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BIOLOGICAL OXYGEN DEMAND 

Background 
Biological oxygen demand (BOD) relates to the change in oxygen that occurs in bodies of water as a 
result of microorganisms taking in and using dissolved oxygen as they decompose organic matter. 
These decomposers utilize oxygen in the same way that other organisms do—for the process of 
cellular respiration. A body of water with a large amount of organic waste will provide plenty of 
material for decomposers to feed upon, but the high rate of oxygen use by decomposers can severely 
limit the oxygen available to other aquatic organisms, such as fish. In this situation the water is said 
to have a high BOD level.  

Certain bodies of water naturally have higher BOD levels than others. For example, in a fast-moving 
river a lot of organic material is carried downstream rather than remaining on the river bottom, so 
the river has a low BOD level, or a lower rate of oxygen consumption resulting from decomposition. 
Additionally, the churning of the running water dissolves more oxygen than still water. (Consider 
the "bubbler" that is a common component of an aquarium system.) In a shallow, stagnant pond the 
lack of aeration and the presence of a lot of organic matter and decomposers contribute to a higher 
BOD level.  

While organic matter—such as dead plants, leaves, or animal waste—is a natural part of these 
aquatic ecosystems, there are also many pollutants that are organic. The introduction of such 
pollutants to the ecosystem can negatively impact the BOD level and threaten aquatic species. 
Organic pollutants include: raw sewage, wastewater from sewage treatment facilities, agricultural 
runoff, stormwater runoff from urban streets, and industrial effluents such as wastes from food 
processing plants or lumber mills. 

Typical BOD studies take numerous samples from the field and monitor dissolved oxygen levels for 
five days at a constant temperature. (More information on this method is provided in the extension 
to this lab activity.) The procedure in this lab activity is a model for what occurs in aquatic 
ecosystems. Milk is used to model the presence of an organic pollutant and yeast is used to model the 
action of decomposers. 

Driving Question 
How does the concentration of a pollutant affect BOD levels? 

Materials and Equipment 
Use the following materials to complete the investigation.  
 

• Data collection system • Graduated cylinder 

• Optical dissolved oxygen sensor1 • Milk, 200 mL 

• 250-mL beaker  • Tap Water 

• 250-mL or 150-mL beakers (5) • Yeast suspension, 120 mL 

• Methylene blue (in a dropper bottle)  
1This sensor is also one of four components of the Advanced Water Quality MultiMeasure™ sensor. 

Safety 
Follow these important safety precautions in addition to your regular classroom procedures: 

• Wear safety goggles at all times  
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• Never ingest any materials used in science investigations 

Investigation 
Complete the following lab procedure and analysis. Record observations, data, and explanations in 
your lab notebook. 

1. Put on your safety goggles. Then label the six beakers "1" through "6." 

NOTE: Beaker 1 needs to be a 250-mL beaker. 

2. Add 100 mL of tap water to beakers 2–6. 

3. Add 200 mL of milk to beaker 1. 

4. Perform the steps of a serial dilution to prepare beakers 2–6. 

a. Remove 100 mL of milk from beaker 1 and add the milk to the water in beaker 2. Mix the 
contents well. 

b. Remove 100 mL of the mixture from beaker 2 and add this to the water in beaker 3. Mix the 
contents well. 

c. Repeat the dilution process to prepare beakers 4 and 5. From the 200 mL in beaker 5, remove 
100 mL and dispose of the solution. 

d. Beaker 6 will only contain tap water. Check that all six beakers contain 100 mL of liquid. 

5. Add 15–20 drops of methylene blue to each solution and stir to mix well.  

 6. Methylene blue is blue in the presence of oxygen and turns clear when oxygen is absent or in 
very low concentrations. Will the addition of yeast to the milk mixture affect the color of 
methylene blue over time? Provide reasoning for your prediction. 

 7. In this lab, yeast and milk are being used as models for organisms and substances present in 
aquatic ecosystems. What are the yeast a model for? What is the milk a model for? 

8. You will collect both qualitative and quantitative data regarding the "decomposition" of the 
organic matter in the beakers. You'll need to keep careful track of time and record the time at 
which the blue color of methylene blue disappears. You'll also use a dissolved oxygen sensor and 
data collection software to measure the changing oxygen levels in the solution. 

a. Set up the data collection system to show a graph display of dissolved oxygen in mg/L or 
percent saturation over time. 

b. Create a data table to record the time it takes for the blue color to disappear in each beaker 
and the total change in dissolved oxygen. 

9. Add 10 mL of yeast suspension to beaker 1. Stir the mixture and then place the optical dissolved 
oxygen probe into the solution. Begin data recording. Measure the dissolved oxygen level for at 
least 3 minutes. Be sure the color changes from blue to colorless before stopping data recording. 
Also, be sure to record the time it takes for this color change to occur in your data table. 

10. Add 10 mL of yeast suspension to beaker 2 and repeat the data collection procedure. Continue 
repeating the procedure until results are obtained for all six beakers. 
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11. Use the tools within the data collection software to determine the changes in dissolved oxygen 
levels for each beaker. 

 12. Stir one of the beakers containing yeast and milk. Record your observations and provide an 
explanation for what occurs.  

 13. How did the concentration of the "pollutant" in the experiment affect dissolved oxygen levels? 
What is the reason for this relationship? 

 14. Did the experiment you carried out have a control? If so, what was the control? What is the 
purpose of the control? 

 15. If two samples of water are tested and sample 1 has a BOD of 4 mg/L and sample 2 has a BOD of 
2300 mg/L, which sample likely contains high levels of organic pollutants? Explain your 
reasoning for your answer. 

Extension  
 

 

 
Extend the investigation by exploring one or more of the following: 

• Does an increase in temperature affect dissolved oxygen in aquatic 
ecosystems? Design and carry out an experiment to test this question. 

• How are BOD levels measured "in the field" for water quality studies?1 Use 
these methods to test the BOD levels of some of the bodies of water in your 
area. 

• Research water treatment facilities and the methods used within these 
facilities. How does your local facility treat wastewater that contains 
sewage? 

 

Synthesis Questions 

1. Identify and describe at least two ways oxygen molecules are added to bodies of water. 

2. A protocol for testing BOD levels involves taking one or more samples from natural bodies of 
water, measuring the dissolved oxygen levels on the day of sampling, and then again five days 
after sampling. The samples are kept at a constant temperature and shielded from light. Provide 
an explanation for the conditions the samples are kept in during the five days. Why might 
changes in temperature or light affect the results? 

3. High BOD levels are often associated with higher levels of nitrates and phosphates in the water 
source. High levels of these nutrients are also associated with eutrophication. Provide an 
explanation for the relationship between nutrient levels, eutrophication, and BOD. Why do high 
BOD levels and eutrophication threaten fish species?  

                                                
 


