Effects of Turbulence on Dissolved Oxygen

L esson Focus: This lesson focuses on the importance of dissabvgden to a healthy
aquatic ecosystem and how dissolved oxygen in veatebe increased. This lesson also
illustrates how controlled experiments are preparedl conducted.

L ear ning obj ectives. Upon completion of this lesson, students will beedb
identify:

1. The importance of dissolved oxygen to aquétc |

2. Minimal level of dissolved oxygen that is nesaay to sustain a healthy aquatic
ecosystem.

3. Ideal levels of dissolved oxygen to support pations of some common aquatic
animal populations.

4. Controlled, manipulated, and responding vargbiea controlled experiment.

Enduring Understandings for the lesson:

- Students will understand the importance of dissblweygen to a healthy aquatic
ecosystem.

- Students will also understand the importance otflooting controlled experiments,
and students will be able to identify the differgatiables that are included in a
controlled experiment.

Georgia Performance Standar ds Addr essed:

S6CS1. Students will explore the importance ofasgity, honesty, openness, and skepticism

in science and will exhibit these traits in thewroefforts to understand how the world

works.

S6CS2. Students will use standard safety practizes! classroom laboratory and field

investigations.

S6CS8. Students will investigate the charactessifcscientific knowledge and how it is

achieved.

S6CS9. Students will investigate the features efpitocess of scientific inquiry.

S6CS10. Students will have enhanced reading ifiglteof science.

S6E3. Students will recognize the significant mievater in earth processes.

S6ES5. Students will investigate the scientific viefanow the earth’s surface is formed.
i. Describe methods for conserving natural resoungels as water, soil, and air.

Grade Level: 6" Grade

Materials:

- LaMotte Dissolved Oxygen testing kits (availablevatw.LaMotte.con

- Copies of the dissolved oxygen test instructions

« Four -10 gallon aquariums, aquarium filter pump, thermometer, and an aquarium
aerator.
Copies of the Dissolved Oxygen/Controlled Experitaemorksheet
Copies of informational handouts for each student.




- LCD projector available to use with a classroom patar that has internet access.

Time needed: Two full 40 minute class periods are needed to aaledy cover the
objectives of this lesson. More could be requivagded on the extensions or details that the
teacher chooses to include

Background Information:

Dissolved Oxygen- Dissolved oxygen is oxygen gas that is dissolvedater. The amount
of dissolved oxygen (DO) found in water can vare ¢l several factors such as water
temperature, level of pollutants and whether theemféow rate is slow or rapid. Fish and
other aquatic organisms need dissolved oxygenrtoveu The amount of dissolved oxygen
needed for survival of individuals and for sustaghhealthy populations of aquatic
organisms varies by species. Fish tend to need dissolved oxygen than other species of
animals. Aquatic plants and algae even requirgotlied oxygen to survive. During the night
or even on cloudy days, plants and algae perfosminaion, which requires oxygen, when
they are not producing oxygen as a product of @yotihesis. The level of dissolved oxygen
in a stream, river, or body of water tends to cleathgoughout each day and each season.

Dissolved oxygen is measured as milligrams of dv&sbgaseous oxygen per liter of
water (mg/L), or parts per million (ppm). Dissalvexygen in water can range from O to
14 parts per million. Generally, the colder theavaémperature the higher the dissolved
oxygen, which creates a great habitat for anim8lseams and rivers require dissolved
oxygen (DO) levels at a minimum of 5-6 parts peltiom (ppm) to support a healthy and
diverse aquatic ecosystem. However fish and maweeoiebrates are known to survive at
dissolved oxygen levels as low as 3.0 ppm, whiclucin warm water temperatures,
due to their adaptations for survival under theseldions.

There are a variety of factors that can increasdevel of dissolved oxygen in water.
Dissolved oxygen naturally enters the water fromdtmosphere and will continue to
enter the water until it becomes saturated. Whgraiic plants and algae are exposed to
sunlight they produce oxygen as a waste produghofosynthesis. The structure of a
stream or river affects dissolved oxygen. The ntorieulence that a stream or river
displays, such as waterfalls or rapids, the mosger is absorbed into the water. Also,
turbulence on the surface of a body of water cabgeslind tends to increase levels of
dissolved oxygen. Artificial aeration such as wathaquarium bubble stone will increase
DO levels, sometimes dramatically.

However, there are some processes that reducdwiidsuxygen levels in water. All
living organisms must respire to survive. Animsigh as fish, crustaceans, mollusks,
and worms that live in water remove oxygen fromwlager for respiration. Plants and
algae also need oxygen to respire at night or omdgi days. As the amount of dead
organic material increases in water more oxygerséxl by bacteria to decompose that
material. These organic wastes can come fromwagrral runoff, industrial wastes, or
sewage treatment plants. Chemical pollution caa e¢duce DO levels due to chemical
reactions with dissolved oxygen. Nitrates, ammposugfates, and other ions reduce
levels of dissolved oxygen when they enter bodfasater.



Two weather factors, temperature and barometrisspire, can also affect levels of
dissolved oxygen. As temperature increases, weels to hold less dissolved oxygen,
so dissolved oxygen levels in water tend to deergdsen it is warmer. And when it is
cooler dissolved oxygen levels tend to increaskso fas barometric pressure increases,
the solubility of oxygen increases, so levels gkdived oxygen tend to increase.

Some aquatic organisms are more sensitive to leeldef dissolved oxygen than others.
Trout, striped bass, perch, and shad are fishrélgatire 5 to 6 ppm of dissolved oxygen
to survive. While trout are spawning, dissolveggen should not be below 7.0 ppm. If
dissolved oxygen falls below 4.0 ppm some fish iandrtebrate populations such as
insects and crustaceans will begin to decline. \D@ levels are between 3.0 and 4.0
ppm, fish will come to the surface to begin pipirfping is the gulping or gasping for
air that fish do when they come to the surfaceafor Some crustaceans such as crabs
and crayfish can survive in waters with dissolveggen as low as 3.0 ppm. Organisms
commonly associated with poor water quality sucteashes, sludge worms and other
types of worms can live in water with low dissolv@d/gen levels.

Controlled experiments- Being able tgerform controlled experiments and identify the
proper parts of a controlled experiment are a reaggsskill for any scientist. In a
controlled experiment, certain conditions and reguents must be met to determine a
valid conclusion. If an experiment is not perfochpeoperly it will create inaccurate or
false results and data.

In a controlled experiment, there are always facfalso called variables) that are
involved. Only one variable should be changedtaha by the scientist during an
experiment. The one factor that the scientist chamg an experiment is called the
manipulated variable. All other variables thatldaaffect the experiment should remain
constant and are called controlled variables. Yamable that changes as a result of
changing the manipulated variable is called thparding variable.

For example, if a scientist is trying to see if mdgfertilizer to plants would help them
grow more quickly he or she would need to iderttify variables at work in this
experiment. There are a few variables that sharithin constant so that a valid
controlled experiment could be conducted. Fitstreé should be some plants that get
fertilizer and some that do not. The plants tlwat'tiget fertilizer are our control
subjects. We measure the effect of the manipuleeidble on other subjects against
these control subjects. To make sure that onlyatheunt of fertilizer is a factor
affecting plant growth, the scientist should malteeghat all of the plants are the same
type of plant (roses, tomatoes, etc.), be the daaght and age and of similar health,
and receive the same amount of water and sunlagit day. Other less obvious factors
should also remain constant, such as ambient teyserand intensity or angle of
sunlight. The factors that remain constant wowd#lled controlled variables. The one
factor the scientist changes should be the amduettdizer that the plants get; this
would be considered the manipulated variable. diange in the plants’ heights would



be the variable that changes as a result of chgriggnamount of fertilizer that each plant
gets. This would be called the responding variable

Before actually designing and conducting the expenit, a scientist should state the
problem that he or she is trying to solve. Thiglddoe written as a scientific question as
well. In the example of the fertilizer, the scishtould ask, “How does adding fertilizer
affect the growth of plants?” A hypothesis shoaileb be written. A hypothesis is an
“if..., then...” statement that is a possible explamatior a set of observations. Using
the fertilizer example, a hypothesis could bepttnts are given fertilizer, then they will
grow faster.”

L ear ning Procedure

1. Begin the lesson by asking students what they kaloout water quality. Ask if there
is any way that they can measure water to judgguigdity (maybe through how it
looks, smells, tastes, (be careful with includiagté — it is usually recommended that
people don't taste as it can be harmful) and feels)

2. Give each student a copy of the dissolved oxygevolbed experiments worksheet
and have them answer the first question about veatzlity.

3. Give each student a copy of the 2 handouts - “nédgron on Dissolved Oxygen” and
“Information on Controlled Experiments”. Have thteidents read these handouts and
then answer questions 2-7 on their own.

4. Using your classroom computer and an LCD projestsit
www.edlonline.org/learncenter/oxygenmodule.aBps site shows how fish behavior
changes as dissolved oxygen levels change in ther wd/hile visiting this site ask
students how they expect fish to behave underrdifteconditions. Have them write
their ideas on the worksheet

5. Inform the students they are now going to condaageriment. Discuss how
controlled experiments are performed, placing ingare on identifying the 3 types
of variables in an experiment: the manipulatedalde, controlled variables and the
responding variable.

6. Review safety rules as this test requires the tiserae very dangerous chemicals.
7. Have students copy the following data log into itimeitebooks
Sample name Turbulence type Temperature DO (ppm)
Control none
Filter w/o cartridge | “small waterfall”
Fan wind
Aquarium aerator aerator

8. Divide students into groups of 3 or 4.

9. Have students begin the experiment by revigihe procedure for dissolved oxygen
testing. They will be conducting a Winkler Titratiosing a LaMotte Dissolved
Oxygen testing kit

10. Demonstrate the first test to the class usiagmfrom a 10 gallon aquarium that has
been sitting for 24 hours or more — this is yountoal.



11. Have students repeat the chemical test foottner 3 variables.

- To simulate a small waterfall use a standard aquoafilter to create the
falling water similar to a small waterfall. Remowe cartridge from the filter
to prevent any error that the filter could credités also allows the water to
flow faster and more freely.

- To simulate the affect of wind, place a fan neardtrface of the water and let
it blow across the surface of the water in the agua

. To simulate aeration, use an aquarium aeratorddsighe fan for 24 hours or
So.

11. Log your results in a data table. Ask the stiigl which method added the most
oxygen to the water. Were they surprised? Were you?

Evaluation

Inspect the student’s worksheet for proper ides@tfon of factors that affect dissolved
oxygen in water and for identification of the vélies involved in this experiment.
Evaluate students’ participation in the experimé&ndl each student do their fair share of
the work? Were their data results within 10% ofitistructor’'s?

Extensions

1.

Have students think of other variables they coed that would impact the levels
of DO on a water sample such as temperature orf#sts could even be created
to determine the affect of ambient temperaturemoapheric pressure on the
level of dissolved oxygen in a water sample.

Have students look for different bodies of waterusnd their school or in their
communities and make predictions as to what thel$eaf DO would be for each.
Have students predict what plants and animals @hnews bodies of water could
support and what adaptations they may have to helpethem survive.
Havestudents predict what would happen if certain b®diewater near their school
and/or in their community dried up. Ask them whaiwd happen if those places
where the water is presently located were to bedfivith dirt.

Ask students to predict how those local bodies atewwere formed. Then ask them
to investigate the scientific view of how the eartsurface was formed. In what ways
are the two similar and different

Ask students taescribe methods for conserving natural resourtester. Then

ask if those methods could be used to also conseiland air. What methods would
be the same and which would be different?

Resour ces-
Wheeling Jesuit University, Classroom of the Futuivater Quality module,
www.cotf.edu10/21/07

Stevens Institute of Technology, Center for Inn@ratn Engineering and Science
Education, Dissolved Oxygen background page, wwiskience.orgl10/21/07




- Environmental Distance Learning, “Even fish needewdearning module,
www.edlonline.org 10/21/07

- Environmental Protection Agency, Monitoring and éssing Water Quality,
Volunteer Stream Monitoring Methods Manual , Chapteection 2 Dissolved
Oxygen and Biochemical Oxygen Demand, www.epa(d6¥21/07)

- Chesapeake Bay Program, Dissolved Oxygen Critexige PBvww.Chesapeakebay.net

10/21/07

- University of Wisconsin, Green Bay, Lower Fox Rivi#atershed Monitoring
Program , Data Monitoring, Dissolved Oxygen Pagsywwuwgb.edu

- University of Florida, Institute of Food and Agrltwal Sciences Extension, Fact
Sheet FA27 “Dissolved Oxygen for Fish Productiog”Ruth Francis-Floyd
http://edis.ifas.ufl.edu/FA0020/21/07

« Central New York Near-Real Time Surface Water Quadlietwork, Data
Interpretation, Dissolved Oxygen Page, www.ourlakge.10/21/07

- Kentucky Water Watch Volunteer Projects, Water @uallonitoring Project,
Chemical Testing, Dissolved Oxygen Page www.statesk10/21/07

L esson developed by: Rusty Sturken, Duluth Middle School
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This activity is a product of the Rivers to Reef Teacher Workshop sponsored by the
Georgia Aquarium and NOAA Gray’s Reef National Marine Sanctuary that the author
participated in. For more information about this workshop, Georgia Aquarium, or
Gray’s Reef National Marine Sanctuary, please visit our websites at
www.georgiaaquarium.org or http://eraysreef.noaa.gov/




Wor ksheet: Dissolved Oxygen/Controlled Experiments

Name- Date- Period-

Pre-reading- Complete this section before reading the handonidissolved oxygen and
controlled experiments.

1. How would you describe water in a river or angy of water that is good quality?
How does it look, smell, taste (see cautionary adkeve) and feel? Is there anything in
the water that can be measured to see how gos¥® it i

Post-reading- Complete this section after reading the handontdissolved oxygen and
controlled experiments.
2. What is dissolved oxygen?

3. Why is dissolved oxygen important to water gqyal

4. In what unit is dissolved oxygen measured?

5. How much dissolved oxygen is needed for wattity to be considered very good?

6. What are 3 factors that increase levels otal&d oxygen in water?

7. What are 2 factors that lower levels of dissdlegygen in water?

8. What kinds of organisms can live in water wébs than 5.0 ppm of dissolved
oxygen?




Web video- visit www.edlonline.org/learncenter/oxygenmodudp.and read the
instructions about moving the fish.

9. Before your teacher moves the fish, predicttwhith happen when the fish is moved
to another tank with a different amount of dissdlosygen.

10. Explain what really happened when the fish mased to tanks of different levels of
dissolved oxygen.

Post-experiment- Answer these questions after the class perfoneslissolved oxygen
experiment on the second day.
9. Write a hypothesis about dissolved oxygen inexyperiment.

10. Name 2 controlled variables in our experiment

11. Name the manipulated variable used in our rex@at.

12. Name the responding variable in our experiment

13. Was your hypothesis correct? Why or why not?



