
 

 

SC ADOPT-A-STREAM IN THE CLASSROOM 
High School Curriculum 
 

Water Quality Measures 
Balancing growth and water quality 
___ 

Clemson University Center for Watershed Excellence 

 

LEARNING OBJECTIVES: Construct scientific arguments and design solutions that 
can protect waterways and ecosystem biodiversity from anthropogenic impacts. 

INTRODUCTION 
Almost everything we as humans do can affect water quality at some scale. Growing 

food, building houses, driving cars – even creating clean drinking water can have a 
negative impact downstream! Given that all living things require water to survive, water 
contamination poses a serious threat not just to humans, but also to plants and wildlife. 
As many as 3.4 million people die each year from waterborne diseases, which can be 
caused by water pollution (namely, pathogens, viruses, and bacteria) from sources such 
as industrial waste, agricultural runoff, garbage, human sewage, and pharmaceutical 
contaminants. Understanding what anthropogenic activities create pollution and how 
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these may affect your water local source is important to ensure a safe water supply for 
everyone and everything.  

Follow the timeline of the Flint water crisis: https://www.cnn.com/2016/03/04/us/flint-
water-crisis-fast-facts/index.html  

HOW DO WE MONITOR WHAT’S IN OUR WATER? 

Water chemistry analyses are one tool used to determine the health of a 
waterbody. Monitoring water quality is vital to know not only if actions need to be 
taken to improve waterway health at that site, but also to predict what the health of the 
downstream water bodies will be. If the area upstream is unhealthy, then the 
downstream waters will likely be unhealthy (or unhealthier) as well. In addition to the 
basic, in situ tests that are covered in the previous chapter (dissolved oxygen, pH, 
conductivity, and air and water temperature), researchers and local governments also 
typically monitor the amount of nutrient runoff and bacteria in a water source.  

Pollution sources types 

Point source (PS) pollution is pollution coming from a single identifiable source, 
such as a pipe dumping waste from a factory into a lake. These types of pollution 
sources are relatively easy to monitor and regulate. Nonpoint source (NPS) pollutants 
on the other hand often come from many different sources, which makes regulation 
more difficult. NPS pollutants include things like sediment, bacteria, temperature, and 
nutrients that can come from agricultural, commercial, or residential areas rather than 
a single, straightforward location. 

Nutrient pollution 

Nutrients such as nitrogen and phosphorus are found naturally in the 
environment and are critical for plant growth. Nutrients are only considered pollutants 
when there are excessive amounts, resulting in a condition known as nutrient 
enrichment. Nutrient pollution comes from many sources such as fertilizer runoff, 
leachate from septic systems, and pet waste. High levels of nitrogen and phosphorus 
encourage rapid growth of algae, or an algal bloom. The algal growth will outcompete 
other aquatic plants for resources such as sunlight and carbon dioxide, resulting in the 
loss of the other plant species. Then, once the algae has consumed all of the carbon 
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dioxide and begins to die, the bacteria and microorganisms in the lake or waterway will 
decompose the algae, absorbing most (if not all) of the oxygen in the water, resulting in 
hypoxia (low oxygen condition). Due to the abrupt decrease in oxygen, fish and other 
aquatic animals end up stressed, which can lead to a mass fish die-off. This occurrence 
is seen most often in shallow lakes, ponds, and sluggish streams, as they are more easily 
warmed by the sun and generally have higher concentrations of nutrients that stay in 
one area compared to a flowing waterbody. Nutrient pollution can also spread into the 
groundwater which is a primary source of drinking water for millions of Americans. 
Nitrates, which are a type of nitrogen-based water pollutant found in groundwater, can 
be extremely dangerous, especially to infants. 

Read more: 

Nitrogen in the environment: https://e360.yale.edu/features/can-the-world-find-solutions-to-the-

nitrogen-pollution-crisis 

Phosphorus levels are too high : https://phys.org/news/2018-01-phosphorus-pollution-dangerous-

worldwide.html 

 

BACTERIA 

Bacteria counts are an important measure of waterway health. No one wants to 
risk swimming or fishing in waters that may be contaminated by viruses and harmful, 
fecal-related waste. Sources of fecal-related bacteria to waterways include failing septic 
systems, wastewater failures and combined sewer overflows, and fecal matter from 
livestock, domestic pets, and wildlife. Escherichia coliform, or E. coli, in waterways can 
originate from the intestinal tracts of both humans and other warm-blooded animals, 
such as dogs, cats, livestock, and wildlife. In urban watersheds, fecal indicator bacteria 
are significantly correlated with human density. Possible animal sources of fecal 
coliform bacteria include ruminants such as racoons and rats, cattle in streams, land 
application of animal waste, dairy operations, poultry operations, hobby horse farms, 
dog and cat waste from parks, lawns, streets and waterfowl such as geese and ducks. 
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Fecal material as well as other pollutants can be transported to waterways 
through runoff from rain events. How quickly pollutants are transported partially 
depends on the type of land use and management of runoff. Grasses and vegetated land 
tend to soak up rainfall, thereby slowing runoff and increasing infiltration into the 
ground. Developed lands such as streets, rooftops, sidewalks, parking lots and 
driveways create more impervious surfaces, thereby increasing the volume of runoff 
leading to streams untreated. This is stormwater runoff. Lands that support animals 
such as dogs, cats, cattle, hogs or horses can also be a source of bacteria, particularly if 
animals enter the water for drinking or if heavy rains wash manure from the land into 
receiving waters. Another source of bacteria in stream waters originates from point 
sources, such as the discharge of pollutants through a pipe, illicit connections, and 
stormwater outfalls. Though considered a nonpoint source in origin, stormwater runoff 
is a cocktail of pollutants gathered from across the landscape, collected in curb drains, 
stormwater inlets, and ditches, and funneled to stormwater pipes, which discharge 
directly to streams and waterways. No further treatment is provided before this 
collected, polluted runoff discharges to the waterway.  

 
Bacteria problems in waterways are numerous and not easily solved. E. coli tests 

only tell researchers and resource managers if there is fecal-related bacteria in a 
waterway, but not the specific source of fecal-related material. Factors affecting 
bacteria levels include seasonal weather, stream flow, water temperature, distance from 
pollution sources, wildlife activity, age of fecal material, and rainfall. In addition, 
bacteria in stream sediments can survive for extended periods and even grow in 
numbers. Current research is identifying how particle sizes of stream bed sediment 
affect bacteria survival. Bacteria naturally die off with predation and UV degradation. 
Because of these natural processes, bacteria sources are more difficult to trace, since 
distance from the source alone could alter the result.  

Bacteria in drinking water leads to deaths: 

https://www.cnn.com/2017/11/09/health/cdc-water-contamination-reports/index.html 

Though there is no nationwide EPA-certified method for source tracking 

(identifying the source of bacteria), the most promising method uses RNA sequences in 
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the sample and matching those with known RNA sequences to detect which species 

fecal waste is dissolved in the sample. 

LOOKING TO THE FUTURE 

Stormwater runoff is one of the most important and often overlooked knowledge 
required to many types of careers. One of the best examples are stormwater engineers. 
The ponds you see in your neighborhoods and local parks are often not naturally 
occurring, but rather were designed by these engineers to help manage stormwater 
runoff. After working with other engineers to determine the land types and hills on the 
property, the stormwater engineers use data including projected bacterial counts, 
rainwater depths, and nutrient runoff of residential and industrial properties to 
determine the size and shape of the pond needed to prevent this runoff from getting 
into surrounding streams and properties. Next time you see a pond like these, take a 
look for pipes leading into the pond and concrete structures in the pond that help 
manage the water.  
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FIND OUT WHAT’S IN YOUR LOCAL WATER BODIES ACTIVITY 

There are two activities associated with this section. The first should be done if the 
class is completing this section concurrently with the Basic Water Tests section. If not, 
Activity 2 should be completed.  

Activity 1: Part 1 - Collecting data from the source 

It is highly recommended that the basic water chemistry activity in Chapter 2 involving 
monitoring is completed at the same time as this activity, although it is not necessary.  
Finding a creek or stream in your watershed, preferably near your school or in public 
property, would be best in order to conduct SC Adopt-a-Stream monitoring in a 
controlled environment. Each student/group will complete a site observation sheet 
included before conducting the chemical testing. It is recommended that if the group 
has safe, easy access to a creek/stream that they should monitor it monthly. All 
students entering the stream could harm the natural ecosystem and shoreline. Instead, 
a water sample can be collected in a triple-rinsed container for testing. Dissolved 
oxygen bottles should be submerged in-stream, if conducting this analysis. Students 
could create a journal that will have notes, observations, and test results for that site 
over a long period of time.  

 Teachers may also collect water samples and bring them into the classroom if 
taking the students to the field is not feasible. In this case, the teacher should complete 
the field observation section of the data sheet and take photos of the site to share with 
the class. Dissolved oxygen samples should be fixed then in advance by the teacher. The 
final titration should be completed within eight hours to find the amount of oxygen 
available in the waterway. Water should be stored in a cooler or refrigerator, but never 
frozen.  

There is also an option for the teachers to get certified as an SC AAS monitoring 
volunteer. The class could then enter their data into the SC AAS database under their 
class Group name.   
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MATERIALS AND METHODS 

 
MATERIALS - Activity 1  
• Nitrate testing kit* 
• Phosphate testing kit* 
• Waste jug (old milk jug labeled as ‘Waste’ will work) 
• Rubber gloves & safety glasses 
• Physical/Chemical Data Form (1 sheet per team) 
• Bucket with rope (if sampling from a bridge or in deeper water) 
• Sterile water collection containers 
• Pen/pencils 
• Clipboards 
 
If collecting bacteria samples in the field, you will need: 
• Whirl-pak® bags (labeled with site and collection information) 
• Permanent marker 
• Disinfected cooler with ice 
 
To plate and incubate samples in the classroom, you will also need: 
• Bacteria data form 
• Cup to hold Whirl-pak® bags 
• 3M™ Petrifilm™ E. coli plates 
• 1ml fixed-volume pipette & sterile tips  
• Clean space for sample processing with good lighting 
• Incubator 
• Digital thermometer 
● Gloves 
• 10% Bleach solution OR Lysol spray/disinfectant 
 
*There are several different types of testing kits that can be purchased depending on 
budget and desired accuracy.   
 
Before heading to the field 
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Ask the students to develop hypotheses regarding the potential results for the field site. 
Using Google Earth, identify potential sources of pollutants near your testing area. 
Discuss how these sources may affect your results.  
 
Water sample testing 
The goal of this activity is to allow the students to learn about water quality monitoring 
with hands-on experience. This activity should be completed with student teams of 3-5 
individuals. This activity utilizes the official SC Adopt-a-Stream data form, but the 
information should not be entered into the SC Adopt-a-Stream database unless the 
participants (or preferably teacher/instructor) are certified to do so.  Only the certified 
monitor can enter data into the SC AAS Database, though it can be done as a 
participating group on screen! 

1. Working in their teams each group should collect a water sample from the site, 
using the bucket and rope, if needed. 

2. Following the instructions associated with the testing kits used by your class, 
determine the nitrate and phosphate levels of the water samples. Record the 
results on the other column next to the basic water tests on the SC AAS Data 
Form. 

3. Depending on the type of kit used, students may need to dispose of waste water 
into the waste jug. For all procedures described in the SC AAS Freshwater 
Volunteer Monitoring Handbook, waste water can be dumped down a sink where 
wastewater is treated at a facility.  

 
Directions for Bacteria Monitoring Using 3M Petrifilm™ 
 
Step 1: Preparing the blank/control sample: For each sampling event, the class should fill a 

Whirl-pak® bag with tap water from the school to serve as the blank/control. Prior 
to filling the control sample bag, label the Whirl-pak® bag as “Blank”, with date and 
time, and the sample collector. 

 
Having a field blank when you sample is necessary to serve as a control. A control will 

ensure that you are practicing a sterile technique that prevents contamination. The 
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blank is then plated and analyzed with the stream samples in the lab. Lab analysis of 
the blank 

should result in a zero reading for bacteria. If it is contaminated, you will need to discard 
all samples; no data can be submitted for these samples. Resample, and if your 
control sample again shows bacteria growth, contact your water supplier, or if you 
use private well 

water, disinfect the well.  
 
1. Before heading to the field, correctly label 1 Whirl-pak® bag with a permanent marker 

for the blank/control. 
2. Remove the perforated seal from the top of the Whirl- pak® bag. IMPORTANT! Do not 

touch the inside of the Whirl-pak® as this will contaminate your sample and alter 
the results. 

3. Use the two small white tabs to pull open the bag. 
4. Fill the Whirl-pak® bag 2/3 full with tap water. 
5. Grab the ends of the twist ties and “whirl” or spin the bag tight. Cross the twist ties to 

close the bag. 
6. Make sure the bag is closed securely by inverting the bag to test the seal. 
7. Immediately place the Whirl-pak® bag into a properly disinfected cooler with ice and 

take it with you throughout your sampling event. 
 
Step 2: Collecting site sample in the field 
1. Correctly label a new Whirl-pak® bag with a permanent marker for the sample/site 

information. 
2. Put on latex gloves and remove the perforated seal from the top of the Whirl-pak® bag. 

IMPORTANT! Do not touch the inside of the Whirl- pak® as this will contaminate 
your sample and could alter the results. 

3. Use the two small white tabs to open the bag. 
4. While holding the twist ties place the bag in the water at mid-stream, mid-depth or in a 

well-mixed area and allow the water to flow into the bag. Fill the bag with water up 
to 2/3 full. *Remember to collect the water sample (at least wrist deep) upstream of 
where you are standing. If sampling from a bridge, use a rope tied to a small 
disinfected (and rinsed) bucket to grab the sample. 
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5. Grab the ends of the twist ties and “whirl” or spin the bag until tight. Cross the twist ties 
to close the bag. 

6. Make sure the bag is closed securely by inverting the bag to test the seal. 
7. Immediately place the Whirl-pak® bag into the cooler with ice and the blank. 
8. Optimal holding time for samples on ice or refrigeration is less than 6 hours, but not 

more 
than 24 hours. 
9. Properly dispose of gloves. 
 
Step 3: Plating your samples 
Note: Turn the incubator on before plating to ensure it will reach the correct incubation 

temperature of 35°C ± 1°C. Process the blank/control sample first (use 1 plate) and 
then follow with the stream sample (use 3 plates). Use 1 pipette tip per sample bag. 

 
1. Clean working area with disinfectant spray and let dry. 
2. Put on latex gloves. NOTE: You should always wear these when handling the plates 

(even when going to read them). Correctly label plates (1 for the blank & 3 for the 
site sample), and lay them on a clean, flat surface. Plates 

should indicate stream name, site number and the incubation start time and date. See 
below 

figure for examples of how to label plates. 
3. Gently shake Whirl-pak® bag to ensure an even mix of sample. 
4. Place the Whirl-pak® bag in a cup to keep from spilling and open the bag using the white 

tabs. IMPORTANT! Do not touch the inside of the Whirl-pak® as this will 
contaminate your sample and could alter the results. 

5. Carefully remove pipette tip from sterile container. Don’t touch the pipette tip inside of 
the sterile container and practice caution to ensure that the tip is not contaminated 
thereafter. 

6. Pipette 1 ml of the sample using the fixed-volume pipette. 
7. Lift the clear top film of the 3M Petrifilm™ plate and dispense 1 ml of sample on the center of the 

circular plate. DO NOT let the pipette tip touch the plate. 
8. Slowly roll the top film down onto the sample until the plate is completely covered to prevent 

trapping air bubbles. Do not touch the center of the 3M Petrifilm™ plate. 
9. If necessary, distribute the sample evenly by using the 3M spreader or slightly tilting the 
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Petrifilm™ plate back and forth. Tilting too much will cause the sample to pour out of the plate. 
10. Leave plate undisturbed for one minute to allow the gel to solidify and then place in the 
incubator. 
11. Repeat: Plate two more samples for a total of three plates per sample site. 
 
Step 4: Incubating 
1. Plan to turn on the incubator prior to plating to ensure it will be ready. Place the 

incubator lid on top. 
2. Insert the thermometer into the incubator. 
3. Once the incubator is at 35°C ± 1°C, place the processed 3M Petrifilm™ plates in the incubator 

and reset the thermometer. 
4. Incubate plates in a horizontal position, with the top film side up, in stacks of up to 20 

plates. Incubate for 24 ± 1 hour at 35 ± 1 degrees Celsius. 
5. After 24 hours, remove plates (with gloves on) and count E.coli colonies. 
6. Record the minimum and maximum temperatures that are displayed on the 

thermometer after incubating, as well as the time in/out of the incubator. 
7. Record all data on the Bacteria Data Form. 
8. Dispose of plates by spraying them with an appropriate disinfectant and placing in a 

sealed zip lock bag, discarding in the trash. 
 
Step 5: Cleanup & Disinfect 
Properly disinfect your lab space, incubator, and cooler using 10% bleach disinfectant. 
 
Reading the Results 
When reading 3M Petrifilm™ plates, E. coli colonies appear blue to red-blue and are closely 

associated with entrapped gas. General coliform colonies appear bright red and closely 
associated (approximately one colony diameter) with entrapped gas. We are only 

concerned with counting the E. coli colonies in the medium, and we do not count 
colonies that appear on the foam barrier of the plate (or are more than 50% off the 
medium). Only count blue to red-blue colonies that have a gas bubble! Bacteria 
growths on plates are counted using a standard unit. The standard reporting unit is 
the number of colony forming 

units per 100 milliliters of water sample (CFU/100ml). Each 3M Petrifilm™ plate holds 1mL of 
sample.  
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Activity 1: Part 2 –  
 
After the students have recorded the results of their nitrate, phosphate, and bacterial tests, 

ask the students to reflect on their hypotheses and answer the following questions.  
 

1. Did your results match your initial hypotheses regarding runoff from potential 
pollution sources near your site? 

 
2. Consider each of the three pollutants examined in this activity. How could you 

minimize their impact on your local watershed?  

 

 If Activity 1 is not feasible for the class, the students can organize their own student led and 
judged debate regarding nutrient standards.  

ACTIVITY 2: FOUR CORNER & GOVERNMENT BODY DEBATE 

This activity will require only the students and access to research materials; it would be 
preferable for the students to use reliable online sources that are up to date on nutrient 
regulation and uses. The teacher will need to access the folder labeled “Nutrient debate 
team profiles” to provide packets to the students regarding their identity in the debate.  

[Folder has been removed while it is being rewritten] 

 
 If Activity 1 & 2 are not feasible for the class, students can create a paper watershed model 
to mimic how pollutants flow through the landscape.  

ACTIVITY 3: WATERSHED DEMONSTRATION 
 
MATERIALS - Activity 3 
2 pieces of white paper per student 
1 spray bottle filled with water per student 
1 permanent black marker per student 
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4 water-based markers of different colors per student, preferably blue, red, green, and 
yellow 
1 plate/container/tray per student 
 
Creating a watershed model 

1. Crumple up 1 piece of paper, and then smooth it back out most of the way. It should 
still be a bit crumpled, so that the high points can represent ridgelines and the low parts 
can represent the valleys.  

2. Imagine that this paper is a section of land in a nearby town. Use the permanent 
marker to draw where you think rivers and lakes would occur. Then use the permanent 
marker to outline different land use areas (e.g., residential, forest, farms, livestock 
areas, industrial).  

3. Use a water-based blue marker (not permanent) to color along the ridgelines on your 
land. This will represent the rain. Thinking about which land use types release which 
types of pollutants, use the other three water-based colors to represent where you think 
sources of nitrogen (red), phosphorus (green), and bacterial (yellow) runoff would occur 
in your landscape. 

4. After you have completed your drawing, examine the landscape. Where do you think 
the pollutants will go?   

5. Place the paper on the plate. Using the spray bottle to mimic a heavy rain, thoroughly 
wet your landscape.  

6. Examine how the pollutants moved through the landscape. Were your hypotheses 
correct? Where are the worst areas (in terms of pollution) on your landscape. What sort 
of mitigation measures could the town take to reduce the impacts of pollution?  

7. How could you improve the outcome of this model? Could you arrange the land use 
types differently or change the scale of the different land use types? Repeat the exercise 
above using the second sheet of paper, attempting to minimize the amount of pollution 
entering the waterways while still ensuring your model can meet the demands of local 
populations (food supplies, job opportunities, etc.).  

8. Compare your second model with your classmates. Which strategies to reduce 
pollution were most successful? How else could you reduce pollutants in the landscape? 
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CHAPTER ASSESSMENT 

1. Define anthropogenic. What is the difference between point source pollution 

and nonpoint source pollution? 

2. What everyday anthropogenic activities result in non-point pollution in our 

watershed? 

3. What happened in Flint? Was this more of a point source or nonpoint source 

problem? 

4. What negative impacts do algal blooms have on water bodies? 

5. If there was an algal bloom in a neighborhood stormwater pond, what steps 

could be taken to solve the problem and prevent it in the first place?  

 


