Attachment To:
An Environmental Analysis of Lake Waughop 

Curriculum created by Karen Harding, Pierce College
Student Handout

      Dissolved Oxygen

Background Information
The amount of dissolved oxygen (DO) present in a body of water is crucial to its health and stability.  Dissolved oxygen affects the ability of organisms to survive and therefore affects the distribution of organisms in an aquatic ecosystem.  

Much of the dissolved oxygen present comes from the atmosphere.  Oxygen, a non-polar substance, is only slightly soluble in water.  At 25oC, water is saturated with oxygen when the concentration of dissolved oxygen is 8.3 mg O2/Liter water.  It has been determined that most fish require about 5 or 6 mg O2 per liter to survive.   The amount of oxygen dissolved in water depends on a number of variables including temperature, salinity and turbulence. As the temperature of a body of water increases, less oxygen will dissolve.  As salinity increases, the amount of oxygen that will dissolve also decreases.  More turbulent water will often lead to higher concentrations of dissolved oxygen since the turbulence ensures that more water is in contact with the atmosphere.   

Some of the DO content of a lake is also due to photosynthetic activity.  Bodies of water with significant concentrations of plant life tend to have large variations in the oxygen content, with the lowest concentrations occurring just before dawn and the highest concentrations in the afternoon.  The temperature of the water also affects the DO content, since more gas can dissolve in cold water than in warm.  

The main factor that leads to a decrease in the dissolved oxygen content of a body of water is the build-up of organic wastes.  Organic wastes can be anything from leaves to dead algae to duck droppings.  These wastes can also enter an aquatic environment as runoff from urban or agricultural areas.  One significant source is fertilizer, both from agricultural areas and from residential lawns.  The amount of fertilizer applied to residential areas is typically far higher per square foot than the amount applied in agricultural settings.  Most of the components of fertilizer are water soluble and, as a result, the application of lawn fertilizers just before a hard rain storm means that much of the fertilizer runs off before it can be absorbed at its intended site.  This run off eventually finds its way into lakes, streams or the oceans.  Another major source of organic wastes is insufficiently treated sewage.  

As the dissolved oxygen content of a lake or stream decreases, there are noticeable changes in the kind of organisms living there. Among the species that need high dissolved oxygen levels are mayfly nymphs, stonefly nymphs, caddisfly larvae and beetle larvae.  As the DO decreases, these species will be replaced by worms and fly larvae.  In areas with low dissolved oxygen, nuisance algae and anaerobic organisms may also become abundant.  

Overview of the Analytical Method for Determining Dissolved Oxygen
Since the amount of oxygen that dissolves in water varies with the temperature, it is important to record the temperature at which the sample is taken as well as the oxygen concentration.  This makes it possible to compare the actual dissolved oxygen content with the maximum amount of oxygen that will dissolve at that temperature.  Then one can calculate the % saturation as well.   The chart on the next page lists the saturation values with respect to temperature.  Rivers that have a DO level that is consistently 90% or more of the saturation value are considered to be healthy.  When the % saturation is less than 90%, the area is likely to have large amounts of oxygen-demanding organic wastes.  

The method that we will use for testing dissolved oxygen is a variation of the Winkler method and is based on the reaction of oxygen with manganese.  The manganese is then allowed to react with iodide ions to form iodine.  The amount of iodine produced can be easily measured by allowing the iodine to react quantitatively with sodium thiosulfate.  

In the first step, a divalent manganese (Mn2+) solution is added, followed by addition of a strong alkali.  The oxygen that is present rapidly oxidizes the manganese to higher oxidation states.  

MnSO4  +  2 NaOH ---->  Mn(OH)2  +  Na2SO4
2 Mn(OH)2  +  O2 ---->  2 MnO(OH)2
The solution is then acidified in the presence of iodide ions, and iodine (I2) is liberated.  

MnO(OH)2  + 2 H2SO4  ----> Mn(SO4)2  +  3 H2O

Mn(SO4)2  + 2 KI  ----> MnSO4  +  K2SO4  +  I2
The amount of iodine formed is measured by titrating with a standard solution of thiosulfate.  

2 Na2S2O3  +  I2  ---->  Na2S4O6  +  2 NaI 

When iodine (I2) is in the presence of starch indicator, the color is blue/black.  Iodide ions in water are colorless, thus, the titration is complete when the blue/black color just disappears.  At this point all of the iodine liberated by the original dissolved oxygen content has reacted with sodium thiosulfate.  Therefore, the amount of thiosulfate added gives a very accurate determination of the oxygen content of the original solution.   The starch is only added to make the endpoint of the titration easier to see.  

By reviewing all of these reactions it is possible to see that for one mole of oxygen gas, four moles of sodium thiosulfate  (Na2S2O3) are needed.  From this information it is possible to use the data obtained in your titration to calculate the dissolved oxygen concentration in your sample.

Procedure

Part A:  Standardization of sodium thiosulfate

Prior to determining the dissolved oxygen concentration in your samples, it is necessary to standardize the sodium thiosulfate.  To perform a standardization, you will take a known amount of iodine and allow it to react with the thiosulfate solution that will used to titrate your lake samples.  The standardization process allows you to determine the precise relationship between a volume of thiosulfate solution and the amount of iodine that reacts.  

1.  Obtain a sample of KI with a mass of about 2 grams.  Record the mass to at least two decimal places.  Dissolve the KI in 100-150 mL of distilled water.

2.  Add 10 mL of sulfuric acid solution (1 mL concentrated sulfuric acid + 9 mL of distilled water).  Be sure to wear gloves when handling concentrated acids.  

3.  Add 20.00 mL of 0.012 M K2Cr2O7 solution.  

(Adding K2Cr2O7 solution will convert the iodide ions in the solution into I2.  After adding this reactant, the resulting solution should be brownish.)

4.  Dilute to about 200 mL and transfer the entire solution to a 500 mL Erlenmeyer flask.  

5.  Fill a buret with the solution labeled 0.01 M sodium thiosulfate (Na2S2O3) and record the initial volume as accurately as you can.  


6.  Open the stopcock and allow sodium thiosulfate to mix with the iodine solution from step 4 until a pale straw color is obtained.  

7.  Add 1-2 mL of starch indicator.  (When starch indicator is added at this point in the titration, it should cause the solution to turn blue/black.  If this does not occur, please discuss it with your instructor.)

8.  Continue adding sodium thiosulfate drop by drop until the blue color just disappears.  On your data sheet, record the final volume in your buret as well as the total volume of sodium thiosulfate used.  (If the solutions have been made correctly, this titration should consume 20.00 mL of sodium thiosulfate.)

Part B:  Titration of samples

Detailed description of how samples have been prepared. 

As you learned during the Field Trip to Lake Waughop, in order to test dissolved oxygen content, it is necessary to "fix" the samples immediately after they are taken.  For today's lab, you will be provided with "fixed" samples of water from Lake Waughop and Lake Louise.  Fixation is necessary in order to differentiate between the oxygen actually present in the original sample and any oxygen that may dissolve in the solution during the course of the analysis.  The samples have been fixed using the same method demonstrated during our field trip to Lake Waughop.

a. 1.0 mL of MnSO4 solution has been added to the bottom of the bottle.

b.  1.0 mL of alkaline iodide solution has been added well below the surface.

c.  The bottle was then stoppered and inverted several times. Any precipitate that formed was allowed to settle and the bottle was shaken again.  

d.  The precipitate was again allowed to settle and then 2.0 mL of concentrated sufuric acid was allowed to run down the inside neck of the bottle.  

e.  The bottles were restoppered and shaken until the precipitate dissolved. 

Titration of Samples

(You do not need to complete the italicized steps just listed, they have been completed for you by the lab tech.)

1.  Measure 200.0 mL of water sample into a 500 mL Erlenmeyer flask.

2.  Perform a titration of your water sample by completing Steps 

5-8 from the procedure listed in Part A: Standardization of Sodium Thiosulfate section.  

3.  Repeat the titration on a second 200.0 mL sample of water.  

4.  Record all pertinent data.

5. If the titration data does not give you reproducible results, repeat the titration on a third sample of lake water.

Data and Calculations

Part A

1.  Collect and record all pertinent data.

2.  Determine the standardization factor for the sodium thiosulfate using this equation:

Na2S2O3 Standardization factor = ________20.00_____

mL sodium thiosulfate

Part B

1.  Collect and record all pertinent data.

2.  Determine the level of dissolved oxygen in mg O2/liter in each of the samples tested using this equation:

DO(mg/L) = ___200___  X standardization factor  X   mL of Na2S2O3
 mL of sample                                used

used

3.  Average the data for the two water samples.  If they do not appear to be close enough, repeat the titration a third time.  

4.  Ask your lab instructor for the temperature of the water at the time it was sampled.  Using that information, compare the values you obtained in part B to the saturation value and determine the % saturation.

Dissolved Oxygen

Pre-lab Questions

1.  What is the oxidation number of Mn in each of these compounds?
a) Mn(OH)2  

b) MnO(OH)2
2.  What is the color of iodine (I2) when it is mixed with starch indicator?

3.  What is the color of iodide ions (I- ) in water?

4.  Why is the starch indicator not added until the solution is a pale straw color?

5.  Describe, using the chemical equations included in this lab, why four moles of thiosulfate are required for one mole of dissolved oxygen gas.

