Stormwater Runoff and Water Quality

8th Grade Hydrosphere Education Module

Environmental Stewardship: Empowering NC Youth

Introduction

Stormwater runoff plays an important role in the earth’s hydrosphere. A PowerPoint presentation is included to introduce students to stormwater, including sources of runoff, water quality problems associated with runoff, and key terms such as river basins and riparian buffers. The presentation is followed by hands-on activities. These will include simulation of the filtering abilities of riparian areas and observing the effects of point and nonpoint source pollution on water quality. Students will be exposed to possible solutions to stormwater runoff and be encouraged to think of new mitigation techniques. The PowerPoint is tailored for classes within the Pasquotank River Basin. 
Learning Outcome goals
Students will gain a better understanding of stormwater as it relates to North Carolina’s river basins, runoff’s effect on water quality and methods for protecting water quality. 
Curriculum Alignment
North Carolina Standard Course of Study
Grade 8 Science 
Objective 3.07: Describe how humans affect the quality of water, regarding point and non-point sources of water pollution in North Carolina, possible effects of excess nutrients in North Carolina waters, economic trade-offs, and local water issues. 



Objective 3.08: Recognize that the good health of environments and organisms 



requires the monitoring of the hydrosphere, water quality standards, methods of



water treatment, maintaining safe water quality, and stewardship.
Classroom Time Required
60 minutes
Materials Required

· Large clear bowl

· Enough water to fill the bowl halfway full

· Materials for pollution (sprinkles, canola oil, window cleaner, dirt, food coloring, etc.)

· Materials for filtering (coffee filters, cookie sheet, paper, fish net, colander, sieve, etc.)

Technology Resources Required
· Stormwater Runoff and Water Quality PowerPoint Presentation,

· One computer and projector for the PowerPoint
Pre-Activity

The PowerPoint should precede the activity to introduce the key terms and ideas of the exercise.
Activity


The goal of this activity is to show students how different entities contribute to pollution, directly and indirectly. Stormwater runoff carries immense amounts of pollution into the waterways and degrades water quality as a result. Stormwater runoff is the number one cause for water pollution off the coast of North Carolina. This activity will give students a visual representation of runoff and water pollution and will require them think creatively in order to engineer methods to clean the water body and reduce runoff pollution.


To begin the activity, the teacher will have the large clear bowl halfway filled with water sitting in front of the class. This bowl of water represents a watershed, with a typical community containing schools, houses, businesses, a small factory, etc.  Have students brainstorm different pollutants that enter waterways, both residential and commercial. Several students will then add different materials representing different forms of pollution to the water. Teachers can be creative with the available materials. Some examples are brown sprinkles that represent animal waste (pets or wild animals) and colored sprinkles that represent trash. Or shredded paper works really well too! Window cleaner can be used to simulate chemicals used in cleaning and food coloring can be used to simulate point source pollution from a factory. Canola oil can be used for oil and gas runoff. Other examples are dirt, or oatmeal to represent soil erosion and spices to symbolize industrial fertilizers and pesticides. Students could also come up with their own sources of pollution to add to the bowl. 

Discussion should follow the input of each pollutant. It is important to highlight the fact that both residential and commercial entities contaminate waterways.  Even if everyone contributes just a small fraction of pollutants it eventually builds up in the rivers, lakes, sounds and estuaries. Also, it is important for students to understand that entire river basins contribute to water quality. Emphasize the fact that individuals’ actions, great or small, can directly affect people, animals and water quality downstream.

As each student adds very small amounts of his or her “pollution”, the water quality of the bowl will become visually impaired. What are the implications of bad water quality? Poor water quality affects habitat, drinking water, the animals in the areas, especially shellfish, and can close waters for recreation. It is an economic, environmental, and health issue. 

After discussing the water quality, the students should come up with different ways to try to restore the body of water. What are different ways we can clean our body of water? Filtering is one way to clean water. A coffee filter can be used to try to clean the water in the bowl, a fish net, colander or sieve. Conversation should transition to discussing the fact that filtering bodies of water is difficult and in most cases impossible. (Habitat serves as a natural filter, this is a great topic for another lesson). 
What are other options? Should we try to reduce pollution before it reaches waterways? What are some ways we can do that? Following the PowerPoint presentation, ideas that students may have are riparian buffers, constructed wetlands, and other green, vegetated areas. Other answers could include examples of Best Management Practices (BMPs) for stormwater mitigation.(Such as rain barrels, cisterns, pervious pavement, rain gardens, stormwater wetlands, etc.)
Riparian buffers can be represented by an additional activity. In efforts to further clean our polluted bowl of water, teachers can create a version of a riparian buffer. Pour water down a slanted cookie sheet as an initial demonstration. This represents bare land with no or limited vegetation. Now, cover the cookie sheet with small crumpled pieces of paper, attached with tape. The balls of paper represent plants and organic matter on the land. Hold the covered cookie sheet at approximately the same slant and pour water down the slant (Stormwater and Runoff Pollution 2009). 
What is different about the speed of the water the second time with the paper? Did the paper catch any of the pollutants from our waterway? Riparian buffers have vegetation adjacent to a body of water that serves as a filter for sediment and pollutants. Riparian buffers are a great way to reduce pollution before it reaches a water body. Riparian buffers are naturally occurring filters, like wetlands. Using a rain garden as a BMP is a way to mimic these natural filters in order to clean stormwater (Stormwater and Runoff Pollution 2009).

Assessment 

Students should be able to explain what stormwater is, its causes, problems associated with it, and possible mitigation solutions. Encourage students to think creatively about solving these issues and thinking beyond the standard best management practices (BMPs). Students should be able to describe the role of stormwater in the water cycle, and how humans have altered the water cycle through chemical pollutants and runoff. Students should understand the effects of water quality on their health, as well implications for the future (bioaccumulation in fish, drinking water contamination, etc.). The level of participation in activities and discussion can determine evaluation of understanding. Students should also be able to define key terms, such as riparian buffers and point and nonpoint source pollution, in their own words.

Supplemental Information

During storm events, rainfall that cannot be infiltrated into the groundwater runs off of properties and collects in the nearest body of water, at the lowest point in the watershed. This is called stormwater runoff. On a larger scale, all water within a defined river basin flows into a central river and then out to its associated estuary or the ocean. River basins can be subdivided into watersheds, which are areas where water flows into a smaller river, stream, bay, or other water body before flowing into an estuary or ocean. As stormwater travels to a water body, it collects pollutants and chemicals from streets, lawns, and pet waste along the way. These chemicals collect in the lake, bay, river or stream which it flows into, and can have adverse effects on public health. Because of the chemical accumulation, it may not be safe to swim or fish in these areas (Stormwater and Runoff Pollution 2009). 

The best ways to prevent the harmful effects of stormwater runoff is to slow the water down or collect it before it reaches the water body. Riparian buffers, also known as vegetated buffer areas, slow water and capture pollutants as they run through the vegetation. Their root systems soak up nutrients, like nitrogen and phosphorous, which would otherwise accumulate in the nearby water body, adversely affecting the health of the water and the organisms residing there. It is important to preserve large trees and other vegetation because of the water quality improving abilities (Stream 2008).
Optional Activity

Project WET Curriculum and Activity Guide

Just Passing Through page 166


Have the students act out the role of water as it flows through a site, down a slope and into a stream. Have half of the class assemble at one end of the playing field, uphill from the “stream”. These students represent the raindrops. The remaining students represent vegetation and should position themselves between the raindrops and the “stream”. 

Part I: Have the raindrop players take the most direct route to the stream, walking swiftly. This represents water falling on and flowing over the land’s surface. Vegetation slows the flow of water. To show this, have the students representing vegetation try to tag the raindrops. Vegetation players must keep one foot in place, but can pivot and stretch their arms, representing roots trapping water. If a raindrop is tagged, the student simulates filtering into the ground by circling five times around the vegetation. This represents water moving underground, passing through spaces among soil particles. Raindrops should then crawl the rest of the way towards the “stream”. (In reality, this process can take days, weeks, or months, depending on soil type. Raindrops cannot be tagged more than once. Record the time it takes all the raindrops to pass through the site. Discuss the activity. Help students understand how vegetation slows the rate of flow, which allows time for water to percolate into the soil. 
Part II: Ask students how the results of the activity will differ when vegetation is removed. This time half the class simulates rain drops and the other half represents “small rocks”. Students representing small rocks should sit or lay down on the ground along the path to the “stream”. Raindrops will start upstream and when they move near a rock, they can walk around or jump over it, continuing to flow down the slope. Compare the time required for raindrops to flow through sites with and without plant cover. Discuss the implications of water racing down a barren slope. 
Part III: Extension to discuss erosion and water pollution. Set up the playing field as in part one. This time as raindrops flow through the site, they aim to pick up objects that were scattered on the ground (they should try to keep moving as they do this!) Objects could be coins, shells, twigs, etc. that will represent non point sources of pollution, or sediment. If tagged, raindrops will percolate into the ground and drop the objects they had collected. This symbolizes soil filtering raindrops and removing sediment, or absorbing pollutants. Raindrops that are not tagged, carry their objects to the stream, dropping them there. Discuss problems associated with erosion and stormwater runoff, and how this can be prevented or managed. 
 Critical Vocabulary

· Stormwater Runoff- rainfall that, instead of soaking into the ground, flows into water bodies, picking up pollutants along the way

· Riparian Buffer- a vegetated area near a body of water that serves as a filter for sediment and pollutants

· River Basin- defined area where all the water within the area flows into a common water body

· Best Management Practices (BMPs)- methods used to reduce or retain stormwater runoff. Some examples include rain gardens, cisterns, rain barrels, and permeable pavement. 
· Point Source Pollution- localized source of pollution, usually industrial and coming from a pipe 

· Nonpoint Source Pollution- general and indirect water pollution from many different sources, an example of which is stormwater runoff
Websites

· Learn NC, Map of North Carolina river basins: http://www.learnnc.org/lp/multimedia/6025 

· North Carolina Department of Environment and Natural Resources, Stormwater and Runoff Pollution:

http://www.ncstormwater.org/pages/workbook_whatis.html
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