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Objectives of Dissolved Oxygen Lab:

At the completion of this laboratory you should be able to:

1.  describe the physiological importance of carbon and oxygen in an ecosystem.

2.  understand the physical and biological factors that affect the solubility of dissolved gases in aquatic ecosystems.

3.  describe a technique for measuring dissolved oxygen.

4.  define primary productivity.

5.  describe the relationship between dissolved oxygen and the processes of 

     photosynthesis and respiration as they affect primary productivity in an ecosystem.

6.  design an experiment to measure primary productivity in an aquatic ecosystem.

7.  understand the effect of light and nutrients on photosynthesis. 

Good ref: http://www.phschool.com/science/biology_place/labbench/
Dissolved Oxygen In Aquatic Biomes Lab:  (AP lab #12)

Background Concepts: Why do we care about dissolved oygen – its GAS BUBBLES after all!

Oxygen is a very important abiotic factor in aquatic biomes.  It determines what lives and what dies. Living organisms are a HUGE factor in determining how much dissolved oxyen there is in a body of water.   The cellular process that makes oxygen is:



.  The organisms in the aquatic biome that can make and release oxygen are:







.  The cell organelle involved in making and releasing this waste product, namely - oxygen is:



.   

Write out the reaction that makes oxygen below: Reaction 1

Now, ALL living organisms (plants INCLUDED!) need to respire and they take in oxygen for a very important cellular process, which is:



.  

Write the equation for this oxygen using process below: Reaction 2

The purpose of this process stated above is:



 

This second reaction takes place in this organelle:





Notice the flow of oxygen in the above two reactions.  If you are given a device that could measure the dissolved  oxygen concentration in an aquatic biome (ex.lake) as parts per million (ppm) and a reading of 8 ppm was noted in the day, what would it mean?  Why?

If a dissolved oxygen concentration of  4 ppm was noted at night, what would it mean and why?

Draw this out as your instructor guides you to visualize this concept:


NIGHT




DAY
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Compare these dissolved oxygen readings obtained from different lakes/creek:

	
	Name of the Lake/Aquatic Biome
	Day time
	Night time

	1
	Almaden creek
	8ppm
	5ppm

	2
	Almaden lake
	12ppm
	7ppm

	3
	Vasona lake
	10 ppm
	8ppm


Name/s of cell process/es that occur  during the day:

Name/s of cell process/es that occur during the night:
Day time measurement of DO tells you: 

This is ‘formally’ called:

Night time DO measurement tells you:

What does this equation below mean?

Daytime measument = Total oxygen produced - Night measurement    

Total oxygen produced by photosyntheic organisms in an aquatic biome is ‘formally’ called:

The DO is a measure or indicator of how much ‘carbon is assimilated’ by the primary producers (plants/algae).  What does ‘carbon assimilation’ or ‘fixing’ mean?   

Remember all the Carbon that gets ‘fixed’ during photosynthesis is not used to make organic compounds.  Some of it released back into the atmosphere as 

during Respiration. How can you get a “measure” of how much carbon gets utilized in Respiration? 

FYI: For each milliliter of oxygen produced, approximately 0.536 grams of carbon has been assimilated. 

Ppm O2 =         mg O2/L

Mg O2/L x 0.698 =     mL O2/L   (convert 10 ppm of DO to mL/L)

Calculate amount of carbon assimlated:

mL O2/L x 0.536      =            mg carbon fixed/L (use the light/day ppm DO measurement to calculate carbon fixed.  Hmmm why?)

Define primary productivity:  

Now, lets go back to the table with the data for the 3 water bodies on the first page.  Fill in the table:

	
	Name of the Lake/Aquatic Biome
	Net Productivity in mL/L
	Grams of carbon assimilated or fixed

	1
	Almaden creek
	
	

	2
	Almaden lake
	
	

	3
	Vasona lake
	
	


‘Most Productive Water Body’ Award goes to:

Backgound Concepts Continued: so you thought that was all…….DO is more complex than just having living organisms influence its levels.
The atmosphere is the main ‘bank’ or store for oxygen.  It has 21% oxygen in the gaseous form. This means there is about 200 ml of oxygen for every liter of air! The other ‘reserve’ for oxygen is the aquatic biome (all bodies of water). But there is a lot less - about 5 to 10 ml of dissolved oxygen (DO) per liter of water.  Dissolved oxygen comes not only from photosynthetic organisms in the water, but also (mainly) from the atmospheric oxygen solubilizing/entering the water.

Recap:  The oxygen in the aquatic biomes is in the form of dissolved/solubilized oxygen, which can escape into the atmosphere!  But, atmospheric oxygen also dissolves into the water and there is an equilibrium between the atmospheric oxygen and the DO in the bodies of water.  Several conditions can change this balance and cause DO to increase decrease.

Apart from living organisms, other factors that influence dissolved oxygen levels in aquatic biomes include:

a) Light

b) Temperature

c) Salinity

d) pH 

e) Number of photosynthetic organisms (how do you change this?) 

f) Depth (don’t test this)

g) Turbulence or water currents (don’t choose this for your independent variable)

h) Altitude (if you are planning trips up mountain!)

Research (in a group of two) any one of these factors to use as the Independent Variable in your experiment.  Your lab will test the effect of changing one of these factors on dissolved oxygen in a body of water containing algae.  You will need to collect the water you want to use from the source (lake, creek, river…).  Make sure your bodies of water has some algae already growing in it.  You are testing the effect of the independent variable on the DO directly and indirectly based on what happens to the algae.
Write a prelab that includes the background information on your independent variable and its effect on DO and on algae in the water.   

Your ‘group’ of 4 students will be given 12 ampules of DO ‘testers’.  You can make 12 measurements of DO with it. Figure out as a group of 4, how you will use the ampules.  Lab reports will be written in groups of two, but data will be collected as a larger group due to limited supplies.

Based on your DO mesurement, you can figure out the saturation of oxygen in the water body.  For this you use a NOMOGRAM.  
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If your oxygen reading is 10 ppm and the temperature of the water is 10c, what is the %saturation?


Working with the DO test kit:

1) Collect the water for which you want to measure DO with as little swirling as possible (why?):  If there are solids – let the solids settle at the bottom.

2) Measure the water temperature with your theromometer (why?)

3) Place the ampule in the water and break off the end by pushing at an angle.  

4) Let the water rise into the ampule.  It will rise slowly and the color will change in the ampule.

5) Wait 2 minutes.  Use the test kit box and compare the colorimetric reading and write the ppm of DO in the water sample.

6) Keep the kit box closed except while reading – the ampules are light sensitive.  You have to read the ampules in 2 min. and not store it – as the color will degrade.

In class data: Calculating productivity and carbon assimilation

The Winkler light and dark bottle technique is used to measure dissolved oxygen in

various aquatic ecosystems.  In lab we will use a simple modification of this system to

compare the productivity of various parts of an ecosystem.   Let's analyze the

productivities of a hypothetical ecosystem where this technique was employed.


Sample data 

Light Bottle: D.O. at start 


6.4 ppm (Initial for Light Bottle)

D.O. at end


 12.3 ppm

Dark Bottle: D.O. at start


6.4 ppm (Initial for Dark Bottle)

D.O. at end


1.9 ppm

Calculate the net productivity, gross productivity, and the respiration rate.

Net productivity = [light bottle - initial bottle] = 

Respiration  = [initial bottle - dark bottle] =

Gross productivity = [light bottle - dark bottle] 

Gross productivity is      ( net oxygen  -             net oxygen

 an indicator for                 produced                    consumed)

You can calculate carbon assimilated/fixed using Net productivity values as before!


We will perform this technique in class.  Collect two water samples with algae. Take Initial DO readings in both bottles. Bottle 1 is placed in direct light.  Place Bottle 2 in the dark.

Light Bottle: D.O. at start 


      ppm (Initial for Light Bottle)

D.O. at end


      ppm

Dark Bottle: D.O. at start

    
      ppm (Initial for Dark Bottle)

D.O. at end


      ppm

Figure out the net productivity, gross productivity, carbon assimilated, and the respiration. Draw the little graph as in the sample.

