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1) SUMMARY 
 

Measurements of the Oxygen content of seawater are made in the course of chemical 
and biological work, as well as in water quality studies. You will be provided with 
samples of  “Rhinomonas reticulata” algae in seawater that have been incubated 
under various conditions. From the measurement of their oxygen content, 
photosynthetic and respiration rates of the algae can be calculated. 
 
Two general approaches for Oxygen measurement are available: 
 

1. Electrochemical techniques using so called Oxygen electrodes 
2. Chemical techniques mainly based on the Winkler titration. 

 
The former technique is suitable for continuous monitoring and low precision work, 
the second method is suitable for discrete samples and where high accuracy is 
needed. 
 

The Winkler Method  
 
The principal of the Winkler titration method is as follows. Manganous sulphate and 
alkaline sodium iodide solutions are added to the seawater sample; the bottle is 
stoppered and shaken. A precipitate of manganous hydroxide results (scheme (i)). 
The available oxygen in seawater oxidizes some of the hydroxide to a tetravalent 
manganese compound (scheme (ii)). Hence, the quantity of the manganese compound 
is a measure of the amount of oxygen in solution. Therefore in order to determine the 
amount of manganese species, the solution is acidified in the presence of iodide, 
which results in the formation of iodine (scheme (iii)). The amount of iodine is then 
determined through titration with thiosulphate (scheme (iv)). 
 
The nominal reactions are: 

2Mn2+ + 4OH
-
                                       2Mn(OH)2   (i) 

 
2Mn(OH)2  + O2                                                       2[MnO(OH)2]  (ii) 
 
2[MnO(OH)2] + 4I - + 8H+    2I2 + 2Mn2+   (iii) 
 

2I2 + 4S2O3
2-       4I - + 2S4O6

2-  (iv) 
 

Thus 1 O2 is equivalent to 4 S2O3
2-  ………………….. (1) 
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2) PROCEDURE CHECKLIST 

 
2.1 Please read and familiarise yourselves with the Hazard statement below. 

 
2.2  Determine the molarity of the Sodium Thiosulphate solution  see 4 - ( I ) 
 
2.3 Fix the oxygen content of the seawater samples   see 4 - ( II ). 
 
2.4 Titrate the fixed samples with Sodium Thiosulphate  see 4 – ( III ). 
 
2.5 Calculate the molarity of Sodium Thiosulphate.      see 5a  
 
2.6 Calculate  the Oxygen content of seawater samples.  see 5b 
 
2.7 Calculate the change in Oxygen concentration due to photosynthesis and 

respiration  see 5c. 
 
2.8 Complete the worksheets provided. 
 
 
 

3) HAZARD  STATEMENT 
 
 

• 5M Sulphuric Acid  Causes severe burns, handle with extreme care  
 

• 6M Sodium Hydroxide  Causes severe burns, handle with extreme care 
 

• Sodium Iodide   Irritant to skin and eyes 
    
• Manganous Sulphate  Harmful by inhalation, Irritant to skin and eyes 

 
• Sodium thiosulphate  Irritant to skin and eyes 
   
• Potassium Iodate   Harmful, Irritant 

   
• Starch solution   May stiffen lab coat !! 
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The two main reagents of concern are the Sulphuric acid (5 Molar) and Sodium 
Hydroxide (6 Molar) / Sodium Iodide solution. Both are very dangerous if ingested or 
splashed on skin or in eyes, causing severe burns. Take extreme care when handling 
these solutions, wear safety glasses provided. DO NOT pipette by mouth under any 
circumstances; use safety pipette fillers provided. Familiarise yourselves with the 
Emergency Eye Station. 
 

4) METHODS 
 
[ I ] Standardisation of Sodium Thiosulphate 
 
The first step in the analysis of Oxygen is to standardise the sodium thiosulphate 
solution provided.  
 
Primary Analytical standard 
  
In order to make up a standard solution it is necessary to weigh out a solid material 
and dissolve this known weight in water. Some solid materials are unstable in air, or 
in solution, and will decay during weighing or when dissolved in water. This can give 
rise to inaccuracy. 
 
A primary analytical standard should have the following properties: 
 
It must be easy to obtain and easily preserved in a pure state. 
It should not change in air or in solution; for example, compounds which absorb 
water (hygroscopic compounds) or are volatile are not suitable as primary analytical 
standards. Potassium Iodate is a primary standard and will be used to determine the 
molarity of the Sodium Thiosulphate. 
 
The thiosulphate is added from a burette to standard iodate in a conical flask. 
 
The stoichiometry of a reaction is the ratio in which various components react. For 
example: 
The first equation shows the dissociation of iodate in acid solution to give iodine. 
The second equation shows the reaction of iodine with thiosulphate 
 

2 IO3
- + 12 H+ + 10 I-                                                6 I2 + 6 H2O          (2) 

 
6 I2   + 12 S2O3

2-                                    12 I-  + 6 S4O6
2-       (3) 
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The above reaction will go to completion. This means that all the iodine present will 
be converted to iodide, provided that we supply the necessary (equivalent) amount of 
thiosulphate.  
 
Procedure 
 

1. Add to about 50 cm3 of deionised water in a conical flask, 1 cm3 of the 5M 
sulphuric acid (H+) and 1 cm3 of the alkaline iodide (I-). The solution 
should be thoroughly mixed. 

 
2. Pipette 10 cm3 of the standard potassium iodate (IO3

-) solution into this 
conical flask. Attention should be made to pipetting techniques. 

 
3. The flask is covered and allowed to stand for ten minutes to allow reaction 

to go to completion. 
 

4. Begin titration with thiosulphate (S2O3
2-) in burette until a light straw 

colour is attained, add 1 cm3 of starch solution until solution turns blue-
black and titrate to end-point until blue colour just disappears. Note initial 
and final burette readings. 

 
5. Repeat the titration three times in all. Titres should agree to within 0.1 cm3. 

Enter the data in the RESULTS SHEET. 
 
[II] Fixing of Oxygen in Seawater Samples 
 
You should carry out this procedure on 4 samples i.e. A B C & D 
 

• A. Seawater:     (to familiarise yourself with the Winkler titration.)  
 

• B. Sample 1:  Seawater incubated at low light intensity (LIGHT 1) 
 

• C. Sample 2: Seawater incubated at high light intensity (LIGHT 2) 
 

• D. Sample 3:  Seawater incubated in the dark (DARK) 
 

Note: The following has already been fixed :- 
 

• E.  Sample 4.  Seawater with oxygen content fixed at the beginning 
of the incubation. This is (ZERO TIME) 
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Add 1 cm3 of manganous sulphate, followed by 
 
1 cm3 of the alkaline iodide solution. 
 
During addition, the tip of the pipette should just dip below the water surface. The 
dense reagents should sink at once and as a result, only seawater is displaced from the 
bottle. Immediately after the second reagent is added, the stopper is replaced, 
ensuring no air bubbles are included. The bottle is shaken to bring the manganous 
hydroxide precipitate into contact with the whole of the water sample. 
 
The precipitate is allowed to settle once and shaken again. At this stage the samples 
may be stored. 
 
Take care not to mix the pipettes (colour coded); if either of the reagents forms a 
precipitate the reagent is contaminated and should be discarded. 
 

 
[ III ]   Titration of the Fixed Seawater Sample 
 
It is necessary that the precipitate in the sample bottle has settled 5 cm before the 
next step is started, to avoid reaction with diffusing oxygen near the surface.  
 
Remove the stopper and carefully tilt the bottle, run 1 cm3 of 5M sulphuric acid down 
the side, 
 
The bottle is re-stoppered and shaken until the precipitate dissolves. 
 
At this stage the sample should be a clear amber colour. If a precipitate remains see a 
demonstrator for advice. 
 
A 50 cm3 aliquot is removed with a volumetric pipette and run into a 250 cm3 conical 
flask. Some care is needed at this stage because iodine is volatile. 
 
The sample is titrated with the thiosulphate supplied using a 50 cm3 burette. As 
before, when a pale straw colour is reached, 1 cm3 of starch solution are added. 
Continue the titration until the blue colour just disappears. At least two replicates 
should be titrated from each bottle and they should agree to within 0.1 cm3. 
 
Enter the data in the RESULTS SHEET. 
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5) CALCULATIONS   -   Enter data into RESULTS SHEET 
 

a) Sodium Thiosulphate - Standardisation 
Adding equations 2 and 3 shows that 1 mole of IO3

- is equivalent to 6 moles of 
thiosulphate. 
 
MI  x  VI x 6  =  MT where    MT =  molarity of thiosulphate  
         VT        MI   =  molarity of iodate   -  given 
        VI    =  volume of iodate,  10 cm3 
        VT  =  volume of thiosulphate added (titre) 
 

b) Oxygen Concentration 
 
From equation (1) it can be derived that: 
 

1 cm3 of 1M thiosulphate  =  ¼ milli-mole of oxygen 
 
The Oxygen concentration of the sample is:- 
 

  A x M x V      x 106 µmoles/dm3 
B x 4 x (V-2) 

where 
  
 V = volume of the sample bottle in cm3 
 A = volume of thiosulphate added in cm3 
 M = molarity of thiosulphate 
 B = volume of sample titrated in cm3 
  

 

c) Photosynthesis & Respiration 
 
Calculate the change in oxygen concentration due to photosynthesis and respiration 
as follows:- 
 
Photosynthesis = [O2]L   -   [O2]D 
 
Respiration  = [O2]Z   -   [O2]D 

 
Where [O2]L,  [O2]D  and [O2]Z   are the oxygen content of the light, dark and zero time 
bottles. 


