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Temperature
Dissolved Oxygen
Biochemical Oxygen Demand
pH
Turbidity
Fecal Coliform
Nitrates
Phosphorus
Total Solids
Habitat Assessment (optional)
Benthic Collection (optional)
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A. Change In Temperature (ΔDelta Temperature)
i. Why is this test used?
Water temperature influences many systems in the watershed including: the amount of
oxygen that can be dissolved in the water, the rate of photosynthesis by algae and
larger aquatic plants, the metabolic rates of aquatic organisms, and the sensitivity of
organisms to toxic wastes, parasites and diseases. Some animals can only live in cool
water, like trout. (NOTE: Cold water can hold more oxygen than warm water.) One of
the ways that humans can raise water temperature is by industrial pollution by adding
warm water to the river or lake. Another source may be runoff from warm urban
surfaces (streets, parking lots). Another source of temperature increases may be soil
erosion. Soil erosion raises water temperatures because it increases the amount of
suspended solids which is better at absorbing the sun’s rays. Stream shading also
affects water temperature; a tree lined stream will be cooler than one with just grass on
the banks. In general, cool water is better.
ii. Water Quality Standards/What is an ideal temperature?
Water temperature determines what kind of fish (and other organisms) will live in a
particular habitat. Ideally there is under 5 degrees temperature difference in a stream
reach.
A coldwater fishery has a temperature range of less than 70 degrees F. Most trout
prefer a coldwater fishery.
A coolwater fishery has a temperature range of 65-75 degrees F. Walleye and perch
prefer a coolwater fishery.
A warmwater fishery has a temperature range of greater than 75 degrees F. Bass and
bluegill prefer a warmwater fishery.

Section 1

45 | P a g e

Flint River GREEN

www.FlintRiver.org

iii. How to conduct the test
The purpose of this test is to get, as best we can, a measure of
how far the temperature at your testing location is from the
"equilibrium temperature" of the river.
The temperature test to be conducted measures the change in
water temperature between two points –the test site and a site
one mile upstream. By discovering river reaches that undergo
rapid temperature changes, we can begin to uncover the
sources of thermal pollution.
1. At the testing site, lower the thermometer four inches below
the water's surface. Also have the thermometer in the main flow
of the stream (usually the middle)
2. Keep the thermometer in the water until a constant reading is
obtained (approximately two minutes).
3. Record your measurement in degrees Centigrade (to covert degrees Fahrenheit to
degrees Centigrade (°C = (°F -32)/ 1.8 OR °F = (°C x 1.8) + 32).
4. Repeat your measurements until you have three or four
readings.
Then calculate an average value.
(Report this value to the Dissolved Oxygen testing team.)
5. Repeat the test approximately one mile upstream as soon as
possible. Try to make sure that the shading conditions are the
same as at the downstream site (i.e., if you tested in partial
shade downstream, pick a spot with the same amount of
shading upstream).
Note: Make note of any possible sources of thermal pollution
you see between or near the two sites.
6. Subtract the upstream from the downstream temperature
using this equation:
Temp. downstream – Temp. upstream = Temp. change
7. Record your results (the Temp. change)
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iv. Determining the Q-Value
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v. What To Watch Out For: Common Mistakes
1. Make sure you convert the temperature from Fahrenheit to Celsius before choosing
the Q-value
2. When determining the Q-value, you are looking for the change in temperature
between the two points, not the actual temperature.
3. Try to take both temperatures from a portion of the stream with the same amount of
shading (if possible)
4. Try to take the second temperature reading as soon as you can after the first.
5. Wait for the temperature to stabilize. At least two minutes in the water.
6. Try to keep the thermometer below the surface of the water, but not touching the
bottom of the stream. Also keep the thermometer in the middle of the main flow.
7. Read your thermometer immediately after pulling it from the water. (Don’t talk to your
friend for five minutes, then read the temperature)

vi. Consistency When Doing Multiple Tests
Water temperature can vary throughout the day, particularly if a weather event brings in
water of a different temperature into a stream. Do temperature temps as close to the
same time as possible for a consistent result.
vii. Analyzing the results
If there is a temperature change of more than 10 degrees C between the two locations,
your students probably want to hypothesize about why that is the case. Possible
explanations include:
1. Lack of stream shading
2. Stormwater input (runoff from the road or a parking lot)
3. A tributary stream enters the creek bringing water of significantly different
temperature
4. Groundwater input (leads to cooler water)
5. Thermal pollution from a commercial or industrial source
Students can look at aerial photographs (such as google maps) and look for potential
inputs of water of differing temperatures.
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B. Dissolved Oxygen
i. Why is this test important?/What does it measure?
Oxygen is critical for the animals that live in the water. Just as land-based organisms
need oxygen to live, so do aquatic animals. The more oxygen dissolved in water,
usually the better it is for aquatic life. You typically have the greatest diversity in waters
with high levels of dissolved oxygen.
Oxygen comes into water through two processes. The first is photosynthesis. Plants
and algae in the water produce oxygen during the daytime. Those same plants
consume oxygen during the night. If there are many plants in the water, oxygen levels
may increase as the day goes on and plants are photosynthesizing more.
Oxygen also enters the water directly from the atmosphere. Tumbling water mixes and
dissolves atmospheric oxygen. Waterfalls and rapids tend to increase the amount of
oxygen in water.
As water heats up, gases are driven out of the water. A can of soda pop has carbon
dioxide gas dissolved in it, which we call carbonation. As the pop heats up, the carbon
dioxide is driven out, and the pop goes flat. Warmer water will have less oxygen in it
than colder water.
ii. Water Quality Standards
Rule 64 of the Michigan Water Quality Standards (Part 4 of Act 451) includes minimum
concentrations of dissolved oxygen which must be met in surface waters of the state.
This rule states that surface waters designated as coldwater fisheries must meet a
minimum dissolved oxygen standard of 7 mg/l, while surface waters protected for
warmwater fish and aquatic life must meet a minimum dissolved oxygen standard of 5
mg/l.
Dissolved Oxygen levels of around 100% saturation are good for aquatic life.
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iii. How to conduct the test
NOTE: Make sure everyone involved in conducting the test is wearing gloves and
goggles. PLEASE USE THESE DIRECTIONS WITH THOSE IN YOUR TEST KIT
1. Pick your location to sample. You want an area of the stream where you can
completely submerge the bottle. Try to select a sampling location that is representative
of the stream.
2. Rinse the sample bottle with the stream water.

3. After you have rinsed the bottle with stream water, tightly cap the bottle.
4. Submerge the bottle underneath the water completely, and remove the cap with the
bottle under the water, and allow the bottle to fill.

5. While the bottle is still underneath the surface of the water, tap the sides of the bottle
to get out all the air bubbles.

6. While the bottle is still underneath the surface of the water, put the cap back on the
bottle.

Section 1
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7. Retrieve the bottle and make sure there are no trapped bubbles, if you have trapped
bubbles, go back to step 3.

NOTE: When adding chemicals, be sure to not add air to the sample.
8. Carefully remove the cap from the bottle.
9. Add Manganous Sulfate Solution (see kit) NOTE: Bottle may overflow, that is ok; that
is why you are wearing gloves.
10. Add Alkaline Potassium Iodide Azide (see kit) NOTE: Bottle may overflow, that is ok;
that is why you are wearing gloves.
11. Cap the bottle and wipe off any chemical that overflowed the bottle.
12. Mix by inverting several times. Put your thumb over the cap and turn the bottle
upside-down, then right-side-up. DO NOT shake it like a bottle of ketchup, it is more
likely to go flying out of your hand that way. “Chunky stuff” will form, this is called
precipitate.
13. Set the bottle down and allow the precipitate to settle down below the “shoulders” or
curved part of the bottle. This should take about 5 minutes.
14. Add Sulfamic Acid NOTE: Bottle may overflow, that is ok; that is why you are
wearing gloves. This chemical may burn if it gets on the skin, make sure you wash off
any chemical on bare skin IMMEDIATELY with water.
15. Cap the bottle and wipe off any chemical that overflowed the bottle.
16. Mix by inverting several times. Put your thumb over the cap and turn the bottle
upside-down, then right-side-up. DO NOT shake it like a bottle of ketchup, it is more
likely to go flying out of your hand that way. Keep inverting the bottle until all the
precipitate is dissolved. If oxygen is present, the sample will turn a yellow or orange
color; if it is not yellow or orange, backtrack over your steps or re-test.
NOTE: At this point, the oxygen is “fixed” and the rest of the procedure can be done
back at the school, or even on another day. It is more accurate in the field. If a
thunderstorm is coming, or you are short on time, this may be a good option.
Section 1
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18. Fill the titration tube to the 20 mL line with the fixed sample. Cap the tube. There is
a small hole in the cap to insert the titration tube.
19. Depress plunger of the Titrator The titrator looks like a blunt syringe.
20. Insert the Titrator into the plug in the top of the Sodium Thiosulfate, 0.025N titrating
solution.
21. Invert the bottle and slowly withdraw the plunger until the large ring on the plunger
is opposite the zero (0) line on the scale. NOTE: If small air bubbles appear in the
Titrator barrel, expel them by partially filling the barrel and pumping the titration solution
back into the reagent container. Repeat until bubble disappears.
22. Turn the bottle upright and remove the Titrator.
23. Add Starch Indicator Solution (see kit directions). The sample should turn blue.
24. Insert the tip of the Titrator into the opening of the titration tube cap.
Section 1
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25. Slowly depress the plunger to dispense the titrating solution (Sodium Thiosulfate).
As you add the titrating solution, the sample will become more pale. Gently swirl the
sample as you add the titrating solution.
26. If you go through a complete titrator-full of Sodium Thiosulfate, repeat steps 19-22
to refill your titrator. KEEP TRACK if you fill the titrator more than once.
27. Continue titrating until the blue color disappears and the solution becomes colorless.
Holding the titration tube over a white piece of paper helps to determine if the solution is
colorless. If you go “too far”, you can re-do the test with the fixed sample.
28. Read the test result directly from the scale where the large ring on the Titrator
meets the Titrator barrel. Record as ppm Dissolved Oxygen. Each minor division on the
Titrator scale equals 0.2 ppm.
NOTE: If you filled the Titrator more than once, each full Titrator counts as 10ppm

29. Use ppm of Dissolved Oxygen and temperature in degrees Celsius to determine
the percent saturation of Dissolved Oxygen in the using the chart below:
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There is also a fairly complicated equation you can use to determine percent saturation
available at http://www.waterontheweb.org/under/waterquality/oxygen.html.
There is also a table online to enter the data, and it will do the conversion for you
http://water.usgs.gov/software/DOTABLES/. (You do not need to change the barometric
pressure or specific conductance)
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IV. Determining the Q-Value
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V. What To Watch Out For: Common Mistakes
Unfortunately, the DO test probably has the most opportunities for user error, so
conducting multiple tests is beneficial.
1. A very common mistake is having a student collect a sample in a bucket, and
bringing it up to the shore of the stream, and then pouring the water from the bucket into
the sample bottle. This introduces lots of extra oxygen into the sample leading to an
inaccurate result. The DO sample bottle MUST be submerged below the surface of the
stream and bubbles removed underneath the surface of the water. A student in waders
will probably have to get the sample for this test.
2. Be careful not to introduce air bubbles when adding chemicals.
3. Make sure you get all air bubbles out of the bottle.
4. Make sure you remove air bubble from the titrator when adding the Sodium
Thiosulfate.
5. Make sure you have temperature in Celsius when calculation percent saturation.
6. Make sure you use percent saturation to determine the q-value, not ppm oxygen.
7. Students who go through multiple titrators of Sodium Thiosulfate, and only get the
reading from the last one.
8. Try to get your temperature reading as close to the time of collecting and “fixing”
your dissolved oxygen sample as possible. You should also try to take the temperature
of the water at the point you take the sample for dissolved oxygen.
VI. Consistency when doing multiple tests
Dissolved oxygen levels can vary widely throughout the day as the temperature of the
water changes, and as photosynthesis activity by aquatic plants change. Try to conduct
these tests as close together as possible.
VII. Analyzing your results
You want DO levels to have a percent saturation of between 80%-120%. Low dissolved
oxygen levels can be explained by a high BOD (which will be explained in the next
section), stagnant or slow moving water, or high temperature water.

Section 1
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C. Biochemical Oxygen Demand
I. Why is this test important/What does it measure?
This test measures the oxygen usage by living matter in the sample in the absence of
photosynthesis. During the five days (in the dark), living “critters” use oxygen to survive.
By subtracting the BOD(5) value from the DO value, oxygen usage by life in the water
can be calculated. When little oxygen is removed during the five days that indicates
there are very few organisms using the oxygen. The main contributor to BOD is organic
waste. Organic waste can come from manure (animal or human), decomposing plant
matter (such as leaves or grass clippings dumped near a stream), discharge from food
processing plants, or agricultural runoff. High BOD can also come from natural sources,
such as runoff from swamps.

II. Water Quality Standards
Although there are no Michigan Water Quality Standards pertaining directly to BOD,
effluent limitations for BOD must be restrictive enough to insure that the receiving water
will meet Michigan Water Quality Standards for dissolved oxygen. Also, facilities that
discharge waste to Michigan Rivers and streams might have certain requirements as
part of their permit. The City of Flint Wastewater Treatment Plant has a BOD permit for
9-24mg/L BOD depending on the season. Good BOD levels are under 3mg/L BOD.
III. How to conduct the test
The BOD test is essentially the same as the Dissolved Oxygen test, done 5 days later
from a dark bottle. Follow instruction from that part of the manual.

Section 1
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IV. Determining the Q – Value
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V. Common Mistakes
1. A very common mistake is having a student collect a sample in a bucket, and
bringing it up to the shore of the stream, and then pouring the water from the bucket into
the sample bottle. This introduces lots of extra oxygen into the sample leading to an
inaccurate result. The DO sample bottle MUST be submerged below the surface of the
stream and bubbles removed underneath the surface of the water. A student in waders
will probably have to get the sample for this test.
2. Be careful not to introduce air bubbles when adding chemicals.
3. Make sure you get all air bubbles out of the bottle.
4. Make sure you remove air bubble from the titrator when adding the Sodium
Thiosulfate.
5. Make sure you have temperature in Celsius when calculation percent saturation.
6. Make sure you use percent saturation to determine the q-value, not ppm oxygen.
7. Students who go through multiple titrators of Sodium Thiosulfate, and only get the
reading from the last one.
8. Remember to put your sample in a dark bottle and a dark place.
9. Make sure you remember to do your test 5 days later. Leave yourself a note on the

chalkboard or put a student who has good attention to detail in charge of this test.
VII. Analysis
If you have a high BOD reading, try to determine what might be using up the oxygen in
the water. Was there a high amount of organic matter or “muck” at the bottom of the
stream? If there was, where did that “muck” come from? Leaves from nearby trees?
Runoff from a field? Grass clippings being dumped in the stream?
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D. pH
i. Why is this test important?
Scientists use this measurement to determine if a solution is either an acid, neutral or
basic (alkaline). Most life does well around the number seven on the pH scale. Since
the scale goes from one to fourteen, the further the water is in either direction from
seven, the greater stress is upon living things. Normal fresh water lakes and streams
will show a pH around the 6-8 range.
Strong acids, like “battery acid”, would have pH around one while a strong base like
“Draino” would have a pH near fourteen. Low pH (acidic) could be caused from acid
rain or industrial pollution. High pH values (basic) could be caused industrial dumping
or natural minerals leaching into the water, soaps and detergents.
PH is a logarithmic scale, which means something with a pH of 6 is ten times as acidic
as a liquid with a pH of 7. A liquid with a pH of 5 is one hundred times as acidic as a
liquid with a pH of 7.
ii. Water Quality Standards
The general range of pH for US surface waters is about 6.5 to 8.5. The pH depends on
many factors such as stream vegetation, bed geology and the presence of water
pollutants. In Texas, for example, the pH ranges from 5 to 9. Michigan soils tend to be
high in calcium, which buffers lakes and streams from rapid changes in pH. Most
Michigan water permits limit the discharge pH to 6.5 to 9 to protect aquatic life. The
current drinking water standard for pH is between 6.5-8.5
iii. How to conduct the test
The test method is very simple and can be performed in about one minute.
Read the directions that come with your testing kit.
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iv. Determining the Q-Value

Once the pH is determined from the test method, the Q-value is determined directly by
reading from a graph. The graph gives the highest Q-values for pH readings in the 7 to
8 range. The Q-value is lower as the pH decreases from 7 or increases from 8. For
example, at a pH of 6 or 9 the Q-value is only 50. Interestingly, the highest Q-value is
about 92 at a pH of 7.4. Based on the chart from Earthforce, a Q-value of 100 cannot
be achieved even with a pH level of 7.4 which is considered “perfect.”

v. What to watch for: Common Mistakes
Section 1
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1. Make sure you are using the correct indicator and colorimeter for the correct kit.
2. Use a white sheet of paper behind your colorimeter so background colors do not
interfere with your matching of the color.
3. The most common error in this test is when adding 10 drops of the indicator
solution. It is easy to add more or less than 10 drops if the student is not paying
close attention. Adding more than 10 drops provides erroneous results, and may
not produce repeatable data.
4. Another common error is in the location of the sampling site or the actual
sampling. Sampling too close to the storm outfall presents challenges and in
such cases the teacher or mentor should be consulted.
5. Sampling of the water should be performed carefully so that the bottom of the
stream or river is not impacted, nor just a surface sample of water taken by the
student. The student must be aware that the sample collected must represent
the overall condition of the water body. The best place to take a sample is from
the middle of a stream, not at the surface, not at the bottom, or not to close to the
stream banks. This may be difficult depending on the site.
6. Sometimes the glassware is not washed properly from last year’s test sampling.
This can lead to faulty results.
vi. Consistency when doing multiple tests
Generally, three tests or more if time permits should be performed by the student. Test
results should be plus or minus 0.5 pH units. The goal is to obtain data that is accurate
and precise. Any result that is extreme should be questioned and with your classroom
mentor or FRWC staff. The sample mode, which is the most common pH value should
be reported, not the average or mean. For example, assume test pH values are
determined to be 7.5, 7.5, 8.0, 7.5 and 8.0. The value of 7.5 should be used to assess
the Q-Value, rather than 7.7 which is the mean.
vii. How to analyze why the results are good or bad
If you have a high pH reading, above 8.5, it could be the result of pollution in the water.
The most common causes of high pH are detergents, runoff that includes ashes (from
brushfires or campfires), or from limestone.
Low pH could be caused by some fertilizer runoff or industrial waste.
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E. Turbidity
I. Why is this test important/What does it measure
Turbidity is a measure of the relative clarity of water: the greater the turbidity the
murkier the water. The amount of suspended matter in water will reduce the
penetration of light into the water. As light decreases, so does photosynthesis by
plants. That decreases the plant growth for food for herbivores and also results
in decreases in oxygen production. High turbidity can also make it difficult for
predators that use sight to see and capture their prey. A rain event leading to
high turbidity can also lead to bad fishing until the water clears back up again.
High turbidity may be caused by soil erosion, waste discharge, urban runoff,
abundant bottom feeders (such as carp) that stir up bottom sediments or algal
growth. Sediment in the water also can carry phosphorus and other
contaminants. High turbidity can also mean there is a lot of stream erosion going
on and unstable river banks.
II. Water Quality Standards
The drinking water standards for turbidity are .5 JTUs, although most drinking
water providers strive for less than .1 JTU. Michigan does not have a set surface
water standard for turbidity, but “settable and suspended solids should not
reduce the depth of the compensation point for photosynthetic activity by more
than 10% from the seasonally established norm for aquatic life”. That means that
the water should not reduce light penetration by more than 10% of what is
“normal”
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III. How to conduct the test
This test compares the turbidity (or clarity) of the water from the river with the clarity of
distilled water. This test works by adding a substance to the distilled water to make it
“dirtier” or cloudier. The readings are made by looking down through the water at a
black dot. The amount of turbidity in the water will make it more difficult to see the dot.
1. Fill one Turbidity column to the 50 mL line with the sample water. If you cannot see
the dot when looking through the water, pour out the water until you reach the 25 mL
line.
2. Fill the second turbidity column with an amount of turbidity free water (distilled,
deionized, or reverse osmosis water) equal to the amount being sampled.
3. Place the tubes side by side and notice the difference in clarity. If both tubes are
equally clear, the turbidity is zero.
4. Shake the Standard Turbidity Reagent vigorously. DO NOT FORGET TO SHAKE IT
UP. Add .5mL of Standard Turbidity Reagent to the “clear water” tube, then stir the tube
to equally distribute turbid particles. Keep adding Standard Turbidity Reagent in .5ml
intervals and stirring until the “clear water” tube is as cloudy as the river water. Record
the amount of Standard Turbidity Reagent added.
5. Each .5ml addition equals 5 Jackson Turbidity Units in the 50mL size sample. If a
25mL sample is used, each .5L addition of Reagent equals 10 JTUs.
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IV. Determining the Q-Value
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V. What to Watch Out For: Common Mistakes
-One of the most common mistakes in this test is adding the Standard Turbidity
Reagent to the river water instead of to the “clear water”
-Do not forget to shake up the Standard Turbidity Reagent vigorously before you add it
to the “clear water”. Failure to do so will lead to an incorrect result.
-Do not forget to stir the “clear water” after each .5mL addition of Standard Turbidity
Reagent.
-Make sure you are checking for the clarity of the water, not the color of the water when
you are doing the test. Sometimes it is easy to confuse the two.
-Attempt to get your water sample from a part of the stream that others have not been
walking around in yet. If necessary, go upstream from the rest of the students to take
your sample.
VI. Consistency When Doing Multiple Tests
If you are conducting multiple tests, use the average (arithmetical mean) of all the
results. If you have a wide variety in your test results, talk to your mentor or FRWC staff
about those results.
VII. How to Analyze Why The Results is Good or Bad
Turbidity can vary widely based on what part of the watershed you are in. Proximity to a
rain or runoff event can also greatly affect turbidity. If you have a turbidity reading of
over 25 JTUs, try to explain why this is the case. If there has been a recent rain event,
that may be “normal”. If there has not been a recent runoff event, you may want to see
what is causing the turbidity.
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F. Fecal Coliform
i. Why is This Test Important / What Does it Measure
Fecal coliform bacteria are found in the feces of humans and other warm-blooded
animals. These bacteria can enter rivers directly or from agricultural and storm runoff
carrying wastes from birds and mammals, and from human sewage discharged into the
water. Fecal coliform by themselves are not all dangerous (pathogenic). Pathogenic
organisms include bacteria, viruses, and parasites that cause diseases and illnesses.
Fecal coliform bacteria naturally occur in the human digestive tract, and aid in the
digestion of food. In infected individuals, pathogenic organisms are found along with
fecal coliform bacteria.
If fecal coliform counts are high (over 200 colonies/100 ml of water sample) in the river,
there is a greater chance that pathogenic organisms are also present. A person
swimming in such waters has a greater chance of getting sick from swallowing diseasecausing organisms, or from pathogens entering the body through cuts in the skin, the
nose, mouth, or the ears. Diseases and illness such as typhoid fever, hepatitis,
gastroenteritis, dysentery, and ear infections can be contracted in waters with high fecal
coliform counts.
Pathogens are relatively scarce in water, making them difficult and time-consuming to
monitor directly. Instead, fecal coliform levels are monitored, because of the correlation
between fecal coliform counts and the probability of contracting a disease from the
water.
Cities and suburbs sometimes contribute human wastes to local rivers through their
sewer systems. A sewer system is a network of underground pipes that carry
wastewater.
In a separate sewer system, sanitary wastes (from toilets, washers, and sinks) flow
through sanitary sewers and are treated at the wastewater treatment plant. Storm
sewers carry rain and snow melt from streets, and discharge untreated water directly
into rivers. Heavy rains and melting snow wash wildlife, livestock and pet wastes from
sidewalks and streets and may "flush out" fecal coliform from illegal sanitary sewer
connections into the storm sewers.
In a combined sewer system, sanitary wastes and storm runoff are treated at a
wastewater treatment plant. After a heavy rain, untreated or inadequately treated waste
may be diverted into the river to avoid flooding the wastewater treatment plant. To avoid
this problem, some cities have built retention basins to hold excess waste water and
prevent untreated wastes from being discharged into rivers. Without retention basins,
heavy rain conditions can result in high fecal coliform counts downstream from sewage
discharge points. That is why it is important to note weather conditions on the days
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before a fecal coliform measurement.
E. coli VS Fecal Coliform
Total coliform bacteria are a group of easily cultured organisms used to indicate water
quality. The US Environmental Protection Agency considers any total coliform to be
unacceptable in drinking water. Total coliform bacteria consist of environmental and
fecal types. Coliforms are easy to isolate, present in larger numbers and usually survive
longer in an aquatic environment than viruses, parasites and more serious types of
bacteria. Most of the total coliforms are not considered pathogens under normal
conditions.
E. coli is a species of coliform bacteria that is directly linked to fecal contamination by
the wastes of warm-blooded animals, including humans. Some strains are pathogens in
humans. E-coli produces a combination of sugars that are easily identified and are
unique among Coliform bacteria because it can survive a higher incubation
temperatures, up to 44.5ºC.
Non-coliform bacteria are mainly environmental organisms and in large numbers can
compete with total coliform and make it difficult for coliform(s) to be detected. High
levels of non-coliform bacteria indicate a reduction in water quality.

ii.Water Quality Standards/What is An Ideal Temperature?
Fecal and total coliform standards for water used for drinking, recreation, and treated
sewage
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iii. How to Conduct the Test
Introduction
The Coliscan Easygel medium is a patented formulation for water testing. It contains a
sugar linked to a dye which, when acted on by the enzyme p-galactosidase (produced
by coliforms including E. coli), turns the colony a pink color.
Similarly, there is a second sugar linked to a different dye which produces a blue-green
color when acted on by the enzyme p-glucuronidase. Because E. coli produces both pgalactosidase and p-glucuronidase, E.Coli colonies grow with a purple color (pink +
blue). The combination of these two dyes makes possible the unique ability to use one
test to differentiate and quantify coliforms and E. coli.
Incbation temperature is extremely important! Due to the practical limitations of our
method and equipment, it is important to note that at lower incubation temperatures (<
44.5ºC) coliform species of both fecal and non-fecal origin grow and will produce the pgalactosidase enzyme. However, only the E-coli bacterium will produce both enzymes
and thus the purple color. Therfore, at incubation temperatures less than 44.5ºC, we
can only ensure that the purple colonies are fecal coliforms and should be considered
for counting purposes. As the incubation temperature rises (specifically at 44.5ºC), the
non fecal coliforms are unable to establish growth. So if the means are availble, and
you choose to incubate at 44.5ºC, it is appropiate to count both purple and pink colonies
as fecal coliforms, but only at that specific temperature.
http://www.micrologylabs.com/page/93/Coliscan-Easygel
574-533-3351
Instructions
1. Either collect your water sample in a sterile container and transport the water back to
the test site, or take a measured water sample directly from the source and place
directly into the bottle of Coliscan Easygel. Water samples kept longer than 1 hour prior
to plating, or any Coliscan Easygel bottle that has had sample placed into it for transport
longer than 10 minutes, should be kept on ice or in a refrigerator until plated.
2. Label the petri dishes with the appropriate sample information. A permanent marker
or wax pencil will work.
3. In a sterile manner, transfer water from the sample containers into the bottles of
Coliscan Easygel (Consult the following table for rough guidelines for inoculum amount).
Swirl the bottles to distribute the inoculum and then pour the medium/inoculum mixtures
into the correctly labeled petri dishes. Place the lids back on to the Petri dishes. Gently
swirl the poured dish until the entire dish is covered with liquid (but be careful not to
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splash over the side or on the lid).
Inoculation of Coliscan Easygel
Water Sources
Inoculum Amount
Environmental: River, lake, pond, stream, ditch 1.0 ~ 5.0mL
Drinking water: Well, municipal, bottled 5.0mL

4. The dishes may be placed right-side-up directly into a level incubator or warm level
spot in the room while still liquid. Solidification will occur in approximately 45 minutes.
5. Incubation (choose one method):
a. Incubate plates at a constant room temperature for 48 hours.
b. Incubate at a constant 35ºC for 24 hours.
c. Incubate at a constant 44.5ºC for 24 hours.
6. Inspect the dishes.
a. IF YOUR INCUBATION TEMP IS LESS THAN 44.5ºC: Count ONLY the purple
colonies on the Coliscan dish (disregard any pink, light blue, blue-green or white
colonies), and report the results in terms of E. coli or Fecal Coliform per mL of water. At
this temperature, only the E.coli can be ensured to be of fecal origin (other coliforms are
of indeterminate origin at these temperatures)
Note: To report in terms of E. coli or Fecal Coliform per 100 mL of water, first find
the number to multiply by:
1. Divide 100 by the number of mL that you used for your sample.
2. Multiply the count in your plate by the result obtained from #1.
e.g. For a 3 mL sample, 100/3 =33.3. So, 4 E. coli colonies multiplied by 33.3 will
be equal to 133.2 E. coli per 100 mL of water.
b.ONLY IF YOU USED AN INCUBATOR AT 44.5ºC: Count all the pink and purple
colonies on the Coliscan dish (disregard any light blue, blue- green or white colonies)
and report the results in terms of coliforms per mL of water.
1. Divide 100 by the number of mL that you used for your sample.
2. Multiply the count in your plate by the result obtained from #1.
e.g. For a 3 mL sample, 100/3 =33.3. So, 4 E. coli colonies multiplied by 33.3 will be
equal to 133.2 E. coli per 100 mL of water.
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7. Do one of the following prior to disposal in normal trash:
a. Place dishes and Coliscan bottles in a pressure cooker and cook at 15 Lbs. for 15
minutes.
b. Place dishes and Coliscan bottles in an oven-proof bag, seal it, and heat in an oven
at 300° F for 45 minutes.
c. Place dishes and Coliscan bottles in a large pan, cover with water and boil for 45
minutes.
d. Place 5 mL (about 1 teaspoon) of straight bleach onto the surface of the medium of
each plate.
Allow to sit at least 5 minutes. Place in a water-tight bag and discard in trash.
Comments on Incubation
Micrology Laboratories, LLC. in-house studies indicate that Coliscan can effectively
differentiate general coliforms from E. coli when incubated at either room temperatures
or at elevated temperatures. However, some further explanation may be helpful.
There is no one standard to define room temperature. Most would consider normal
room temperature to vary from 68-74° F, but even within this range the growth of
bacteria will be varied. Members of the bacterial family Enterobacteriaceae (which
includes coliforms and E. coli ) are generally hardy growers that prefer higher than room
temperatures, but which will grow at those temperatures. They tend to grow at a faster
rate than most other bacterial types when conditions are favorable. It is therefore logical
to try to place inoculated dishes in a "warm" place in a room for incubation if a controlled
temperature incubator is not available. It is a very easy task to make an adequate
incubator from a box with a 40-60 watt bulb in it to provide heat at an even rate. One
can also use a heat tape such as is used to prevent the freezing of pipes in the winteras your heat source.
Our general instructions indicate that incubation times for coliforms (including E. coli*)
are generally 24 hours at elevated temperatures and 48 hours at room temperatures. At
elevated temperatures, no counts should be made after 48 hours as any coliforms
present will be quite evident by that time and if new colonies form after 48 hours they
are most likely not coliforms, but some other type of slow growing organism that should
not be included in your data. At room temperatures, the best procedure is to watch the
plates by checking them at 10-12 hour intervals until you observe some pink or purple
colonies starting to form and then allowing another 24-30 hours for the maturation of
those colonies. Since the coliforms (including £. coif) are generally the fastest growing
organisms, these will be the first to grow and be counted. Colonies that may show up at
a later time are likely to not be coliforms.
As you can see, there are advantages to incubating your dishes at elevated
Section 1

71 | P a g e

Flint River GREEN

www.FlintRiver.org

temperatures. First, you can count the results earlier. There is also less probability of
variation from batch to batch when the incubation temperatures are kept at one uniform
level. And a higher incubation temperature will tend to inhibit the growth of non-fecal
coliforms that may prefer lower temperatures.
*E.coli is the primary fecal coliform, however, Klebsiella is sometimes of fecal origin.
Other general coliform genera include Enterobacter and Citrobacter.
Interpretation of Results
This test method utilizes well established, widely accepted criteria for the recognition of
coliforms and E. coli and proper application of the method will result in accurate results
Therefore, if you suspect that your water is dangerously contaminated based on the
results you get using Coliscan Easygel, you should contact your local health department
and ask for their help in performing an official assessment of the water.
Non-fecal coliforms are widely distributed in nature, being found both as naturally
occurring soil organisms, and in the intestines of warm-blooded animals and humans.
Fecal coliforms are coliforms found naturally only in the intestines of warm-blooded
animals and humans. Fecal coliform contamination is therefore the result of some form
of fecal contamination. Sources may be either animal or human.
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iv. Determining the Q-Value
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v.What to Watch Out For: Common Mistakes
-When transporting the petri dish from the testing site back to the school, make sure you
keep it level, so the sample does not spill out
-Make sure you put the sample in the incubator when you get back to the school
-Make sure you check the sample in the 24-48 hour window
-Make sure your EasyGel bottle is thawed out but kept cool until it is time to do your
test.
-Make sure you are using a treated petri dish, not a regular one.
vi.Consistency When Doing Multiple Tests
If you do multiple tests for fecal coliform, use the average (arithmetical mean) of the
samples. If there is an extreme difference between the readings, contact your mentor
or the FRWC for advice.
vii. How to Analyze Why The Results is Good or Bad
Any reading over 200 FC is cause for concern. You might want to consider re-testing
the site. If the site continues to have high fecal coliform readings, this would be a good
opportunity for students for try to determine potential sources of fecal contamination in
the water.
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G. Nitrates
i. Why is this test important/What does it measure
Nitrogen is the most abundant element in the Earth’s atmosphere, making up about
78% of the air around us. Nitrates are a form of nitrogen that all plants need to grow.
When you purchase a bag of fertilizer, the first number on the bag represents the
amount of available nitrogen for plants. Form example, if you buy a hundred pound bag
of 12-0-0 fertilizer, 12 pounds of that bag will be nitrogen. Nitrogen can be converted to
nitrates through nitrogen fixing bacteria or lightning. Nitrogen fixing bacteria often exist
in the roots of plants called legumes, such as clover or beans.
High levels of nitrogen in surface water can lead to increased plant growth. When those
plants die, they rot. That decomposition process uses up oxygen so there is not as
much available for fish and other life in the water. High nitrate levels in drinking water
can prevent babies from carrying oxygen; hence the nickname “blue baby” syndrome
(methemoglobinemia). Nitrates can enter a body of water through fertilizers, animal
manure (including from pets, wildlife, or farm animals), failing human septic and sewage
treatment systems, and decomposing plant material.
ii. Water Quality Standards
Current drinking water standards for nitrates, set by EPA are 10 mg/L nitrates
(measured as nitrogen) [what does that mean]. Even levels below this can cause “blue
baby syndrome” or shortness of breath in some infants.
Surface water quality standards are 20 mg/L
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iv. How to conduct the test:
NOTE: THIS TEST HAS HAZARDOUS WASTE MATERIALS: PLEASE WEAR
GLOVES & GOGGLES AND MAKE SURE WASTE IS DISPOSED OF PROPERLY
1. All glassware must be cleaned with dilute HCL and rinsed with deionized water
before the test is taken out to the lake. Do not rinse with distilled water; it contains
ammonia (NH3) which will interfere with the test. If you cannot rinse with deionized
water; rinse all glassware with the sample water(ie water from the river)
2. Fill the sample bottle with sample water (Please note the difference between the
sample bottle and the test tube; fill the sample bottle so you can re-do the test if
needed)
3. Fill the test tube to the 2.5mL line with water from the sample bottle
4. Dilute to 5 mL line with Mixed Acid Reagent. Cap the test tube and mix by inverting
the test tube
5. Use the .1 gram spoon to add one level measure of Nitrate Reducing Agent. Cap
and invert the sample approximately 60 times in one minute.
6. Wait 10 minutes
7. Insert the test tube into the Nitrate Comparator. Match the colors in the sample.
8. Record ppm Nitrate as Nitrate Nitrogen. To convert to Nitrates multiply by 4.4
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iii. Determining the Q-Value
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v. Common Mistakes
-Not waiting the full 10 minutes for the test to finish
-recording the amount incorrectly on the data sheet
-adding the chemicals to the sample bottle instead of the test tube
vi. Consistency when doing multiple tests:
This test is very time-intensive, so doing multiple tests can be difficult. If you do multiple
tests, use the average (arithmetical mean) and report that result. If the results are
drastically different, contact your mentor or FRWC staff for help making a decision on
whether or not to report those results
vii. How to Analyze Why The Results is Good or Bad
Any results over 10ppm nitrates could lead to potential increased plant growth in a
stream. If the body of water is used as a drinking water supply, this could negatively
affect the health of those drinking the water if it is not properly treated.
H. Phosphorus
I. Why is this test important?
Phosphorus (P) is an element and is abundant in the earth’s crustal
material. About 12% of the earth’s crust is P, chiefly as calcium phosphate. It is an
important plant nutrient, that helps root and flower development. If you buy a bag of
fertilizer at the store, the middle number on the bag is the percent of phosphorus by
weight. For example, a hundred pound bag of 12-10-10 fertilizer will contain 10 pounds
of phosphorus.
Phosphorus makes plants grow in lakes & streams. A pound of phosphorus
entering a lake or stream can lead to 500 pounds of “seaweed” or algae growth in that
lake or stream. When those plants die, they rot. That decomposition process uses up
oxygen so there is not as much available for fish and other life in the water. Too much
phosphorus can also lead to algae blooms in the water. Some kinds of algae are toxic
to humans and pets. There have been cases of pets getting sick or dying from drinking
lake or pond water with toxic algae.
Because of these issues, several communities in Michigan (Allegan, Bay, and
Ottawa Counties) and the entire state of Minnesota have banned phosphorus from lawn
fertilizers. It has already been banned from laundry detergents and dishwasher
detergents.
Phosphorus gets into streams mostly through soil erosion. Phosphorus does a
good job of “sticking to” particles of soil and wash into the stream. Phosphorus can also
enter a body of water through fertilizers, animal manure (including from pets, wildlife, or
farm animals), and decomposing plant material.
Understanding the difference between phosphorus, phosphate, and
orthophosphate can be confusing. Phosphorus, is an element (P) that rarely exists in its
pure form in nature. Phosphorus occurs in natural waters almost always as
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phosphates, the oxidized form of P. Phosphates are classified as orthophosphates,
condensed phosphates and organically bound phosphates. They occur in solution, in
particles and in the bodies of aquatic organisms. The most common forms of
orthophosphates are PO4, HPO4 and H2PO4 depending on the pH of the water.
The test method for determining phosphates is LaMotte Method 3121-01. The method
is simple and can be run in about 7-10 minutes. The method is specific for
orthophosphates in solution. It is a colorimetric method meaning that chemicals are
added to the water sample which turns the water a color, which is proportional to the
amount of phosphate in the water. The method has a lower detectable limit of about 0.1
mg/l or ppm, representing a “faint” color. Results from the testing method should be
reported to within 0.5 mg/l.
II. Water Quality Standards
Water quality standards allow for only a small amount phosphates in water. The EPA
water quality criteria state that phosphates should not exceed 0.05 mg/l if streams
discharge into lakes or reservoirs, 0.025 mg/l within a lake or reservoir, and 0.1 mg/l in
streams or flowing waters not discharging into lakes or reservoirs to control algal growth
(USEPA, 1986). Surface waters that are maintained at 0.01 to 0.03 mg/l of total
phosphorus tend to remain uncontaminated by algal blooms. The natural background
levels of total phosphorus are generally less than 0.03 mg/l. The natural levels of
orthophosphate usually range from 0.005 to 0.05 mg/l.
III. How to conduct the test

PART 1 Collecting a Sample for GM Lab
Each classroom will be supplied a bottle to collect a sample for the phosphorus
test to be done at a GM laboratory. Do NOT pre-rinse the bottles, or rinse the
bottles at the river -- Bottles supplied by GM via FRWC are usually pre-treated
with sulfuric acid—a small preservative.
Obtaining a water sample should be done carefully and NOT obtained from the
surface or bottom, but from the middle layer of the river.
Bottles do NOT need to be completely full.
Samples should be kept in a small cooler after sampling.
If using a bottle that has NOT been treated with sulfuric acid, the sample NEEDS
to be kept cooled and analyzed within 48 hours. (Using the acid allows the
sample to be tested within a 10-day period of when the sample was taken.)
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Samples need to be identified and taken to the Genesee Intermediate School
District, Attention: Lisa Hook. Identification includes:
1. Date When Sample was taken
2. School Name
3. Teacher's Name
4. Sample's Test (Total Phosphates, or Total Solids)
5. Water body sampled and place of sampling
The samples will be tested and the results sent to the Flint River Watershed
Coalition (FRWC) for distribution to the teachers.
PART 2 Conducting the test using a LaMotte Test Kit (Optional)
1. Obtain the water sample from the river, stream or lake.
2. Fill the 5 ml test tube with the water to be tested for phosphate.
3. Add 1.0 ml of the phosphate acid agent (PAA) to the sample in the test tube
and cap and mix. The PAA contains sulfuric acid and an ammonium molybdate
compound.
4. Add 0.1 gram of the phosphate reducing agent (PRA) to the water to be tested
and cap and mix. The PRA contains ascorbic acid.
5. Wait 5 minutes and then place test tube in Axial Reader to determine
phosphate level by matching the colors.
6. Read to nearest 0.5 mg/l or ppm. In general, the deeper the blue color the
more phosphate in the sample water.
NOTE: the waste liquid from this test is classified as hazardous so handle
accordingly.
IV. Determining the Q-Value
Once the phosphate concentration is determined from the test method, the Q-value is
determined directly by reading from a graph. The graph gives the highest Q-value for a
phosphate level of zero and decreases rapidly as phosphate increases. For example,
at a value of 0.5 mg/l or ppm the Q-Value is only about 50. Interestingly, the highest Qvalue is about 98 at a phosphate concentration of zero. Based on the chart from
Earthforce, a value of 100 can not be achieved even with a level of zero.
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V. What to watch for: Common Mistakes
There are several potential errors when conducting this test. First, the most common
error in this test is not waiting the required 5 minutes to assess the level of
phosphates. Second, another common error is not filtering the sample if it contains a
significant amount of solids. Third, is the importance of the location of the sampling site
or the actual sampling. Sampling too close to the storm outfall presents challenges and
in such cases the teacher or mentor should be consulted. Also, sampling of the water
should be performed carefully so that the bottom of the stream or river is not impacted,
nor just a surface sample of water taken by the student. The student must be aware
that the sample collected must represent the overall condition of the water body.
There may also be confusion in reading the color of the result. Holding a white piece of
paper behind the sample can help reduce colors from the environment making it
difficult to read the sample.
Finally, there can be confusion about whether to report results for phosphate or
phosphorus. As noted the reference test method is specific for orthophosphates. If the
data must be reported as phosphorus (P) the results for phosphate should be multiplied
by 0.3 to calculate the value of P. The value of 0.3 is the ratio of the atomic weights of
P to PO4. Note-the final WQI Data Summary Chart Form provided by Earthforce (and
FRWC) lists Total Phosphorus (rather than Total Phosphate) as the testing pollutant of
interest. If P is reported on this form and used to assess the water’s overall WQI using
the conversion factor mentioned above, the P data form should be footnoted.
VI. Consistency when doing multiple tests
Generally, three tests or more if time permits should be performed by the student. Test
results should be plus or minor 0.5 units. The goal is to have data that is accurate and
precise. Any result that is extreme should be questioned and perhaps discarded. The
sample mode, which is the most common value should be reported, not the average or
mean. For example, assume test values are determined to be 1.0, 0.5, 0.5, 1.0 and
0.5. The value of 0.5 should be used to assess the Q-Value, rather than 0.7 which is
the mean. This results in a Q-Value of about 50.
VII. How to analyze why the results are good or bad
There are two key questions to answer to determine if the results are results are good
or bad. First, is there confidence in the reported test results? From a statistical
standpoint, we are asking if the data has precision and confidence. This first question is
independent of the numerical value for phosphate and deals with having enough test
data that is fairly consistent. This results in statistical confidence that the measured
value of phosphate. The above example of phosphate data shows both precision and
confidence. The data range is only 0.5 units which is good.
For a second example, consider the data set of 0.5, 1.0 and 1.5. In this scenario, there
is no precision; no data mode and the results vary by 1.0 unit which is not
attractive. Reporting the average of 1.0 is not correct. At this point there are two
options: consider the results as “not available” or continue with more testing. If two
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more tests revealed a phosphate of 1.5, then the value of 1.5 is the mode and is the
field sampling result.
The second question addresses if the reported test result is either an extreme value or a
significant change from established norms for the test site. Basically, we are interested
in data accuracy, but with an eye on possible changing trends. In the first above
example, the reported test result was 0.5. If this value is within the normal historical
range and what is reasonable for the specific site, then the value of 0.5 can be reported
and can be assessed as “good.”
In the second example above with a value of 1.5, the result can be questioned if it is
indeed extreme or an outlier based on historical or long term data. The value of 1.5
maybe reported and still considered “good” provided this assessment is made to
validate the data.
It should also be noted that extreme phosphate results of above 3-5 can indicate
sampling or testing error, unique problems or changing conditions with the stream, river
or creek flow. In this case, the teacher or mentor should be contacted about this
issue. Sampling downstream of the major storm water outfall (discharge pipe) during or
after rainfall can produce such unique phosphate results. As such, the presence of
storm water outfalls should be determined by the teacher or mentor prior to the field
exercise. Also, a review of historical data in the classroom prior to the field sampling
may show the existence of a highly variable phosphate under unique environmental
conditions.
Finally, it is extremely important that the reported data be as statistically valid as
possible. First, some of the GREEN data is being used to satisfy NPDES storm water
requirements for the Genesee Drain Commission and being used by other policy
makers to make decisions. Second, if a water quality problem is identified and an action
plan is developed for a civic approach to resolve or minimize the problem the GREEN
data should be as accurate as possible. These are important considerations to keep in
mind as the GREEN data is compiled.
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I. Total Solids
I. Why is this test important/What does it measure?
In this test, two factors are considered, the solids that are dissolved in the water and the
solids that do not dissolve in the water. The un-dissolved solids may be soil, plankton
or industrial waste and sewage. Dissolved solids may include: salts, minerals, iron,
sulfur, and other ions found in water. Un-dissolved solids might be leaves, soil, or
decayed plant and animal matter. High concentrations of dissolved solids can lead to
unpleasant taste and laxative effects in drinking water (other effects may be: reduced
water clarity, decrease in photosynthesis, binding with toxic compounds and heavy
metals, and increased water temperature through greater absorption of sunlight). Low
concentrations of dissolved solids may limit growth of aquatic organisms (and the
effects of such decreases). Total solids is a combination of total dissolved solids (TDS)
and total suspended solids (TSS). TDS is all the substances in a solution in ionized or
molecular form. TSS are the substances that can be captured by a filter. The term
"settleable solids" refers to material of any size that will not remain suspended or
dissolved in a holding tank not subject to motion, and excludes both TDS and TSS.
II. Water Quality Standards
There are no surface water quality standards for total solids in Michigan.
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III. How to conduct the test
1. Label your sample container with the following information:
* Date Sample was taken.
* School Name
* Teacher's Name
* Type of Test "Total Solids"
* Water body sampled & place it was sampled.
2. Place a fresh sample of at least 250 mL taken from the
middle depths of the river into a glass or plastic bottle.
3. Sample is to be bottled and placed on ice until stored in a
refrigerator. Sample needs to be at less than or equal to 6 *C (6
degrees Celsius).
4. Sample must be tested within 7 days.
5. For testing pick-up Mentors assist teachers with delivering
samples to the Genesee Intermediate School District to either
Larry Casler and/or Lisa Hook.
6. The WPC will retrieve the samples for testing.
7. Testing results are sent to the Flint River Watershed
Coalition (FRWC) for distribution to the teachers.

Note:
It is important that your sample be fresh. Because solid
particles suspended in a sample that has been sitting for a while
will have settled to the bottom of the sample over time—
preventing you from receiving a representative sample.
Remove any large floating particles or submerged masses from
your sample and put the cap on it.
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IV. Q Value
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V. What to Watch Out For: Common Mistakes
-The most common mistake in the total solids test is getting water that is contaminated
by other students who have been walking in the stream. Attempt to collect the sample
for this test from an undisturbed portion of the stream.
VI. Consistency When Doing Multiple Tests
Because this test is usually done by one sample submitted to labs at GM, multiple tests
is not an issue for this test.

VII. How to Analyze Why The Results is Good or Bad
Like turbidity, total solids can vary widely depending on recent weather. Recent rainfall
or snowmelt events can greatly increase total solids. If there has not been a recent rain
or snow event, readings of greater than 100mg/L might be cause for more investigation.
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STREAM HABITAT ASSESSMENT
Stream Name:
Location:
Circle One: Monitoring Upstream –or— Downstream of road?

Date: __________________________________

Collection Start Time: _______________________ (AM / PM)

Site ID: ________________________________

County & Township: ________________________

Major Watershed:

Flint River Watershed

HUC Code (if known): _______________________

Latitude: (if known) ________________________

Longitude: (if known) _________________________

Monitoring Team:
Name(s) of Person(s) Completing Datasheet :

________________________________________

Name(s) of Person(s) Collecting :
______________________________________

________________________________________

Other Team Members: _____________________________________________________________________

Macro invertebrate Collection: Check the habitats that were sampled. Make sure you are
sampling all habitats present.
_____ Riffles

_____ Large Rocks

_____ Submerged Wood/Woody

debris
_____ Overhanging Vegetation _____ Leaf Packs

_____ Other/Describe Below:

_____Rooted Aquatic Plants

_____ Pools

_________________________________

_____ Runs

_____ Eddys

_________________________________

_____ Undercut banks/Overhanging Vegetation

_________________________________

Did you see any: Live Crayfish? --or-- Large Clams? (Crayfish & Clams are Not Collected, just
counted.)
( ) No, (
assessment at end.

) Yes

How many crayfish? ______

(

) No, (

) Yes -- If yes, remember to include them in the

How many live clams? _______

Collection: Finish Time: _________________

(AM / PM)

Comments: Were other wildlife present, including fish? If yes, please list what was seen and how many. Possible
pollution sources can also be listed here.
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II. Flow Measurement
To take a correct stream flow measurement, face upstream in a straightaway with your partner 12 feet
downstream. Throw your float at least 10 feet upstream from where you stand (away from your partner).
This allows the float to fully accelerate by the time it reaches you. Begin timing once it reaches you. Stop
when it reaches your partner.

Flow Measurement Data
Measurements

Measuring River
Width

Flow Measurement Data

Depth (feet)

Width (feet)
1/4 Way
Into
Stream

Middle of
Stream

3/4
Across
Stream

Average
depth

Time (sec)

Distance (feet)
(always 12 feet)

1
2
3
Results - Office
Use only

Average width:

Overall Average depth:

Average Flow:

EXAMPLE: Measurement Data
Depth (ft)
1

2

3

4

Time (sec)

Distance
(feet)

25

1.7

2.1

2.2

2

12.0

10

2

24

2.2

2.3

2.4

2.3

15.0

10

3

21

2.0

1.8

1.7

1.83

13.0

10

Measurement

Width (ft)

1

Average stream width and depth:
- Stream width is the distance from the water’s edge on one side of the stream to the other side.
- Monitors shall take three measurements of width and depth at random straightaways along the 300 foot long
sampling area, avoiding sand bars, curves, and debris.
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III. Bank Height
Vertical banks higher than 3 feet are usually unstable, while banks less than 1 foot, especially with
overhang, provide good habitat for fish. Undercut bank angles (<90°) often improve the habitat. While
doing the transects, measure the bank heights and record the angle of the bank as indicated on the data
sheet. Left/right banks are identified by looking downstream.
Data use: Calculate the percentage of banks with acute (undercut), obtuse, and right angles. Right
angles indicate higher erosive potential, while acute angle improve the habitat structure of a stream.
%______ Acute (Undercut)
%______ Obtuse
%______ Right

A. Bank stability and erosion
Summarize the extent of erosion along each bank separately on a scale of 1 through 10, by
circling a value below. Left/right banks are identified by looking downstream.
Excellent

Good

Marginal

Banks Stable. No
evidence of erosion
or bank failure. Little
potential for problems
during floods. < 5%
of bank affected.

Moderately stable.
Small areas of erosion.
Slight potential for
problems in extreme
floods. 5-30% of bank
in reach has areas of
erosion.

LEFT BANK 10 - 9

LEFT BANK 8 - 7 - 6

Moderately unstable.
Erosional areas occur
frequently and are
somewhat large. High
erosion potential during
floods. 30-60% of
banks in reach are
eroded.
LEFT BANK 5 - 4 - 3

RIGHT BANK 10 - 9

RIGHT BANK 8 - 7 - 6 RIGHT BANK 5 - 4 - 3 RIGHT BANK 2 - 1 - 0

Section 1

Poor
Unstable. Many eroded
areas. > 60% banks
eroded. Raw areas
frequent along straight
sections and bends.
Bank sloughing
obvious.
LEFT BANK 2 - 1 - 0
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B. Riparian Zone
1. Left Bank (looking downstream)
Circle those land-use types you can see from this stream reach:
Wetlands

Forest

Residential Lawn

Construction
Commercial
_______________________

Industrial

Park
Highways

Shrub, Old Field
Golf Course

Road

Agriculture
Other

1. Right Bank (looking downstream)
Circle those land-use types you can see from this stream reach:
Wetlands

Forest

Residential Lawn

Construction
Commercial
_______________________

Industrial

Park
Highways

Shrub, Old Field
Golf Course

Road

Agriculture
Other

3. Summarize the size and quality of the riparian zone along each bank separately on a scale of 1 through 10 by
circling a value below:
Excellent
Good
Marginal
Poor
Width of riparian zone >150
Width of riparian zone
Width of riparian zone
Width of riparian zone, 10
feet, dominated by vegetation, 75-150 feet; human
10-75 feet; human
feet; little or no riparian
including trees, understory
activities have
activities have impacted
vegetation due to human
shrubs, or non-woody
impacted zone only
zone a great deal.
activities.
macrophytes or wetlands;
minimally.
vegetative disruption through
grazing or mowing minimal not
evident; almost all plants
allowed to grow naturally.
Left bank =

10

9

Left bank =
6

8

7

Left bank =
3

5

4

Left bank =
0

2

1

Right bank =

10

9

Right bank = 8
6

7

Right bank =
3

5

4

Right bank =
0

2

1

Section 1
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IV. Stream and Riparian Habitat

C. General Information
Circle one or more answer as appropriate

1

Event Conditions

Rain

Sunny

Windy

Other:

Natural

Recovering

Maintained

3

Has this stream been
channelized (stream shape
constrained through human
activity)?

Yes,
currently

Yes,
sometime
in the past

No

4

Estimate of current stream flow

Dry

Stagnant

Low

Medium

High

5

Highest water mark
(In feet above the current level.)

<1

1-3

3-5

5-10

>10

6

Estimate of turbidity

Clear

Channel Condition (Stream shape
2

7

8

9

constrained through human
activity?)

Is there a sheen or oil slick
visible on the surface of the
water?
If yes to # 7, does the sheen
break up when poked with a
stick?
Is there foam present on the
surface of the water?

11

If yes to #9, does the foam feel
gritty or slippery? (please circle
one)
If the water smells, please
describe:

12

Water Temperature (°C)

13

Air Temperature (°C)

14

Has it rained in the last 5 days?

10

Section 1

Yes

Slightly Turbid (can vaguely see to
bottom)
No

Yes (sheen is most
likely natural)
Yes

Turbid (cannot see to bottom)

No (sheen could be
artificial)

No

Gritty – foam is most likely
natural

Slippery – foam is most
likely artificial

If yes, approximate the number of inches:
Yes

No
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D. Plant Community
Estimate the percentage of stream covered by overhanging vegetation (near the water)
____________%
Estimate the percentage of stream covered by overhanging tree canopy ____________%

Using the given scale below, estimate the relative abundance of the following types of
vegetation present:
Algae on
Surfaces of
Rocks or Plants
Macrophytes
(Standing Plants)

Plants in Stream
Filamentous Algae
(Streamers)

Plants on Bank and in Riparian Zone
Shrubs
Trees

Other

Grasses

Other

Scale: 0 = Absent,1 = Rare, 2 = Common, 3 = Abundant, 4= Dominant

E. Streambed Substrate
Estimate percent of stream bed composed of the following substrate, and percent embedded for
larger substrate
Size
Substrate type
Percent of stream Percent Embeded

bed
Boulder
Cobble
Gravel
Sand
Fines
(Silt/Detritus/Muck)
Hardpan/Bedrock
Artificial
Other (specify)

Section 1

>10” diameter
2.5 – 10” diameter
0.1 – 2.5” diameter
Course grain
Fine grain/organic
matter
Solid clay/rock
surface
Man-made
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E. Streambed Substrate
Estimate percent of stream bed composed of the following
substrate.
If group will take transects and pebble counts, record the
measured percentages.
Substrate type
Boulder

Size

Percentage

>10" diameter

Cobble

2.5 - 10" diameter

Gravel

0.1 - 2.5" diameter

Sand

coarse grain

Fines:
Silt/Detritus/Muck
Hardpan/Bedrock
Artificial

fine grain/organic matter
solid clay/rock surface
man-made

Other (specify)

F. Substrate Embeddedness
Do you have Gravel, Cobble,
or Boulders in your stream?
( ) Yes

( ) No

Please list what percentage
they are embedded
Boulder ______ %
Cobble ______ %
Gravel ______ %

Section 1
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V. Sources of Degradation
Severity: S – slight (0-25%); M – moderate (26-75%); H – high (76-100%) Clarify below if necessary

Crop Related Sources

S

M

H

Signs of cows/horses/etc. using or
crossing the stream

S

M

H

Grazing Related Sources

S

M

H

On-site Wastewater Systems

S

M

H

Intensive Animal Feeding Operations

S

M

H

Silviculture (Forestry)

S

M

H

Highway/Road/Bridge Maintenance
and Runoff

S

M

H

Resource Extraction (Mining)

S

M

H

H

Recreational/Tourism Activities
(general)

S

M

H



Golf Courses

S

M

H



Marinas/Recreational Boating
(water releases)

S

M

H



Marinas/Recreational Boating
(bank or shoreline erosion)

S

M

H

Channelization

S

M

Dredging

S

M

H

Removal of Riparian Vegetation

S

M

H

Bank and Shoreline Erosion/
Modification/Destruction

S

M

H

Flow Regulation/ Modification
(Hydrology)

S

M

H

Debris in Water

S

M

H

Land Disposal

S

M

H

Debris in Trees

S

M

H

Urban Runoff

S

M

H

Trash in trees along bank

S

M

H

Impoundment –Dam (natural or manmade)

S

M

H

Industrial Point Source

S

M

H

Construction: Highway, Road,
Bridge, Culvert

S

M

H

Municipal Point Source

S

M

H

Construction: Land Development

S

M

H

Source(s) Unknown

S

M

H

S

M

H

Natural Sources

Section 1
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VI. Stream Map

Section 1
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L. Benthic Collection (optional)
Chemical sampling only gives us a snapshot of what is going on in a stream. The
benthic macroinvertebrates are the insects and other “creek critter” that have to live in a
stream through any particular pollution event. By the number and types of critters
found, you can get an idea of the cleanliness of a stream.
Students should sample each habitat, from the most diverse, to the least diverse, in the
order below.
After collecting the critters, count and identify them
I. Procedure
1. Riffles
Riffles are areas with shallow, rapid flow where the water surface “ripples”.
Because water is moving rapidly over rocks, these areas tend to have lots of oxygen,
and lots of food particles moving by for invertebrates to eat. That is why this is the most
diverse habitat.
R.1 Sample both the fastest and slowest moving areas of the riffle. Begin at the
downstream end of the reach to be sampled and work upstream. The keeps the
working area undisturbed.
R.2 With the net opening facing upstream, place the bottom of the net flush on the
stream bottom immediately downstream of the riffle. Do not scoop the substrate with
the net! Position the handle perpendicular to the stream flow.
R.3 While one person (the “netter”) holds the net, another person (the “collector”)
picks up large rocks (2 inch or greater diameter) within a 1 foot by 1 foot area directly in
front of the net opening and gently rubs them in the net opening to remove any clinging
organisms. Be sure to hold the rock under the water in front of the net so that flowing
water will carry the materials into the net opening. Place (do not toss) the cleaned rocks
outside the sampling area.
R.4 When all the rocks (or as many as possible) are removed from the sample area,
the “collector” stands approximately one foot upstream of the net opening and kicks the
stream bed vigorously to dislodge any remaining organisms into the net. Kick down
approximately two inches into the substrate for one to two minutes while moving toward
the net.

Section 1
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2. Leaf Packs Look in the stream for leaves that are about four to six months old.
These old leaf packs are dark brown and slightly decomposed. Only a handful of leaves
is necessary.
L.1

Begin at the downstream end of the reach to be sampled and work upstream.
This keeps the working area undisturbed.

L.2

With the net opening facing downstream, place the bottom of the net flush on the
stream bottom immediately downstream from the leaf pack. Position the handle
perpendicular to the stream flow.

L.3

Gently shake the leaf pack in the water to release some of the organisms, then
quickly scoop up the net, capturing both the organisms and the leaf pack in the
net.

Tree Roots, Snag Areas, and Submerged Logs
Snags are accumulations of
debris caught or “snagged” by logs or boulders lodged in the stream current.
Caddisflies, stoneflies, riffle beetles, and midges commonly inhabit these areas.
T.1

Select an area on the tree roots, snap, or submerged logs which is approximately
3 feet by 3 feet in size. Begin at the downstream end of the reach to be sampled
and work upstream. This keeps the working area undisturbed.

T.2

Scrape the surface of the tree roots, logs, or other debris with the net while on
the downstream side of the snag. You can also disturb such surfaces by
scraping them with your foot or large stick, or by pulling off some of the bark to
get at the organisms hiding underneath. In all cases, be sure the net is
positioned downstream from the snag, so that dislodged material floats into the
net.

T.3

You may remove a log from the water to better sample from it, but be sure to
replace it when you are done.

Section 1
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Undercut Bank Undercut banks are areas where moving water has cut out vertical or
nearly vertical banks, just below the surface of the water. In such areas you will
find overhanging vegetation and submerged root mats that harbor dragonflies,
damselflies, and crayfish.
U.1

Place the net below the surface under the overhanging vegetation.

U.2

Move the net in a bottom – up motion, jabbing at the bank five times in a row to
loosen organisms.

Section 1
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Identification and Assessment
To record the approximate numbers of live organisms collected in each taxa found in the stream
reach, use letter codes: R (rare) for 1 to 10; and C (common) for 11 or more. **Do NOT count
empty shells, pupae, or terrestrial macro invertebrates.

Group 1: Sensitive

STREAM QUALITY SCORE

_____

Caddisfly Larvae
(Trichoptera)
Except Net-spinning caddis (listed in Group 2)

Group 1:

_____

Hellgrammites

(Megaloptera)

________

# of R's x 5.0

= __________

_____

Mayfly nymphs

(Ephemeroptera)

_____

Gilled (right-handed) snails (Gastropoda)

________

# of C's x 5.3

=

_____

Stonefly nymphs

(Plecoptera)

_____

Water Penny

(Coleoptera)

_____

Water Snipe fly

(Diptera)

Group 2: Somewhat Sensitive

Group 1 Total = ____________

Group 2:

_____

Alderfly larvae

(Megaloptera)

________

# of R's x 3.0

= __________

_____

Beetle adults

(Coleoptera)

_____

Beetle larvae

(Coleoptera)

________

# of C's x 3.2

=

_____

Flack fly larvae

(Diptera)

_____

Clams

(Pelecypoda)

_____

Crane Fly larvae

(Diptera)

_____

Crayfish (from count)

(Decapoda)

_____

Damselfly nymphs

(Odonata)

_____

Dragonfly nymphs

(Odonata)

_____

Net-spinning caddisfly larvae
(Hydropsychidae, and Trichoptera)

________

# of R's x 1.1

= __________

_____

Scuds

(Amphipoda)

________

# of C's x 1.0

=

_____

Sowbugs

(Isopoda)

Group 2 Total = ____________

Group 3:

Group 3 Total

Groups 3: Tolerant
_____

Aquatic worms

= ____________

Total Stream Quality Score = _______
(Oligochaeta)

(Sum of totals for groups 1-3; round to nearest

whole number)

_____

Leeches

(Hirudinea)

_____

Midge Larvae

(Diptera)

Check One:

_____

Pouch snails

(Gastropoda)

_____ Excellent ( > 48)_____ Fair (19 – 33)

_____

True bugs

(Hemiptera)

_____

Other true flies

(Diptera)

Section 1

_____ Good (34-48) _____ Poor (< 19)
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Section Six – After the River/Regrouping
e. Checklist of Remaining "Wrap-Up" Items
f. Reviewing Historical Data/ Data from other sites
g. Why is the Data Important (Student's Actual Data)
a. Next Steps - Leading to Civic Action
a. Checklist of Remaining "Wrap-Up" Items
After you have been out to the river, your work is still not done, several tests need to be finished
back in the school building and data needs to be reported. You might want to put a student in a
leadership role of making sure all of these things get done.











Make sure all lab glassware/plasticware is cleaned
Make note of any chemicals that need to be re-ordered
Ensure proper disposal of hazardous chemicals (look
Arrange to take Total Dissolved Solid Test and Total Phosphate Sample bottles to the GISD
(MAKE SURE BOTTLES ARE LABELED with test type (TDS or Phos), school name,
teacher, sample date, water body, and sampling location)
Conduct BOD test
Conduct Fecal Coliform test
Fill out data sheet
Report data to the Flint River Watershed Coalition
Meet with your mentor to discuss your data and look for explanations
Prepare for student summit by developing a presentation

b. Compare to Other Sites/Historical Data
It is important to confirm your water monitoring data with others in the community or to test
multiple times to assure your results are both accurate and valid. Students can access historic
data around the watershed, as well as add their own and do comparative analysis. The various
upstream and downstream data over the last 20 years is available, so that students can see if
things have improved and worsened over time, and begin to hypothesize about the root
causes. Various policies and practices may have influenced these changes, including bans on
pollutants, changes in urban and agricultural practices, and new developments in formally
undeveloped land. To understand these possible causes better, contact city, county or state
officials who affect zoning and land use issues to find out if their policies or practices might have
affected your results. You can also contact official and citizens through a public meeting, like a
zoning board meeting, where you share your results and make a case for water quality in
decisions about land use and funding allocation.

Section 1
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c. Why is the Data Important (Student's Actual Data)
The data collected by the students in GREEN is used by the Genesee County Drain
Commissioner’s Office, the Flint River Watershed Coalition, and other local decision makers to
determine the health of the Flint River and its tributaries. Data collected by the students helps
decision makers see trends, trouble spots, and places to focus protection efforts.
d. Next Steps - Leading to Civic Action
Complex environmental problems demand complex solutions, since the physical, chemical and
biological systems are interdependent and often have multiple causes. Using the Earth Force
Protecting Our Watershed curriculum, however, we can start to isolate one specific root cause
which we can affect, whether that is an education campaign about yard fertilizers, advocating for
combined sewer overflow updates, or a rain garden and rain barrel campaign. The following is
a brief overview of the six step process for taking action on your findings:
1) Conducting a Watershed Inventory
This step calls for water quality monitoring to examine how people use the watershed, and
involves the WQI, the PTI and the physical and land use inventory. To supplement these, you
can do a photo inventory, a checklist of land use issues you might observe, a community survey
of surrounding land owners, and map inventory of issues in space that you observe.
2) Selecting a Watershed Problem
After the river, ask your class - what are the threats that are most pressing or interesting to your
group? Through a series of criteria and democratic voting methods, your class then chooses a
threat or problem they want to investigate further.
3) Looking at What People Are Doing
This is the research step in which you take another look at the inventory data and start to find
out what the root causes are – either policies or practices that affect your issue. You may want
to invite an expert panel of community members who deal with this issue, research articles in
your local paper, or maybe accessing a database, like a GIS map of land use or the historical
WQI data from your local watershed website.
4) Deciding What to Do
After researching the issues, your class should have an idea of potential causes and what’s
being done about them in your community. In this step you formulate a solution to your problem
that your class can directly affect. You have a list of policies and practices that affect your
issue, and you’ll want to change just one that will have a long-term affect. To give an example,
a river clean up would be a service project, but would not solve the long-term practice of littering
at a public park. In this case, you might choose to institute a recycling program at a park with
public education signage.
5) Taking Civic Action
This step involves the development of a planning strategy to carry out your solution. A detailed
plan with delegated tasks around funding, influential players and a timeline are all essential to a
successful project. Some projects might need to be carried out over several years (like a
recycling project) while others could be achieved by a small group (like an educational
pamphlet).
6) Looking Back and Ahead
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Reflection and celebration of your hard work are important to understanding your impact and
carrying your progress forward after the class has completed its project. You can reflect on how
well your project went, what still needs to be done, and what you would do better in the
future. Having a summit or class presentation to the public are both ways to share your efforts
as well as planning for next steps as you wrap up.
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