
 

 

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

Water Chemistry 
Measuring what’s in our waters 
___ 

Clemson University Center for Watershed Excellence 

 

LEARNING OBJECTIVES: Construct and test scientific arguments based on 
scientific data and explanations. Explore water chemistry, pollution, and causes of 
pollution. Test water quality! 

INTRODUCTION 
What we think of as pure water, 𝐻!𝑂, only exists in artificial or laboratory settings. 

Because water is a universal solvent, water found in nature always has other elements 
dissolved into it including other liquids, gases, and solid materials. So, have you ever 
thought about what’s in your water? How about your local lake or stream? Scientists 
use water chemistry analyses to gather information about specific water quality 
characteristics to determine if a waterbody is healthy or not. Healthy water bodies- 
such as streams, wetlands, and lakes - are important places for recreation, supporting 
wildlife, and provide critical ecosystem services.  Stream health is especially important 
in the headwaters of a watershed. If the area upstream is unhealthy, then as the water 
moves downstream, it can carry the pollutants with it so the bottom of the watershed 
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will likely be unhealthy as well. Once a water body is polluted, it can be extremely 
difficult, and expensive, to restore it back to a healthy state. The four basic tests that 
are typically conducted when scientists analyze water quality are dissolved oxygen, pH, 
conductivity, and air and water temperature.  Each of these tests will have results that 
are not only specific to the site where they were taken, but also to the conditions of the 
site at the time of sample collection.  

1. Dissolved oxygen (DO) which is the amount of free oxygen in water. 
Water bodies get oxygen from the atmosphere and aquatic plants. 
Running water dissolves more oxygen, and therefore, has a higher DO 
than still water (e.g., ponds, lakes). DO readings are generally higher 
during the day due to increased photosynthesis by aquatic plants. 

2. pH is a measure of how acidic or basic water is and is measured in pH 
units on a scale of 0 to 14. Water with a pH < 7 is acidic; water with a pH > 
7 is basic. The normal range for pH in surface water systems is 6.5 to 8.5 
and for groundwater systems 6 to 8.5, while a pH of 7 is neutral (distilled 
water). The pH scale is logarithmic, so the unit of change in pH actually 
represents a tenfold change in acidity. A pH of 6 is ten times more acidic 
than a pH of 7; a pH of 5 is 100 times more acidic than a pH of 7. 

3. Conductivity is a measure of water's capability to pass electrical flow and is 
directly related to the concentration of ions in the water. These conductive ions 
come from dissolved salts and inorganic materials, primarily driven by the 
geology of the area. 

4. Air and water temperature can have important impacts on water quality. 
Temperature affects the amount of dissolved oxygen in water, photosynthesis 
rates of aquatic plants, and metabolic rates of organisms. 

WHY ARE THESE FOUR BASIC TESTS IMPORTANT? 

By conducting these four tests, along with recording site observations of the stream, it 
allows researchers to get a snapshot of the stream’s health and quickly determine if 
something is off balance and in need of more investigation. 
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DO Monitoring 
Oxygen dissolves readily into water from the atmosphere at the surface until the water 
is full, or saturated. Once dissolved in water, the oxygen diffuses very slowly, and 
distribution depends on the movement of aerated water by turbulence and currents 
caused by wind, water flow, and thermal upwelling. Aquatic plants, algae, and 
phytoplankton produce oxygen during photosynthesis.  

DO Capacity of Water  
The DO capacity of water is limited by the temperature of the water. As water 
temperature changes, the highest potential DO level changes.  

• At 0 degrees Celsius the saturation point for DO is 14.6 ppm.  
• At 32 degrees Celsius the saturation point for DO is 7.6 ppm.  

The temperature effect is compounded by the fact that living organisms increase their 
activity in warm water, requiring more oxygen to support their metabolism. Critically 
low oxygen levels often occur during the warmer summer months when capacity 
decreases and oxygen demand increases. This is often caused by the respiration of algae 
or by decaying of organic material.  

Significant Levels  
The amount of oxygen required by an aquatic organism varies according to species and 
stage of life.  

• DO levels below 3 ppm are stressful to most aquatic organisms.  
• DO levels below 2 or 1 ppm will not support fish; levels of 5 to 6 ppm are usually 
required for growth and activity. 
• Fish and invertebrates that can move will leave areas with low DO and move to 
higher level areas.  

Interpreting DO Results  
A low DO level indicates a demand on oxygen in the system. Pollutants, including 
inadequately treated sewage or decaying natural organic material, can cause such a 
demand. Organic materials accumulate in bottom sediments and support 
microorganisms (including bacteria), which consume oxygen as they break down the 
materials. Some wastes and pollutants produce direct chemical demands on oxygen in 
the water. In ponds or impoundments, dense populations of active fish can deplete DO 
levels. In areas of dense algae, DO levels may drop at night or during cloudy weather 
due to the net consumption of DO by aquatic plant respiration. Please note that there 
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are surface waters in South Carolina’s coastal plain where DO may be very low, which is 
the natural condition of these waterways. 
 
pH Monitoring  

The pH of stream water is influenced by the concentration of acids in rain and 
the types of soils and bedrock in the watershed. The typical rainfall in the U.S. is 
slightly acidic, with a pH ranging from 5.0 to 5.6. As rainwater falls, carbon dioxide 
from the atmosphere dissolves into it, forming a weak carbonic acid and thereby 
lowering the pH of the precipitation. Low pH levels (acidic water) can have a harmful 
impact on the health of aquatic communities. Very acidic water or acid rain can allow 
toxic substances such as ammonia and heavy metals to leach from our soils and 
possibly be taken up by aquatic plants and animals in a process called 
bioaccumulation. 

Most aquatic organisms require habitats with a pH range of 6.5 to 8.5. Extremely 
high or low pH values are quite rare in South Carolina. Most values that exceed 9.0 
(basic) are caused by excessive algal growth, a sign of nutrient enrichment. Very low 
(acidic) pH readings are generally near point sources of pollution; however, there are 
surface waters in South Carolina’s coastal plain where pH may be very low, which is the 
natural condition of these waterways. In the vast majority of freshwater streams in 
South Carolina, pH levels should fall between 6.0 and 8.5 to meet South Carolina state 
standards. 
 
Conductivity 

Conductivity is a measure of the ability of water to pass an electrical current. 
Conductivity in water is affected by the presence of inorganic dissolved solids such as 
chloride, nitrate, sulfate, and phosphate anions (ions that carry a negative charge), or 
sodium, magnesium, calcium, iron, and aluminum cations (ions that carry a positive 
charge). Organic compounds like oil, alcohol, and sugar do not conduct electrical 
current very well. Conductivity is also affected by temperature: the warmer the water, 
the higher the conductivity. For this reason, conductivity is reported as conductivity at 
25 degrees Celsius (25 C). Conductivity is measured in microsiemens per centimeter 
(µs/cm). Conductivity in natural systems is affected primarily by the geology of the area 
through which the water flows. 
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• Streams that run through areas with granite bedrock tend to have lower 
conductivity because granite is composed of more inert materials that do not 
ionize (dissolve into ionic components) when washed into the water. 

• On the other hand, streams that run through areas with clay soils tend to have 
higher conductivity because of the presence of materials that ionize when 
washed into the water. 

Significant Levels 
Distilled water has conductivity in the range of 0.5 to 3 µs/cm. The conductivity of 
rivers in South Carolina generally ranges from 0 to 1500 µs/cm. Studies of inland fresh 
waters indicate that streams supporting mixed fisheries have a range between 50 and 
500 µs/cm. Conductivity outside this range could indicate that the water is not suitable 
for certain species of fish or macroinvertebrates. Industrial waters can range as high as 
10,000 µs/cm. 
 
Air and water temperature 

Water temperature is one factor in determining which species may or may not be 
present in the system. Temperature affects feeding, reproduction, and the metabolism 
of aquatic animals. A week or two of high temperatures may make a stream unsuitable 
for sensitive aquatic organisms, even though temperatures are within tolerable levels 
throughout the rest of the year. Not only do different species have different 
requirements, optimum habitat temperatures may change for each stage of life. Fish 
larvae and eggs usually have narrower temperature requirements than adult fish. 

Water temperature also has an inverse relationship with how much oxygen can 
be held in the water. As temperatures warm, there is less capacity to contain oxygen. 
Colder temperatures will store more oxygen.   

SPOTLIGHT ON THERMAL POLLUTION 

Thermal pollution can occur either in a single event or chronically over time. 
Thermal pollution is usually caused by the discharge of heated water from industrial 
processes, such as power plants and factories, increasing water temperatures in water 
bodies such as streams, lakes, and oceans. Water is taken from a water body and used to 
cool generators and other machinery in the facility by running the water over the heated 
metal components. This water is then returned to the water body at a higher 
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temperature, warming the rest of the water near the input site and causing stress to the 
organisms that live there.  

Stress from extreme temperature changes can manifest in different ways. 
Frequent changes in temperature can affect the reproductive systems of aquatic 
organisms and make them more susceptible to disease. Cold water contains more 
oxygen than hot water, so increases in temperature also decreases the dissolved oxygen 
available to support aquatic life. Populations of sensitive species may decrease if they 
can only survive in certain temperature ranges, while other species may flourish, 
changing the balance of species in the ecosystem. This can lead to disruptions in the 
food chain, and to long-term changes in what species are present and the dynamics in 
the local community. 

While any of these consequences could be devastating to stream health alone, 
each individual problem can amplify the effects of other problems, making the 
cumulative impact worse. For example, increasing water temperature also increases the 
decomposition rate of organic matter (e.g., dead leaves and animals) in water. We know 
that rising temperatures decrease dissolved oxygen potential. This occurs at the same 
time that aquatic organisms’ respiration rates are rising due to the increasing 
temperature. Double trouble! While some regulations have been passed to limit the 
temperature of the water returned to the stream from different industrial facilities, 
monitoring the environment and maintaining these laws are important.  

 
Thermal pollution in the news:  

The University of New Hampshire recently conducted a study examining thermal 
pollution in the northeastern US. Learn more here: shorturl.at/szDFR 

How fast can hot water cause a problem? Discharge from a nuclear power station in 
Taiwan caused the bleaching of corals within two days of exposure to temperatures of 
91.4°F : shorturl.at/jwxAI 

When it comes to electricity or environmental health, what comes first? Power plants 
releasing hotter water have city officials in a bind: shorturl.at/vFJU7 
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LOOKING TO THE FUTURE 

This chapter has important information for many professionals dealing with water 
quality, but perhaps the best example of a possible career if you are interested in this 
testing is working at a water treatment facility. In particular, working as a lab tech or 
operator at the plant. The lab techs at water treatment facilities are in charge of testing 
the qualities listed in this chapter and more to determine how the water needs to be 
treated and how much treatment to include in the cleaning process. This ensures that 
the chemicals are not overused and that the taste, smell, and color of the water meet the 
standards of the drinkers.   
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WHAT’S IN YOUR WATER ACTIVITY 
 
ACTIVITY OVERVIEW 

This activity is broken down into two parts: a hands-on water testing activity 
and a data-mining project utilizing the SC Adopt-a-Stream database. If the class has 
safe, easy access to a creek/stream or can easily obtain water from the same source, the 
activity can be done on a monthly basis. Students can create a journal noting 
observations, and test results for that site over a long period of time, monitoring 
changes over the different seasons. Teachers may collect water samples and bring them 
into the classroom if taking the students to the field is not feasible and for quicker 
demonstration. 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.  

We have included instructions for completing the pH, Do, and conductivity tests 
conducted with equipment used by the SC Adopt-a-Stream team. However, there are 
many options available to conduct these analyses; please use whichever is most easily 
obtained for your classroom and be sure to follow the instructions of whichever testing 
kit you use. Part one of this activity can be completed in conjunction with the field-
based activities from the macroinvertebrate and nutrient loading topics. If it is not 
possible to take students to a waterbody or for water samples to be brought into the 
classroom, or if you do not have access to testing kits, the first part of the activity can 
be skipped, and all data can be downloaded from the Adopt-a-Stream database.  

 
MATERIALS AND METHODS 

 
MATERIALS - Part 1  

 
• Thermometer suitable for measuring air and water temperatures 
• Chemical testing kits for pH and DO with instructions (the SC AAS physical/chemical 
kit contains all needed supplies;  
• Conductivity meter  
• Waste jug (old milk jug labeled as ‘Waste’ will work) 
• Rubber gloves & safety glasses 
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• Physical/Chemical Data Form (1 sheet per team) 
• Bucket with rope (if sampling from a bridge or in deeper water) 
• Clear container or plastic bag for the visual observations 
• Pen/pencil 
• Clipboard 
 

Part 1- 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.  
 
Site observations 

Observing the stream, its surroundings, and the current conditions is important 
to help understand and interpret results later in the activity. On the way to the field 
site, consider the land use types surrounding the stream. Are you driving through forests 
or agricultural areas? Residential or industrial areas? To do see any potential sources for 
pollution? When your class arrives at the field site, take a few minutes to study the 
habitat around the water source.  

 
Weather strongly influences the physical characteristics of water. For example, a 

strong 4-hour spring rain may result in most of the stream’s annual sediment and 
pollution load. Long-term weather conditions can also greatly affect our streams. 
Floods, droughts, or other climatic extremes can change the stream’s physical and 
chemical characteristics quite dramatically (e.g., creating new stream channels or 
drainage patterns). Weather can also impact streams in other ways: 
 

• Cloudy weather may result in lower DO levels because of less plant 
photosynthesis.  
• Recent rains may dilute point source pollution.  
• Recent rains may increase nonpoint source pollution by increasing surface water 
runoff and pollutant transport.  
•Wind may raise DO levels by increasing turbulence.  
•Temperature affects many parameters, as previously discussed, such as the 
stream’s ability to retain DO. 



 

 

 10 

 

 

 
Once every team has made visual observations about the site and recorded them 

in the appropriate area on the data sheet, one member from each team should collect a 
water sample in a clear container. Is it cloudy? Is it discolored? The water color can 
provide you immediate clues to a stream’s condition. Although clear water may or may 
not be of high quality, other colors may indicate certain conditions:  

• No Color—Clear water does not necessarily mean clean water, but it could 
indicate low levels of dissolved or suspended substances.  
• Brown/Muddy—Brown water is usually due to heavy sediment loads. Some of 
our South Carolina rivers more regularly run brown due to their soil types.  
• Green—Green water is usually the result of excessive algae growth. 
• Tannic—Blackish water is usually caused by natural processes of leaf 
decomposition. Pigments leached from decaying leaves can cause the water to 
appear murky.  
• Milky/White—a milky appearance may be caused by salts in the water. It can 
also be a sign of illegal disposal by contractors or dischargers.  
• Oily sheen—Oily sheens can be caused by petroleum or chemical pollution, or 
they may be natural by-products of decomposition. To tell the difference 
between petroleum spills and natural oil sheens, poke the sheen with a stick. If 
the sheen swirls back together immediately, it is petroleum. If the sheen breaks 
apart and does not flow back together, it is from bacteria or plant or animal 
decomposition.  
• Reddish—Reddish or orange colors are usually due to iron oxides.  
• Gray—Gray water may be a result of natural or human-induced activities.  

 
Surface foam is common and can be naturally occurring, produced by vegetation in and 
around the stream. Human-induced surface foam may be an unnatural color (red, pink, 
blue, yellow, or orange) and have a fragrant smell. This foam is most likely generated by 
household detergents and may be a sign of a failing septic drain field or illegal 
discharge.  
 
Does the water smell? Water odor, like water color, can provide immediate clues about 
potential problems in a stream:  
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• Gasoline—any petroleum or chemical smells may indicate serious pollution 
problems from a direct source, such as a factory, parking lot, or storm sewer 
runoff. 

• Sewage/Manure—these smells can be common in the air, but should not be what 
our water smells like. It is important to differentiate whether the odor is coming 
from the water or the air.  

• Rotten egg—this odor may be caused by hydrogen sulfide gas, a by-product of 
anaerobic decomposition (rotting without oxygen). This is a natural process that 
occurs in areas that have large quantities of organic matter and low levels of DO. 
It may be caused by excessive organic pollution.  

• Fishy- this smell may be a sign of dead and decomposing fish in the stream.  
• Chlorine- this smell may be a sign of pollution and will smell like a swimming 
pool.  

 
Measuring the stream depth and width allows researchers to track changes in the 
morphology of the stream, as well as the amount of water flowing through the system. 
This is especially important if your class will be monitoring the same site over multiple 
months, and these measurements should always be taken at the same location on the 
stream.  
 
Once you have finished your observations, let’s make some hypotheses! Based on what 
you have seen, smelled, and measured, how healthy do you think your stream is?  What 
do you know about what creates oxygen in waterways? Describe the conditions of the 
site and how this affects water quality parameters.  
 
Collecting Your Sample with Stream Health in Mind 

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 
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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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In situ Water Quality Testing Activity 
 
Let’s begin! Complete the following tests and record them in the appropriate areas on 
the data form. Instructions and pictures of different testing methods can all be found in 
the SC Adopt-a-Stream Freshwater Volunteer Monitoring Handbook available at 
certification events and at www.scadoptastream.org at the Resources & Materials 
webpage.  
 
Recording Air and Water Temperature 
 
• Use a thermometer protected by a plastic or metal case 
• Measure air and water temperature in the shade 
• Take air temperature before water temperature 
• Let the thermometer stabilize before recording temperature 
• For water temperature, submerge the thermometer in the stream 
• Record temperatures in degrees Celsius 
 
pH Monitoring  
 
Instructions for the LaMotte Code 5858-01: 
1. Rinse the two plastic tubes two times with sample water. 
2. Fill each tube to the 10 mL line with sample water. If you are just above 10 mL, “flick” 
the tube gently, rocking water out of the tube until the bottom of the meniscus is along 
the 10 mL line.  
3. Add 10 drops of the pH wide range indicator (holding indicator bottle vertical). Cap 
and gently invert the sample several times to ensure mixing. 
4. Insert the wide range pH Octa-Slide Bar 2 into the Octa-Slide 2 viewer. 
5. Insert pH test tube into Octa-Slide 2 viewer. 
6. Match sample color to a color standard and record pH in 0.25 standard units. 
 
Duplicate precision rule for pH: The two samples must be within 0.25 standard units. 
If your two sample results differ by more than 0.25, continue to sample until another 
sample results in a pH value within this acceptable range. Both decimal places must be 
recorded. 
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DO Monitoring 
 
Step 1: Do not have the cap off the sample for any longer than necessary! 

a. Holding the reagent bottle completely upside down, add 8 drops of 
Manganous Sulfate solution (labeled “1” on the bottle). 

    b. Holding the reagent bottle completely upside down, add 8 drops of Alkaline 
Potassium Iodide Azide (labeled “2” on the bottle). 

c. Cap and shake the bottle for 30 seconds. A white to brownish orange floc will 
cloud the sample bottle. 

d. Let the floc settle until the top half of the bottle is clear. Shake again. Allow to 
settle again. 

 
Step 2: Add 8 drops of Sulfuric Acid 1:1 (red cap on bottle) and shake for 30 seconds. 
The solution will turn from cloudy to translucent and a burnt orange color. (If you still 
see some dark solids in the solution, add 1 more drop.) Your sample is now “fixed.” 
 
Step 3: Rinse the graduated cylinder twice with your fixed solution, then pour your 
fixed sample into the graduated cylinder to the 20 ml mark and pour into titration vial 
(glass vial labeled code 0299 or 0608). 
 
Step 4: Fill the titrator (plastic syringe or glass syringe) by putting the tip of the titrator 
into the hole in the top of the titrating solution Sodium Thiosulfate 0.025N (labeled “4” 
on bottle). Turn the bottle upside down and slowly pull back on the syringe plunger to 
draw some of the solution into the titrator. Then push in the plunger to expel any air. 
Draw back the plunger again until the tip on the bottom of the plunger is well past the 
zero mark on the scale on the titrator. 
 
Step 5: Turn everything right side up. Slowly push the plunger until the large ring on 
the plunger of the plastic titrator or the black tip of the plunger of the glass titrator is 
right at the zero mark. Remove the titrator from the sodium thiosulfate bottle. 
 
Step 6: Put the tip of the titrator into the opening on the plastic cap of the titration vial 
(code 0299 or 0608) that contains your fixed sample. 
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Step 7: Titrate the sample. Add the titrating solution one drop at a time by gently 
pushing the plunger. Swirl the solution between drops until the sample has turned pale 
yellow. If your solution is already pale yellow skip this step. If your solution is colorless 
you have zero mg/L DO (if this is the case you can proceed to step 8 for confirmation, if 
you like).  
Step 8: Pop off the plastic cap from the titration vial with the titrator still in the hole 
without moving the plunger. Add 8 drops of starch Indicator solution to the titration 
vial. The sample should now turn purple, brown, or black. 
 
Step 9: Continue titration. Put the cap and titrator back on the titration bottle and 
continue to add one drop at a time, swirling the solution between each drop. Stop right 
when the solution turns from purple to colorless. If the color change is not complete by 
the time the plunger tip reaches the bottom of the scale on the titrator, refill the 
titrator by filling with titrant to the zero mark and continue the titration. 
(Add both titration amounts together for the final test results.) 
 
Step 10: Read the test result directly from where the scale intersects the ring of the 
plunger for plastic titrator or the tip of the plunger for the glass titrator. The titrator is 
marked at 0.2 ppm increments. So if the titrator ring or tip is touching the third line 
below the line marked “7” the result would be 7.6 mg/L DO. (If the titrator has been 
refilled once before, the result would be 17.6 mg/L DO.) 
 
Step 11: Repeat steps 1 through 9 for a duplicate test. If the results are more than 0.6 
mg/L apart between the two tests, repeat the test again and record all three results on 
your monitoring sheet. 
 
Conductivity 
Follow the instructions that come with the conductivity meter you are using. 
1. Remove electrode cap. Switch unit on (On/Off Key). 
2. Dip electrode into water body. Make sure sensor is fully covered. 
3. Wait for reading to stabilize (Automatic Temperature Compensation corrects for 
temperature changes). 
4. Press Hold and record reading on data sheet. 
5. Press On/Off Key to turn off tester. Replace electrode cap 
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Part 2- Comparing test results  
Students will compare the data they collected to one or more sites available in the SC 
Adopt-a-Stream database, creating plots for each different site(s) displaying the 
following results: Air temperature, water temperature, conductivity levels, DO, and pH. 
Using the plots they created, the students should make observations about any of the 
patterns seen that describe the relationships between the chemical results. If there are 
any outliers that seem to be the exception to the patterns, students should use the site 
descriptions or habitat assessments, as well as any outside information they can find 
about that area, to try and determine why the site’s results did not fit with the common 
figures. Follow the steps listed below to complete this activity.  
 
Data mining and comparing the SCAAS database: 
Open the CH02 Data mining activity document and fill out all tables and questions 

1. Go to the database homepage: https://scaas.app.clemson.edu/home.php, also 
accessible from www.scadoptastream.org.  

2. Using the map, choose 2-5 sites that have been sampled in at least the last 
year (yellow or blue markers). Record the water body names. 

3. Click on the site tab at the top. Search the first water body name. Click view 
on the right side of creek description.  

4. Scroll down to the tables at the bottom. Check to make sure the site has at 
least one year’s worth of data. Ideally, this is 12 sampling events, but 10 
recorded events is also acceptable. If less, choose another site.  

5. Scroll back to the top. Record the HUC-8 and which watershed the site is in.  
6. Using the map in the corner (recommended on satellite mode), record any 

significant geographic markers near the site (mountains, cities, farms, etc.). 
7. If there are photos for the site, do a quick analysis of the stream assessment. 

Be sure to point out anything unique for this site- is it close to a cow pasture? 
Is it close to a road?  

8. Scroll back down to the tables at the bottom. Copy the data into a spreadsheet 
(Excel or Google sheet).  

9. Create graphs with each sampling event on the x-axis and the results on the 
y-axis. Make sure each chemical test marker is a different color or shape.  

10. Repeat steps 3-9 for every site on different worksheets in the spreadsheet.  
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11. Have the students take note of the outliers and any sampling events that 
obscured the pattern of the trendline. (If there is a date (point) that has tests 
with a zero result, double check the data table to determine if the sampling 
event was entered without chemical data. If so, erase that sampling event 
from the results in your spreadsheet.) 

12. The students should also record which seasons they were collected in and 
which data points were taken more than one month apart.  

13. Once this is completed, break into groups or as an entire class, have 
discussions about patterns that were noted. Were the results as expected? Do 
all of the sites have the same patterns? Try to determine why the results came 
out as they did, and why certain relationships are direct or inverse.  

HINT: Some sites with ample and growing data sets that can demonstrate upstream and 

downstream monitoring are GCO-0358 and EB-0067  in the Gills Creek Watershed in 
Columbia, SC and HC-0137, HC-0157, CBG-0039, and HC-0019 on Hunnicutt Creek in 
Clemson, SC.  

Further measurements – Bacteria monitoring 

Students can also test for bacteria in the water samples if analysis materials are 
available (E. coli testing materials are available using the SC AAS Bacteria Monitoring 
Kit) which is an activity of Chapter 3 – Water Pollution.  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 
(such as E. coli) are significantly correlated with human density.  This means that the 
greater the population, research demonstrates that bacteria counts in waterways will be 
higher relative to less populated areas (or watersheds). Possible animal sources of fecal 
coliform bacteria include land application of un-composted animal waste, dairy 
operations, poultry operations, cattle in streams, hobby horse farms, dog and cat waste 
from parks, lawns, streets, failing septic systems or sewer overflows, and wildlife such 
as geese, pigeons, ducks, deer, rodents and raccoons.  

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 increasing infiltration into the ground and reducing 
runoff to waterways. Developed lands such as streets, rooftops, sidewalks, parking lots 
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and driveways create more impervious surfaces, thereby increasing the amount of water 
turning to runoff. Another source of bacteria in stream waters originates from point 
sources, such as the discharge of pollutants through a pipe, illicit connections, and 
storm water outfalls. Combined sewer overflows are common in older cities, where 
rainwater enters sewer pipes, causing much more volume than the pipe is sized for. The 
overflow leads to ditches and waterways and is a combined sewer overflow.  

Understanding the amount of bacteria, viruses, and pathogens that exist in 
waterways is crucial to recreational safety and a role of government environmental 
agencies. The waters that we so much enjoy for swimming, boating, fishing, and more 
should be clean and safe for this type of recreation.  

For further information on the materials and methods please see Chapter 6 of 
the SC Adopt-a-Stream handbook: 
https://www.clemson.edu/public/water/watershed/scaas/materials.html 
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CHAPTER ASSESSMENT 

1. What are the four basic water chemistry tests?  

2. Why are each of these basic tests important?  

3. How can humans impact each of these test results?  What would cause a spike for 

each test?  

4. How do the tests naturally differ? What would cause the numbers to significantly 

decrease and increase?  

5. If you collect data of a river with a clay soil, freshwater river bed in upstate South 

Carolina in the winter, what results would you expect for each test? Estimate the 

range of numerical results while describing whether this is within state 

standards and if its high or low compared to the average result.  

 


