 
sample of muddy water and ask if they can see through it. Would they drink the muddy water? Why 
not? How does cloudy water affect aquatic organisms? 
 
As the mud, or sediment, in the jar settles, the heaviest rocks will be on the bottom, the smaller rocks 
above them, and the finer solid particles (sediment), on top of the rocks, covering them like a blanket.  
Have students brainstorm possible impacts of the sediment covering the rocks (e.g., can smother fish 
eggs, suffocate aquatic insects, and plants, abrade fish gills and mollusks). Many fish have adapted to 
live in highly turbid waters, such as paddlefish and catfish. What adaptations do these fish have that 
allow them to thrive in turbid water? 
 
Since the clarity of the water does affect living organisms, scientists have developed a turbidity test to 
measure water clarity. Explain to students that they will conduct a relative turbidity test using common 
materials. 

 
Part II 
Preparation: Prior to conducting Part II, premix a turbid solution (muddy water) using fine-grained soil 
(i.e. silt) so that the soil stays suspended. (Milk, a substitute, creates a turbid solution of a different color 
for comparison). 
 
Conduct the turbidity test on the Turbidity Test (Worksheet 4) ahead of time to ensure that your 
solution is neither too muddy nor too clear— it should test out at grayscale circles D or E with about one 
inch of solution in the tube. If mud or heavy soil is used, pour the sample through a coffee filter to strain 
out the larger particles that could settle out and cover the bottom of the test tube, giving an inaccurate 
reading. If possible, distribute the solution to the tubes via an eyedropper, as this will ensure that 
suspended and not heavier particles are being used. 
 

1. Have students work in cooperative groups. Distribute a glass test tube and a Turbidity Test to 
each group. 

2. Have students follow the testing procedures on the Turbidity Test, recording the corresponding 
letter of the relative turbidity reading and its interpretation. Pass out a sample of the prepared 
turbid solution. Have students continually swirl their samples to ensure the sediment remains 
suspended and not settled on the bottom. 

3. Repeat the turbidity test with the pebble and leaf mixture.   
4. Repeat the turbidity test with clear water. 
5. Repeat the turbidity test with the sample of local surface water. 
   

Ask students to compare their results? What can account for the differences in turbidity between the 
solutions?   
 
Other discussion questions: 
Ask students to discuss why the river appears muddy after it rains. Compare their perceptions of the 
river (i.e., whether the water is clean or polluted) to turbidity.   
 
The Activity 

1. Prior to the activity, delineate a hillside or an area that will simulate a bare hillside—
approximately 15 meters wide. Use a rope to signify the edge of a river that runs along the 
bottom of the hill.   

2. Randomly scatter the tokens across the area. 
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3. Divide students into four groups, explaining that they will be simulating soil erosion, or 
sediment, that leads to high turbidity in the river below. 

4. Assign three of the four groups of students to be water. The fourth group will serve as data 
recorders for the first part of the activity, and plants in the second part. 

5. Have the “water” students stand side by side, facing downhill, at the top of the slope or 
playing area. 

6. Announce the arrival of a rainstorm, which prompts the water students to proceed 
downhill. As they walk, they should collect tokens, which represent sediment that is 
carried by the water as it moves down the hill. Remind students that water droplets do not 
wander from side to side, but pick up only the soil particles that lie in their path. 

7. Students continue down the slope until they congregate in the river at the bottom of the 
hill. Here they count the number of tokens (sediment) that reached the river. The fourth 
group of students now records the number of tokens that each water student carried down the 
slope and deposited in the river (Option: Have students create graphs of the amount of 
sediment tokens present in the river after each round.) 

8. Redistribute the token throughout the hillside.   
9. Conduct the activity again, only this time instruct the fourth group of students to become 

plants that have been planted randomly on the bare hillside. The plant students stand 
throughout the slope with their arms outstretched to represent roots.   

10. Again, have the water students stand side by side at the top of the slope while you 
announce the arrival of a rainstorm, prompting them to proceed downhill. They will 
collect tokens as they walk downhill. However, when the water students encounter a plant, 
they must circle that plant five times representing water being slowed down by the plant. In 
addition, on every circle around the plant, they must drop a soil token demonstrating how plants 
hold sediment on a hillside. 

11. Once all of the water droplets have completed their journey into the river, they should 
count their tokens. Plants should record the number of tokens the water droplets carried down 
the slope and into the river during this round of the activity. (Option: Conduct the activity again, 
having the students strategize where to place the plants to most effectively decrease the 
sediment that reaches the stream. Have students research erosion control measures to this 
activity. Play several more rounds allowing the students to compare the sediment levels caused 
by different configurations of plant locations and erosion control measures.) 

 
Wrap Up 
After the students have completed the activity, discuss the results with them.  Were there more soil 
particles in the river with or without vegetation? In which round would the turbidity of the stream be 
higher—with or without vegetation?  Why? What are some other ways to decrease the amount of soil 
erosion that enters a river (sediment fences, tree plantings, etc.)? Why is it important that we try to 
reduce erosion and sediment in our streams? 
 
Assessment 
Have students: 

• explore the relationship of soil erosion to the turbidity of waterways (Warm Up—Part I). 
• compare water samples with high and low turbidity (Warm Up—Part II). 
• quantify the turbidity of water samples using a turbidity test (Warm Up—Part II). 
• simulate environmental conditions for high turbidity (Steps 1-7). 
• simulate the remediation of environmental conditions for high turbidity (Steps 8-11).   
• Compare the amount of sediment carried to the river before and after remediation (Wrap Up). 

 
Extensions 
Have students investigate the ranges of turbidity in which aquatic organisms can survive. Are some 
species more tolerant to turbidity that others? 
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Contact your County Conservations District and ask their soil or water quality specialist to demonstrate 
the use of instruments that measure turbidity. What are some of the natural and unnatural contributors 
to turbidity that they have encountered? How do they suggest these contributors be remedied? 
 
Survey your school grounds or a local park for evidence of erosion. Discuss ways that the erosion could 
be reduced or prevented. Working with officials from the school or park, help implement erosion control 
measures to reduce the erosion. 
 
Testing Kit Extensions 
Conduct the Warm-Up—Part II using a turbidity tube, Secchi disk, turbidimeter, or other instrument to 
monitor the trends in turbidity levels throughout the year for a local waterway. Compare these results 
with turbidity readings throughout the year and with other bodies of water. 
 
Resources 
Barzilay, J.I, J.W. Eley, and W.G. Weinberg.  1999.  The Water We Drink.  New Brunswick, NJ: Rutgers 
University Press. 
 
Farthing, P., B. Hastie, S. Weston, and D. Wolf.  1992.  The Stream Scene.  Portland, OR: Aquatic 
Education Program. 
 
Freedman, B. 1989.  Environmental Ecology.  San Diego, CA: Academic Press, Inc. 
 
Important Water Quality Factors.  2001.  Retrieved on September 4, 2001, from the Hach Company 
Web site: http://www.hach.com/h20u/h2wtrqual.htm 
 
Murdock, T., & M. Cheo.  1996.  Streamkeepers Field Guide.  Everett, WA: The Adopt-A-Stream 
Foundation. 
 
United States Environmental Protection Agency (EPA).  1999.  Guidance Manual for Compliance with 
the Interim Enhanced Surface Water Treatment Rule: Turbidity Provisions.  Retrieved on December 3, 
2001, from the Web site: http://www.epa.gov/safewater/mdbp/mdbptg.html 
 
Water Quality Index: Turbidity.  1999.  Retrieved on October 8, 2001, from the Kansas Collaborative 
Research Network (KanCRN) Web site: http://www.kancrn.org/stream/ 
 
 
 

http://www.hach.com/h20u/h2wtrqual.htm�
http://www.epa.gov/safewater/mdbp/mdbptg.html�
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DISCUSSION QUESTIONS (for all experiments) 
Students will discuss the results of the mini-experiments using the following discussion questions as a guide. 
 

• What parameters were measured? How did the parameters vary in the experiments? 
• Is there a relationship between the parameters and different sources of pollution? If so, what are the 

relationships? What evidence led you to this conclusion? 
• Are there any problems with our design? Could the changes we saw be due to any other factors? 
• Do you think these mini-experiments are an accurate measure of what could go on in the stream?  

Why or why not? 
• What other factors will impact these water quality measurements? Think about the stream table. 
• What is “normal”? How does normal change in different areas? Why? Why is there often a range for 

“normal” values? 
• How could changes in these parameters affect organisms living in the river and those that rely on its 

resources? 
 

 
FURTHER CHALLENGES 
1.  Choose two other parameters that you could measure in a stream to determine its health. Research 
these parameters and discuss why they are important; what they would indicate about water quality; what 
impacts they might have on aquatic life or river uses; and what factors could lead to these harmful effects. 
 
2.  Discuss the ways in which these factors might act together, synergistically, to influence water quality and 
the aquatic community. 
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MEASURING WATER QUALITY 
 
WORKSHEET 6 
 
Turbidity Test  
Reprinted with permission from Hach Scientific Foundation, WaterCourse, and International Project WET.  2003.  Healthy 
Water, Healthy People: Water Quality Educators Guide.  Bozeman, MT: The Watercourse. 

 
 

 
 
 

1. Fill the test tube or glass with the sample. Continually shake or swirl the container to ensure the 
sediment stays suspended.   

2. Place the test tube/ glass over each circle, starting with E.  Look down through the test tube/ 
glass. If you can distinguish between the dark and light sections, move to the next circle (D). 

3. The first circle where you cannot distinguish between the dark and light sections is your turbidity 
reading. 

4. If you can distinguish between the dark and light sections in all of the circles, then you have 
mostly clear water with little turbidity. 

 
Turbidity Test Data Sheet 

Water Sample 1:  
Letter: 

 
Interpretation: 

 

Water Sample 2:  
Letter: 

 
Interpretation: 

 

Water Sample 3:  
Letter: 

 
Interpretation: 

 

Water Sample 4:  
Letter: 

 
Interpretation: 

 

 
Observations or Drawings: 
 

A-  Little effect on aquatic 
plants and animals 

B-  Less light reaches plants, 
photosynthesis slows 

C- Algae and zooplankton 
production drops 

D- Aquatic insect production 
drops 

E- Stressful for some fish due 
to lack of food production 
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MEASURING WATER QUALITY 
 
WORKSHEET 7 
  
Nutrients (Nitrates and Phosphates) 
 
Amount of Water added: _______ 
 

Data Sheet for Nutrient Experiment 
 Day 1 Day 2 Day 3 Day 4 

 
    

Control- 
     Nitrates 
     Phosphates     

 
    

Miracle Grow (liquid) 
     Nitrates 
     Phosphates     

 
    

Miracle Grow (solid) 
     Nitrates 
     Phosphates     

 
    

Cow manure 
     Nitrates 
     Phosphates     

 
    

Plant residue 
     Nitrates 
     Phosphates      
 

Observations: 
 
Control- 
 
 
 
Miracle Grow (liquid)- 

 
 
 
 
Miracle Grow (solid)- 
 
 
 
 
Cow Manure- 
 
 
 
 
Plant Residue- 
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MEASURING WATER QUALITY 
 
WORKSHEET 8 
 
Dissolved Oxygen and Biochemical Oxygen Demand (BOD) 
 

Data Sheet for Dissolved Oxygen and BOD 
 Dissolved Oxygen (mg/L) BOD (mg/L) 
  Initial DO Final DO Initial-Final= BOD 
River 
 

    

Wetland 
 

    

Pond 
 

    

Puddle  
 

    

 
Observations: 

River- 
 
 
 
 
 
Wetland- 
 
 
 
 
 
Pond- 
 
 
 
 
Puddle- 
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MEASURING WATER QUALITY 
 
WORKSHEET 9 
 
pH Changes 
 

Data Table for pH 
 pH under pine tree pH 50 ft from pine tree 
Time 1: 10 minutes 
 

  

Time 2: 20 minutes 
 

  

Time 3: 30 minutes 
 

  

 
 

Observations: 
 
pH under pine tree: 
 
 
 
pH away from pine tree: 
 
 
 
Graph Your Results Below 
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TIME 

• 1 day for sample collection  
• 1 day for analysis for DO, nitrates, 

phosphates, pH, temperature change, 
E.coli & BOD setup 

• 20 minutes (E.coli sample analysis) 
• 20 minutes (BOD sample analysis) 

 
PREPARATION TIME 

• 15 minutes (for testing) 
• 1 hour (site location, transportation, 

permission slips, parent volunteers) 
 

 
OVERVIEW 
Students will take water measurements in a 
local stream if available. The local stream could 
be any stream or river (not limited to the Ohio 
River and its tributaries) located in the 
community. Teachers have the option of 
collecting water samples prior to class and 
bringing them to the classroom for student 
analysis. Many of the tests will require some 
treatment on-site by the teacher prior to 
transporting the samples.   
 

  
MATERIALS 

• HACH Stream Survey Kit 
• Water samples from local stream 
• Copies of Chemical and Biological 

Testing Manual 
   
Note to teachers: Demonstrate each test for your students so they know the proper way to use the 
equipment and conduct the tests. You may want to try a “round robin” approach, setting up stations so 
each student is able to try each test. Use instructions in the Chemical and Biological Testing Manual in 
this binder to conduct the tests.  
 
The following is a suggested layout for classroom stations: 
Station 1- pH, turbidity, and plate/read E. coli. 
Station 2- Nitrate, Nitrite, and Total Phosphate 
Station 3-Dissolved oxygen, temperature, biochemical oxygen demand 
Station 4-Macroinvertebate identification 
 
 
 

Measuring Water Quality  
Activity 3: Testing the Water
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PROCEDURE 
 

1. Record the day’s weather on data sheets provided in the Chemical and Biological Testing 
Manual. Describe the conditions on the previous day. 

 
2. Using the Chemical and Biological Testing Manual, conduct water quality sampling and 

macroinvertebrates according to the directions provided.   
 
3. Conduct water quality testing using the procedures outlined for each parameter in the Chemical 

and Biological Testing Manual. 
 
4. Calculate a Water Quality Index and a Pollution Tolerance Score according the directions in 

the manual. 
 

5. Compare students’ results to the “normal” range of values listed in the manual for this area of 
the country. 

 
DISCUSSION QUESTIONS 
 

• Did you find any differences in the “normal” values and the results you collected? 
• Can you explain these differences? What were the weather conditions during your 

sampling? The previous day’s weather condition? 
• Describe how weather could affect the parameters you measured. 
• Did you find anything living in the stream? If so, what? 
• Where did you find the organisms? 
• Do you notice any adaptations that would help these organisms to survive in a particular 

environment? What are these adaptations? How do they help the organism? 
• Based on your measurements and using the Water Quality Index, can you calculate a score 

to describe the quality of water in your local stream? 
• Why is it important to record the weather conditions for the day and the previous day.   

 
 
FURTHER CHALLENGES 
Students write a news report to describe their findings in the local stream. Their audience is the 
community so they’ll need to provide enough information to describe the conditions in the stream and 
discuss possible influences from the watershed. 
 

1. Students write a news report to describe their findings in the local stream. Their audience is the 
community so they’ll need to provide enough information to describe the conditions in the 
stream and discuss possible influences from the watershed. 

2. Contact a local agency that measures water quality. Provide them with a water sample when 
you collect the water sample for your class. Run the tests separately and analyze the results.  
Discuss the differences in the measurements. Is this related to quality assurance or quality 
control issues? 

3. Contact another school that measures water quality. Discuss the differences in methods, 
sampling equipment, and their results. 
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Section Two: On-Board Exploration 
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Guiding/Focus Questions 
 

• What is the difference between point and 
non-point source pollution? 

 
• How can water parameters change? 

How does that affect water quality? 
 

• How do the characteristics of the 
watershed influence water quality? 

 
• How can weather affect water quality? 
 
• How can living organisms serve as 

indicators of water quality? 
 

• How do the activities of humans impact 
water quality and the aquatic 
ecosystem? 

 
 
 
 
 
 
 

  
Skills and Concepts 
 
• Identifying watersheds 
• Measuring water quality 
• Identify point and non-point source 

pollutants 
• Making observations 
• Sampling aquatic biota 
• Predicting 
• Drawing conclusions 

 

Exploring the Ohio River Aboard  
the PA Denny River Education Center 
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PROGRAM SUMMARY 

During a day-long voyage aboard the PA Denny 
River Education Center, students will make 
observations and take measurements of the Ohio 
River and the land area surrounding the river. 
Using the information gathered at stations - where 
students investigate water quality, watersheds, 
biological indicators, food webs and navigation - 
students will gain an understanding of the current 
condition of the Ohio River. Data will be collected 
at two sites along the Ohio River, including a 
“downstream” site located in Cincinnati, Ohio and 
an “upstream” site located near California, Ohio. 
Students will compare pollution levels at the two sites and investigate possible pollution sources. This 
will teach students that, when assessing pollution problems in the Ohio River, it can sometimes be 
difficult to narrow down a specific answer or cause. It was also teach them that most of the pollution in 
the river, nearly 80%, comes from non-point sources.  

PA DENNY RIVER EDUCATION CENTER LEARNING STATIONS 

Station 1:  Water Quality 
Students at this station will be determining the water quality of both sites on the Ohio River. Water 
samples will be collected and analyzed from both the downstream and upstream sites. The data from 
the samples will be compared to identify what pollution problems are at each site. Students will also 
brainstorm and discuss possible pollution sources. This includes calculating the Water Quality Index for 
both locations, investigating how the index is affected by different water quality tests and the weight of 
these tests in determining the water quality value. 
 
Station 2: Aquatic Biota 
At this station students will learn how fish are used to indicate water quality. Students will work with fish 
that have been collected from the upstream Ohio River site. Students will look at the morphological 
characteristics of the fish and discuss adaptations that enable them to survive in the river environment. 
Students will then use metrics employed by ORSANCO biologists to calculate an Ohio River Fish Index 
score, which is a method of measuring the health of fish communities in the Ohio River. 
 
Station 3: Ecological Impacts 
Students at this station will learn how the Ohio River is used to transport goods and how navigation on 
the river has impacted the Ohio River ecosystem.  In addition to learning about navigation, students will 
construct food webs using insects, algae, and zooplankton collected on the boat and from the water, as 
well as plants and animals identified in their observations. While constructing their food webs, they will 
identify water quality indicators, such as algae, as well as biological invaders, such as zebra mussels, 
that have affected ecological processes in the Ohio River. 
 
 

On-Board Exploration 
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Station 4: Land Use and Watershed 
Students at this station will conduct habitat assessments of the upstream and downstream sites along 
their voyage route. Students will make observations of the surrounding land and riparian areas from the 
boat, and will combine their observations with watershed and land use maps to predict the biggest non-
point influences on water quality. Students will also use a topographic mapping program to map point 
source discharges along their route, and will have the opportunity to view point source discharges, such 
as combined sewer overflows (CSO’s) that are located along the river. Students will also learn about 
designated uses and water quality criteria for the Ohio River and will conduct habitat assessments for 
aquatic organisms.  Finally, students will calculate a Pollution Tolerance Index using 
macroinvertebrates sampled from the river. 
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  Section Three: Post-voyage Lessons
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OVERVIEW 
One important component of any field trip is providing an opportunity for students to reflect on the 
experience and to questions to better understand the experience. There are a variety of formats for 
reflection, including an open discussion or written assignment.  We recommend both for this portion of 
the post-voyage instruction. 
 
Since the early days of scientific research, scientists have been keeping journals, not only to record 
their data and observations, but also to write down new ideas and thoughts. By writing down this 
information, they were forced to put their thoughts into coherent statements, which they could read 
and analyze later. It makes sense that if you are not forced to write down your thoughts in coherent 
statements, how can you be sure that you understand it? According to Mackenzie (2000), reflections 
have three components, including recollection, analysis and interpretation, and proposed action.  
When students write their reflection or discuss it during class, they should describe their experience 
using adjectives and specific details; discuss the impact the experience had on them (changing 
perceptions, attitudes, and knowledge); and explain how they will use this newfound understanding to 
take action or change their behavior. 
 
 
TIME 

• 15-20 minutes in class; some out of 
class time 

  
MATERIALS 

• Journal or notebook 

Synthesis   
Activity 1: Reflection
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PROCEDURE (from Mackenzie 2000) 
 

In class  
1. Use the description above to explain the purpose of a reflection if students are not familiar with 

this type of activity. 
 
2. Using specific examples, detailed descriptions, and adjectives, encourage students to discuss 

the floating classroom voyage. Use the questions below as a guide. This in-class portion could 
take up to 20 minutes depending on what information the teacher requests of them. 

3.  
• What happened during your voyage on the floating classroom? 
• What did you learn from the experience 
• What do you know now that you did not know before? 
• What can you do now that you could not do before? 
• What did you know or could you do before the voyage that was confirmed by what you did 

on the boat? 
• Are you concerned with any of the things you experienced or observed? 
• Based on your experiences, what will you do in the future to make use of your learnings? 

Will you behave differently? How? Are there things that you’ll observe more closely or in a 
different way? 

 
Written Portion  
In this written portion, students can use the questions discussed in class as well as the format below.  
This can be done as a homework assignment. 
 

• Description - Briefly describe your experiences on the floating classroom. Do this in a 
descriptive rather than judgmental way. Record your observations without editorializing, 
agreeing, or disagreeing 

• Impact – Did what you learned confirm what you had already believed?  How did what you learn 
differ from what you had believed? 

• Intent - Make a statement about what you intend to do as a result of your learnings and 
feelings. BE SPECIFIC. Phrase this in a personal and positive way (“what I will do is…” rather 
than “what I won’t do is…”).   

 

Reflection is the 
device by which we 

turn noise into sense. 
(Burke 1992) 
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OVERVIEW  
Back in the classroom, students will need an opportunity to 
synthesize the information gathered on the floating 
classroom.  Each group will meet for 20-30 minutes to 
discuss the major findings at their station. They will finish any 
remaining calculations that were not completed on the boat, 
and compare observation sheets. At home, students will 
summarize the data and the major findings from their station. 
The following day, “expert” groups will be formed by taking 
one student from each learning station and putting them in a 
new group.  Each “expert” group will then share their data 
and discuss the major, relevant conclusions of the 
investigations they performed aboard the Pa Denny River 
Education Center.  

 
   
TIME 
75 minutes 

 MATERIALS 
• Reflections from last assignment 
• Observation & data sheets 
• Photos from boat 
• Data sheets from boat 
• Copies of Worksheet 10 
 
 
 

 
PROCEDURE 
 
Part 1: Data Analysis  

1. Following the reflection period on the previous page, organize students according to their 
learning stations aboard the River Education Center. Using their data sheets and observations, 
student groups will discuss the information from their station & complete any remaining 
calculations or work that they did not complete during the voyage.   

 
2. As a homework assignment, each student should summarize the RELEVANT and IMPORTANT 

findings of their group.  Specific group tasks are listed below. 
 

Station 1: Water Quality 
• Compare observation sheets from upstream and downstream sites. 
• Calculate a new Water Quality Index for each site using the new E. coli data called 

in or emailed the day after the voyage. 
• Compare Numeric Water Quality Criteria with water quality data collected. 
• Compare Water Quality Index values for Upstream and Downstream sites  

For each parameter measured, note the range each measurement fell into 
(Excellent, Good, Fair, or Poor).  

• Complete “Putting It All Together” worksheet. 

Synthesis   
Activity 2: Data Analysis

The more we help children to 
have their wonderful ideas and 
to feel good about themselves 
for having them, the more 
likely it is that they will some 
day happen upon wonderful 
ideas that no one else has 
happened upon before. 

Eleanor Duckworth 
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Station 2: Aquatic Biota 
• Compare observation sheets from upstream and downstream sites. 
• Complete calculations of Ohio River Fish Index and/or Pollution Tolerance Index. 
• Discuss aquatic biota habitat observations. 
• Complete “Putting It All Together” worksheet. 

 
Station 3: Ecological Impacts 

• Compare observation sheets. 
• Compare algae and zooplankton sheets to ensure that all organisms observed are 

accounted for. 
• Compare food webs. 
• Complete “Putting It All Together” worksheet. 

 
Station 4: Land Use/Watershed 

• Compare observations. 
• Group pollution sources identified on observation sheets into point and non-point 

sources. 
• Mark point and non-point pollution sources on map. 
• Complete “Putting It All Together” worksheet. 
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PROCEDURE 
 
Part 2: Data Analysis  

1. On day two of the post-voyage synthesis, take a member of each home group and create new 
“expert” groups consisting of one representative from each station.  Each member should have 
all data and observation sheets from the voyage, along with any maps, tables, and summaries 
generated from their homework assignment. 

 
2. In these expert groups, students will discuss the relevant findings from each station using the 

discussion questions provided on Worksheet 10.   
 
3. Using the questions on Worksheet 10 as a guide, students will develop a 7-10 minute 

presentation comparing the water quality at both sites. During the presentation, they will identify 
possible sources of pollution and provide supporting data and observations. Graphs, tables, and 
visual aids, such as pictures taken from the voyage, should be used to strengthen or enhance 
the presentations of each expert group.  

 
4. Teachers can facilitate discussion using the questions listed below as a guide, adding additional 

questions or comments as students participate.  This portion is a key step in the synthesis 
portion of the program. 

 
• Which presentations seemed to make the most sense?  Why? 
• Based on the presentations, have any groups changed or redefined their list of 

sources?   
• From these presentations, would you say that most pollution in the Ohio River 

is point source or non point source? Explain. 
• Is this consistent with what you learned during your pre-voyage activities and 

activities on the floating classroom? 
• Do you think that the data you collected PROVES that the sources identified 

are correct?  Why or why not? 
• Are there possible pollutants that we couldn’t detect with our measurement 

tools?  Or further studies that could be conducted? 
• Discuss the challenges of controlling pollution in the Ohio River. 
• Are you concerned with any of your results and observations? 
• Based on your experiences, what will you do in the future to make use of what 

you learned?  Will you behave differently? How?  
• As a resident of the Ohio River watershed, how do you directly or indirectly 

affect water quality in the Ohio River? 
• Are there any local water quality issues that you could address with your 

newfound knowledge? How are these issues connected to water quality in the 
Ohio River?   
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DATA ANALYSIS 
 
WORKSHEET 10 
 
“Expert Group” Discussion Questions 
Discuss the relevant findings from each station using the discussion questions provided below. Record the answers in a 
journal or notebook. Develop a 7-10 minute presentation that compares water quality data from the downstream and upstream 
site.  In these presentations, identify sources of pollution at each monitoring site that could be affecting water quality. Provide 
evidence (in the form of graphs, tables, observations, maps, and photos) to support your conclusion. 

 
• Discuss & compare observations.   
 
• From your habitat observations at both sites, identify specific habitat characteristics that you think would support a 

healthy aquatic community of fish and macroinvertebrates.  Are there any specific aspects of the habitat that might 
make the habitat unable to support a healthy community of aquatic organisms? 

 
• Based on observations and land-use data, along with your Putting It All Together worksheet, did you identify 

possible sources of pollution? Are these point sources? Non-point sources? How could each source affect water 
quality in the Ohio River? 

 
• What was the weather like on the day of your voyage? The day before? What kinds of weather can transport 

pollutants to the river?  
 

• How have the physical characteristics of the Ohio River changed over time? How might these changes and 
characteristics affect water quality and/or the transport of pollutants in the Ohio River?  How might these changes 
affect aquatic food webs in the Ohio River? 

 
• Did any water quality parameters measured at the downstream or upstream sites fall outside of the “Excellent/Very 

Good” range?  Check the Guide to Water Quality Ranges at the bottom of the Chemical Tests worksheets from the 
downstream and upstream sites to answer this question. 

 
• How does the Water Quality Index (WQI) from the downstream site compare to the WQI from the upstream site? 

 
• What does your ORFIn score indicate about water quality and habitat quality at the upstream site?  Was it better or 

worse than the ORFin score at the downstream site?   
 

• What did your Pollution Tolerance Index (PTI) score indicate about water quality on the day of your voyage?  Is 
using the PTI alone a good way of determining water quality?  Why or why not? 

 
• Compare your PTI score to your WQI and ORFin scores from the downstream site. Were the scores similar to each 

other in terms of what they indicated about water quality?   
 

• What are the designated uses of the Ohio River listed on your Numeric Water Quality Criteria Sheet?  Did your 
water quality data show that designated uses were being met at the downstream and upstream monitoring sites?   

 
• Based on the results you recorded on the Numeric Water Quality Criteria sheet from the Water Quality Station, is 

the Aquatic Life use of the river being met at the downstream site or the upstream site? 
 

• Would this result be expected based on your ORFIn scores from each site? Why or why not? 
 

• How did the food webs from the downstream and upstream sites differ?  Did any organisms dominate the food webs 
from each site? 

 
• What were the most dominant types of algae and zooplankton found in your water samples? Were any algae found 

that are indicators of pollution? What types of pollution? 
 

• What were the nitrate and phosphate levels measured at the water quality station? Why would you want to know 
these results if you are looking at algae and zooplankton in the Ohio River? 
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There are two aspects to providing occasions 
for wonderful ideas. One is being willing to 
accept children’s ideas. The other is providing 
a setting that suggests wonderful ideas to 
children—different ideas to different 
children—as they are caught up in 
intellectual problems that are real to them. 
    

Eleanor Duckworth 
 

  
OVERVIEW 
To complete the cycle of learning, students must 
extend their knowledge. For the PA Denny River 
Education Center curriculum, this will take place as 
students apply their knowledge of watershed and 
water quality of the Ohio River to a local issue.  
This is where students initially began to form an 
understanding of these two concepts, at the local 
level. Students will choose a local community 
issue, directly related to concepts or sub-concepts 
they learned on their voyage and during pre- and 
post-voyage curriculum activities. Each group will 
present their idea and the class will vote on an 
appropriate community action project topic. 
 

   
TIME 

• 40 minutes 
 

 MATERIALS 
• Journal or notebook 
• Local watershed influences identified in Pre-

Voyage Activities 
PROCEDURE 

1. Divide students into small groups (~3-4 students). 
 
2. Each group brainstorms using the internet, newspapers to list local community issues that are 

related to concepts discussed aboard the floating classroom or uncovered during pre-voyage 
activities. 

 
3. Student groups present their local issues to the class.   
 
4. As a class, discuss the opportunities these local issues present for community action projects.   

• Which local issues are directly related to concepts discussed through the River Education 
Center program? 

• Which issues could be addressed in a Community Action Project? 
• Which issues are most interesting to class members? 

 
5. Select one project to focus on for a Community Action Project.  
  
6. Use the grading rubric to help students design a plan of action, which poses a question, a plan 

of action, and expected results. 
 
ASSESSMENT 
Use the grading rubric on the following page to assess the work of the students in developing a 
community action project that focuses on a local environmental issue.  

Synthesis   
Activity 3: Application
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Grading Rubric- Community Action Project 
 

 
FOCUS/ORGANIZATION 

 
 SUPPORT  CONVENTIONS 

Exemplary 

Clearly describes central 
question, develops 
thoughtful solution, and 
suggests consequences 
associated with solution. 
(20pts) 
 

 

Uses specific evidence from data 
sheets to support suggested 
solution. Uses evidence to 
generate consequences associated 
with the solution. 
(20pts) 
 

 

Solid work that demonstrates 
careful attention to details. 
Few errors. 
(20pts) 

Accomplished 

 
Clearly describes central 
question. Develops a 
thoughtful solution. 
(15pts) 
 

 
Uses specific evidence from data 
sheets to support suggested 
solution. 
(15pts) 

  
Solid work that demonstrates 
careful attention to details. 
Several errors. 
(20pts) 
 

Developing 
Describes a central question 
and develops a solution. 
(10pts) 
 

 Uses limited evidence from data 
sheets to support suggested 
solution. (10pts) 

 Does not demonstrate 
attention to details. Many 
errors. (10pts) 

Beginning 
Does not describe a central 
question or develop solution. 
(5pts) 
 

 
Does not include evidence from the 
research to support ideas. (5pts) 

 Does not demonstrate 
attention to detail. Very brief. 
(10pts) 

  
 

 
  

Total: _______/60 
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Additional Activities 



 

 
PA Denny River Education Center: At the Confluence of Learning and Exploring 

 

93

  
ACTIVITY 1:  WHAT DID I DO? 
 
This activity is a good icebreaker for students.  It challenges them to make observations of subtle 
differences in another individual.   

1. Pair students.   
2. Students should face one another and look at each other for 3 minutes. 
3. During the 3 minute “face-off” one student should make careful observations of his partner, 

remembering even small details such as ring placement, jewelry, and feet position. 
4. Following the observation period, the observer turns 

around and the student who was being observed 
changes 5 things about their appearance. 

5. The observer turns around and has 5-7 minutes to 
recognize the changes made by the partner.   

6. Switch roles.   
 
ACTIVITY 2: A CLOSER LOOK  
 

Science involves asking questions about the natural world 
and seeking explanations for those questions. Making 
observations and taking measurements are skills that 
scientists use to explore the natural world.   
 
MATERIALS 

• 10-15 small objects from the immediate surroundings 
(note- the items must be available in the 
surroundings even after you take your sample. For 
example, if you take a piece of chalk, there must be   

   chalk elsewhere in the room).   
 

PROCEDURE 
1. Prior to class, collect 10-15 small items from the immediate surroundings (outside or inside).  Be 

sure that there are representatives of each of the objects available in the surroundings after you 
select your items. 

2. Cover the items with a cloth. Allow students to enter the classroom.  Students should stand 
around the objects in a circle so everyone can see what is under the cloth.   

3. Unveil the items. Allow students to look at the items for 30 seconds.  Recover the items. 
4. Students work individually to hunt for an “identical” object in the immediate surroundings.  

Making a list, they identify the “identical” object they found in the immediate surroundings and 
where the item was located. This information should not be shared with other students. 

5. When the hunt is completed (a certain time amount), students should compare lists. Unveil the 
items again.   

• How many people remembered all the objects? 
• What “identical” objects did people find in the surroundings? 
i. Upon closer examination, were the items “identical”? 

6. Observe the differences between the “identical” items. 
 
Reproduced with permission from "Science Is...: A Source Book of Fascinating Facts, Projects and 
Activities", by Susan V. Bosak, (c) 2000. Visit www.bigsciencebook.com. 

Additional Lessons 
Making Observations

http://www.bigsciencebook.com/�
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ACTIVITY 3:  TAKE A WALK  

 
Taking a walk is a great way to really look at and appreciate parts of the environment around you. This 
activity will help teachers and students to make detailed observations about their surroundings.   
 
MATERIALS 

• Optional- paper and pencils 
 
PROCEDURE 

1.  Choose a few of the walks described below to do with your students. These can be done in class 
or as a homework assignment for the science journal. 

• Shape Walk - Look for natural shapes. Find two of each of the following: circle, 
square, rectangle, triangle, ellipse, diamond 

• Color Walk - List as many colors as you can spot. Or, choose one color and find 
objects of that color. Distinguish between lighter and darker shades. 

• Change Walk - Make a list of all the changing things around you (e.g. bird landing, 
plant bending in the wind). Which changes are not reversible.   

• Question Walk (in class) - Ask questions and don’t worry about answers. The only 
“answer” allowed is another question. Questions must be about things on the walk.  
How many questions can people pose? What is the longest questions chain (i.e. 
question that leads to a related question) you can make? Example of a question 
chain: do you see any living things on that stump? Does rotten wood hold water like 
a sponge?  How many colors can you see on the stump? What animal does the 
stump look like? How does a tree grow? Why do ants live in colonies? 

• Stop, Look and Listen Walk - Walk for a certain number of steps. Stop for 30 
seconds. Record all objects heard and seen. Repeat. 

• Coin-flip Walk - To start the walk, flip a coin (heads right, tails left). Look for unusual 
or interesting objects. Stop and look at them closely. At each stopping point, flip the 
coin to determine a new direction. 

• Tree Walk - Pick up a leaf and show it to everyone. People must search to find trees 
that have the same type of leaf. 

• Centimeter Walk - Identify things that are one centimeter long, wide, high, or around. 
• Silent Walk - Walk quietly without speaking. Listen carefully. Make as little noise as 

possible to see how many sounds you can here. 
• Up, Down, Around Walk - While walking look for objects from one from one field of 

view—looking up or down, for example. On the next walk, change your view. 
 

Reproduced with permission from "Science Is...: A Source Book of Fascinating Facts, Projects and 
Activities", by Susan V. Bosak, (c) 2000. Visit www.bigsciencebook.com.  
 
 

http://www.bigsciencebook.com/�
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ACTIVITY 4: IS THIS WATER POLLUTED?  Reproduced with permission from Jeanne Russell, ODNR Division 

of Soil and Water Conservation, 4383 Fountain Square Drive, B-3, Columbus, Ohio 43224-1362 
 
Water pollution comes in many different forms, having a variety of smells, colors, and appearances.   
An initial glance at a body of water—including drinking water or water from a stream or lake—may not 
reveal the type of pollution present, and may even give a false sense of security about the quality of the 
water. This activity is designed to get students to detect different types of water pollution and determine 
if water pollution exists.   
 
MATERIALS 

• Five clear jars 
• Tap water 
• Well water 
• Spoonful of soil 
• Rubbing alcohol 
• Stream water 
• Masking tape or labels for jar  

 
PROCEDURE 
1. Prepare jars ahead of time as follows (fill each jar halfway): 

• Sample A - Tap water 
• Sample B - Well water 
• Sample C - Well water with teaspoon of soil 

added 
• Sample D - Well water with capful of rubbing 

alcohol 
• Sample E - Stream water 

2. Ask for five volunteers to each take one sample back to their seat and decide if their sample 
contains polluted water. Students can work as teams or in groups depending on the size of the 
class. Students should use both smell and visual observation. Give the students about one minute 
to analyze their samples and then have each report on how their sample looks, smells and whether 
they think their sample is polluted. Bring up the following points as part of the discussion. 
• Sample A (Tap water) - Do you consider tap water to be polluted? The water is polluted 

because tap water contains chlorine. Although people need chlorine in tap water to kill bacteria 
and other microorganisms that are harmful to people, chlorine is extremely toxic to fish and 
other aquatic life even below detectable levels. 

• Sample B (Well water) - Polluted or not? This water should be able to support aquatic life.  
Because it is natural and not treated with chemicals, it probably is not polluted. Is it possible for 
well water to be polluted? Why or why not? 

• Sample C (well water + soil) - This water obviously looks polluted because it is discolored. It 
contains soil, suspended solids. While it would not make acceptable drinking water for humans, 
would soil in a stream or lake pollute water? While many people do not consider soil to be a 
pollutant, it causes water to become cloudy and reduces light penetration to underwater plants 
preventing photosynthesis, reduces the amount of oxygen in the water to support aquatic 
insects and fish smothers spawning beds, and fills in streams preventing normal flows and 
necessitating dredging. 

• Sample D (well water + rubbing alcohol) - This water is obviously polluted even though it looks 
perfectly clear. This sample reminds us that our sense of smell is very often important in 
determining if a stream is polluted. Streams may look clean but smell like sewage or other 
pollutants. 
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• Sample E (stream water) - Polluted or not polluted?  Can you tell just by looking at the water?  If 
it was dark or murky, it would probably indicate suspended solids or too much sediment for 
aquatic life to survive. To get accurate information, tests need to be done. Quite often, you can’t 
tell just by looking. 

3.  Additional Discussion questions: 
• Was it easy to tell which samples were polluted? 
• Name some types of pollution that could pollute your stream, including those that are not visible 

to the naked eye. 
• How do these pollutants get into the water? 
• What things can be done to prevent this type of pollution? 

 
 
4.  Follow up this activity with introduction to non-point source pollution and how it differs from point 
source pollution.  
 
Reproduced with permission from Jeanne Russell, ODNR Division of Soil and Water Conservation, 
4383 Fountain Square Drive, B-3, Columbus, Ohio 43224-1362 
 
 
ACTIVITY 5: A RIVER RUNS THROUGH IT 
 
TIME 

• 15 minutes 
 
PREPARATION TIME 

• 10 minutes (review clip) 
 
 
MATERIALS 

• A River Runs Through It video 

 
PROCEDURE 

1. Use the video clip from A River Runs Through It. Ask students to watch the video clip paying 
particular attention to how the narrator describes the river.   

2. Using the discussion questions below, ask students to explain how this description defines a 
river. 

• Where does the water flow? 
• Where does the water come from? 
• How might it be perceived differently in other cultures? 
• What feelings does the river invoke in the characters? 

 
MOVIE OVERVIEW  
A River Runs Through It  
 
This story, originally written by Norman McLean, follows the lives of two brothers who grow up 
together in Missoula, Montana. Their father instills in them a love of fly-fishing. Even as the brothers 
go their separate ways, they come together and reconnect through this mutual interest. 
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This story, originally written by Norman McLean, follows the lives of two brothers who grow up 
together in Missoula, Montana. Their father instills in them a love of fly-fishing. Even as the brothers 
go their separate ways, they come together and reconnect through this mutual interestAlthough 
various components of the movie can be used to spur discussion from students, the last few minutes 
of the story may be particularly useful. The quotes below, from the National Park Service web site 
(www.nps.gov/rivers/quotations.html), may be useful as you develop your own questions regarding the 
film clip. 

• A river, though, has so many things to say that it is hard to know what it says to each of us. 

Norman Maclean, A River Runs Through It 

• Of course, now I am too old to be much of a fisherman, and now of course I usually fish the big waters 
alone, although some friends think I shouldn't. Like many fly fishermen in western Montana where the 
summer days are almost Arctic in length, I often do not start fishing until the cool of the evening. Then in 
the Arctic half-light of the canyon, all existence fades to a being with my soul and memories and the 
sounds of the Big Blackfoot River and a four-count rhythm and the hope that a fish will rise.  

Eventually, all things merge into one, and a river runs through it. The river was cut by the world's great 
flood and runs over rocks from the basement of time. On some of the rocks are timeless raindrops. 
Under the rocks are the words, and some of the words are theirs.  
I am haunted by waters. 

Norman Maclean, A River Runs Through It 

• I sat there and forgot and forgot, until what remained was the river that went by and I who watched. On 
the river the heat mirages danced with each other and then they danced through each other and then 
they joined hands and danced around each other. Eventually the water joined the river, and there was 
only one of us. I believe it was the river. 

Norman Maclean, A River Runs Through It 

• We sat on the bank and the river went by. As always, it was making sounds to itself, and now it made 
sounds to us. It would be hard to find three men sitting side by side who knew better what a river was 
saying. 

Norman Maclean, A River Runs Through It 
 

 
ACTIVITY 6: HOW WET IS OUR PLANET? 
 
Project Wild Aquatic Education Activity Guide.  1995 pp. 8-10 
(A variation of this activity can be found on the web site for The Groundwater Foundation at 
www.groundwater.org/kcactivity5html) 
Selected reading and discussion questions about water.

http://www.nps.gov/rivers/quotations.html�
http://www.groundwater.org/kcactivity5html�
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Additional Resources 
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SUPPLEMENTAL RESOURCES 
 
Activity Guides 

• Healthy Water, Healthy People:  This is an activity guide is designed to increase educator 
awareness of water quality issues and the ways in which they relate to personal, public, and 
environmental health. The Educator’s Guide provides hands-on activities to help learners 
understand concepts such as water quality, watersheds, and water resources. The Testing Kit 
Manual provides information about various water quality parameters and methods for measuring 
these parameters using the Healthy Water, Healthy People Water Testing Kit.   

- Citation - 
 Hach Scientific Foundation, Watercourse, International WET.  (2002).  Healthy 

Water, Healthy People: Water Quality Educators Guide. Bozeman: Montana: The 
Watercourse.  

 Hach Scientific Foundation, Watercourse, International WET.  (2002).  Healthy 
Water, Healthy People:  Testing Kit Manual.  Bozeman: Montana: The 
Watercourse.  

- Available through Watercourse online store 
https://www.projectwet.org/watercourse/catalog.asp) 

 
• Project WILD and Aquatic Project WILD:  Two excellent activity guides for ecological concepts, 

scientific skills, and environmental issues. The activities are hands-on and most have an inquiry 
component. Users will find that the book is organized into sections such as Awareness and 
Appreciation; Ecological Principles; Management and Conservation; and Responsible Human 
Actions. Training is required to obtain a copy of this publication. States offer training workshops 
frequently. Contact your state department of natural resources or a local conservation district to 
see if they are offering any training sessions. 

 
• Project WET: This activity guide provides water education activities for teachers in a format 

similar to Project WILD. Training is required to obtain a copy of this publication. States offer 
training workshops frequently. Contact your state department of natural resources or a local 
conservation district to see if they are offering any training sessions. 

 
• Drinking Water Activities for Students, Teachers, and Parents:  The USEPA developed this 

publication to provide a resource for teachers that contained activities about drinking water 
resources. Activities are divided into groups based on grade, including K-3, 4-7 and 8-12.   

 
 
Conserving Water Resources 

• Maumee RAP (Remedial Action Plan):  This organization is a partnership of citizens, 
government agencies, businesses and industry working to restore the health of streams in the 
Maumee River Basin. They are developing a series of educational materials to inform their 
community about storm- and groundwater issues. The materials provide tips for conserving 
water, enabling individuals to “give water a hand.”  
http://www.epa.state.oh.us/dsw/rap/maupub.html#GWAH-tipcards 

 
Community Action  

• Earthforce:  A youth-driven environmental group dedicated to providing opportunities for youth 
to make a different in their communities. The site offers resources for students to get involved in 
community action projects as well as in-school resources for teachers. www.earthforce.org 

 

https://www.projectwet.org/watercourse/catalog.asp�
http://www.epa.state.oh.us/dsw/rap/maupub.html#GWAH-tipcards�
http://www.earthforce.org/�
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• Give Water A Hand:  Developed by the University of Wisconsin Extension Office, Give Water A 
Hand is a program designed to get youth involved in protecting water quality. The site offers a 
student action guide as well as a leader guide, providing resources to enable students and 
teachers to make a change in their local community. Both the action guide and the leader guide 
are available for downloading.  http://www.uwex.edu/erc/gwah/ 

 
 
Macroinvertebrate Identification 

• The National Rivers Project provides access to a table of characteristics for various families of 
macroinvertebrates. Check it out on this website: 
http://www.siue.edu/OSME/river/water&kicknets/Aquatic%20Invertebrate.doc 

 
• Online Macroinvertebrate Key:  The Izaak Walton League Save Our Streams Program (SOS) 

provides a link to an online macroinvertebrate key. The key is fairly basic, only identifying the 
macroinvertebrates to the family level.  http://wsrv.clas.virginia.edu/~sos-iwla/  

 
 
Measuring Water Quality 

• Field Manual for Monitoring Water Quality:  Mitchell, M. and W. Stapp.  1997. Field Manual for 
Water Quality Monitoring: An Environmental Education Program for Schools.  Ann Arbor, MI: 
GREEN. A great book for starting a water quality monitoring program at your school.  It provides 
an overview of nine different chemical parameters as well as instructions for measuring these 
parameters using a GREEN sampling kit. In addition, it explains how to calculate the Water 
Quality Index score (which we used in the pre-voyage instruction); the importance of benthic 
invertebrates; and describes other programs, both national and international that have 
successful monitoring programs. 

 
• Earthforce GREEN: This community action group provides a page of information about a variety 

of chemical parameters measured when testing water quality. It also provides information about 
standards for water quality for each parameter.  
http://www.green.org/files.cgi/435_Chem_Parameters.html 

- Earthforce GREEN also offers a table describing the threats to water quality and ways in 
which these factors could change specific water quality parameters.   
http://www.green.org/files.cgi/212_Making_Water_Quality_Connections.pdf 

- Data sheets are also available from Earthforce GREEN.  Students can make 
observations and measurements of water quality, habitat and macroinvertebrates.  
http://www.green.org/files.cgi/208_Physical_Inventory_Data_Sheet.pdf  

 
 
Watersheds 

• Surf Your Watershed:  A search page created by USEPA to allow individuals to search for 
information about their watershed. Once you locate your watershed, you can find information on 
toxic chemicals released in the area, science in the watershed, conservation efforts and 
databases.  http://www.epa.gov/surf/ 

 
• TerraServer: This site provides aerial photographs of the United States. It is very easy to find 

your location, no topographic maps are needed. You just click on the map, zooming in until you 
find what you want.  http://terraserver-usa.com 

 
 

http://www.uwex.edu/erc/gwah/�
http://www.siue.edu/OSME/river/water&kicknets/Aquatic Invertebrate.doc�
http://wsrv.clas.virginia.edu/~sos-iwla/�
http://www.green.org/files.cgi/435_Chem_Parameters.html�
http://www.green.org/files.cgi/212_Making_Water_Quality_Connections.pdf�
http://www.green.org/files.cgi/208_Physical_Inventory_Data_Sheet.pdf�
http://www.epa.gov/surf/�
http://terraserver-usa.com/�
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• TopoZone: If you’re looking for topographic maps rather than aerial photographs, visit 
TopoZone. Just enter your desired location and this site will provide a topographic map of that 
location.   http://www.topozone.com  

 
• NASA’s Earth From Space:  NASA has compiled approximately 400,000 satellite images 

available for viewing on this website. You can search not only by topics/concepts such as Water 
Habits (example- flooding), but also cities and geographic formations.  
http://earth.jsc.nasa.gov/sseop/efs/  

 
 

Community Resources 
• Search Your Community: On this site, designed by US Environmental Protection Agency, 

students can use their zip code to find information about local superfund sites, water 
dischargers, hazardous waste handlers, and other local influences on water quality. The site not 
only provides a list of these locations, but also maps them in relation to rivers, roads and small 
communities. This is a great resource to use when exploring local watershed influences.  U.S. 
EPA Search Your Community.  www.epa.gov/epahome/comm.htm 

 
Volunteer Monitoring Programs 
National 

• United States EPA offers resources to learn about volunteer monitoring throughout the U.S.  
Their volunteer monitoring website offers a manual to develop a monitoring program as well as 
other resources to improve existing programs.  http://www.epa.gov/owow/monitoring/volunteer/  

 
Kentucky 
Kentucky Water Watch Program is a water quality monitoring program for Kentucky’s streams and 
rivers.   

• Contact information: 
Ken Cooke 
Phone: 1-800-928-0045 
Email: kywwp@igc.org 

 
Ohio 
ORSANCO coordinates a volunteer monitoring program for school throughout the Ohio River Basin.  
Schools from Pittsburgh, PA to Paducah, KY participate, sampling water quality 5 times each year to 
analyze the water quality of the Ohio River and its tributaries. 

• Contact information: 
Jeanne Ison 
Phone: 1-800-359-3977 
Email: info@orsanco.org  

 
Indiana 
Hoosier RiverWatch is an Indiana Department of Natural Resources program that provides the 
resources necessary for volunteer groups to conduct water testing on Indiana streams and river. 

• Contact information: 
Lyn Crighton 
Phone: (317) 541-0617 
Email: HoosierRiverwatch@dnr.state.in.us 

 
 
 

http://www.topozone.com/�
http://earth.jsc.nasa.gov/sseop/efs/�
http://www.epa.gov/epahome/comm.htm�
http://www.epa.gov/owow/monitoring/volunteer/�
mailto:kywwp@igc.apc.org�
mailto:info@orsanco.org�
mailto:HoosierRiverwatch@dnr.state.in.us�
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Pennsylvania  
Pennsylvania Department of Environmental Protection offers a volunteer monitoring program called the 
Citizen’s Volunteer Monitoring Program. 

• Contact Information: 
Cheryl Snyder 
Phone: (717) 787-5259 
chesnyder@state.pa.us  

 
West Virginia 
West Virginia Department of Environmental Protection offers a volunteer monitoring program called 
Save Our Streams.   

• Contact information: 
Tim Craddock 
Phone: (304) 558-2108 
Email: tcraddock@wvdep.org 

 
Illinois 

• Contact Information: 
Shelly Fuller  
Phone: (312) 814-1646 
Email: sfuller@dnrmail.state.il.us 

 
 Ohio Watershed Network - local watershed coordinators 
http://ohiowatersheds.osu.edu/  
 
Ohio Ambient Air Quality Data 
http://airohio.epa.state.oh.us/  
 
Superfund Sites in Ohio 
www.epa.gov/superfund/sites/npl/oh.htm  
 
Ohio hazardous waste treatment, storage and disposal facilities 
www.epa.state.oh.us/dhwm/map/maptest1.htm  
 
U.S. EPA's Enforcement and Compliance History Online (ECHO) 
www.epa.gov/echo/compliance_report.html  
 
Where to recycle in Ohio 
www.dnr.state.oh.us/odnr/recycling/ROPPS/  
 
Landfill disposal of municipal solid waste, county recycling rates 
www.epa.state.oh.us/dsiwm/document/general/Summary_solid_waste_ohio_1997.pdf  
 
Toxic Release Inventory data on industry emissions in Ohio 
www.epa.state.oh.us/dapc/tri/reptsdb.html  
 
OSU Extension, county environmental data, Ohio water and ground water resources by county 
http://ohioline.ag.ohio-state.edu/lines    
  
Ohio Department of Development, Ohio county profiles (population, economic base) 
www.odod.state.oh.us/research/ProductListing.html#5  

mailto:chesnyder@state.pa.us�
mailto:sfuller@dnrmail.state.il.us�
http://ohiowatersheds.osu.edu/�
http://airohio.epa.state.oh.us/�
http://www.epa.gov/superfund/sites/npl/oh.htm�
http://www.epa.state.oh.us/dhwm/map/maptest1.htm�
http://www.epa.gov/echo/compliance_report.html�
http://www.dnr.state.oh.us/odnr/recycling/ROPPS/�
http://www.epa.state.oh.us/dsiwm/document/general/Summary_solid_waste_ohio_1997.pdf�
http://www.epa.state.oh.us/dapc/tri/reptsdb.html�
http://ohioline.ag.ohio-state.edu/lines�
http://www.odod.state.oh.us/research/ProductListing.html#5�
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