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Getting Started
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In this computer-based experiment simulation you should imagine that you are an ecologist working for the Fish and Wildlife Service.  One day, you are called into your supervisor’s office to be assigned a project.  She describes a problem the service is experiencing in setting up a test site for a fish hatchery in a lake.  The fisheries people have discovered that the fish in their test hatchery are developing breathing difficulties, which eventually leads to their death.  This obviously is a problem that the service would like to solve and your supervisor asks you to work on it.

The simulation is presented in two parts.  Part I involves collecting samples, performing analyses, and searching the literature for pertinent information.  Once you have completed this part of the simulation, you should be able to formulate an idea about what is killing the fish.  In addition to formulating a hypothesis you may be asked to discuss your work with others before proceeding to Part II, which involves performing additional experiments to test your hypothesis.  You must choose Part I or Part II when the program first starts.  Once you have made this choice you cannot switch to the other part, except by quitting the program and restarting it.
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Figure 2. The Literature menu is displayed by
clicking ont Literature in the Lake Study menu.



The instructions immediately below assume you are using a mouse with the Lake Study program.  If you are not using a mouse consult the section, Using Lake Study Without a Mouse.  When you are told to “click the mouse” on something, you should move the mouse cursor (shaped


 like an arrow on the screen) to 

whatever you are told to click 

on and then quickly depress and

release the button on the left side

of the mouse.

When you start Lake Study (ask

your instructor if you do not know 

how to start the program), you are 

asked which part of the simulation 

you wish to run.  If you have yet to

do Part I:  Lake Water Sampling

and Analysis, choose it by clicking

the mouse on that option and then 

clicking the OK button.  If you have already done Part I and are returning to do Part II, click on the Part II option before clicking the OK button.  If you find that you have chosen the wrong option, you must exit the program (choose Exit from the File menu) and restart it.

Once you have chosen the part of the simulation you desire, indicate whether you are working alone or as a pair.  Click the appropriate option in the Number of Students box.  Then type your name(s) and click the OK button.  You then begin the simulation at the lake (see Figure 1).

Lake Study

File
Activities
Literature

	Activities     Literature

   Talk to a Colleague

	Sample the Lake Water

	Check the Fish

	Analytical Lab

	Experimental Results


You choose what you wish to do next by picking an option from the Lake Study menu bar.  The menu bar contains three items,  File, Activities, and Literature.  The File menu contains items that give information about

	Literature     

   Introduction

	Metals              
Dissolved Oxygen

	Pesticides

	Concentrations


the authors and allow you to exit the program.  Items in the Activities menu for Part I allow you to Talk to a Colleague, Sample the Lake Water, check the Fish, go to the Analytical Lab to do Metals, Pesticides, or Dissolved Oxygen analysis, and view and print the Experimental Results of the tests you perform.

In Part II the Sample the Lake Water and Analytical Lab

items are replaced by a Run Experiments on Fish item, 

which allows you to do just that.  The Literature menu 

takes you to the library where you can choose items to 

get an Introduction to the problem at hand, and information 

about Metals (such as Calcium, Iron, Lead, and Mercury), Dissolved Oxygen, Pesticides, and Concentration units.


You choose an item from the menu bar by clicking the mouse on  the item, which pulls down the menu.  You then click on the item you desire in the menu.  If the item has a triangle next to it at the right side of the menu, clicking that item produces a submenu.  Choose an item from a submenu by clicking it.  A check mark to the left of a menu item denotes that you have already completed that action.  To see how this works, click on Literature (Figure 2), then click on the Introduction item.




Choosing the Introduction item from the Literature menu displays a window with a scrolling text box and a Print and Done button (Figure 3).  You can use the scroll bar to view text that cannot fit in the text box.  Click the down arrow in the scroll bar to view text below the bottom of the box and the up arrow to see any text that has scrolled off the top of the box.  When you are done viewing the text in the box, click the Done button.  To print the text in the box, click the Print button.  Other such scrolling text windows displayed by Lake Study can be manipulated in a similar fashion.

You can proceed through the program

however you desire by choosing items

from the menus as described above.

As you do so make sure to take note

of pertinent information in your lab

notebook.  Good luck!

Student Handout

Lake Study, Part I
This part of the simulation is devoted to collecting and analyzing data to form a hypothesis on what is causing the breathing problems in the fish.  Because of the suspicion that something in the water is leading to the breathing difficulties that the fish are experiencing, your supervisor suggests that you go to the lake and sample the water for later analysis.  She mentions a number of potential causes for the problem.

Dissolved Oxygen:  If the levels of dissolved oxygen in the lake are too low, the fish would have trouble breathing and may die.

Metals:  The presence of dissolved metals in the lake may cause problems if the metal concentrations are high enough.

Pesticides:  High levels of pesticides have been shown to be harmful to fish.

Your assignment is to discover which of these possibilities (if any) is the cause of the fish dying.

The Fish and Wildlife Service has a number of resources available to help you solve the mystery.

1. Boat:  You may take a boat out to the lake to collect samples of the lake water to be returned to the lab for later analysis.

2. Analytical Laboratory:  A laboratory is available in which you can analyze the water samples.  Three types of analysis are available.

a. Dissolved Oxygen:  You can titrate for dissolved oxygen.  The results are reported in ppm oxygen 

      (1 ppm = 1 mg/liter).

b. Metals:  You can analyze for four different metals:  calcium, lead, mercury, and iron.  The method used 

      for metal analysis is atomic absorption spectroscopy, a modern analytical method using an instrument.

      In an atomic absorption (AA) spectrophotometer a liquid sample is introduced into a flame.  When the 

      sample enters the flame, the water immediately evaporates and the metals in the sample vaporize.  This 

      produces a high concentration of metallic atoms in the flame.  A beam of light is directed through the 

      flame and the metallic atoms absorb some of this light.  The amount of light that is absorbed tells you 

      the concentration of metals originally dissolved in the liquid sample.  A summary of the method follows:

i. Unknown sample is introduced into flame.

ii. Flame vaporizes metals in sample producing metallic atoms.

iii. Metal atoms absorb part of a a light beam shining through flame.

iv. Light absorbed is measured to determine how much metal was in sample.



The AA results are reported in parts per million, ppm (1 ppm = 0.001 g/liter), except for mercury, which


            is reported in parts per billion, ppb (1 ppb = .000001 g/liter).

c. Pesticides:  An extremely important analytical method called Gas-Liquid Chromatography (GLC) is

      used to determine the pesticide levels in the water.  Three common environmental contaminants – DDT,

      Dieldrin, and PCB’s are determined.  In GLC, a liquid sample containing a mixture of pesticides is

      injected into the instrument with a syringe.  Inside the instrument the pesticides move through a

      column which separates them from each other so that they exit the column at different times.  When the

      pesticides come out of the column, they pass through a detector which sends a signal to a recorder.  The

signal is registered as a peak on a piece of moving chart paper.  The position and size of the peaks tell

      you what and how much is in the mixture.  Pesticide levels are reported in parts per trillion, ppt (1 ppt =

     .000000001 g/liter).

3. Library:  You may use the Service’s library to look up references for the chemicals you analyze.  This is useful in choosing the proper analytical methods and interpreting the results of your analyses.

4. Colleagues:  An important source of information and inspiration in scientific work is conversation with one’s colleagues.  Since they seldom are working on a project exactly like yours, it is unlikely that they can tell you exactly what the solution is, but they may be able to give you hints and ideas about what to do next.  If you are stuck and don’t know what to do next, talk to a colleague.  He or she will probably have some helpful advice.

Assignment
5. Using the experimental information about the lake water and literature information from the library, develop a hypothesis about what is causing breathing difficulties for the fish in the lake.

6. Report the results of your findings and hypothesis to your supervisor.  (Your instructor will play the part of supervisor.)  Your report should include:

a. all experimental data from the samples of the lake water and the analyses performed,

b. any relevant literature information, not everything you found in the literature only those items important to the experiment,

c. your hypothesis about the cause of the breathing difficulties, supported with experimental and literature information.
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Lake Study, Part II

After some initial experiments the cause of the breathing problems has been narrowed to the presence of either iron or lead in the water of the lake.  The results of these experiments are not clear-cut however, so some additional controlled experiments in which the conditions are known must be done to try to establish the culprit.

This week’s analyses of the lake water show results in the following ranges:



Temperature


17-20 ºC



Calcium


20-26 ppm



Lead



0.6-0.72 ppm



Mercury


2-4 ppb



Iron



1.2-1.8 ppm



Pesticides


low (fractional ppt range)



D.O



more than adequate for aquatic life

In this part of the experiment you can go to the laboratory again.  This time there are fish tanks available to allow you to observe the fish under controlled conditions to see how they behave (in particular, if they die).  The number of fish who die in a tank under a given set of conditions can be compared to a tank that has all the same conditions except for the variable being tested.  As an example, if you wanted to test the effect of a 100 ppm concentration of Ca on fish at 20 ºC, you could look at two tanks--a control tank containing plain water at 20 ºC an another tank containing water with 100 ppm Ca at 20 ºC.  If significantly more fish die in the 100 ppm Ca tank than in the control tank, we would suspect that 100 ppm Ca is toxic to fish.

Assignment:
7. Run controlled tests on the fish under appropriate conditions to decide whether iron or lead is causing the breathing problems.

8. Record all relevant information in your lab notebook.

9. Write up a scientific report describing your experiments (from both part I and part II of this simulation) and stating your conclusions.  Your conclusions should be supported by data from your experiments.

Some interesting comparisons

· One part per million is one second in 12 days of your life!

· One part per billion is one second in 32 years of your life!

· One part per million is one penny out of $10 thousand!

· One part per billion is one penny out of $10 million!

· One part per million is one pinch of salt on 20 pounds of potato chips!

· One part per billion is one pinch of salt on 10 tons of potato chips!

· One part per million is one inch out of a journey of 16 miles!

· One part per billion is one inch out of a journey of 16,000 miles!

· One part per trillion is a six inch leap on a journey to the sun!

· One part per billion is one square foot in 36 square miles!

· One part per trillion is a postage stamp in an area the size of Texas!

· One part per million is approximately 1 bogey in 3,500 golf tournaments!

· One part per billion is approximately 1 bogey in 3,500,000 golf tournaments!

· One part per million is approximately 1 bad apple in 2,000 barrels!

· One part per billion is approximately 1 bad apple in 2,000,000 barrels!

· One part per million is approximately 1 lob in 1,200 tennis matches!

· One part per billion is approximately one flea on 360,000 elephants!

· One part per trillion is approximately one error among all the words of all the front page stories in all the issues of more than 2,000 daily newspapers in the United States if their publication had started with the invention of moveable type for the printing press!

Lake Study
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Checked/circled items apply to you!

Title of Experiment

· Missing!

· Should be descriptive of the experiment you did.  Experiment 5 is not a descriptive title.

· Good Job!

Purpose/Problem

· Missing!

· Should be a brief statement of what you are attempting to do.

· Good Job!

Procedure

· Missing!

· Should be a brief description of the method you are using.

· Do not include lengthy detailed directions.

· This procedure is too brief.

· Be sure to include….

· Took samples of water from lake

· Analyzed samples for metals, etc.

· Talked with colleagues

· Went to the literature

· Conducted controlled experiments on fish.

· Good Job!

Hypothesis

· Missing!

· This is a brief statement of what you think your experiment will show.

· Support your hypothesis with data (if applicable).

· Good Job!

Data Table 1

· Missing!

· Data should be recorded in table form.

· Data should be neatly organized.

· Units need to be used

· Space things out-don’t try to cram everything in a small area.

· Missing Metals, Dissolved Oxygen, Pesticides.

· Missing lab values

· Missing literature values

· Good Job!


Data Table 2

· Missing!

· Data should be recorded in table form.

· Data should be neatly organized.

· Units need to be used

· Space things out-don’t try to cram everything in a small area.

· Missing # of fish, Temp, Duration, Mortality, Amount of contaminant

· Missing multiple trials for your experiment.

· Good Job!

Conclusion

· Missing!

· Should be a simple statement about what you learned from the experiment.

· Support the conclusion with data from part 1 and part 2.

· Good Job!

Discussion of Theory

· Missing!

· What you wrote belongs in the conclusion section.  See report.

· What theory was demonstrated by this experiment?

· Go back to the Procedure and ask why you did each procedure step.  For example

· Why did you take lake samples?

· Why did you talk with colleagues?

· Why did you visit the literature?

· Why did you run a controlled experiment?

· Why did you control certain parameters such as # of fish, temp, duration, etc.

· Was the purpose of the experiment fulfilled?  If so, how?

· Why does (or doesn’t) the experiment work?

· Do you understand why you did this experiment?

· Good Job!
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