Dissolved Oxygen and Primary Aquatic Productivity Lab

Introduction

Dissolved oxygen (DO) levels are an extremely important factor in determining the quality of an aquatic environment. Dissolved oxygen is necessary for the metabolic processes of almost every organism. Most game fish for example have an optimal DO concentration ranging from 8 to 15 parts per million (ppm). A concentration of  dissolved oxygen less than 4ppm is stressful to most forms of aquatic life.

Terrestrial environments hold over 95% more oxygen than aquatic environments. Oxygen levels in aquatic environments are very vulnerable to even the slightest change. Oxygen must be constantly be replenished from the atmosphere and from photosynthesis. There are several factors that affect the dissolved oxygen levels in aquatic environments.

Temperature is inversely proportional to the amount of dissolved oxygen in water. As temperature rises, dissolved oxygen levels decrease.

Wind allows oxygen to be mixed into the water at the surface. Windless nights can cause lethal oxygen depletions in aquatic environments.

Turbulence also increases the mixture of oxygen and water at the surface. This turbulence is caused by obstacles, such as rocks, fallen logs, and waterfalls, and can cause extreme variations in oxygen levels throughout the course of a stream.

The trophic state is the amount of nutrients in the water. There are two classifications: oligotrophic and eutrophic. Oligotrophic lakes are oxygen rich, but generally nutrient poor. They are clearer and deeper than eutrophic lakes and are younger. Oxygen levels are constant. Eutrophic lakes are more shallow and nutrient rich. The oxygen levels constantly fluctuate from high to low.

Primary production is the energy accumulated by plants since it is the first and basic form of energy storage. The flow of energy through a community begins with photosynthesis. All of the sun’s energy that is used is termed gross primary production. The energy remaining after respiration and stored as organic matter is the net primary production, or growth. The equation for photosynthesis is as follows:

12H2O + 6CO2 → C6H12O6 + 6O2 + 6H2O

There are three main gases dissolved in aquatic environments: nitrogen, oxygen, and carbon dioxide. Most gases obey Henry’s law, which says that at a constant temperature, the amount of gas absorbed by a given volume of liquid is proportional to the pressure in the atmosphere that the gas exerts. Higher altitudes  decrease the solubility of gases in water. Temperature also has an affect, as  temperature rises, solubility decreases. Salinity, the occurrence of various  minerals in solution, also lowers the solubility of gases in water.

Part I: Measurement of Dissolved Oxygen (DO) and Primary Productivity

A. Measurement of DO

Results

Table 1: DO Concentration


Temperature
DO (mg/l)

% DO

5° C


2.0 mg/l

16%

21.5° C

1.28 mg/l

19%

Analysis

1. How does temperature affect the solubility of oxygen in water?

2. Would you expect to find a higher dissolved oxygen content in a body of water in winter or summer? Why?

3. List and discuss three factors that could influence the dissolved oxygen concentration of a body of water.

4. Do you think it would be wise to stock a pond with game fish if it had a dissolved oxygen content of 3ppm? Why or why not?

B. Measurement of Primary Productivity

Respiration Rate = 4.6 ml O2/l

Net Productivity = Gross Productivity - Respiration

Results

Table 2: Gross and Net Productivity/ Respiration Rate




% Light
DO


Gross Productivity
Net Productivity


Initial



9.2 ml O2/l

NA



NA

Dark




4.6 ml O2/l

NA



NA




100%

6.4 ml O2/l

1.8 ml O2/l


-2.8 ml O2/hr




65%

4.5 ml O2/l

-0.1 ml O2/l

-4.7 ml O2/hr 




25%

3.7 ml O2/l

-0.9 ml O2/l

-5.5 ml O2/hr




10%

3.8 ml O2/l

-0.8 ml O2/l

-5.4 ml O2/hr





2%

4.0 ml O2/l

-0.6 ml O2/l

-5.2 ml O2/hr

Analysis

5. Describe the results shown above.

6. What is the difference between gross and net primary productivity? 

Part II: Computer Simulation

Please read and complete the activities found on the following website.

Dissolved Oxygen & Primary Productivity.html
If this link doesn’t work, try
 Lab Bench Review of Labs  

and click on Lab 12: Dissolved Oxygen
1. The Fish in the Aquarium Question: Record your answer to the question posed given the knowledge you have after reading the information on this lab sheet. Check at the end to see if you were correct.

2. Dissolved Oxygen Availability: Describe the 5 factors that affect DO and how they impact the DO values in an aquatic system.

3. Ideal Conditions for Maximum Dissolved Oxygen: Write down your responses, check your answers and record the correct answers (if different than your initial responses) to the 3 questions listed.

4. Primary Productivity: Describe the relationship between primary productivity, gross productivity, net productivity, photosynthesis and respiration.

5. Measuring Primary Productivity: Write down your response, check your answer and record the correct equation (if different than what you gave).

6. Design of the Experiments: Write down your responses to the 2 questions about % saturation, check your answers and record the correct answers (if different than what you gave). Also describe what a nomograph is.

7. A Model of Productivity as a Function of Lake Depth: Describe how this design simulates different lake depths. What is your hypothesis regarding this experiment?

8. Sample Problem: Record the data table given and fill in the missing information. Check your answers and record the correct answers if different than your original responses. Graph the data.

9. Take the Lab Quiz: Record your answers, check them and record any corrections.

