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Experiment 1.  
 

Determination of the dissolved oxygen concentration and 
chemical oxygen demand of surface water 
 

 
Objectives 
 
Dissoved oxygen 
 

The determination of the dissolved oxygen content of natural waters is 
practically an essential duty whenever background data is collected for investigations 
of a hydrobiological, ecological, and nature or environmental protection viewpoint. 
The so called Winkler Method is a technique used to measure dissolved oxygen in 
freshwater systems. Dissolved oxygen is used as an indicator of the health of a water 
body, where higher dissolved oxygen concentrations are correlated with high 
productivity and little pollution. The Winkler Method uses titration to determine 
dissolved oxygen in the water sample. A sample bottle is filled completely with water 
(no air is left to skew the results). The dissolved oxygen in the sample is then „fixed” 
by adding a series of reagents that form an acid compound that is then titrated with a 
neutralizing compound that results in a color change. The point of colour change is 
called the „endpoint”, which coincides with the dissolved oxygen concentration in the 
sample. Dissolved oxygen analysis is best done in the field, as the sample will be 
less altered by atmospheric equilibration.  

 
Dissolved oxygen analysis can be used to determine: 

 
- the health or cleanliness of a lake or stream, 
- the amount and type of biomass a freshwater system can support, 
- the amount of decomposition occuring in the lake or stream. 

 
On this practise you will determine dissolved oxygen cocentration with the 

„Maucha-type” of the Winkler Method. 
 

Experiment Outline 
 
Sampling 
 
Attention: Two samples have to be taken for paralell measurements! 
 

1. Take water sample from the small lake located in the Botanical garden behind 
the Life Science Building. 

 
2. Measure the exact temperature of both air and water before sampling and 

indicate it on your lab manual. 
 
3. Use clean and dry glass sample bottle of 100 cm3 for the sampling. Put 1 or 2 

glass pearl into it and fill it brimfull with water. 
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4. Put a pinch of manganese(II)-chloride into your vessel then a bit of NaOH 

pastille as well. 
 
5. Moisten the glass stopper and put it into the sample bottle without bubbles 

remaining in it. If you see bubbles in your vessel you have to take a new 
sample! 

 
6. Mix the precipitate formed in the bottle with moving it up and down very slowly. 

Be careful, don’t shake the bottle or the precipitate will splinters! 
 
7. Let your samples stand a bit so your precipitate can settle, then take them 

back into the laboratory. 
 
8. Sketch a map on your lab manual about the lake and the location of sampling. 

If you observe anything strange, indicate it too (dead fish, oil drop ect.) 
 
 

In the laboratory 
 
1. After the precipitate is settelled stand your glass vessels on a plastic plot. Take 

the glass stopper out and sprinkle a pinch of potassium-iodide into your sample 
slowly and carefully, avoiding the precipitate to be stirred. Then add 5 cm3 of 
25% H2SO4 into it by pipette and put the glass stopper back immediately and 
bubble free! 

 
2. Move up and down the vessel again to homogenise the sample. The solution 

will turn yellow due to the separated iodine. 
 
3. Take the glass stopper out and measure 50 cm3 of your sample into a 100 cm3 

titration flask. Titrate the sample with 0,005 N sodium-thiosulfate until the 
sample turns pale yellow. Then add few drops of starch indicator to your sample 
and continue the titration until the sample turns colourless.  

 
Determine the factor of sodium-thiosulfate 
 

Measure 5 cm3 of 0,01 N potassium-iodate by pipette into an Erlenmeyer flask 
with glass stopper. Dilute it with distilled water up to 50 cm3 then add a pintch of 
potassium-iodide to it. Dissolve the solution with shaking the flask slowly. Then 
measure 5 cm3 of H2SO4 to it by pipette and put the glass stopper in it immediately. 
Titrate the solution with 0,005 N sodium-thiosulfate until it turns pale yellow, then add 
a few drops of starch indicator to it and continue the titration until the sample solution 
turns colourless.  
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Calculations: 
 

1. Calculate the factor of sodium-tiosulfate solution  

titrant

iodate-potassium

V

V2
f

⋅
=  

Vpotassium-iodate= the volume of potassium-iodate in cm3, 
Vtitrant= the volume of sodium-thiosulfate solution after titration in cm3. 

 
 
2. Calculate the concentration of dissolved oxygen  

40
V

Vf
 = mg/dm O

sample

3
2 ⋅⋅

 

f= the factor of sodium-thiosulfate, 
V= the volume of sodium-thiosulfate solution after titration in cm3,  
Vsolution= the volume of the sample in cm3. 

 
3. Calculate the oxygen saturation 
 
Oxygen saturation is a relative measure of the amount of oxygen that is dissolved 

or carried in a given medium. It is dependent of temperature and pressure. On this 
practice we only concider the dependence of temperature with the help of table 1. 
below. 

 
Table 1.: Concentration of dissolved oxygen in water at atmospheric pressure 
(101 kPa)  
 

°C O2 (mg/dm3) °C O2 (mg/ dm3) °C O2 (mg/ dm3) 
0 14,16 10 10,92 20 8,84 
1 13,77 11 10,67 21 8,68 
2 13,40 12 10,43 22 8,53 
3 13,05 13 10,20 23 8,38 
4 12,70 14 9,98 24 8,25 
5 12,37 15 9,76 25 8,11 
6 12,06 16 9,56 26 7,99 
7 11,76 17 9,37 27 7,86 
8 11,47 18 9,18 28 7,75 
9 11,19 19 9,01 29 7,64 

10 10,92 20 8,84 30 7,53 
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In order to determine the oxygen saturation you have to do interpolation. Here 
is an example for that in which the temperature of water is 18,3°C.  

 

1. Find the dissolved oxygen values for the temperatures of 18°C and 19°C in the 
table. If temperature increases from 18°C to 19°C, the concentration of dissolved 
oxygen decreases from 9,18 mg/l to 9,01 mg/l. 
This means a change in the concentration of O2: 9,01-9,18 = -0,17(mg/l) 
 
2. In this case the temperature we are looking for differs from the temperature 
value in the table: 18,3-18,0 = 0,3°C. 

When temperature increases with 0,3°C the change is as follows:  
0,3(-0,17) = -0,051 
 

3. At 18,3°C the concentration of dissolved oxygen is: 9,18-0,051= 9,129 mg/dm3 
After you have the concentration of dissolved oxygen and the value gained by 
interpolation (9,13 mg/dm3) you can calculate the oxygen saturation by the 
following equation: 

%100
9,13

8,43
(%) saturation Oxygen ⋅=  

 
 
 

Chemical Oxygen Demand 
 

In environmental chemistry, the chemical oxygen demand test is comonly 
used to indirectly measure the amount of organic compounds in water. Most 
applications of COD determine the amount of organic pollutants found in surface 
water (e.g. lakes and rivers), making COD a useful measure of water quality. It is 
actually a measure of the capacity of water to consume oxygen during the 
decomposition of organic matter and oxidation of inorganic chemicals such as 
ammonia and nitrate. COD is measured as a standardized laboratory assay in which 
a closed water sample is incubated with a strong chemical oxidant under specific 
conditions of temperature and for a particular period of time. Potassium-
permanganate is commonly used as a strong oxidizing agent in COD assays. 
Chemical Oxigen Demand is expressed in milligrams per liter (mg/L), which indicates 
the mass of oxygen consumed per liter of solution.  
 
Sampling 
 

1. Take water sample into a 1dm3 sampling bottle from the lake of the Botanical 
garden. Rinse the bottle out of water 3 times before taking the sample. Don’t 
fill the botles brimfull! 

 
2. Measure the temperature of both air and water and indicate it in your lab 

manual!  
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3. Sketch a map on your lab manual about the lake and the location of sampling. 

If you observe anything strange, indicate it too (dead fish, oil drop ect.) 
 

In the laboratory 
 
1. Shake the samples before use!  
Attention: 3 paralell samples are needed!  

 
2. Measure 100 cm3 water sample into an Erlenmeyer flask of 250 cm3.  
 
3. Add 5 cm3 of 25% H2SO4 and put few glass pearl to it. Heat them until boiling.  

 
4. Add 20 cm3 of 0,01 N KMnO4 to the boiling solution from a burette. 

 
5. Put a small funnel in the flask and continue steady boiling for exactly 10 

minutes! 
 
6. After 10 minutes of steady boiling add 20 cm3 of 0,01 N oxalic acid to the 

sample by pipette. If the solution doesn’t turn colourless immediately, a little 
more boiling is needed.  

 
7. Titrate the hot colourless solution with 0,01 N KMnO4 until the sample turns 

very pale pink. Indicate the volume of KMnO4 solution. 
 

8. Make a blind sample: measure 100 cm3 distilled water into an Erlenmeyer 
flask of 250 cm3 and treat them exactly the same as the samples.  

 
Determine the factor of the titrant 

 
1. Dilute 20 cm3 of 0,01N oxalic acid with distilled water to 100 cm3. Give 5 cm3 

25% H2SO4 to the solution and heat it until boiling. Titrate the hot solution with 
0,01N KMnO4.  
The factor should be between 1,1 and 0,9.  

 
 
 

Calculation: 
 
Calculate the factor of KMnO4 solution 

V

V
f acid-oxalic=   
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V= the volume of the titrant solution after titration in cm3,  
Voxalic-acid= the volume of the oxalic-acid in cm3. 

 
Calculate the chemical oxygen demand (COD) 

( )
sample

blind3
2sMn V

80fVV
mg/dm O KOI

⋅⋅−
=  

V= the volume of KMnO4 titrant solution after titrating the water sample in cm3, 
Vblind= the volume of KMnO4 titrant solution after titrating the blind sample in cm3, 
f= the factor of 0,01 N KMnO4  
Vminta= the volume of the sample in cm3. 

 

 


