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Procedure!
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equipment.

2. Take air and water temperature.

3. Conduct turbidity testl

4. Conduct pH testl

5. Conduct alkalinity test.

6. Conduct dissolved oxygen tekt.

7. Test for nitrate/nitrite contentl

8. Calculate river speet.

9. Determine river depth.

10. Perform conductivity test.

11.Conduct color test!
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13.Repeat steps 2-11 at location #2.

14.Record data and pack up equipment.
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iitle: Cathance River Water Quality Monitoring

Theory:
Background Information:

Rivers are natural bodies of water that are constantly flowing towards the lowest

altitude—the ocean. Rivers provide rapids, slow-flowing areas, and bedrock for a myriad of
different organisms to live in. The area along the bank of a river is called the riparian zone.
Within the riparian zone, trees overhang and shade the river, nourishing the aquatic life with
fallen leaves. Precipitation is the release of atmospheric moisture. Its forms include rain, snow,
and hail, and it is part of the water cycle. Precipitation that does not land in a body of water is
called runoff. Runoff will flow to the lowest altitudes, gradually eroding the land and forming
streams and rivers which flow towards the sea. Due to human development the amount of runoff
has been increasing as humans remove erosion-preventing obstacles like trees and build non-
porous cities that prevent water from entering the groundwater supply and causing it to instead
flow away as runoff.

Increased precipitation and/or runoff will raise the water level of a river and cause
intensified erosion. The higher the water level of a river is, the faster its flow will be since more
water is trying to move through the same amount of space. The water level and flow of a river is
also affected by seasonal changes, decreasing in the summer when evaporation rates are higher
and plants tap into the water resources. Rivers with higher water levels will be faster, increasing

both their turbidity and their oxygen content. This affects what types of animals can live in them.



Air temperature is an abiotic factor that is constantly changing. Different places in the
world have different temperatures due to the 23.45° tilt of Earth’s axis, the curvature of the Earth,
and the angle at which the Sun’s radiation strikes the Earth during different points in the year.
When a hemisphere is tilted towards the Sun it experiences summer, when it tilts away it
experiences winter, and when a hemisphere is transitioning it experiences spring or fall. Areas
near the equator change the least between seasons and receive the most yearly sunlight. The
farther away from the equator, the more extreme the seasonal changes. Maine tends to have cool
temperatures because it is located in a temperate area north of the equator. Maine’s winter is
especially harsh. Air temperature is heated by the Sun’s energy, so in places shaded by trees and
during the night it is cooler. As winter nears, the tilt of the earth causes sunlight to strike the
Earth at a more obtuse angle causing the same amount of energy to spread out over a wider area.
This, combined with the shorter hours of light exposure, gradually make the climate colder.
September and October, the months in which the researchers’ river testing is taking place, are the
months when summer is ending and the days are becoming colder. Some days continue to be hot
and temperatures will vary, but as time passes into October it gets colder overall, especially at
night. Different times of the day will yield different temperatures due to the hours of sunlight
exposure. At night, when there is no sunlight, the temperature becomes much colder and the Sun
takes some time to counter that chill during the day. The researchers’ water quality testing is
done around 9:30 a.m. At this time there has not yet been many hours of exposure to sunlight so
the air tends to be more frigid. Water temperatures and air temperatures are likely to become
warmer around noon once the Sun has had time to warm the Earth.

Water temperature is a very important factor in this study. Water temperature, like air



temperature, is affected by the amount sunlight the water receives. The parts of the Cathance
River tested are bordered by trees, so the banks are shaded and the middle of the river is open to
the sun. For this reason, water temperature varies depending on where the test is done. The
temperature in the shaded portion will be cooler than a temperature reading taken in the
unshaded center of the river. Water depth also affects temperature. The deeper the river, the less
light will penetrate and warm the water. For that reason, temperatures deep down will be cooler,
just like in the ocean where no light penetrates and no organisms can photosynthesize using the
Sun’s energy. Rainfall also affects river temperature. The river’s temperature will change and
approach the temperature of the rain as more new moisture is added. Rainfall can increase the
speed and water level of the river as well. The water temperature in the areas tested is an abiotic
factor that affects the other tests. There is no specific healthy temperature for a river. However,
water temperature depends on air temperature and is therefore characteristic of its surrounding
climate. Water changes temperature more slowly than the air due to its hydrogen bonds, so in the
fall the water is often warmer than the air and in the spring it is often cooler than the air.
Sometimes river temperature will be a bit warmer than usual and sometimes it will be a bit
cooler. Slight changes in temperature are not unhealthy for a river. However, water 32°C and
warmer will kill most fish.

Water is an excellent solvent due to it’s polar nature, allowing it to dissolve many various
substances. Dissolved oxygen is the amount of oxygen dissolved in a body of water. Oxygen
enters bodies of water in two ways, it is either produced by photosynthesizing aquatic plants, or
churned into tumbling rapids. For this reason dissolved oxygen levels are higher in fast-flowing

water. Water temperature, salinity, and pressure also affect the level of dissolved oxygen present.



More oxygen can be dissolved in cold water due to the higher density, and more oxygen can be
dissolved under high pressures for the same reason. Another reason why there is a higher
dissolved oxygen content in cold water is because fish cannot remove as much oxygen from the
water when it is cold. Since fish are cold-blooded their body systems work faster in warm water
causing them to remove more oxygen from warm water and less from cold. The more saline
water is, the more oxygen can be dissolved. If a body of water contains aquatic plants, then
dissolved oxygen levels will be lowest just before dawn because plants cannot photosynthesize
during the night so they consume more oxygen than they produce. Bodies of water in which
decomposition takes place have lower dissolved oxygen levels since oxygen is used in the
decomposition process. Pollutants such as fertilizer can exacerbate plant growth, causing more
decay to take place once the plants die. Fish and other aquatic animals are affected by dissolved
oxygen levels and cannot survive if there is too much or too little oxygen content in the water. 5
ppm of dissolved oxygen is considered to be healthy by the Environmental Protection Agency.
Less than 4 ppm is considered poor water quality, and at 2 ppm fish can become stressed,
develop slowly, or die. Dissolved oxygen levels can be measured using either the Winkler
method or a dissolved oxygen meter and probe. The researchers used the Winkler method which
involves fixing and titrating a water sample with various reagents. A dissolved oxygen meter
uses a salt solution within the probe to determine the dissolved oxygen level.

An acid is a substance that, when mixed with water, reacts to form hydrogen ions (H+).
The hydrogen atoms formed then react with the surrounding water molecules to form hydronium
atoms (H30O+). Acids are corrosive, meaning they can burn tissues and eat away at metal. Acids

have a sour taste. A base, or alkaline substance, is a substance that reacts with water to form



hydroxide ions (OH-). Bases are not corrosive, but a strong base can still burn tissues. Bases feel
slippery when touched and are often crystalline solids prior to being dissolved. The process by
which acids and bases form hydronium and hydroxide ions is called dissociation. The strength of
an acid or base is measured by the ease in which it dissociates. The more ions that dissociate, the
stronger the acid/base, and the less ions that dissociate, the weaker the acid/base. A strong acid/
base will be 100% dissociated in an aqueous solution. A strong acid/base can be diluted to lessen
its potency and a weak acid/base can be concentrated to increase its efficacy. To dilute a solution,
the parts of acid/base per parts of water should be low, and to concentrate a solution the parts of
acid/base per parts of water should be high. Electrolytes are ions that can conduct electricity in
water. The more ions there are in a solution, the more charge there is. Electrical currents are
better conducted in solutions containing cations and anions, so strong acids and bases will
conduct energy better than weak acids and bases.

The acidity or alkalinity of a liquid is known as its pH and is measured on the pH scale.
The pH scale is a number line with increments from zero to 14 measuring the concentration of H
+ ions in a substance. pH comes from the words “power of hydrogen.” Each time the pH of a
substance increases by an increment of one, the concentration of H+ ions is multiplied by ten.
The greater the concentration of H+ ions, the more acidic a substance is, and the lesser the
concentration of H+ ions, the more basic a substance is. A substance with a low pH is acidic, and
a substance with a high pH is alkaline. A substance in the middle of the pH scale with a pH of 7
is neutral. pH can be measured using a pH meter, which releases an electric current to measure
the pH, color comparators, which require adding a reagent to the sample and then matching its

color to a pH chart, or indicators, such as litmus paper. Most aquatic organisms prefer to live in a



pH of 6.0 to 8.0. Outside of this range the systems of the organisms are stressed and they
reproduce less and absorb toxins more easily. Changes in pH can be caused by acid rain, the
erosion of surrounding rocks, and wastewater discharges.

Alkalinity is a very important factor when it comes to pH. The alkalinity is the buffering
capacity of a body of water. Alkalinity is what neutralizes acids that are introduced by outside
sources such as rainfall or wastewater. The alkalinity of a river is based on its location. Rivers
located in areas with limestone usually have much higher buffering capacities than other rivers.
Also, rivers that are used to carry waste water from factories that produce basic products, such as
soaps, also have a much larger alkalinity and are good at neutralizing acids. Alkalinity is tested to
see how much acid it takes to corrupt a small river sample. This process utilizes chemicals to dye
a water sample and react to the acid contained in the sample. Organisms living in lakes thrive in
areas with stable alkalinity, without constant pH fluctuations. A higher alkalinity is healthier
since it counters pollution that enters a river. Alkalinity is measured in mg/L and healthy, well-
buffered water has an alkalinity greater than or equal to 20mg/L.

Nitrogen comes in multiple forms, including ammonia, nitrates, and nitrites. The
researchers are only testing for nitrates and nitrites in this water quality check. Nitrates and
nitrites are forms of nitrogen that aid in plant growth. They can be found in many different
biomes, aquatic and not. They are essential nutrients in rivers for plants and other aquatic life
because they promote plant growth. However, in excessive amounts they can cause the
overgrowth of plants and the overcrowding and smothering of other species. This can lead to a
shift in what plant and animal species live in an ecosystem. Through the promotion of plant

overgrowth and decomposition, too many nitrates can cause hypoxia in water (a low dissolved



oxygen level), making water toxic to warm blooded animals, such as mammals that rely on the
water for hydration. Low dissolved oxygen content also makes it impossible for aquatic life, such
as fish, to draw enough oxygen from the water. Water becomes toxic at about 10 mg/L nitrate
concentration (10 ppm) or higher, but the amount varies depending on multiple other qualities of
ariver.

Water clarity is a measure of how transparent water is and is dependent upon color and
turbidity. Water with high clarity is transparent and allows light to pass through. In colored water
particles in the water reflect light, preventing its penetration, and reaching our eyes as colored
water. Color can be produced by multiple substances such as metals, minerals like iron and
manganese, peat materials, plankton, algae, and industrial waste. Iron can turn water red or
brown, and manganese or organic matter can turn water black or yellow. Algae can turn water
green, brown, or even red. It is important that color and turbidity levels are low to create high
water clarity because aquatic plants need light to penetrate the water so they can
photosynthesize. Without light the plants cannot survive, and without the aquatic plants the
predators that consume those plants will not be able to survive without finding a different food
source. Therefore, the lower the color (the more transparent) of a body of water, the healthier the
reservoir is. Color is partially dependent upon turbidity and pH. The higher the turbidity, the
higher the color will seem, and the higher the pH, the higher the color will be. The reason that
color will only seem higher with high turbidity is because the turbidity causes the water’s
apparent color to seem stronger. True color can only be measured once water is filtered, to
remove suspended materials and give a true representation of only dissolved components.

Turbidity is a measurement of the amount of suspended solids in a body of water. The



clearer a water source is, the less turbid it is. Suspended substances can include plankton, soil
particles such as silt, and organic materials. Turbidity can be increased by dredging, runoff, and
erosion, and is often a result of human development. Turbidity can also be increased in fast water
which stirs up sediment. High turbidity can block light, reducing photosynthesis and eclipsing
the productivity of an ecosystem, or settle and smother aquatic organisms. Suspended particles
absorb more heat than water, so turbid water is warmer and therefore contains less dissolved
oxygen. Turbidity is measured in milligrams of suspended solids per liter of water and can be
tested using standard turbidity reagent. Water containing less than 1 NTU (.25 JTU) of turbidity
is considered safe to drink and market. Water of up to 5 NTU (1.25 JTU) is considered normal
for a relatively small, clear river like the Cathance. At a turbidity of 100 NTU (25 JTU), many
fish species cannot survive because the suspended particles clog their gills and reduce the
amount of dissolved oxygen in the water.

Conductivity is the ability of an electrical current to pass through water. It is measured
with a probe, similar to an electric thermometer, that sends a small current through the water and
displays the conductivity. Conductivity is affected by ions with positive or negative charges.
Inorganic compounds such as chloride, nitrate, sulfate, phosphate, sodium, calcium, iron, and
magnesium raise the conductivity of a body of water because they are charged and conduct
electricity well. Organic compounds like sugar, oil, and alcohol do not conduct electricity very
well, causing conductivity to drop. Therefore an oil spill would lower conductivity levels
harshly. Water temperature affects conductivity as well. The warmer the water, the higher the
conductivity. Conductivity is also affected by the topography of the land around a river. Rivers

surrounded by granite tend to have lower conductivity because the materials in granite do not



ionize in water. On the other hand, rivers that flow through clay-based landscapes have higher
conductivity because they contain materials that ionize in water. Highly turbid water usually has
high conductivity because it contains many suspended particles. Conductivity is measured in
microsiemens per centimeter (! S/cm). Rivers in the United States range from 50 to 1500 ! S/cm.
Healthy conductivity for an inland body of fresh water, such as a river or stream, ranges from
150 to 500 ! S/cm, but that amount varies depending on where the river is and what type of

inhabitants reside there.

!

Purpose: Assess the general health of the Cathance River by analyzing weekly measurements.
Determine how weekly changes in abiotic factors, such as water temperature, and rainfall, can
cause water quality (water level, river speed, dissolved oxygen, alkalinity, conductivity, pH,

color, nitrate/nitrite concentration, and turbidity) to change in two different sections of the
fathance River (a fast-flowing section and a slow-flowing section).

Hypothesis: The water’s qualities such as pH, speed, oxygen content, water level, conductivity,
alkalinity, nitrate/nitrite content, color, and turbidity will change depending on water
temperature, which depends on air temperature, and rainfall. The two sites chosen (a fast-flowing
site and a slow-flowing site) will have slight differences in the water qualities listed above due to
differences in water speed, temperature, and other differing abiotic factors surrounding the two
1reas, such as the topography of the nearby land.

Procedure:

1. Borrow a meter stick and waders from CREA. Put on a pair of waders to allow entry into the
river without becoming wet. Check waders for any rips or leaks before stepping in the river.

2. Walk to the bank of the Cathance River in Topsham, Maine (GPS coordinates N 43° 57. 535’
WO 69° 57. 095”) with equipment. This is test site #1, and is a sample of slow flowing water.

3. Determine water level of river.

1. Climb down the river bank and edge out onto the trunk of the dead tree located next to
the metal pole marking the test area. Be careful not to fall in the river, hold onto the large
peeling piece of bark to balance.

2. Insert the zero end of the meter stick into the water until it touches the bottom of the
river. The meter stick should be pressed against the side of the pole facing the bank.

3. Record the depth of the river in cm.

4. Determine the speed of the river.

1. Place the meter stick on the ground by the riverbank and stand facing the river with the

zero end of the meter stick on your left.



3.
4.

Toss a buoyant object such as a twig into the river at the zero end of the meter stick.
Attempt to always choose a similarly sized and weighted object, using the index finger as
a size reference.

Start the stopwatch.

Stop the stopwatch when the twig reaches the other end of the meter stick, and record the
speed of the river (cm/s) by dividing 100 cm by the number of seconds of travel time.

5. Perform LaMotte dissolved oxygen test.

1.

10.

11.

12.

Rinse the test bottle by submerging it in the river, allowing it to fill completely, and then
emptying it.

Fill the test bottle by submerging it in the river and capping it underwater to make sure
there are no air bubbles.

Uncap the bottle and quickly add 8 drops of manganous sulfate solution and 8 drops of
alkaline potassium iodide azide. A fuzzy yellow to orange colored concentrate will form.
Cap and invert the bottle several times to mix.

Allow the concentrate to settle to the shoulder of the bottle.

Uncap the bottle and add 8 drops of sulfuric acid, before recapping and inverting until the
concentrate has dissolved.

Pour the solution into the titration container to the black line and cap it.

Fill the titrator by inserting it into the bottle of sodium thiosulphate and inverting the
bottle. Withdraw the plunger until the ridge on the plunger is level with the zero on the
titrator’s scale. Turn the bottle right side up and remove the titrator.

Depress the titrator into the solution in the titration container one drop at a time, swirling
after each drop, until the mixture is very pale yellow.

Remove cap to titration container and titrator, and add 8 drops of starch indicator
solution. Swirl to mix. The solution should turn blue.

Recap and reinsert titrator. Add drops of titrating solution, one at a time, stirring after
each drop, until the mixture turns clear.

Read the test result where the ridge on the titrator’s plunger touches the scale. Each line
increases by an increment of 0.2 ppm of oxygen.

Record results in table.

6. Perform LaMotte turbidity test.

1.

5.

Rinse tubes in river. Fill one tube to the 50 mL mark with river water. If the black dot at
the bottom of the tube is not visible, fill the tube to the 25 mL mark.

Fill the second tube with the same amount of deionized water.

If the black dots at the bottom of the tubes are both equally visible, then turbidity is 0
JTU and the test is complete. If the river water is cloudy and the black dot at the bottom
is less visible, add turbidity agent to the deionized water until the two samples have the
same clarity.

Shake the standard turbidity reagent well before adding 0.5 mL to the deionized water,
stir to mix. Continue adding in 0.5 mL increments until the clarity is the same in each
sample.

Record the results in a table. Each 0.5 mL increment equals 5 JTU.

7. Test air temperature.



1. Read metal-backed thermometer after exposing it to the air for at least 5 minutes.
2. Record temperature in table.
8. Test water temperature:
1. Submerge metal-backed thermometer in water for 5 minutes or more, carefully tying
thermometer to something so it will not float away.
2. Remove from water, read, and record.
9. Determine nitrate/nitrite concentration using Waterworks testing strips.
1. Dip test paper, pad side first, into the river for two seconds.
2. Remove test paper, wait 60 s, and compare the color of the pads to the chart on the side of
the bottle to get a reading.
3. Record reading.
10. Determine conductivity of river using Oakton ECTestr:
1. Turn on ECTester, remove cap, and dip the tip of the ECTester into the water.
2. Keep probe in water until the number on the monitor stabilizes.
3. Remove tester from water, cap it, and record reading.
11. Preform Hach color test.
1. Fill one tube with pure water, provided in the Kit.
Fill one tube with sample water from the river.
Place both tubes in the specified slots in the Hach color reader.
By comparing different wheels to the river color find and insert the closest color wheel
into the color reader .
Hold reader up to a light source.
6. Compare water samples by turning the wheel until the two vials appear to be the same
color.
7. Record the number showing at the bottom of the wheel when the two vials match.
12. Determine pH using LaMotte pH test.
1. Fill test tube with sample water up to the 5 mL line.
2. Add ten drops of wide range indicator solution to the sample.
3. Cap the container holding the river water and testing fluid, and flip once to mix.
4. Compare the color of the liquid to the color chart provided in container to determine pH.
5. Record reading.
13. Determine alkalinity using Lamotte alkalinity test:

~own

ol

1. Fill glass to the 5SmL with sample water.

2. Add one BCG-MR indicator tablet to the sample water.

3. Cap the container and swirl solution until it dissolves into a blue-green color.

4. Fill syringe to the “0” with indicator fluid.

5. Drop by drop, add the alkalinity titration reagent B until the sample water turns a purple-
pink color,

6. Take a reading of how much alkalinity titration reagent B was used from the dropper and
record.

14. Clean up and repack all test materials immediately after use to prevent misplacement and
possible contamination. Do not dispose of waste in the river. Place waste in waste material
container and dispose of it properly after returning to Mt. Ararat.



15. Move downstream with equipment to area #2 at GPS location N 43° 57. 559" WO 69° 57.
095’ to sample a fast-flowing section of the river. Step out onto the triangular-shaped flat
rock jutting out from the bank and repeat steps 2-13, not including step 6. For the water level
test measure 50 cm along the side of the rock facing the opposite bank from the corner of the
rock facing Barnes Leap and conduct the water level test there. To conduct the test insert the
meter stick vertically into the river and read the measurement where the water level lines up.
All other tests can be conducted in the same way at both locations.

16. Remove waders and put them away in the equipment shed at the CREA Ecology Center.
Return the borrowed meter stick to CREA. Return to Mt. Ararat and put materials away,
restocking any materials that have run out.

17. Retrieve weekly precipitation values from the Cathance River Education Alliance website.

18. Record all tests in a data table.

Cobanoe Biear ]
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Safety Considerations:

Some caustic materials are used in tests, so handle chemicals with care. In the dissolved oxygen
test sulfuric acid is used, so avoid skin contact. Dispose of all used chemicals in the chemical
waste container, do not dump waste in the river or on the preserve. Dispose of all waste properly




upon returning to school. During the tests glassware is used. Be careful to not drop any
glassware. If glass breaks, do not touch it directly with bare skin, and return it to the cooler full
of materials for proper disposal after returning to school. When near the river, take care to not
fall in. The flow is quite fast in some areas so one should take care not to get swept away.
Likewise, make sure equipment is not swept away by placing materials on level ground and, if
light, tying them to something secure. Some of the river stones in the rapids are loose, so take
care when stepping into the rapids. In the slow-flowing area the river-bottom is muddy and if one
does not take care to move frequently, they might lose a shoe in the muck. If one gets
considerably wet, dry off as soon as possible and stay warm. Always dress for the weather. At all
times keep a phone at hand in case an emergency happens. In case of an emergency, call Mr.
llz.vans, Cheryl Sleeper, the CREA ecology center, or 911.

Observations:

In the slower moving section (area #1) of the river the river bottom is muddy and clay-like. If
one stands still for too long they will sink into the riverbed and become slightly stuck. The river
bed around the bank where water is tested also consists of a clay-like material. This is especially
noticeable when the water level is low and the bank is more exposed. When the riverbed is
disturbed, clouds of silt balloon through the water in clouds. This means that the river is a
suspension. Particles of silt and detritus that would float in faster water have settled to the bottom
of the river in the slow-flowing areas. The researchers worry that this stirring of mud may effect
the color test somewhat, but the researchers try to counter this by collecting water samples from
patches of water without suspended clay. The researchers footprints are not washed away week
by week and remain visible in the muddy bank. Occasionally the footprints still have suspended
clay floating in them. In the faster water (area #2) the water appears clearer. On days when the
water level is low and the light is strong, the rocks at the bottom can be clearly seen. The
riverbed in the rapids is not muddy at all, rather it is rocky. This may be due to the fact that the
fast flowing water carried away any detritus and does not allow any suspensions to settle. The
researchers would also like to note that when leaves fall into the river they end up tinting it a
reddish color, this phenomenon is also visible in puddles filled with leaves. So around the
autumn season the water becomes slightly darker, especially if the water level is low, making the
iolor more potent.

October 18th, 2013 Observations:

The morning of the testing it rained rather hard. The researchers assumed that this would result in
a rise in water level, but the water level was quite low. Perhaps this is due to a lag time between
the falling rain and the runoff flowing into the river. This could also be caused if the ground was
dry and soaked up the water so that there was no runoff. It was also noted that the alkalinity was
higher than it had ever been. The researchers thought that the high alkalinity was connected to
the water level. Perhaps with less water to dilute any new nutrients and chemicals being added
into the stream, different properties of the water, like alkalinity, become more concentrated. The
rrosquitoes are also more abundant today, probably due to the new rainfall.

October 24th, 2013 Observations:



The leaves that have fallen in the river have turned brown as they have decomposed. On October
18th, the leaves in the river were still bright red and orange as they had fallen recently. Like the
leaves, the Cathance river has also lost its red tint. The researchers believe this may signify a
1onnection between river color and the color of the detritus in the river (leaves).

lFata: On following pages.

Calculations:

To determine the speed of the river (cm/s), divide the distance that the object that was thrown in
the river (a twig) traveled by the number of seconds it took to travel that distance. For example,
ilfthe object traveled 100 cm (1 m) in 51 seconds, then divide 100 by 51 to get the speed (cm/s).

%raphs: On following pages.
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Analysis:

Weekly precipitation was an independent factor in the experiment that had effect on many
different dependent factors. On the first day, 9/12, the weekly precipitation had been 1.32 cm.
The next week, the week of 9/20, the weekly rainfall fell to 1 cm before rising again the next
week. The week of 10/2 the rainfall was 0.08 cm, the lowest amount of precipitation noted
throughout the entire study. The last week data was collected was the week of 10/24, when the
weekly rainfall was 0.33 cm, the second lowest amount of rainfall in the investigation. It should
be noted that rainfall seemed to directly effect the water level of the Cathance. This is supported
by the fact that the water level dropped from 46 cm to 40 cm the week it only rained 0.08 cm.
Later, when it rained harder on 10/10 the water level rose again to 47 cm. All of those examples
came from area #1 data (see graph). A similar phenomenon occurred at location #2, with the
water level being about 10 cm below the water level at location #1. To the researchers’ surprise
on 10/18 and 10/24, the water level was the same. Area one had a water level of 39 cm both days
and area two had a level of 28 cm both days. Those two days had the lowest water level recorded
in both areas. This is thought to be due to the low rainfall that occurred the last two weeks of
testing. The overall average water level was 45.29 at area #1 and 36.67 at area #2. Also, it should
be noted that the water levels of the two areas are not expected to be the same because the two
different areas had different waterbed depths. The Cathance River’s water level seemed to be
effected only by rainfall. In addition, the researchers observed that there was a slight lag between

the time when rain fell and the time when rain flowed into the river to raise the water level.



Overall, the more precipitation there was, the higher the water level was.

Air temperature was another independent factor in the experiment and was not affected
by any other variable in this situation, however, it had a great effect on water temperature. Air
temperature was assumed to be the same in both areas and was 15°C on average. On 9/12, the
first testing day, the air temperature was 25°C. The next week, on 9/20, the temperature dropped
11°C to 14°C. On 9/26 the temperature was one degree less at 13°C. The next month, on 10/2, the
temperature was 16°C. On 10/10 the temperature was 19°C and on 10/18 it was 13°C. On the last
day of testing, 10/24, the temperature was 5°C, the lowest temperature recorded. Temperature
seemed to drop consistently each time it was checked and as winter approached. Also, the
temperature was taken at the same time of day each visit. All tests were done in the early
morning when the sun had not fully risen yet, so the air was colder than it would have been
around midday.

Water temperature changed mostly depending on air temperature, but rainfall was another
factor that changed water temperature. Rainfall is usually warmer than the air in September and
when rainfall is high. Therefore the Cathance River was expected to be warmer than air because
water takes longer to cool in the winter due to its hydrogen bonds. Water also takes longer to
warm, so occasionally the temperature at night will cool the water enough that in the morning,
when the temperature is tested, the water will not have warmed because of its resistance to
temperature change. Water temperature was 14°C on average at location #1 and 13.33°C on
average at location #2. The water temperature on day one, 9/12 was 19 degrees Celsius, colder
than the air that day. On 9/20 the temperature of the Cathance was 15° C at both areas. The

researchers did not expect the water temperature of the two areas to differ much from each other,



seeing as the water from area one is the same water that rushes downstream to area two. Area #2
is more shaded than area one, but the water is extremely fast at area #2 so the water does not
have time to be cooled by the tree cover. On 10/10, the temperature at area one was 11° C and at
area two it was 12° C, and on 10/18 the water temperature was 14° C at both areas. On the last
test day, 10/24, the water was 8°C at area #1 and 10°C at area #2, the lowest temperature
gathered at either site. This is also the same day that air temperature was the lowest, at 5° C.
Overall, the air temperature and water temperature were always very similar because they
changed together.

The next factor to be mentioned is river speed, a dependent factor which is, for the
purposes of this experiment, only affected by rainfall. Speed affects many other factors like
dissolved oxygen and turbidity. The testing area at area one had little to no current on most days
and so whatever speed taken from that area could have been greatly dependent upon the wind
blowing the test subject around or ripples from the researchers’ boots affecting the speed of the
test subject. On the second day of testing the river speed at area one was 2.6 cm/s and the speed
at area two was 77.5 cm/s. The two areas were chosen by the researchers for their dissimilar
speeds. The researchers were hoping that the different speeds would affect some dependent
variables (see graphs). On the third day of study the water speed of area one was 2.4 cm/s and
79.4 cm/s in area two. That week was when the most rain had fallen and perhaps the increased
amount of water flowing through the same amount of space boosted the two speeds slightly that
day. In addition, the water level had been pretty high the week before and the speed could have
been partially caused by that excess residuary water draining away. From then on the river’s

speed slowed, and the water level and weekly rainfall levels dropped, which are possible causes



for the decline in speed. On test day four the speed in area one was 1.8 cm/s and in area #2 had
been brought down to 24.5 cm/s. This was the week of the smallest amount of rainfall, but not
the week when river speed was slowest. On the fifth testing day the water speed in area #1 had
risen to 2.8 cm/s and to 88.5 cm/s at area #2, the highest speeds recorded for both areas. The
rainfall that week had risen by 0.86 cm from previous week, possibly causing the sudden burst of
speed. In addition, water level went up by 7 cm that week in area #1 and by 9cm in area #2. After
that burst of speed rainfall and water level started to drop again along with speed. The sixth day
of testing returned the lowest speed measurements. The water speed in area #1 had dropped to
0.9 cm/s and in area #2 to 21 cm/s. On average the speed of the river at location #1 is 2 cm/s and
the average speed at location #2 is 52.78 cm/s.

Dissolved oxygen is the amount of oxygen present in water. Overall, it appears to be
affected greatly by water temperature (the higher the water temperature the lower the oxygen
content of the river) and slightly affected by rainfall (contrary to the background research they
had done, the researchers found that the more rainfall there was, the lower the dissolved oxygen
levels). On testing day two, the first day both areas were tested, the oxygen level was 4.2 ppm at
area #1 and 4.8 ppm at area #2, the lowest amount recorded at area #2. The dissolved oxygen
content was higher at area #2 because of the rapids stirred more oxygen into the water as they
moved. On day three the dissolved oxygen content at area #1 was 4.8 ppm and 6.1 ppm at area
#2. On day four the oxygen level rose at area #1 to 5.4 ppm and area #2 stayed quite stable at 6.2
ppm. The final day had the highest oxygen level recorded during testing, which was unexpected
considering that the rainfall was low (0.33 cm) that week. The dissolved oxygen rate was 5.5

ppm at area #1 and 6.8 ppm at area #2. On average location #1 contained 4.8 ppm of dissolved



oxygen and location #2 contained 5.98 ppm.

Alkalinity is a measurement of the buffering ability a body of water has against acid.
Alkalinity was not taken at area #2 on day one, day two, or day four due to lack of time. Area #1
data was collected everyday. On average location #1 had an average alkalinity of 25.71 ppm and
location #2 had an average of 33.5 ppm. On day one the alkalinity at area #1 was 8 ppm. On day
two it went up to 28 ppm, a very large increase. Perhaps the first measurement was due to error,
since after day one the Cathance River gave healthy alkalinity results. On day three the alkalinity
of area #1 was recorded at 22 ppm and 19 ppm at area two. Day four and five returned stable
results in the twenties and low thirties. On test day six alkalinity more than doubled, reaching 44
ppm at area #1 and 48 ppm at area #2, the highest results recorded at either area during testing.
These results were possibly due to error since on the final day of testing area #1 results dropped
back down to 24ppm. Area #2 results remained high, but on the final day the test materials were
behaving strangely (see sources of error in conclusions). Another possibility for the high reading
is a concentration of alkalinity due to low water level. This is supported by the fact that the
graphs show a slight declining trend in alkalinity as rainfall increases. Water temperature does
not appear to have a significant effect on alkalinity.

Conductivity is the ability of a body of water to pass an electrical current. Data was not
taken at area #2 on the first day of testing, but the conductivity at area #1 was 100 ! S. On the
following days conductivity moved between the high double digits and returned to 100! S at
both areas on day four. From then on the conductivity rose, a rise mirrored in alkalinity and
dissolved oxygen. Perhaps one factor caused a chain reaction throughout the other factors,

causing factors to change sometimes dramatically by the end of the tests, or perhaps there was



possible error. On testing day five the conductivity for both areas was 110 ! S. On day six the
conductivity for area #1 was still 110 ! S and the conductivity for area #2 was 120! S. On the
final day the conductivity of area #1 was 120 ! S and the conductivity for area #2 was 130! S,
the two highest conductivity measurements out of all of the testing days. On average
conductivity was about 100 ! S. Overall, increased water temperature and rainfall both seem to
reduce the conductivity of the Cathance. Reduced water clarity seems to lead to reduced
conductivity, likely because the organic materials that color the water and cause turbidity also
lower conductivity by adding uncharged particles to the water.

pH is a measurement of how acidic or basic water is. pH was not taken in area #2 on the
first and fourth testing days. The pH in area #1 the first day was 6. On the second testing day the
pH was 5.9 at area #1 and 6 at area #2. On day three the pH of area #1 was again 5.9 and 6.5 for
area #2. On day four the pH of area one was again 5.9, the pH is one of the most stable factors
observed at the Cathance. On day five the pH was 6 both areas. The pH at area #1 was 6 on both
the sixth and seventh testing days, whereas the pH for area #2 on the sixth day was 6.2, and on
the seventh it was 5.7. The pH was not afflicted by the sloped pattern most of the other variables
displayed on graphs, rather it stayed at a steady, healthy level for a river. Neither water
temperature nor rainfall seemed to have a noticeable effect on pH. Perhaps this is due to the fact
that the Cathance had an average pH of 6, the same pH as rain water.

Nitrate and nitrite tests never wavered from zero. Area #2 was not tested the first testing
day, but it is suspected that it was zero that day due to the solid trend. It is very healthy for rivers
to have no nitrite or nitrate concentration in them. Low levels are ok in rivers, but none is ideal.

Since there was no change in nitrate/nitrite concentration the researchers were unable to draw



connections between nitrate/nitrite levels and other water qualities and independent factors.

Water color is an important factor in visually assessing the health of a river. Water color
was not taken at area #2 on the first, second, or fourth testing days. On average color was 69.29
PCU at location #1 and 56.25 at location #2. The water color on day one, at area #1, was 100
PCU. On the second an third days the water color at area #1 was 70 PCU and area two had a
color of 60 PCU on day three. On day four the water color returned to 100 PCU and then
dropped to around the 50’s. In area one especially, the water quality measurements shift around
the second half of the testing period. This is supported by the fact that the color readings go
down from the 100’s to below the 50’s. On day six the color was 40 PCU at area #1 and 60 PCU
at area #2. On the final day of testing the water color was 45 PCU at area #1 and 55 PCU at area
#2. This drop is perhaps a good thing though, since low color means better water clarity which is
healthier. Overall increased color seems to lower conductivity. Increased water temperature and
rainfall also increase color. Perhaps this is due to warm temperatures decomposing organic
materials or runoff sweeping colorful particles into the river.

Turbidity is a measurement of the amount of suspended particles in a body of a water. It
was not taken on day one, two, or four at area #2. Overall average turbidity was about 2 JTU.
The turbidity on the first testing day was 0 JTU at area one and 4 JTU on day two. On day three
the turbidity of both areas was 3 JTU. On day four the turbidity was 2 JTU at area #1. On testing
day five the turbidity was still 2 JTU at area #1 and it was 3 JTU at area #2. On days six and
seven the turbidity was 1 JTU at both areas. Overall turbidity does not display strong connections
to water temperature or rainfall, with perhaps a slight rise as both independent factors increase.

However, higher speeds seem to lead to increased turbidity and higher turbidity appears to lower



conductivity.

Conclusions:
Overall, the Cathance River is a very healthy river. All of the water qualities tested were

in the healthy zone except for turbidity and conductivity (which is known to range and still be
considered normal). The researchers were unable to ascertain what healthy color levels are so
they cannot say whether or not the Cathance River has a normal color. The water temperature
and air temperature remained normal for the climate associated with Maine’s autumns. At 32°C
most aquatic life is unable to function and will die, but the Cathance remained well below this
temperature at an average of 15°C air temperature and 14°C water temperature at the first site and
13.33°C at the second site. The water level also behaved normally, rising after rainfall and falling
during drier periods. There were some days when the water level was high and some days when
it was quite low. It fluctuated within a range of about 30 cm with a high of 58 cm and a low of 39
cm at the first site, and a high of 53 cm and a low of 28 cm at the second site. The water level
never approached a point of drying up or overflowing. River speed rose based on river depth
which was a normal relation. The EPA considers a dissolved oxygen content of 5 ppm to be
healthy, with anything below 4 ppm being stressful for aquatic life. At site #1 (GPS N 43° 57.
535” WO 69° 57. 095’ Slow Flow), the dissolved oxygen content averaged 4.8 ppm, and at site
#2 (GPS N 43° 57. 559 WO 69° 57. 095’ Rapid Flow) it averaged 5.98 ppm. The higher oxygen
content at site #2 is due to the faster water flow which stirs in oxygen from the air. The average
dissolved oxygen content at site #1 was low partially due to an outlier data point of 3.2 ppm.
This value was collected on the first day of testing and could possibly be incorrect since this was

the first time the researchers used their equipment. If it was actually an accurate reading, then the



Cathance River was experiencing very low and dangerous oxygen content that day. However,
following the first day of testing the oxygen content rose above 4 ppm and stayed above 4 ppm
in the healthy river range. Aquatic organisms function best between a pH of 6.0 to 8.0. Outside of
this range they can become stressed or die. Overall the Cathance River remained within this
range with an average pH of 6.0 at site #1 and an average pH of 6.1 at site #2. The alkalinity of a
body of water helps to buffer its pH and maintain a safe pH. A healthy river will have alkalinity
of 20 ppm or greater. The Cathance River always stayed near (the lowest alkalinity measurement
was 19 ppm on September 20th at site #2) or above (site #1 had an average alkalinity of 25.75
and site #2 had an average of 33.5 ppm) this level except for on day one at the first site. On this
day the alkalinity was 8 ppm. Once again, the researchers are assuming this was due to human
error, since it was the first time they had used their equipment and were still learning. The
conductivity of the Cathance River remained quite stable throughout the testing period,
averaging about 100 ! S at both testing sites, however it did not stay within the range considered
healthy by the EPA. Conductivity of 150-500 ! S is considered healthy by the EPA for an inland
body of fresh water, however conductivity is known to range greatly so the conductivity of the
Cathance River is not considered abnormal. In rivers with a high content of inorganic materials,
such as minerals or dissolved substances like calcium, iron, sulfate, and nitrate, conductivity is
higher, whereas in rivers with lots of organic material conductivity is lower. This is because the
inorganic materials carry a charge, allowing them to conduct electricity much more easily. The
researchers were unable to find information about what constitutes a healthy color level, and the
color data collected varied greatly. Site #1 had an average of 69.29 PCU and site #2 had an

average of 56.25 PCU. The lowest color recorded was 40 PCU, and the highest was 100 PCU,



both taken at site #1. Aside from the researcher’s uncertainty about whether the Cathance has
healthy color levels or not, they can report that there is a strong correlation between water
temperature and color. As water temperature rises, so does color. The turbidity of the Cathance
River is average, making for normal water clarity. The lower the turbidity of a river, the better,
and up to 1.25 JTU is considered healthy, but slightly above is not dangerous. At 25 JTU aquatic
species begin dying due to the clogging of gills. The Cathance river has an average of 1.86 JTU
at site #1 and an average of 2 JTU at site #2. The nitrate/nitrite concentration of the river always
remained at zero, indicating it is a healthy river. If there are excess nitrates or nitrites in a body of
water it means that for some reason the plants are not absorbing it like they should, or it means
that it has been added from an outside source and could lead to the overgrowth of plant life. Plant
overgrowth can lead to the decimation of dissolved oxygen content, overcrowding of space,
increased turbidity, unhealthy color, and overall blockage of sunlight.

The researchers’ hypothesis was partially correct. The researchers hypothesized that the
water qualities would change depending on water temperature and/or rainfall. While this is true
for most of the qualities, some do not seem to depend upon and change in relation to water
temperature and/or rainfall. Like the researchers hypothesized, many of the qualities differed
between the slowly flowing location #1 and the rapidly moving location #2. In addition to the
data the researchers set out to find, they also noticed some interesting correlations between
certain water qualities. To begin with, the effect of rainfall on various water qualities. The
researchers found that when rainfall increased, water level also increased. At location #1 the
water level was almost always higher than at location #2 due to a difference in water bottom

depth. Location #2 was usually about 10 cm shallower than location #1. The increase in water



level then led to an increase in speed. At location #1 this increase was quite small, but at location
#2 the increase was very large. The river speed at location #1 was always much slower than the
river speed at location #2, probably because the river is very wide at location #1 and quite
narrow at location #2. The same amount of water needs to flow through a much smaller space at
location #2 causing a faster speed. When rainfall increases, river speed also increases. The
researchers noticed this happening, however at location #1 the change was very slight. Rainfall
did not seem to have much of an effect on water temperature, and if a line representing the
average slope were to be drawn, it would be rather horizontal. One observation for this particular
relationship is that the data for both locations was very similar, meaning that the water
temperature at both locations was very similar (since the rainfall at both locations is the same). In
their background research the researchers learned that after it rains the dissolved oxygen content
of a body of water tends to rise because oxygen will enter the water when it is stirred up by the
rain. However, the researchers noticed the exact opposite of this happening. As rainfall increased
dissolved oxygen seemed to decrease slightly. The researchers are unsure of the cause. Location
#1 always had a lower oxygen content than location #2. This is because location #1 had slow
flowing water so less oxygen was stirred in by the churning motion created in the rapids at
location #2. The researchers found that as rainfall increases alkalinity decreases. Perhaps this is
because the river must work harder to buffer the slight acidity of rain. Conductivity also
decreases slightly as rainfall increases. Perhaps this is due to organic materials being washed into
the river by runoff and reducing conductivity. Regardless of rainfall, the pH of the Cathance
River remained steady around a value of 6.0 pH. The ineffectiveness of rainfall is likely due to

rain’s natural pH of 6.0, so as it mixed with the river it was not changing the river’s pH at all. It



might even have been causing the river to maintain a pH of 6.0. If the first data point collected at
location #1 is regarded as an outlier and removed, then color seems to rise with increased
rainfall. This might be due to substances being washed into the river by runoff and coloring it.
Based on the graphs, rainfall does not seem to have an effect on the nitrate/nitrite concentration,
nor does any other water quality the researchers observed, since the nitrate/nitrite concentration
remained at zero throughout the testing time. If the first data point at location #1 is removed,
then turbidity also seems to increase with rainfall. In addition, the conductivity at location #1
was never higher than the conductivity at location #2 for a given turbidity. The possible outliers
recorded on day one likely occurred because the researchers were getting used to their equipment
since it was their first time using it. According to the researchers’ data, water temperature
depends on air temperature, and they increase or decrease together with air temperature taking
the lead. The water temperatures at both locations were always quite similar. As time went by
and summer faded, the overall temperature decreased, starting at 25°C air temperature and 19°C
water temperature, and ending at 5°C air temperature and about 9°C water temperature. In their
background research the researchers learned that warmer water holds less oxygen, and their
findings supported this with a slightly negative slope. At 10°C water temperature the dissolved
oxygen content was 6.8 ppm and at 15°C the dissolved oxygen content was an average of 5 ppm
at location #1. Increased water temperature also seems to entail a higher turbidity and color.
However, the water temperature does not seem to have a significant, if any, effect on alkalinity or
pH. Based on the graphs an increase in water temperature causes a decrease in conductivity, as
supported by what the researchers learned in their background research. In addition to these

findings that the researchers addressed in their problem and hypothesis, various other interesting



correlations between water qualities were discovered. For example, an increase in color seems to
entail a decrease in conductivity. If the data point from location #1 at 100 PCU color and 100! S
conductivity is regarded as an outlier, then the average slope is about -2. Overall, color appears
to increase as turbidity increases. This is supported by the researcher’s background research, as
the particles that cause turbidity can also color the water, and turbidity and color are closely
intertwined in the overall category of water clarity. Conductivity is also tied to turbidity,
decreasing as turbidity increases with an average slope of about -20. This might be because the
particles that cause turbidity are uncharged organic particles which don’t conduct electricity well
and lower conductivity. The researchers expected alkalinity to have a large effect on pH,
however the graph for pH depending on alkalinity has an average slope of about zero. Perhaps
this is because as alkalinity increases it makes pH more and more stable as it buffers the pH to a
desirable level. In conclusion, the researchers’ hypothesis was partially correct. Most water
qualities were affected by water temperature, which is affected by air temperature, and/or
rainfall, and the two sites tested had slight differences in water quality yet they displayed the
same overall results. For example, in both locations an increase in water temperature caused a
decrease in dissolved oxygen content and an increase in turbidity caused a decrease in
conductivity.

The researchers encountered a few complications that hindered the accuracy of their
experiment. To begin with, they were not always able to complete all of their experiments in the
allotted field time. This means that if any incorrect data was collected, it weighed heavily on the
overall results. In addition, some tests such as the oxygen test, the nitrate/nitrite test, the color

test, and the pH test the results depend on the researchers estimating the correct color and



comparing colors. If either of the researchers incorrectly perceived a color, the results of the test
would be wrong. For example, the pH test required the researchers to hold a river water and
reagent mixture and colored control liquids up to the light and compare their colors. If the river
water turned a color that did not match one of the listed colors, the researchers were required to
estimate a number in-between two similar colors. If the test was misinterpreted due to bad
lighting or misjudgment, then it could turn out incorrect. In addition, lighting varied from day to
day due to weather. The turbidity test required the researcher to compare the visibility of a black
dot under river water and distilled water, so if the researcher made an incorrect judgement about
visibility the results would be incorrect. The researchers tried to always take measurements in the
same area and in the same fashion, but if the meter stick were inserted into the river at a slightly
different location, then the river depth would always be different because the river has an uneven
bottom. In the slow-flowing area the river-bottom is composed of muddy, settled sediment that is
stirred up when stepped in. These stirred up sediments can alter the composition of the test
material, changing the results. The researchers tried to gather samples from beyond the agitated
area, but the sediments might have affected the conductivity, turbidity, and color tests. Speed
measurements could be distorted if a drastically differently sized or weighted twig was chosen in
each test. The researchers tried to always choose similar twigs to reduce this possibility,
comparing their size to that of their index fingers. If the researchers stopped the stopwatch
slightly before or after the twig passed the end of the meter stick being used to measure, then the
time would be incorrect and the data would be skewed. About halfway through the testing period
the conductivity probe broke and the researchers had to acquire a new probe. The researchers are

not sure if the old probe ran out of batteries or broke in some other way so that the reader may



have given false readings towards the end of its life, however this is unlikely. On the last day,
while one of the researchers was conducting the alkalinity test, the tablet which was supposed to
be dissolved and turn blue turned green instead. The researcher ran the test three times to avoid
error. Two out of the three times the tablet turned the water green, and returned similar results, so
those results were recorded. This strange occurrence could be due to an undetected permeation of
moisture into the tablet container causing them to begin to dissolve. If not, perhaps the test bottle
was not rinsed properly after the previous test at area #1. This could have caused the results to be
incorrect, indicating that the results from that last day might also be untrustworthy. The source of
error that weighed most heavily on the results of the experiment is likely the first day of testing.
All of the probable outliers in the data were collected on the first day of testing. This is likely due
to it being the first time the researchers had handled their equipment so they were not entirely
sure how to conduct their tests. For example, on day one alkalinity was 8 ppm, an extremely low,
unhealthy number. This measurement was likely an outlier because the researchers had never
tested before and afterwards the Cathance River returned normal, healthy alkalinity levels. The
same phenomenon happened with dissolved oxygen, with the test returning an unhealthy 3.2
ppm.

If the researchers were to conduct the experiment again, they would make a few changes.
To begin with, they would run the experiment over a longer period of time. If they were given
more time to conduct tests, then they would make sure to finish all tests at least once and, if
possible, conduct each test multiple times to reduce errors. The researchers would also like to
consult an expert on water quality, since they were unable to ever meet with one and had many

unanswered questions about water color and other various water qualities. Prior to conducting



the experiment the researchers believed that after a rainstorm the water level of the river would
immediately rise. However, the water level did not change. The researchers are assuming this is
because there is a lag time during which runoff travels over the land before entering the river. An
additional experiment the researchers could conduct could be designed to determine how long
this lag is, and what minerals and chemicals are picked up from the surrounding terrain by runoff
and swept into the river. If there were a way to test pesticide levels in the river, then the
researchers could measure pesticide concentration in the Cathance River. They could also

attempt to track any present pesticides to their source.
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Water Quality at Location #1 GPS N 43; 57. 5350 WO 69; 57. 0950 (Slow Flow)

Date Weekly Water | Water | Air Speed | Dissolved [ Alkalinity | Conductivity | pH | Color | Nitrate/ | Turbidity
Precipitation | Level | Temp. | Temp. | (cm/s) | Oxygen (ppm) (uS) (PCU) | Nitrite JTU)
(cm) (em) | (GC) | (C) (ppm) Concent
ration
(ppm)
9/12 1.32 48 19 25 1.7 3.2 8 100 6 100 0 0
9/20 1 58 15 14 2.6 4.2 28 70 59( 70 0 4
9/26 1.57 46 13 13 24 4.8 22 80 59( 70 0 3
10/2 0.08 40 18 16 1.8 5.4 30 100 59| 100 0 2
10/10 0.94 47 11 19 2.8 5 24 110 6 60 0 2
10/18 0.61 39 14 13 0.9 5.2 44 110 6 40 0 1
10/24 0.33 39 8 5 1.6 55 24 120 6 45 0 1
Ave- 0.84 5714289 14 15 2.0 4.8 25.71 98.57 6.0 [5714284 0 1.86
rage
1
:
| Water Quality at Location #2 GPS N 43; 57. 5590 WO 69; 57. 0950 (Rapid Flow)
Date Weekly Water | Water | Air Speed | Dissolved [ Alkalinity | Conductivity | pH | Color | Nitrate/ | Turbidity
Precipitation | Level | Temp. | Temp. | (cm/s) | Oxygen (ppm) (uS) (PCU) | Nitrite JTU)
(cm) (cm) | (C) | (C) (ppm) Concent
ration
(ppm)
9/12 bbb bbb | bbb | bbb bbb bbb bbb bbb bb| bbb bbb bbb
9/20 1 46 15 14 77.5 4.8 bbb 80 6 bbb 0 bbb
9/26 1.57 53 14 13 79.4 6.1 19 90 6.5 60 0 3




Date Weekly Water | Water | Air Speed | Dissolved [ Alkalinity | Conductivity | pH | Color | Nitrate/ | Turbidity
Precipitation | Level | Temp. | Temp. | (cm/s) Oxygen (ppm) (uS) (PCU) | Nitrite JTU)
(cm) (cm) (({®) {{®) (ppm) Concent
ration
(ppm)

10/2 0.08 28 15 18 24.5 6.2 bbb 100 bb| bb- 0 bbb
10/10 0.94 37 12 19 88.5 6.2 23 110 6 50 0 3
10/18 0.61 28 14 13 21 5.8 48 120 6.2 60 0 1
10/24 0.33 28 10 5 25.8 6.8 44 130 5.7 55 0 1
Ave- 0.76 666666433333336666664 52.78 5.98 33.5 105 6.08| 56.25 0 2
rage
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