Lab Report Sample – Dissolved Oxygen Lab (Aisha, Cody)

I have attached below the Introduction, Method, and Discussion sections to read through before you attempt the next lab report.

 Introduction:

Dissolved oxygen is the oxygen dissolved in water for aquatic organisms to use in respiration. Respiration is needed for an organism to survive, as it releases energy from foods so that it may be used in activities such as cell division. Light, temperature, pH, the number of photosynthetic organisms, depth, turbulence, altitude, and salinity are all factors that affect the dissolved oxygen level in water. By manipulating these factors, the dissolved oxygen in water can be increase or decreased. An increase in light, the number of photosynthetic organisms, or the amount of turbulence will cause an increase in dissolved oxygen. On the other hand, and increase in temperature, pH, depth, altitude, or salinity will cause a decrease in the dissolved oxygen level. 


The salinity, or the amount of salt present in water, determines whether a body of water is freshwater or marine. Freshwater bodies contain less than 1% salt while marine bodies contain at least 3% salt. The ocean contains various levels of salinity, all of which are above 3% salt.
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PSS is the Practical Salinity Scale, which is defined in terms of electrical conductivity measurements. It can be used to calculate the amount of salt present in a sample of water. As already stated, increased salinity causes a decrease in the dissolved oxygen level. This is due to the intermolecular forces between water and salt versus these forces between water and oxygen. Water is a polar molecule, meaning it has a slightly positive area and a slightly negative area. Salts are ions, highly charged particles, held together by ionic bonds. When dissolved in water, the ionic bond is broken and the separate charged particles are attracted to either the positive or the negative end of the water molecule. Oxygen, on the other hand, is a nonpolar molecule. It will only exhibit London dispersion forces. London dispersion forces are caused by a shift of the electrons to one side of the molecule, causing a slight, temporary positive and negative charge. These attract the oxygen molecules to the water molecules, but the attraction between salt and water molecules is stronger. Thus, the salt ions will “force” oxygen molecules away from water molecules, and because there is no force keeping the oxygen dissolved, it is released into the atmosphere. Salinity does not affect dissolved oxygen indirectly through biological systems, for many types of algae survive in both freshwater and marine environments.


When measuring dissolved oxygen levels in water, one can find two types of productivity simply by taking measurements at different times of the day. In the daytime, the measurement indicates the dissolved oxygen level while at equilibrium between oxygen produced in photosynthesis and oxygen used by respiration. This is called the net primary productivity (NPP). At night, the dissolved oxygen level will indicate the amount when only respiration is taking place. The gross primary productivity (GPP), or total amount of oxygen produced by photosynthesis can be calculated using the following equation.

NPP= GPP- Respiration

The net primary productivity is important because it indicates how much oxygen is still in the water for organisms to use. A low net primary productivity would indicate that there is little oxygen for use in respiration, and possibly not enough to support all the organisms in the body of water. A dissolved oxygen measurement, as well as the temperature of the sampled water, can be used with a nomogram to determine percent saturation of oxygen in water. The percent saturation indicates the amount of oxygen present in the sample as compared to the maximum amount of oxygen the sample could hold at that temperature.


When photosynthesis occurs, not only is oxygen created to use in respiration, but carbon fixation occurs. Carbon fixation is when carbon is fixed into macromolecules.

Photosynthesis: 6CO2 + 6H2O → C6H12O6 + 6O2
Respiration: C6H12O6 + 6O2 → 6CO2 + 6H2O + 36 ATP

The amount of carbon fixed is important because consumers cannot utilize carbon in its gaseous states. Organisms are made up of large amounts of carbon, in the form of macromolecules such as lipids (fats), nucleic acids (DNA and RNA), carbohydrates (sugars and starches), and proteins. Matter is recycled, not created, so consumers get their carbon from photosynthetic organisms, and the element then moves up the food chain. The net primary productivity reading of dissolved oxygen can be used to calculate the amount of carbon fixed. The reading is usually in parts per million (ppm), where 1 ppm is equal to 1 mg O2/L. This number is multiplied by 0.689 to covert the mg O2/L to mL O2/L, and then multiplied by 0.536 to convert to mg carbon fixed/L.

Methods:


Collect at least 800 mL of pond water and some of the photosynthetic organisms in the water source. In each of the eight beakers, pour 100 mL of the pond water. Measure out the calculated amount of salt for each of the seven PSS levels. Add the salt for each PSS level into a separate, labeled beaker. After completing the set up, pour a small amount of the control water into the 50 mL testing kit beaker, and record its temperature. Break the tip of one of the ampoules in this sample. Wait two minutes, and then compare the color of the test ampoule to the comparison ampoules provided in the testing kit. Match the color, and record the oxygen level indicated. Two days later, repeat the procedure preformed on the control water, but this time for each of the eight beakers, recording the temperature and dissolved oxygen content. Repeat again two days after this, four days after the original set up, for all beakers.

Conclusion and Discussion: 


In general, as salinity increased, dissolved oxygen levels decreased. Only in one case did the dissolved oxygen levels of one solution surpass those of a solution of lower salinity; the 2.5 PSS solution's dissolved oxygen levels were higher than the control's dissolved oxygen levels on day four. This inconsistency could be a result of human error due to our means of observation being qualitative (matching colors to determine dissolved oxygen levels) or due to possible biological activity of the algae, which will be discussed later. Apart from this anomaly, dissolved oxygen levels were lower, as expected in the hypothesis, in solutions with higher salinity. This is because salt ions have a stronger attraction to water molecules than oxygen due to salt's polarization (as discussed in the introduction), forcing the oxygen molecules to remain undissolved and be released into the atmosphere. 


An unexpected trend was that our marine solutions tended to increase in productivity, while our freshwater solutions decreased in productivity. This is because our water samples were gathered from a freshwater pond, so the algae was more adept at surviving in the freshwater solutions. As a result, it was easier for the algae to multiply in the freshwater samples, which also caused an increase in the zooplankton that eat the algae. This, in turn, lowered the solution's net primary productivity (NPP) because as the zooplankton increased, more respiration took place, thus using more of the oxygen produced by the algae. In marine solutions, on the other hand, the algae could not reproduce as effectively, and this caused the zooplankton to have a harder time reproducing as well. This lowered the ratio of zooplankton to algae because our algae probably reproduced more slowly in the marine water than the freshwater, requiring more algae per zooplankton in order to stabilize the community. Another, explanation is that the zooplankton itself, coming from a freshwater pond, had a harder time surviving in our marine solutions, directly lowering their population and increasing the productivity of the solution. In either case, less oxygen was being used in the cell respiration of zooplankton, and the NPP of our marine solutions increased over time (though still remained lower overall than our freshwater solutions due to the physical traits of salt, as described above). 


In general, in freshwater solutions, gross primary productivity (GPP) increased over time due to algae growth but NPP decreased due to zooplankton growth, and in marine solutions the GPP probably decreased over time due to the algae having a difficult time surviving in a marine environment but NPP increased due to a decrease in cell respiration. Even if this trend were to continue, however, the physical limitations of marine environments on dissolved oxygen levels would probably prevent our marine samples from ever attaining a higher NPP than our freshwater samples (though the two would get closer). It is impossible to compute the exact GPP from our data because all of our observations took place during the day, but one would assume that the GPP, and therefore carbon fixation, was higher in the freshwater solutions because the NPP was much higher in them; it is unlikely that there was such a lack of cell respiration in the freshwater solutions that the GPP was actually lower in them than in the marine solutions. Had the amount of light available to our samples was decreased, the productivity of those samples would decrease as well because less photosynthesis could take place. 


Irrigation is often a source of increasing salinity in freshwater bodies; as the water makes its way to the body of water, it picks up salt dissolved from geological materials and carries it to the freshwater body. This also often increases salinity in the soil where the irrigation takes place, reducing the productivity of the crops in that area. This increase in salinity can also wipe out or significantly reduce certain populations that are only capable of living in freshwater bodies, and other populations could flourish because they have less competition from the freshwater populations. In general, increased salinity upsets the balance of the ecosystem it effects. 
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