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Middle School 

WATER QUALITY 
Testing 

  
OBJECTIVES 
 
 

1. Introduce tests used to determine water quality. 
 
2. Understand water quality testing procedures and what the results indicate.
 
3. Successfully follow lab procedures and draw conclusions based upon lab 

results. 
 
4. Define appropriate water quality terms. 

 
 
 
BACKGROUND INFORMATION 
 
How do we tell if a stream is healthy?  
Stream health is a combination of many factors. It can fluctuate with the seasons or with 
use, so we must measure water quality from time to time in order to look for patterns. 
Water that is safe for one use may be unacceptable for another use. For our purposes, we 
will measure water quality as its ability to support life including fish, macroinvertebrates, 
and humans. As we have investigated, living organisms like macroinvertebrates can 
indicate the health of a stream, but there are other factors we test for that we can’t see.  
 

pHis one of the most common measures in water quality testing. pH is an indication 
of the sample’s acidity or alkalinity, which is actually a measurement of the activity of 
hydrogen ions in the sample. pH value is on a scale of 1-14, with 7 being neutral. Pure 
deionized water contains equal numbers of H+ and OH⎯ ions and has a pH value of 7. If 
the sample contains more OH⎯ than H+ ions, it is considered basic with a pH greater than 
7.  Human-caused changes in the pH of a lake or stream begins with the release of excess 
nitrogen oxides and sulfur dioxides, mostly from coal-fired industry and automobile 
emissions. Once released in the atmosphere, these acids combine with moisture and fall 
to earth as acid rain. Acid rain causes many bodies of water to become too acidic, 
adversely affecting the plant and animal life that live there. The areas that are affected the 
most are those that are downwind from industrial areas and those that don’t have 
neutralizing mineral deposits (limestone) to counteract the acidity.  



NITROGEN is needed by all living plants and animals to form proteins. 
Nitrogen makes up 79% of the air we breathe! Aquatic animals obtain nitrogen by eating 
aquatic plants and converting them into useable proteins, or they feed upon other aquatic 
animals that eat these plants. Too much nitrogen in a stream system promotes 
eutrophication.  Eutrophication is a condition in an aquatic ecosystem (like a stream) 
where high nutrient concentrations cause algae to grow very rapidly, thus choking out the 
other life in the water. Over time, dead plant material builds up, and combined with 
sediment, can fill in a body of water. Sources of nitrogen include sewage, fertilizer and 
animal waste. Improperly functioning household septic systems can contribute high 
levels of nitrogen to a system through leakage into groundwater and the surrounding 
surface water sources. In addition, drinking water containing high levels of nitrates can 
lead to methemoglobinemia, if it is used for infant formula. This is a serious condition 
that prevents babies from carrying enough oxygen in their blood and leads to “blue baby” 
syndrome.  
 
PHOSPHOROUS is a nutrient needed for plant growth. Plant 
growth is limited by the amount of phosphorous available, and is thus a “growth-
limiting” factor because it is only available in small amounts. However, when too much 
phosphorous is introduced into a stream, it is susceptible to eutrophication. Most 
eutrophication that takes place is human caused. Sources of excess phosphates include 
human, animal and industrial wastes, soil erosion, draining swamps and fertilizer run-off.  
Water is very sensitive to increased phosphate amounts. As eutrophication increases, 
algal blooms become more frequent, aquatic plants become very dense, aquatic life 
switches to more pollution tolerant species, and swimming and boating may become 
impossible. 
 
TURBIDITY the cloudiness in water, is a measure of how much 
material is suspended in your stream sample. There are many possible causes. Most 
people think turbidity is the amount of sediment, or disturbed soil clouding the water. But 
microscopic plankton also contributes to high turbidity. In addition to blocking sunlight, 
cloudy water carries nutrients and pesticides and contributes to eutrophication. Particles 
in the water also collect heat from sunlight, raising the surface temperature of the water. 
Human causes of high turbidity are soil erosion, urban run-off and discharge of wastes 
into lakes and streams. Bottom feeders, such as carp, can also stir up bottom sediments.  
Too many suspended solids can clog fish gills, prevent development and smother fish 
eggs. Sediments can also settle into rocks, making an unsuitable habitat for 
macroinvertebrates and newly-hatched aquatic insect larvae. Turbidity is measured in 
Nephelometric Turbidity Units (NTU).  
 
FECAL CHOLIFORM BACTERIA is 
abundant in the lower intestine of humans and other warm-blooded animals, but are rare 
or not found at all in unpolluted water. Presence of fecal choliform bacteria indicates 
sewage or fecal contamination in water. These bacteria can enter the water through direct 
discharge from animals, agricultural run-off from animal wastes and from the discharge 
of human sewage. A person swimming in water with high counts of fecal coliform is at 
risk for contracting an illness such as typhoid fever, hepatitis, dysentery and ear 



infections. Other types of bacteria can be present in water and not harm humans. Because 
it is a delicate health risk, your students will not be testing for fecal coliform bacteria in 
this lesson. Results are measured as CPU (“colony producing units”) per 100 mL. 
 
TEMPERATURE is important in determining which species can 
live in an ecosystem. Temperature affects feeding, reproduction and metabolism of 
aquatic animals. The temperature of water also is directly related to the amount of 
dissolved oxygen that can be held in a stream. Colder water has the ability to hold more 
oxygen and is preferred by a wider range of species. Warmer water grows more plants, 
which uses up oxygen that other creatures rely on. Warm water can also disrupt the life 
cycles of insects. Water temperature is measured in degrees Celsius. (ºC) 
 
DISSOLVED OXYGEN is essential for the survival and 
maintenance of healthy lakes and rivers. Just as humans need oxygen to live on land, 
aquatic animals need dissolved oxygen to live in water. Fish, macroinvertebrates and 
some bacteria all require oxygen for respiration. Oxygen dissolves into water from the 
atmosphere at the surface until the water holds all it can. The oxygen is then dissolved 
slowly and distributed throughout the water by turbulence, currents, wind and other 
natural forces. Oxygen is also produced by aquatic plants, algae and phytoplankton. The 
amount of oxygen required by aquatic life varies according to species.  Species that can’t 
tolerate low levels of dissolved oxygen—mayfly nymphs, stonefly nymphs, caddisfly and 
beetle larva—will be replaced by pollutant-tolerant species like worms and fly larvae. 
Dissolved oxygen is measured in parts per million (ppm). 
 
EXPLAIN AND DEVELOP: 
 
 

1. Review the Water Quality Lab Booklet with your students and familiarize 
      them with the lab procedures and lab stations before you begin. 

 
2. Answer questions and define water quality terms on the back page of the Water 

Quality Lab Booklet. 
  

 
Teacher Note: 
 
Copy or use only those pages from the Water Quality Lab Booklet that 
you have time for or that are pertinent to your studies. It is more important 
that students understand the tests and what they mean than do all of the tests 
provided in this lesson. Choose one to focus on and then conduct others. The 
pH Lab is a good one to start with to practice lab procedures, rotating 
through lab stations, hypothesizing and formulating conclusions. 
 
 

Anna
Polygon



EXPLORE: 
Water Quality Testing Lab 

 
Materials 
 
The most important component for this lab is a LaMotte Water Quality Testing Kit. This 
kit will contain the chemicals your class will need to conduct all the water quality tests 
included in the lab booklet. In addition, you will need to review the equipment 
requirements listed in the Water Quality Testing Lab Booklet  to conduct each lab. 
 
Lab Set-up 
 
Set up the four stations (pH, nitrogen, phosphorus, and turbidity) around the classroom. 
Prepare each station with the samples, equipment, and LaMotte water quality testing kit 
supplies. Divide the class into four groups. Students may work at each station as a group 
or in pairs. It is helpful for the instructor to do a “test run” through each water quality 
station before the students do. 
 
Collecting Samples &  
Lab Preparation 
 
In order to get contrasting results from the tests you perform, the two samples used in 
each test should also contrast. Since the water found in one watershed area may not 
highly differ for lab purposes, the instructor may need to “alter” a sample. The “constant” 
or “control” samples from your watershed should be collected in a waterway 
representative of the area. In the Teton Valley, this might include collecting water on 
Teton Creek, Darby Canyon, Fox Creek or the main channel of the Teton River. 
 
pH station 
 

1. Collect stream samples from 2 local streams in sterilized, unbreakable containers. 
2. Set out the household samples in glass jars or beakers (lemon juice, bleach, 

laundry soap, coca-cola). You may use optional household items to include in the 
“other” category. 

3. Set out two stream samples in glass jars or beakers labeled “sample #1” and 
“sample #2.” 

4. Follow the lab directions in the Water Quality Testing Lab Booklet or in the 
pH Lab. 

 
Nitrogen & Phosphorus stations 
 

1. Collect stream samples for each station in sterilized, unbreakable containers. 
These samples can be collected from the same location as one of the samples from 
the pH lab above. 



2. In order to get contrasting results for both the nitrogen and phosphorus labs, one  
sample from each will have plant food/fertilizer added. Dilute the fertilizer in the 
recommended proportion listed on the packaging. For more detailed nutrient 
information, check the fertilizer label. 

3. Label the stream samples #1 (control sample) and #2 (fertilizer sample) for each 
lab. 

4. Follow the lab directions in the Water Quality Testing Lab Booklet. 
 
Turbidity station 

 
1. Collect a stream sample in a sterilized, unbreakable container. (It can be the same 

sample used for the previously mentioned stations). 
2. To get a contrasting result for the turbidity lab, add some silt and/or clay to half of 

the stream sample. You have now created a more turbid sample. 
3. Label the stream samples #1 and #2. 
4. Follow the lab directions in the Water Quality Testing Lab Booklet. 

 
EXTEND AND APPLY: 
 

 
1.  Complete the “Conclusions” questions after each lab. 

 
2. Discuss the lab results as a class. What have the students learned about each of 

the tests? Which were the hardest to perform? What is the water quality of 
Teton Valley like? What are some potential threats to the health of our water? 
How can we minimize these pollutants? 

 
 



pH
 L

ab
 Significance: To test the pH level of household items and 2 

stream samples and understand where they fit on the pH scale. 
  Materials: 10 mL test tube and cap, wide range indicator,      

eyedropper, pH comparator 
Hypotheses: Write down a hypothesis for each sample.Where   
to you think it will fall on the pH scale? Will it be more acidic or 
basic? Use the pH Scale if you need help. 
 
 Procedure: 
 
1. Make a hypothesis about the sample. Will it be acidic or basic? 
2. Fill the test tube to the 5 mL line with the sample. 
3. Add 8 drops of the wide range indicator to the sample. 
4. Cap the tube and invert gently to mix. 
5. Insert the tube into the pH comparator and identify the pH level 

with the most closely matching color. 
   6. Record the results for each sample on your data sheet.  
   7. Rinse out tube with tap water in between samples.  
    WAIT FOR THE STATION ROTATION. 

 

Significance: To test the pH level of household items and 2 
stream samples and understand where they fit on the pH scale. 

  Materials: 10 mL test tube and cap, wide range indicator,      
eyedropper, pH comparator 
Hypotheses: Write down a hypothesis for each sample.Where   
to you think it will fall on the pH scale? Will it be more acidic or 
basic? Use the pH Scale if you need help. 
 
 Procedure: 
 
1. Make a hypothesis about the sample. Will it be acidic or basic? 
2. Fill the test tube to the 5 mL line with the sample. 
3. Add 8 drops of the wide range indicator to the sample. 
4. Cap the tube and invert gently to mix. 
5. Insert the tube into the pH comparator and identify the pH level 

with the most closely matching color. 
   6. Record the results for each sample on your data sheet.  
   7. Rinse out tube with tap water in between samples.  
    WAIT FOR THE STATION ROTATION. 



Name:__________________ 
 

pH Lab Sheet 
Use with the Lamotte Water Quality Testing kit, wide range pH indicator and comparators. 

 
 
 
 
Hypothesis:                  Test results:                  
acidic or basic?            pH level                        What is it? 
 

    

   

   

   

   

   

   

 
Sample #1 

 
  
 
Sample #2 
 
 
 
 
Sample #3 
 
 
 
Sample #4 
 
 
 
Sample #5 
 
 
 
Sample #6 
 
 
 
 
Sample #7     
 
 
 
 
 

 
 
 



 
What is pH? 
 
Acidity vs. Alkalinity— 
pH value is on a scale of 1-14, with 7 being neutral. Pure water has a pH value of 7. 
If the sample has a pH greater than 7, it is considered alkaline (or basic). If the 
sample has a pH less than 7, it is considered acidic. It is important to remember that 
for every one unit of change on the pH scale, there is a ten-fold change in how acidic 
or basic the sample is. The following diagram shows where some household items 
fall on the pH scale. 
 
The pH Scale: 
                                                                                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



Conclusions: 
 
1. Label each sample from the lab on the pH scale below. 
 
  
2.  Were your hypotheses correct?  
 
 
3.  Which water sample is closest to a pH of 7? (neutral) 
 
  

   
  pH      List samples by pH: 

                                                                 
1  Acid   

 
 
 
 
 
 
 
 
 

Neutral 
 
 
 
 
 
 
 
 
 
Alkaline 
(Basic) 

2  

3  

4  

5  

6  

7  

8  

9  

10  

11  

12  

13  

14  

                                                                             
 
 
Extension: Take your most acidic sample and drip it on a piece of 
limestone. What happens? 
 



pH— 
 
 
acid— 
 
 
alkaline (basic)— 
 
 
nitrogen— 
 
 
phosphorous— 
 
 
ppm— 
 
 
eutrophication— 
 
 
turbidity— 
 

   
NTU— 
 
 
dissolved oxygen— 
 
 
fecal coliform bacteria— 
 

 

Water Quality Expert 
__________________________________________
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Dissolved oxygen— 
Just as humans need oxygen to live on land, aquatic animals 
need dissolved oxygen to live in water. Fish, macroinverte-
brates and some bacteria all require oxygen to breath. Oxy-
gen dissolves into water from the atmosphere at the surface 
until the water holds all it can. The dissolved oxygen is then 
slowly distributed throughout the water by turbulence, cur-
rents, wind and other natural forces. Oxygen is also produced 
by aquatic plants, algae and phytoplankton. The amount of 
oxygen that aquatic plant and animals need varies according 
to the species. The following table illustrates how dissolved 
oxygen relates to water quality. Dissolved oxygen is meas-
ured in parts per million (ppm). 
Remember, the colder the water, the more dissolved oxygen 
it can hold. 
 
 Dissolved     
 oxygen 
 level Affects on aquatic life:  

 

below 3 
ppm 

  Too low to support fish. 

3-4 ppm  Very stressful for most fish; they 
only can survive 12-24 hours. 

5 ppm  Stressful for fish; this is the mini-
mum level for most aquatic animals. 

6 ppm   The very lowest amount of oxygen 
required for fish spawning. 

7-8 ppm  Sufficient for aquatic animal growth 
and activity. 

Above 9 
ppm 
  

   Promotes abundant aquatic animal 
growth and activity 
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Temperature is important in determining which species 
can live in an ecosystem. Temperature affects feeding, repro-
duction and metabolism of aquatic animals. The temperature of 
water also is directly related to the amount of dissolved oxygen 
that can be held in a stream. Colder water has the ability to hold 
more oxygen and is preferred by a wider range of species. 
Warmer water grows more plants, which can use up oxygen 
that other creatures rely on. Warm water can also disrupt the 
life cycles of insects. Water temperature is measured in degrees 
Celsius (ºC) or degrees Fahrenheit (ºF).  

Okay, here’s the “scoop on poop…” 

Fecal Coliform Bacteria is found in the lower in-
testine of humans and other warm-blooded animals, but are rare or 
not found at all in unpolluted water. Presence of fecal coliform 
bacteria indicates sewage or fecal contamination in water. Other 
bacteria can be present in water and not harm humans. The follow-
ing table shows acceptable levels for fecal coliform bacteria. Re-
sults are measured as CPU (“colony producing units”) per 100 mL. 
 
 Type of water          Use                        Good level        Acceptable  
     

 

 
Drinking wa-
ter and well 
water 
  

 
drinking 

  

 
zero 

 CPU 

 
zero 

      CPU 

 
Primary con-
tact water 
  

 
swimming 

  

less 
than 
200 

 CPU 

less 
than 
1,000 

      CPU 

 
Secondary 
contact wa-
ter 

 
boating & 
fishing 

  

 
less 
than 
1,000 
CPU 

     
     less        

than 
5,000 

      CPU 
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How do we tell if a stream is 
healthy?  
Stream health is a combination of many factors. It can fluctu-
ate with the seasons or with use, so we must measure water 
quality from time to time in order to look for patterns. Water 
that is safe for one use may be unacceptable for another use. 
As we have investigated, living organisms like macroinverte-
brates can indicate the health of a stream, but there are other 
factors we test for that we can’t see.  

pH is one of the most common measures in water quality 
testing. pH is an indication of the sample’s acidity or alka-
linity on a scale of 1-14. Pure water has a neutral pH of 7. 
Healthy stream water should have a pH close to this for 
plants and animals to survive. 
 

Phosphorous is a nutrient needed for plant growth, 
however, too much phosphorous leads to unhealthy levels of 
plant growth that chokes out other stream life. 
 

Nitrogen is a nutrient needed for all living plants and 
animals to grow. Just like phosphorous, high nitrogen levels 
cause plants to take over the healthy balance of stream life.  
 

Turbidity is how murky the water looks and is a 
measure of how much tiny material is suspended in your 
stream sample. Cloudy water can block sunlight needed by 
plant and animals and can carry dangerous chemicals like 
pesticides. 

You can’t tell water quality just by looking! 
We  have to test  for the things we can’t see... 

What are we testing for and what 
does it mean? 

3 



Acidity vs. Alkalinity— 
pH value is on a scale of 1-14, with 7 being neutral. Pure 
water has a pH value of 7. If the sample has a pH greater 
than 7, it is considered alkaline (or basic). If the sample 
has a pH less than 7, it is considered acidic. It is impor-
tant to remember that for every one unit of change on 
the pH scale, there is a ten-fold change in how acidic or 
basic the sample is. The following diagram shows where 
some household items fall on the pH scale. 

4 

 
1. Which sample had the highest turbid-

ity? 
 
  
  
2. Which sample(s) are suitable for hu-

man drinking? 
 
  
  
3. What causes water to have high turbid-

ity? 
 
 
 
4. If you have time, test your samples 

with the turbidity meter. 
     Record your results HERE: 
 
     Sample #1 reading = ________ NTU 
 
     Sample #2 reading = ________ NTU 
 

How do these readings compare with   
those you got with the test kit and eye-
dropper? 

       

17 



Hypothesis:                                                                                                                                                                                                                             

Is it a healthy, well-functioning stream? (below 
10 NTU) 

Is it safe or for humans to drink? (below 5 NTU?) 
 
Observations:                                                                  
Clarity: (use words like: a little cloudy, very cloudy, silty, 
muddy, murky, etc;) 

Check the boxes for each 0.5 mL addition: 
                    

SAMPLE #1 

SAMPLE #2 

# of checked boxes x 5 = ______ NTU 

# of checked boxes x 5 = ______ NTU 

Hypothesis:                                                                                                                                                                                                                           

Is it a healthy, well-functioning stream? (below 
10 NTU) 

Is it safe or for humans to drink? (below 5 NTU?) 
 
Observations:                                                                  
Clarity: (use words like: a little cloudy, very cloudy, silty, 
muddy, murky, etc;) 

Check the boxes for each 0.5 mL addition: 
                    

16 

 
Significance: To test the pH level of household 
items and 2 stream samples and understand where 
they fit on the pH scale. 
 
Materials: 10 mL test tube and cap, wide range in-
dicator, eyedropper, pH comparator 
 
Hypotheses: Write down a hypothesis for each 
sample. Where to you think it will fall on the pH 
scale?  Will it be more acidic or basic? Use the pH 
Figure 1 if you need help. 
 
 Procedure: 
 
1. Rinse the test tube with the sample you are test-

ing. 
2. Fill the test tube to the 5mL line with the sample. 
3. Add 8 drops of the wide range indicator to the 

sample. 
4. Cap the tube and invert gently to mix. 
5. Insert the tube into the pH comparator and iden-

tify the pH level with the most closely matching 
color. 

6. Record results for each sample. 
7.   Rinse out tube with tap water in between samples. 

Repeat steps 1-6. 

5 



  Hypothesis:         Actual: 
               acidic or basic?         pH level     acidic or  
          basic? 
 
Lemon 
Juice 
 
 
 
Bleach 
 
 
 
 
Laundry 
soap 
 
 
 
Coca-cola 
 
 
 
Other: 
___________ 
 
 
 
Other: 
___________ 
 
 
Stream 
sample #1 
 
 
Stream 
sample #2 
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Significance: To determine the amount of suspended ma-
terial in 2 stream samples and understand what causes turbid-
ity. 
Materials: 2 turbidity columns, tap water, standard turbid-
ity reagent, eye dropper, stirring rod 
Hypotheses: Write down a hypothesis for each sample. 
Where to you think it will fall on the turbidity scale? Would 
it be safe to drink? Use turbidity table if you need help. 
 
 Procedure: 
1. Fill one column to the 50 mL line with the stream sam-

ple. 
2. Fill the other column to the 50 mL line with tap water. 
3. Place the two columns side by side and note the differ-

ence in clarity. How well can you see the black dot on the 
bottom of each tube? Describe the color of your stream 
sample. If the black dot appears the same in both col-
umns, the turbidity is equal to zero. 

4.   Shake the standard turbidity reagent vigorously. Add 0.5 
mL of standard turbidity reagent to your tap water sample 
and stir  it to distribute the particles. Keep adding stan-
dard turbidity reagent to the tap water sample in 0.5 mL 
increments until both samples (your stream sample and 
tap water sample) have the same turbidity. This means 
that the black dot will appear the same through the water 
of both columns. Be sure to keep track of how much stan-
dard turbidity reagent you add! Don’t forget to stir the 
sample after each addition to mix up the particles. 

5.   Record the total amount of standard turbidity reagent 
added and use the table to convert to the NTU turbidity 
scale. 

6.   Rinse out tube with tap water in between samples.  
      Repeat steps 1-6 for stream sample #2. 

15 



Turbidity, the murkiness in water, is a measure of how 
much material is suspended in your stream sample. There are 
many possible causes. Most people think turbidity is the 
amount of sediment, or disturbed soil clouding the water. But 
microscopic plankton also contributes to high turbidity. In 
addition to blocking sunlight, cloudy water can carry nutri-
ents and pesticides and contributes to eutrophication. Parti-
cles in the water also collect heat from sunlight, raising the 
surface temperature of the water. Turbidity is measured in 
Nephelometric Turbidity Units (NTU). You will investigate 
turbidity in your lab. 
 
 TYPICAL TURBIDITY VALUES: 
  

 
 

above 
10 NTU 

may cause harmful effects to ani-
mal life, interfering with respira-
tion 

below 
10 NTU 

a well-functioning stream 

above 
5 NTU 

water is not healthy for humans to 
drink 

0-5 
NTU 

healthy drinking water for humans 

less 
than 1 
NTU 

typical of most groundwater 

.5 NTU typical of most tap water 

14 

  
1. Label each sample from the lab on the 

pH scale below. 
 
  
2.  Were your hypotheses correct?  
 
 
3.  Which water sample is closest to a pH 

of 7? (neutral) 
 
  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

11  

12  

13  

14  

pH       List samples by pH: 

Acid 
  
 
 
 
 
 
 
Neutral 
 
 
 
 
 
 
 
 
Alkaline 

7 



 
Significance: To test nitrogen levels in 2 samples, deter-
mine levels for healthy streams, and understand causes and 
consequences of excess nitrogen. 
 
Materials: 10 mL test tube and cap, nitrate #1 tablet, ni-
trate #2 CTA tablet, nitrate comparator, stopwatch 
 
Hypotheses: Write down a hypothesis for each sample. 
Will it have safe or unsafe nitrogen levels? Use nitrate-
nitrogen table if you need help. 

Nitrogen is needed by all living plants and animals to form 
proteins. Nitrogen makes up 79% of the air we breathe! Too 
much nitrogen in a stream system promotes eutrophication.  
Eutrophication is a condition in an aquatic ecosystem 
(like a stream) where high nutrient concentrations cause al-
gae to grow very rapidly, choking out the other life in the 
water and robbing the water of dissolved oxygen. Over time, 
dead plant material and sediment builds up and can fill in a 
body of water. Sources of nitrogen include sewage, fertilizer 
and animal waste. The following table shows healthy and 
unhealthy levels of nitrogen, measured in ppm nitrate-
nitrogen. (ppm stands for “parts per million”) 
 
NITRATE-NITROGEN TABLE 
ppm nitrate-nitrogen Indicates 
 

 

1 or below                   unpolluted water is usually   
below 1 

1 to 10 generally safe water 

over 10 unsafe for drinking; can cause 
“blue babies” syndrome 

1. Which sample had the higher phosphate 
levels? 

 
 
 
 
 
2.   Were your hypotheses correct? 
 
 
 
 
  
3.  What are possible causes for high phos-

phate levels? 
 
  
 
 
 
4.  How can these sources be reduced? 
 
 
  
 
5.  What can happen to a stream if  high phos-

phate levels continue? 

13 



    Stream              Stream 
    sample #1       sample #2 

Hypothesis: 
Is the phosphate level 
above or below .1 
ppm? 
Will it promote 
eutrophication or  
not? 
 
What is the actual 
phosphate level of the 
sample? 
 
 
 
 
 
 
According to the Phos-
phate table, will the 
sample promote eu-
trophication? 
 
 
 

  

__________ppm 
 

phosphate 

__________ppm 
 

phosphate 

  

Procedure: 
1. Fill the test tube with the sample (free of debris) to the 

10 mL line. 
2. Use the 1.0 mL pipet to add 1.0 mL of phosphate acid 

reagent to the test tube. Cap and mix gently by inverting. 
3.   Use .1 gram spoon to add phosphate reducing reagent to 

the test tube. Cap and mix sample until the powder dis-
solves. 

4.    WAIT 5 MINUTES for a color to develop. 
5.    Insert the tube into the phosphate comparator and iden-

tify the phosphate level with the most closely matching 
color. 

6.    Record results as ____ppm phosphate 
 Rinse out tube with tap water in between samples.  
 Repeat steps 1-6                      
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      Stream              Stream 
        sample #1           sample #2 

 
 
Hypothesis: 
Is the nitrogen level go-
ing to be above or below 
10 ppm? 
Is it safe or unsafe for  
drinking? 
 
 
 
What is the actual nitro-
gen level of the sample? 
 
 
 
 
 
According to the nitrate-
nitrogen table, does the 
sample have safe or un-
safe nitrogen levels for 
drinking water?  
 
 
 
 

  

__________ppm 
 

Nitrate-
nitrogen 

__________ppm 
 

Nitrate-
nitrogen 

  

Procedure: 
1. Fill the test tube with the sample to the 5mL line. 
2. Add 1 nitrate #1 tablet to the test tube. Cap the tube and  

shake until disintegrated. 
3. Add 1 nitrate #2 tablet to the test tube. Cap the tube and 

shake until disintegrated. 
4. WAIT 5 MINUTES. 
5. Insert the tube into the nitrate comparator and identify 

the nitrate level with the most closely matching color. 
6. Record results as ____ppm nitrate-nitrogen 

Rinse out tube with tap water in between samples. 
Repeat steps 1-6. 
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1. Which sample had higher nitrate-nitrogen 
levels? 

 
 
 
 
2.   Were your hypotheses correct? 
 
  
  
 
 
3.  What are possible causes for high nitrate-  

nitrogen levels? 
 
  
 
  
4.  How can these sources be reduced? 
 
  
  
 
 
5.  What can happen to a stream if high nitrate-

nitrogen levels continue? 

10 

Phosphorous is a nutrient needed for plant growth. How-
ever, when too much phosphorous is introduced into a 
stream, it is susceptible to eutrophication.   
Dead plant material and sediment builds up and clean water 
stream species are replaced with carp, midges and worms. 
Sources of phosphates include human, animal and industrial 
wastes, soil erosion, draining swamps and fertilizer run-off. 
The following table describes phosphate levels in ppm (parts 
per million) phosphate. Notice how sensitive water is to 
phosphate amounts!!! 
 
PHOSPHATE  TABLE 
 ppm phosphate               Indicates 
 

 

between 0-0.1 typical for surface water 

over .1 promotes plant growth for eu-
trophication 

Significance: To test phosphate levels in 2 samples, deter-
mine safe levels for streams, and understand causes and con-
sequences of excess phosphates. 
 
Materials: 10 mL test tube and cap, phosphate acid re-
agent, phosphate reducing reagent, .1 gram spoon, 1.0 mL 
pipet, phosphate comparator, stopwatch 
 
Hypotheses: Write down a hypothesis for each sample. 
Will it have safe or unsafe phosphate levels? Use the phos-
phate table if you need help. 
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Middle School 

MACroinvertebrates 
  
OBJECTIVES 
 
 

1. Introduce benthic macroinvertebrates (life cycle, adaptations, and as part 
of the aquatic food chain). 

 
2. Emphasize the importance of macroinvertebrates to stream health and as 

an indicator of water quality. 
 
3. Understand how to use identification cards and a dichotomous key to 

identify various macroinvertebrates.  
 

4. Follow lab procedures and directions. 
 

5. Compare and contrast macroinvertebrates from two stream systems 
(spring creeks and snowmelt streams) and have students draw conclusions 
about them. 

 
6. Define appropriate terms. 

 

 
 
BACKGROUND INFORMATION 

Benthic (stream-bottom) macroinvertebrates (macro=can be seen with the human eye 
without the aid of a microscope; invertebrate=no backbone) are a link in the aquatic food 
chain, found on the bottoms of  steambeds and clinging to rocks. Animals such as fish, 
and in turn, birds, raccoons, water snakes, and even fishermen depend upon them.  
Macroinvertebrates are a good indicator of stream health. Some stream-bottom 
macroinvertebrates cannot survive in polluted water, while others can survive or even 
thrive in it. In a healthy stream, the stream-bottom community will include a variety of 
pollution-sensitive macroinvertebrates. In an unhealthy stream, there may be only a few 
types of insensitive macroinvertebrates present. Macroinvertebrates provide information 
about the health of a stream over long periods of time. It may be difficult to identify 
stream pollution with water analysis, which can only provide information for the time of 
sampling. Even the presence of fish may not provide information about a pollution 
problem because fish can move away to avoid polluted water and then return when 
conditions improve. However, most stream-bottom macroinvertebrates cannot move to 
avoid pollution. A macroinvertebrate sample may thus provide information about 
pollution that is not present at the time of sample collection. Useful stream-bottom 
macroinvertebrate data are easy to collect without expensive equipment. The data 



obtained by macroinvertebrate sampling can serve to indicate the need for additional data 
collection, possibly including water analysis and fish sampling.  

Macroinvertebrate life cycles, or metamorphosis is the process by which these insects 
change from an immature form to an adult. Aquatic macroinvertebrates are mostly in 
their immature form and live their adult life on land, sometimes for only a few 
hours. Some macroinvertebrates change completely from child to adult. These insects go 
through complete metamorphosis, which has four stages. After hatched from eggs, the 
young insects are called larvae and the do not look at all like their parents. During the 
pupae stage, the organisms inhabit a "cocoon-like” structure where they change from a 
larva to an adult.  For example, a catapillar undgergoes a similar process, later emerging 
from its cocoon as a butterfly. With some insects you can look at the immature insect and 
predict, what the adult will look like. These insects go through incomplete 
metamorphosis, which has three stages of development. These macroinvertebrates start 
as eggs and the young insects are called nymphs. The nymphs look like the adults except 
for the wings, which develop last.  
 
EXPLAIN AND DEVELOP 
 
 

1. Transparency 1-1: Introduction to Benthic Macroinvertebrates.  
Follow-up the introduction by having students explore the Macroinvertebrate 
Dichotomous Key.   
 
Students should practice using the Macroinvertebrate Dichotomous Key for 
Student Worksheet 1-1: Macroinvertebrate Identification 
 

2. Transparency 1-2: Life Cycles 
Explains two different life cycles of a benthic macroinvertebrate.  
 
Follow-up with Student Worksheet 1-2: Life Cycles 
 

3. Transparency 1-3: Aquatic Food Chain  
Explain the eating habits of various macroinvertebrates and how this relates to 
the aquatic food chain. Discuss why macroinvertebrates are so important as a 
link in this chain. 
 

4. Transparency 1-4: Adaptations 
Discuss the various physical adaptations of macroinvertebrates to their 
environment. 
 
Follow-up with Student Worksheet 1-4: Adaptations 
 

5. Transparency 1-5: Definitions 
Defines terms used in the Macroinvertebrate Lab 
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EXPLORE: 

MACROinvertebrate Lab 
 

Collecting Samples 
 
You will need to collect two samples for this lab. Collect samples from two contrasting 
streams/pond sites in the local area. 
 
To collect a macroinvertebrate sample from your local pond or stream, you will need: 

 
 
rubber boots or waders 
kick net 
dish tub, ½ full of stream water  
large plastic container with a lid 

 
 
It is easiest if at least two people collect together. Have one person hold the kicknet in the 
stream, making sure that the bottom edge of the screen is well sealed with the stream 
bottom. The other person should stand upstream of the kicknet and scrape the bottom of 
the stream with their heels, overturning substrate material. Continue scraping with your 
boot heels in various places upstream of the kicknet for at least 2 minutes. When finished, 
carefully remove the net from the stream, holding the bottom edge, so you don’t lose 
macroinvertebrates. Wash off the screen in a dish tub that is ½ full of water.  After 
rinsing, pick the screen clear of any more debris and macroinvertebrates. Put a lid on this 
container or transfer to another container with a lid for transport. 
 
Notes: For more sensitive and various species, collect in a swiftly moving, rocky place. 
For more tolerant species, collect in an area of more sediment, or slower-moving water.  
For best results, collect your sample the day before and keep the samples cool and 
oxygenated. 
 
For equipment needs, contact: 

 
Friends of the Teton River 
36 East Little Ave. 
Driggs, ID 83422 
(208) 354-3871 

 
 
Lab Set-up 
 
Make copies of the Macroinvertebrate Lab Packet for every student in the classroom. 
Set up the lab in stations. There should be at least two stations for each of the two 
stream/pond samples that you collected (four stations total), depending upon class size. 
 



 
 
Each station should include the following materials: 
 

 
2 ice trays                                                    

      2 white plastic dish tubs                              
      1 white plastic container lid or tray                        
      small plastic containers (yogurt size) 

hand lenses 
tweezers 
latex/non-latex surgical gloves 

      Macroinvertebrate Identification Sheets and Dichotomous Key 
 

 
Give students time to thoroughly investigate the macroinvertebrates in each sample. 
Depending upon the time frame available, this can be about half a class period. If there is 
not enough time for the entire lab, have students thoroughly investigate one sample and 
then share their results with the other half of the class. 
 
Lab Directions 

 
1. Before you begin the lab, explain how the macroinvertebrate samples were 

collected at the sites. 
2. Review the lab procedures and have students follow the directions in the 

Macroinvertebrate Lab Packet. 
3. Give students a time limit at each station. 
4. Help students with procedures and identification. 
5. Switch stations. 

 
 
EXTEND AND APPLY: 
 
 

1. Discuss the lab results as a class. What have the students learned about each of 
their samples? Based upon the variety of macroinvertebrates the students 
found, what is the water quality of these streams like? What are some potential 
threats to the health of our water? How can we minimize these pollutants? 

 
2. Have students draw and name their own macroinvertebrate creation. Drawings 

can be as unique as students make them, however students  should be able to 
explain their macroinvertebrate’s adaptations, where they might fit into the food 
chain, their sensitivity to pollution, and the course of their life cycle. 

 
3. On the web, have students do more in-depth research about a macroinvertebrate 

they identified in their lab work. Give students a class period to gather 
information and then share unique macroinvertebrate facts with the class.  

  
 
 
 



   Macroinvertebrate Lab  Name: 

 

Stream sample #_________   Materials 
 
Observations:  Make some 
observations about your stream   
sample. 
 
What does the water look like? 
 

 
 
Where do you think it came from? 
 
 
 
What things do you see suspended 
in the water sample? 
 

 
How many macroinvertebrates do 
you think you will find in this stream sample? 

• stream sample in a dish 
tub 

• white plastic container 
lid 

• pint-sized (or smaller) 
plastic containers for 
each person 

• 2 ice trays filled ½ full 
with tap water 

• aquarium fish net 
(optional) 

• microscope or hand lens 
• tweezers 
• empty dishtub for 

discarding water 
• macroinvertebrate key 

 
 
 

   Lab Directions: 
1. Go to your assigned water station. 
2. To catch the macroinvertebrates, make a collection pass with 

the aquarium net or a small container. 
3. Experiment with different collection techniques. You can use 

the white tray to help you catch and sort bugs.   
4. Begin sorting the macroinvertebrates you find into the ice 

trays (with bare hands, gloved hands or tweezers). 
5. Once you have removed all the bugs you see from your 

container, dump the stream water in the empty dish tub. 
6. Repeat this process until you have removed most of the 

macroinverebrates from your sample. (You will never find 
them all!) 

7. With the help of a hand lens or microscope and the 
macroinvertebrate key, identify the macroinvertebrates in 
your ice tray and count them. 

8. Tally your results on the macroinvertebrate count data sheet 
and answer the lab questions (including the UP-CLOSE! 
questions). 

9. Return all water and macroinvertebrates to the dish tub. 

 
 1



UP-CLOSE! 
While looking under the microscope or hand lens, draw a detailed 
close-up of 2 different macroinvertebrates. (This may mean that you 
are only drawing a portion of your bug). Don’t forget to identify it! 
  

#1 
 
 

 
 
 
 
 
 

 Make 3 observations about 
this macroinvertebrate.  
1. 
 
 
 
2. 
 
 
 
3. 
 
 
 

 
Who am I? _________________________ 

 
#2 

 
 

 
 
 
 
 
 

 Make 3 observations about 
this macroinvertebrate. 
 
1. 
 
 
 
2. 
 
 
 
3. 
 
 
 

 
Who am I? _________________________ 
 

 
Clean-up: 

  

When you are finished identifying, counting and drawing, dump all of     
 the stream water and macroinvertebrates into the original dish tub so 
 that your teacher may dispose of the stream water properly. 
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Data Collection 
 
     Site #: ___________________ 

 
Macroinvertebrate count: 
 
 

Sensitive 
 
 
____caddisfly larva 
 
____stonefly nymph 
 
____mayfly nymph 
 
____water penny         

larva 
 
____riffle beetle adult 
 
____gilled snails 
 
____hellgramite 
 
____other:__________ 

 
Somewhat Sensitive 
 
 
____beetle larva 
 
____cranefly larva 
 
____damesfly nymph 
 
____dragonfly nymph 
 
____dobsonfly, alder-

fly or fishfly larva
 
____water boatmen 
 
____water strider 
 
____giant water bug 
 
____whirligig beetle 
 
____diving beetle 
 
____sowbug 
 
____scud 
 
____other:__________ 
 

 
Tolerant 

 
 
____midge larva 
 
 ____black fly, horse-

fly or mosquito 
larva 

 
____leeches 
 
____rat-tailed maggot 
 
____other:__________ 
 

 
Total: _____________ 

 
Total: _____________ 

 
Total: _____________ 
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Conclusions 
Compare and contrast the macroinvertebrate populations., 

 
 
1. Which sample had the highest total count of sensitive 

macroinvertebrates? 
 
 
 
 
 
 
3. Which sample had the highest total count of the most tolerant 

macroinvertebrates? 
 
 
 
 
 
 
4. How were the macroinvertebrates in the samples different?  Did you 

have more or less of certain kinds?  
 
 
 
 
 
 
 
5.  Do the macroinvertebrates you found indicate a healthy water source? 

Why or why not? 
 
 
 
 
 
 
 
6. Why are macroinvertebrates a better indicator of stream health than 

fish? 
 
 
 
 
 
 
 
 
 



Classroom Resources: 
Transparencies and 

Worksheets 
 
 



 
Who lives in the stream?  
 
Benthic Macroinvertebrates are bugs that live in streams and a 
food source for fish. They have no backbone and can be seen without 
a magnifying glass or microscope. The kind of macroinvertebrates 
found in a stream indicates to scientists how healthy the stream is.  
 
Benthic = “bottom-living” and means these organisms that usually 
inhabit stream bottoms for at least part of their life cycle. 
 
Macro = these organisms can be seen without the aid of a 
microscope 
 
Invertebrate = these creatures do not have a backbone. 
 
Why Study the Stream-Bottom Macroinvertebrates? 

1. Stream-bottom macroinvertebrates are a link in the aquatic 
food chain. 

In most streams, the energy stored by plants is available to animal life 
either in the form of leaves that fall in the water or in the form of algae that 
grows on the stream bottom. Algae and leaves are eaten by 
macroinvertebrates, which in turn are a source of energy for larger 
animals such as fish, birds, bears, etc.  

 

 

 

2. Different groups of macroinvertebrates have different 
tolerances to pollution, which means they can serve as 
useful indicators of water quality.  

Some stream-bottom macroinvertebrates cannot survive in polluted water. 
Others can survive or even thrive in polluted water. In a healthy stream, 
the stream-bottom community will include a variety of pollution-sensitive 
macroinvertebrates. In an unhealthy stream, there may be only a few 
types of nonsensitve macroinvertebrates present.  

Transparency 1-1 (page 1) 
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3. Stream-bottom macroinvertebrates provide information 
about the quality of a stream over long periods of time.  

It may be difficult to identify stream pollution with water analysis, which 
can only provide information for the time of sampling. Even the presence 
of fish may not provide information about a pollution problem because fish 
can move away to avoid polluted water and then return when conditions 
improve. However, most stream-bottom macroinvertebrates cannot move 
to avoid pollution, so this can tell us about pollution that is present over 
long periods of time. 

4. Stream-bottom macroinvertebrates are easy to collect.  

Useful stream-bottom macroinvertebrate data are easy to collect without 
expensive equipment. The data we get by collecting macroinvertebrates 
can indicate the need for additional data collection, possibly including 
water analysis and fish sampling. 

 

Transparency 1-1 (page 2) 



Macroinvertebrate Identification: 
 

Practice using the macroinvertebrate dichotomous key. 
 
 
 
 
 
1._______________________________ 
   

2._______________________________ 
 

     3._______________________________ 
 

 
 
4._______________________________ 
 
 

 
 
 
5._______________________________ 

 
 

6._______________________________ 
 

 
 

Student Worksheet 1-1  



Life Cycles 
The aquatic macroinvertebrates we will find in our streams are 
mostly in their immature form and live their adult life on land, 
sometimes for only a few hours. The macroinvertebrate life 
cycle, or metamorphosis, is the process by which these 
insects change from a “child” to an adult. Humans go through 
many changes as they grow up. You will eventually get taller, 
your voice or hair color might change, but some 
macroinvertebrates will look completely different as adults.   

Some macroinvertebrates 
change completely from child to 
adult. These insects go through 
complete metamorphosis, which 
has four stages. The young insects 
are called larvae and the do not look 
at all like their parents. During the 
pupae stage, the organisms inhabit 
a "cocoon” structure where they 
change from a larva to an adult.  
This is similar to the idea of a 
catapillar emerging from a cocoon as 
a butterfly. 

 
 
With some insects you can 

look at the immature insect and 
predict, or guess, what the adult will 
look like. These insects go through 
incomplete metamorphosis. They 
start as eggs and the young insects 
are called nymphs. The nymphs 
look like the adults except for the 
wings, which develop last.  

Transparency 1-2 



  Life Cycles    Name:  

Directions: 
 

Decide if these macroinvertebrates go through 
complete or incomplete metamorphosis and circle 
the correct life cycle. Write the word nymph for those 
young insects that look like their parents. Write larvae 
for the insects that change completely into an adult.  

YOUNG Metamorphosis ADULT

Stone fly ___________    Stone fly adult 

Complete 
 
 
Incomplete 
 

1. 

Caddis fly ___________   Caddis fly adult 

Complete 
 
 
Incomplete 
 

2. 

May fly  ___________    May fly adult 

Crane fly  ___________    Crane fly  adult 

Complete 
 
 
Incomplete 
 

Complete 
 
 
Incomplete 
 

 

3. 

4. 

 

Student Worksheet 1-2 



The Aquatic Food Chain: To Eat or Be Eaten 
 
Algae is attached to streambed substrate (rocks). This soft, 
slippery layer is scraped off by macroinvertebrates (snails) and 
provides a source of food for caddisfly, mayfly, and stonefly 
nymphs. As algae breaks loose, filter feeders eat it too (fly 
larvae, caddisflies). 
 
As leaves fall into the river, decomposers feed on the leaves 
(fungi), and then the shredders feed on the decomposing leaves. 
 
Feces of the shredders gets fed on by more decomposers and 
forms detritus. Detritus is important to net-spinning caddisflies, 
flatworms, midge larva.   
 
Primary carnivores feed on the detrivores and herbivores. 
Carnivores range in size from stoneflies and dragonfly larva to 
fish. 
 
Secondary carnivores are at the top of the food chain. They are 
considered larger fish, birds, rodents, and humans. 
 
 

A. Producers = algae, leaves (plankton) 
B. Decomposers = fungi, bacteria 
C. Shredders = snails, stonefly, caddisfly, mayfly nymphs 
D. Filter feeders = snails, caddisfly larva 
E. Detrivores = midge larva, flatworms, caddisfly larva 
F.  Primary carnivores = stoneflies, dragonfly larva, fish. 
G. Secondary carnivores = larger fish, birds, rodents, humans 
 
 
 Transparency 1-3 (explanation) 



 

AQUATIC A. Producers (algae, leaves) 
B. Decomposers (fungi, bacteria) 
C. Shredders (mayfly, caddisfly & stonefly nymphs)   
D. Filter Feeders (snails, caddisfly larva) 
E. Detrivores (flatworms, midge larva, caddisfly larva) 
F. Primary Carnivores (dragonfly nymphs, fish) 
G. Secondary Carnivores (larger fish, birds, rodents, humans) 

FOOD  
CHAIN 
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Filter Feeders 

Shredders 

Detrivores/ 
Scavengers 

Decomposers 
Producers 

Primary Carnivores 

Secondary Carnivores 



Adaptations 
 

Adaptation:     
 
       
Segmented legs 

 
 
 

Elongated body 
 
 
 
 
 

Tail (filaments or oars) 
 
 
    
 
 

Gills 
 
  
 
 

No legs (tube-l
) 

ike 
body

Hook  tail 

 

Mouth pincers 

  

 
  
 
s on
    
 
 
 

  

Benefit: 
 
 
“Macros” with legs 
like to cling to rocks 
on the bottom of 
streams. 
 
Long bodies help 
propel a 
macroinvertebrate 
through the water. 
 
 
Tails help propel 
macroinvertebrates 
through faster-
moving water. 
 
 
Gills help  filter 
oxygen out of the 
water for 
macroinvertebrates 
to breathe.  
 
 
Worms and tube-like 
macroinvertebrates 
can burrow into silt. 
 
 
Hooks help 
macroinvertebrates 
cling to rocks. 
 
 
Pincers help 
carnivores catch and 
devour their food. 
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ADAPTATIONS: Circle the macroinvertebrate 
that has the best adaptations for each question. 
 
1. Which macroinvertebrate could breathe better in water 
that has a lot of sediment and particles floating in it? 
 
 
 
 
 
 

HINT: This 
macroinvertebrate 
uses lungs to 
breathe. 

HINT: This 
macroinvertebrate 
uses gills to 
breathe. 

2. Which macroinvertebrate would swim well in fast-moving 
water? 
            
        
    
    
    
        
            
3. Which macroinvertebrate would you find clinging to rocks 
on the bottom of a stream? 
 
                                                             
     
        
            
         
4. Which macroinvertebrate is most likely to be a carnivore? 
 
 

Student Worksheet 1-4 



Definitions: 
 
Macroinvertebrates— A “bug” found living on the bottom of streams and 

rivers.  
Macro = can be seen with the human eye without the 
aid of a microscope. 
Invertebrate = no backbone 

 
Dichotomous— Divided into 2 parts.  For example, the “dichotomous 

key”  helps you identify macroinvertebrates by giving 
you 2 choices between characteristics. 

 
Population—                All the organisms in a specified habitat. For example: 

all the macroinvertebrates that live in our stream. 
 
Sample—                     A small part of the whole group. For example: the 

macroinvertebrates in the classroom are a sample of 
the population in our stream. 

 
Larva—                       The “child” form of a macroinvertebrate that does not 

look like the adult; undergoes complete 
metamorphosis. 

 
Nymph—                     The “child” form of a macroinvertebrate that looks      

like the adult form; undergoes incomplete 
metamorphosis. 

 
Pollution—                   Contamination of the environment with substances 

harmful to life. For example, in streams this can be 
garbage or even natural substances like silt. 

 
Sensitive—                 Easily influenced by environmental conditions (like 

pollution) 
 
Tolerant—                  Able to withstand difficult environmental conditions  

(like pollution) 
 
Silt—                         A very fine substrate (stream bottom) material, usually 

found in slow moving streams.  
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Answer Key: 
 
Student Worksheet 1-1: Macroinvertebrate Identification 
 

1. Stonefly nymph 
2. Mayfly nymph 
3. Caddis fly nymph 
4. Midge larva 
5. Dames fly nymph 
6. Alderfly larva 

 
Student Worksheet 1-2: Life Cycle 
 

1. Circle: incomplete 
Stonefly nymph 
 

2. Circle: complete 
Caddis fly larvae 
 

3. Circle: incomplete 
May fly nymph 
 

4. Circle: complete 
Crane fly larvae 

 
 
Student Worksheet 1-4: Adaptations 
                                                      

 1.The lunged snail is circled because  
the gills of macroinvertebrates (like the mayfly nymph) 
can get clogged with fine sediment and particles. 

 
2. The stonefly nymph is circled because its legs, 
elongated body and tail would help it move through the 
water. The aquatic worm prefers to burrow into silt. 
 
 3. The caddisfly larva is circled because it can cling to 
rocks with its legs.The cranefly larva prefers to burrow 
into silt. 

 
 4. The alderfly larva is circled because its pincers 
indicate a carnivorous adaptation, while the beetle has 
no pincers to attack its prey. 

 



Middle School 

Snow Profile Lab  
 
**The snow profile lab is best used as a follow-up to the in-class pH lab and water 
quality testing. 
 
OBJECTIVES 
 
 

1. Instruct students how to take a snow profile. 
 
2. Understand how to differentiate snow layers and what they indicate. 
 
3. Successfully follow lab procedures and draw conclusions based upon lab 

results. 
 
4. Define appropriate snow profile terms. 

 
 
 
BACKGROUND INFORMATION 
 
What is a snow profile?  
A snow profile is found by digging a snow pit on a slope of interest. Snow profiles can 
help backcountry skiiers and recreators identify weak layers in the snowpack and the 
potential for avalanche. Scientists may want to study these layers to gain a better 
understanding of what causes avalanches or predict the avalanche danger of certain areas. 
They also study snow layers to determine the water content of the snowpack and predict 
streamflow for the warmer months when the snow melts. 
 
 
pHis one of the most common measures in water quality testing. pH is an indication 
of the sample’s acidity or alkalinity, which is actually a measurement of the activity of 
hydrogen ions in the sample. pH value is on a scale of 1-14, with 7 being neutral. Pure 
deionized water contains equal numbers of H+ and OH⎯ ions and has a pH value of 7. If 
the sample contains more OH⎯ than H+ ions, it is considered basic with a pH greater than 
7.  Human-caused changes in the pH of a lake or stream begins with the release of excess 
nitrogen oxides and sulfur dioxides, mostly from coal-fired industry and automobile 
emissions. Once released in the atmosphere, these acids combine with moisture and fall 
to earth as acid rain. Acid rain causes many bodies of water to become too acidic, 
adversely affecting the plant and animal life that live there. The areas that are affected the 



most are those that are downwind from industrial areas and those that don’t have 
neutralizing mineral deposits (limestone) to counteract the acidity.  
 
Nitrogen is needed by all living plants and animals to form proteins. 
Nitrogen makes up 79% of the air we breathe! Too much nitrogen in a stream system 
promotes eutrophication.  Eutrophication is a condition in an aquatic ecosystem 
(like a stream) where high nutrient concentrations cause algae to grow very rapidly, 
choking out the other life in the water and robbing the water of dissolved oxygen. Over 
time, dead plant material and sediment builds up and can fill in a body of water. Sources 
of nitrogen include sewage, fertilizer and animal waste. Nitrogen is measured in ppm 
(“parts per million”) nitrate-nitrogen.  
 

EXPLORE: 
Water Quality Testing Lab 

 
Materials 
 
Snow profile:  
Snow Profile Lab 
Snow Crystal Identification Sheets 
Rulers (cm) 
Paint brushes 
3 snow thermometers 
3 glass beakers (250ml-500ml) 
camp stove or portable burner 
pencil  
knife (with sharp edge) 
shovel to scoop snow 
 
pH: 
Use the pH lab test materials found in the LaMotte Water Quality Testing Kit. 
 
nitrogen: 
Use the nitrogen lab test materials found in the LaMotte Water Quality Testing Kit. 
 
 
Lab Set-up 
 
Snow profile: Choose an area of snow on a gentle slope that has not been 
disturbed. Dig straight down into the snow pack to create a “profile wall” at a 90 degree 
angle, until you reach the land surface. The snow pit should be large enough for 2 people 
to stand in comfortably. 
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pH: 
You will use the water from a melted snow sample to perform the pH test. 
 
nitrogen: 
You will use the water from a melted snow sample to perform the Nitrogen test. 
 
Snow Profile Lab Record 

** Follows in-class pH lab and/or water quality testing 
 

While students make their observations, place the three snow thermometers in the 
wall of the pit. They should be placed near the top, middle and bottom. 
 
DATE, TIME & LOCATION: It is important for scientists to know when and were 
their observations take place so that they can compare this data to other data they 
have collected. 
 
SKY, PRECIPITATION & WIND: These factors impact what is happening to the 
snowpack. For example, sunny days can melt or bond surface layers, snow may add 
to the snowpack and wind can scour it. 
 
MAKE SURFACE OBSERVATIO NS: Describe the snow surfaces’ water content, 
texture or color. For example, the snow surface could be described as powdery, 
slushy, fine grained, hard packed, etc; 
 
MEASURING LAYER DEPTH: Starting at the surface, push a ruler into the snow 
until you feel resistance. Read the measurement on the ruler in centimeters. With the 
surface being considered 0 cm, record the first layer in the following manner: 0-3 cm. 
To find the second layer, use a paint brush or a gloved hand to brush the snowpack 
and determine where this layer ends. You will be able to distinguish the beginning of 
the third layer by a visible change in texture, crystal size, color, etc; or by feeling a 
change in the hardness of the snowpack. Measure the second layer from where the 
last layer ended in the following manner: 3-7 cm. 
 
PERFORM A HARDNESS TEST: To determine the hardness of a snow layer, 
perform the following tests in order, using a gloved hand and medium pressure. First, 
make a fist and test the snow layer. If you can press your entire fist into the snow 
easily, the snow is “very soft.”  If not, move onto the next harness test. With a gloved 
hand, use 4 fingers and try to press them into the layer. Next in layers of hardness is 
the two finger test, a pencil test, and the knife test. If a knife will not easily cut into 
the layer, it is considered “ice.” 
 
MAKE OBSERVATIONS: Describe the water content, texture and color. 
 
**Continue to measure each major (identifiable) layer, determine hardness and make 
observations until you reach the ground surface. Ask questions: Why are the layers 
different? Why are some harder than others? Which ones hold more or less water? 



TEMPERATURE: Look at the temperature from the three thermometers that you 
placed in the snow earlier. Write in the temperatures and discuss your results. The 
temperature should be warmer closer to the ground since this snow is more insulated. 
 
DRAW CRYSTALS: Snow crystals take on many different shapes. If you have time, 
use snow crystal identification sheets to help the students draw some of the snow 
crystals from different layers. Are they broad, light and fluffy? Sugar-like? Or needle-
pointed and close together? 
 
HYPOTHESES:  Prompt students to choose snow from 3 different layers. Take 
samples from a less dense (powdery) layer, one from a very dense (icy) layer and one 
from a layer with a water content in between (ie; sugary layer). Fill each beaker to the 
top without packing the snow. Label your samples A, B, and C and mark which layer 
they came from. 
 
Have students make hypotheses about how water will melt out of each sample and 
label this in mL on the side of each beaker picture. 
 
Place the snow samples on a campstove and melt. Make sure to take the samples off 
the stove when they are done melting or almost melted, to ensure the sample does not 
evaporate. 
 
PART 2: DENSITY: Have students draw the results of the melting the snow samples 
on the beaker pictures and label how much water, in mL, melted out of each sample. 
 
Discuss how close their results were to their hypotheses. 
 
To calculate snow density, have students find the percent water content in each 
sample. Divide the amount of water left in each beaker by the starting amount of 
snow and multiply by 100 to calculate the percent water.  
For example, 25 mL ÷ 250 mL = .1 x 100% = 10% water 

 
Ph Lab 
 
Preparation: Review the pH scale with students and their in-class lab results concerning 
pH. 
 
Procedure: 
1. Fill the test tube to the 5 mL line with the sample. 
2. Add 8 drops of the wide range indicator to the sample. 
3. Cap the tube and invert gently to mix. 
4. Insert the tube into the pH comparator and identify the pH level.  
 
Nitrogen Lab 
 
Preparation: Discuss the importance of Nitrogen to water quality. 



Procedure: 
1. Fill the test tube with the sample to the 5 mL line. 
2. Add 1 nitrate #1 tablet to the test tube. Cap the tube and shake until 
disintegrated. 
3. Add 1 nitrate #2 tablet to the test tube. Cap the tube and shake until 
disintegrated. 
4. WAIT 5 MINUTES. 
5. Insert the tube into the nitrate comparator and identify the nitrate level with the   
most  closely matching color. Record results as ____ppm nitrate-nitrogen 
 
 
EXTEND AND APPLY: 
 

 
1.  Complete the “Conclusions” questions after each lab. 

 
2. Discuss the lab results as a class.  

Possible answers for why the snow is more acidic and the river water more 
basic: Rain usually falls to earth slightly acidic as it picks up ions in the 
atmosphere. Our rain and snow clouds and weather patterns can come from big 
cities and manufacturing centers where water drops “absorb” ash, chemicals and 
other acids. Once the slightly acidic snow melts and travels through the basic 
limestone aquifer, it becomes more neutralized or slightly basic by the time it 
reaches the river. 

 
 
 
 



SNOW PROFILE Lab RECORD: 

  (Clear, Partly Cloudy, Cloudy, Overcast, Obscured)                   (None, light/moderate/heavy snow or rain)           (calm, light, moderate, strong) 

OBSERVERS:   

DATE: TIME: LOCATION: 

SKY: PRECIPITATION: WIND: 

 
 SUrFACE Layer OBSERVATIONS:___________________________________________________ 

DEPTH 
(cm) 

HARDNESS 
TEST MAKE OBSERVATIONS TEMP 

DRAW 
CRYSTALS

          

          

          

          

          

          

          

          

          

          

 
 
 
HardNess:   Observations:
Very Soft   = Fist   Describe Water Content: Dry, moist, wet, very wet, slushy, icy 

Soft            = 4 Fingers   Describe texture: fine, medium or course grained 
Medium       = 2 Fingers Describe color: dirty, brown, blue, yellow 
Hard     = pencil 
Very Hard  = knife 
Ice      = ICE 
 
Choose 3 samples from different layers and fill a Glass Beaker 
With each one. Label your samples A, B & C and the layers they came 
from. 
 

  
 



      HYPotheses: 
Make your Hypotheses about which sample has the highest water density and why. 
 
Sample A:              Sample B:           Sample C: 

 

                            
 

What was the pH of water from the Teton River? _________ Was it acidic or basic? 
Why?________________________________________________________________ 

 
What will be the pH of snow at Grand Targhee? __________ Acidic or basic?______ 
Why?________________________________________________________________ 

 
 
PART 2: DENSITY 
 
         Results: Draw the results of melting your samples here. Label them. 
 

Sample A:             Sample B:           Sample C: 
 

       ___ml                   ___ml       ___ml 
 
Find the Density: 
 
The amount of space between molecules or particles of any substance is what determines its 
density.As you can see, the density of snow is related to the measure of the water in snow. 
Which sample had the highest density? (The most water in it). _________________ 
 
The density of snow is the volume of water ÷ volume of snow 
 
Sample A: _____ml of water ÷ _____ml of snow  x 100  = ______% water 
Sample B: _____ml of water ÷ _____ml of snow  x 100  = ______% water 
Sample C: _____ml of water ÷ _____ml of snow  x 100  = ______% water 
 
Choose the sample with the highest density. Sample _____ 
For every 100 ml of snow, this snow holds ______ ml of water. 
For every 1L of snow, this snow holds _____ ml of water. 
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http://images.google.com/imgres?imgurl=http://www.rickly.com/sai/images/GRADBEAK.JPG&imgrefurl=http://www.rickly.com/sai/gradbeak.htm&h=550&w=467&sz=125&tbnid=fMlUtcVZ1j8J:&tbnh=130&tbnw=110&start=18&prev=/images%3Fq%3Dbeakers%26hl%3Den%26lr%3D
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PART 3: WATER QUALITY 
 
pH LAB: 
 

Procedure: 
1. Fill the test tube to the 5 mL line with the sample. 
2. Add 8 drops of the wide range indicator to the sample. 
3. Cap the tube and invert gently to mix. 
4. Insert the tube into the pH comparator and identify the pH level.  

 
What was the pH of snow at Grand Targhee?___________ 
Was your hyphothesis correct? If not, why?_________________________________________ 
____________________________________________________________________________ 

 
NITROGEN LAB: 
 

Nitrogen is a nutrient needed by all living plants and animals to form proteins. Nitrogen 
makes up 79% of the air we breathe! Too much nitrogen in a stream system promotes 
eutrophication.  Eutrophication is a condition in an aquatic ecosystem (like a stream) 
where high nutrient concentrations cause algae to grow very rapidly, choking out the other life 
in the water and robbing the water of dissolved oxygen. Over time, dead plant material and 
sediment builds up and can fill in a body of water. Human sources of nitrogen include sewage, 
fertilizer and animal waste. Sometimes we can see the evidence of higher concentrations 
nitrogen in the snowpack. “Pink snow” is really an algae that grows in cold temperatures. 
There are more than 350 different kinds of algae that live in snow. There are also fungi, mold 
and some insects that have adapted the extreme cold on mountain tops. Don’t eat pink snow! It 
will make you sick! 

 
1 or below                unpolluted water is usually   below 1 

1 to 10 generally safe water 

over 10 unsafe for drinking; can cause “blue babies” syndrome 

 
Procedure: 
1. Fill the test tube with the sample to the 5 mL line. 
2. Add 1 nitrate #1 tablet to the test tube. Cap the tube and shake until disintegrated. 
3. Add 1 nitrate #2 tablet to the test tube. Cap the tube and shake until disintegrated. 

      4. WAIT 5 MINUTES. 
   5. Insert the tube into the nitrate comparator and identify the nitrate level with the   most 

closely matching color. 
   Record results as ____ppm nitrate-nitrogen 
 

What was the nitrate-nitrogen content of snow at Grand Targhee? ________ppm 
 
Is this a “safe” level for humans to ingest? ______________________________ 

 
 



Middle School Resources & 
Acknowledgements 

 
Unit Resources: 
 
Environmental Protection Agency Water Sourcebooks;  
EPA Document Numbers 
Printed books 
EPA/904-R-94-017(a) – K-2 
www.epa.gov/safewater/kids/wsb/
 
Mitchell, Mark & Strapp, William B; 1996; Field Manual for Water Quality Monitoring; 
12th edition; Dubuque, IA: Kendall/Hunt Publishing 
 
Websites: 
 
www.epa.gov/safewater/kids/wsb/
www.usgs.gov
 
Disclaimer:  
Although the information in this document has been funded, in part, by the U.S. 
Environmental Protection Agency under assistance agreement # NE-97077301-0 to 
Friends of the Teton River, it may not necessarily reflect the views of the Agency 
and no official endorsement should be inferred. 
 
 

http://www.epa.gov/safewater/kids/wsb/
http://www.epa.gov/safewater/kids/wsb/
http://www.usgs.gov/


Middle School Labs (6-8) 
Idaho State Standards 

 
 
Water Quality Testing Lab Book & Ph Lab 
 
Grade 6 
618. Unifying concepts of Science 
03. Understand constancy, change, and measurement. 
b. Analyze changes that occur in and among systems. 
c. Measure using standard and metric systems with an emphasis on the metric system.  
 
Grade 6 
619. Concepts of Scientific Inquiry 
01. Understand scientific inquiry and develop critical thinking skills. 
a. Develop questions that can be answered by conducting scientific experiments. 
b. Conduct scientific investigations using controls and variables when appropriate. 
c. Select and use appropriate tools and techniques to gather and display data. 
d. Analyze data in order to develop descriptions, explanations, predictions, and 
models using evidence. 
e. Develop a hypothesis based on observations. 
f. Compare alternative explanations and predictions. 
g. Communicate scientific procedures and explanations. 
 
Grade 6 
620. Concepts of Physical Science 
02. Understand chemical reactions.  
a. Observe and know that substances react with each other to form new substances with 
different properties.  
 
Grade 6 
626. Personal and Social Perspectives 
01. Understand common environmental quality issues, both natural and human induced. 
a. Identify issues for environmental studies. 
 
Grade 6 
628. Interdisciplinary Concepts 
01. Understand that interpersonal relationships are important in scientific endeavors.  
a. Work in teams to solve problems. 
02. Understand technical communication.  
a. Read, understand, and follow technical instructions. 
b. Write a lab report. 
 
 

Anna
Line



Middle Grades 7-8 
633. Unifying concepts of Science 
03. Understand constancy, change, and measurement. 
c. Measure precisely in metric units using appropriate tools. 
 
Middle Grades 7-8 
634. Concepts of Scientific Inquiry 
01. Understand scientific inquiry and develop critical thinking skills. 
a. Develop complex questions that can be answered by conducting long-term 
studies. (ie; Generate a question about a local water issue: macro invertebrates, coliform 
contamination, pH, temperature, nitrate, phosphates, turbidity, dissolved oxygen) 
b. Design and conduct scientific investigations using controls and variables when 
appropriate. 
c. Select and use appropriate tools and techniques to gather and display data. 
d. Analyze data in order to form conclusions. 
e. Think critically and logically to accept or reject a hypothesis.  
f. Analyze alternative explanations and predictions.  
g. Communicate and defend scientific procedures and explanations.  
h. Recognize the differences among observations, hypotheses, mathematical laws, and 
theories.  
 
Middle Grades 7-8 
641. Personal and Social Perspectives 
01. Understand common environmental quality issues, both natural and human induced. 
a. Identify environmental issues and conduct studies. 
 
Middle Grades 7-8 
643. Interdisciplinary Concepts 
01. Understand that interpersonal relationships areimportant in scientific endeavors. 
a. Work in teams to solve problems. 
02. Understand technical communication. 
a. Read, understand, and follow technical instructions. 
 
Macroinvertebrate Lab 
 
Transparency 1-1: Introduction to Benthic Macroinvertebrates.  
Worksheet 1-1: Macroinvertebrate Identification 
Transparency 1-2: Life Cycles 
Student Worksheet 1-2: Life Cycles 
Transparency 1-3: Aquatic Food Chain  
Transparency 1-4: Adaptations 
Student Worksheet 1-4: Adaptations 
Transparency 1-5: Definitions 
Macroinvertebrate Lab 
Macroinvertebrate Lab Packet 
EXTEND 
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Grade 6 
618. Unifying concepts of Science 
02. Understand concepts and processes of evidence, models, and explanation. 
d. Develop skills to create scientific explanations based on scientific knowledge, 
logic, and analysis. 
03. Understand constancy, change, and measurement. 
c. Measure using standard and metric systems with an emphasis on the metric system.  
05. Understand concepts of form and function.  
a. Understand that the shape or form of an object or system is frequently related to its use 
or function.  
 
623. Matter, Energy and Organization in Living Systems 
01. Understand the relationship between matter, energy, and organization to trace matter 
as it cycles and energy as it flows through living systems and between living systems and 
the environment. (food chains) 
 
Grade 6 
626. Personal and Social Perspectives 
01. Understand common environmental quality issues, both natural and human induced. 
a. Identify issues for environmental studies. 
 
Grade 6 
628. Interdisciplinary Concepts 
01. Understand that interpersonal relationships are important in scientific endeavors.  
a. Work in teams to solve problems. 
02. Understand technical communication.  
a. Read, understand, and follow technical instructions. 
b. Write a lab report. 
 
Middle Grades 7-8 
633. Unifying concepts of Science 
01. Understand systems, order, and organization. 
a. Define and order small systems of a whole for the purpose of investigation. 
i. Illustrate how different organisms interact with one another to create an ecosystem. 
02. Understand concepts and processes of evidence, models, and explanation. 
d. Develop skills to create scientific explanations based on scientific knowledge, 
logic, and analysis. 
 
Middle Grades 7-8 
637. Interdependence of Organisms and Biological Change 
01. Understand the theory of biological evolution. 
c. Know that biological classifications are based on similarities, which reflect their 
evolutionary relationships. 
i. Classify an organism using a dichotomous key. 
 
Middle Grades 7-8 
638. Matter, Energy and Organization in Living Systems 



01. Understand the relationship between matter, energy, and organization to trace matter 
as it cycles and energy as it flows through living systems and between living systems and 
the environment. (food chains) 
 
Middle Grades 7-8 
641. Personal and Social Perspectives 
01. Understand common environmental quality issues, both natural and human induced. 
a. Identify environmental issues and conduct studies. 
 
Middle Grades 7-8 
643. Interdisciplinary Concepts 
01. Understand that interpersonal relationships areimportant in scientific endeavors. 
a. Work in teams to solve problems. 
02. Understand technical communication. 
a. Read, understand, and follow technical instructions. 
 
Snow profile lab 
 
Grade 6 
618. Unifying concepts of Science 
03. Understand constancy, change, and measurement. 
b. Analyze changes that occur in and among systems. 
c. Measure using standard and metric systems with an emphasis on the metric system.  
 
Grade 6 
619. Concepts of Scientific Inquiry 
01. Understand scientific inquiry and develop critical thinking skills. 
a. Develop questions that can be answered by conducting scientific experiments. 
b. Conduct scientific investigations using controls and variables when appropriate. 
c. Select and use appropriate tools and techniques to gather and display data. 
d. Analyze data in order to develop descriptions, explanations, predictions, and 
models using evidence. 
e. Develop a hypothesis based on observations. 
f. Compare alternative explanations and predictions. 
g. Communicate scientific procedures and explanations. 
 
Grade 6 
620. Concepts of Physical Science 
01. Understand the structure and function of matter and molecules and their interactions. 
b. Explore and calculate properties of matter. 
i. Determine the density of several objects. 
 
Grade 6 
624. Earth and Space Systems 
01. Understand scientific theories of origin and subsequent changes in the universe and 
earth systems. 
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a. Investigate the interactions between the solid earth, oceans, atmosphere, organisms. 
b. Know the water cycle and its relationship to weather and climate. 
 
 
Grade 6 
628. Interdisciplinary Concepts 
01. Understand that interpersonal relationships are important in scientific endeavors.  
a. Work in teams to solve problems. 
02. Understand technical communication.  
a. Read, understand, and follow technical instructions. 
b. Write a lab report. 
 
Middle Grades 7-8 
633. Unifying concepts of Science 
03. Understand constancy, change, and measurement. 
c. Measure precisely in metric units using appropriate tools. 
 
Middle Grades 7-8 
634. Concepts of Scientific Inquiry 
01. Understand scientific inquiry and develop critical thinking skills. 
a. Develop complex questions that can be answered by conducting long-term 
studies. (ie; Generate a question about a local water issue: macro invertebrates, coliform 
contamination, pH, temperature, nitrate, phosphates, turbidity, dissolved oxygen) 
b. Design and conduct scientific investigations using controls and variables when 
appropriate. 
c. Select and use appropriate tools and techniques to gather and display data. 
d. Analyze data in order to form conclusions. 
e. Think critically and logically to accept or reject a hypothesis.  
f. Analyze alternative explanations and predictions.  
g. Communicate and defend scientific procedures and explanations.  
h. Recognize the differences among observations, hypotheses, mathematical laws, and 
theories.  
 
Middle Grades 7-8 
639. Earth and Space Systems 
01. Understand scientific theories of origin and subsequent changes in the universe and 
earth systems. 
a. Know that there are interactions among the solid earth, oceans, atmosphere, and 
organisms, which result in a change of the earth's system. 
 
Middle Grades 7-8 
643. Interdisciplinary Concepts 
01. Understand that interpersonal relationships areimportant in scientific endeavors. 
a. Work in teams to solve problems. 
02. Understand technical communication. 
a. Read, understand, and follow technical instructions. 
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