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The Effect of Surface Water Temperature 

On Dissolved Oxygen and pH Levels in Water Sources

Summary


This study looked at the relationship between surface water temperature and the levels of dissolved oxygen and pH in river water sources.

Abstract


The investigation that is described in this study is an analysis on the relationship that pH and dissolved oxygen (DO) levels have to surface water temperature. Data on all three elements, on an average monthly basis, were collected for four schools located across the United States who have a river as a water source. This information was tabulated into one Microsoft Excel spreadsheet, and then graphed so that each illustration showed all three factors for one school over the course of the three-year space of time.


The resulting analysis strongly suggests an indirect relationship between surface water temperature and DO levels. As temperature increases, the DO levels decrease. Regardless of the surface water temperature, pH levels remained relatively stable over the course of the study time period. This suggests that pH is independent of any change in surface water temperature.

Introduction

     
Water sources can be fascinating. Not only for what is carried down them on a daily basis, but also for what organisms can live in a given body of water. Water is a continually changing substance that is subject to daily fluctuations in surface water temperature. Oxygen, essential to all life, is referred to as dissolved oxygen when in water.
 As aquatic plants and organisms grow or decay, they impact the level of DO in the water source. PH is a measurement of how acidic or alkaline water is. Most aquatic organisms prefer a pH level of 6.5 to 8.0, and pH levels outside of that range can adversely affect life in the water.
 How do DO and pH level relate to surface water temperature? Are there direct relationships between the elements over the course of time when surface water fluctuates?

Both of these questions are very intriguing and needed to be researched.

Hypothesis

     
The hypothesis of this study is that the level of dissolved oxygen in a water source will decrease as the surface temperature of the water increases, but the pH level of the water source will remain relatively the same over a three-year period from January 1, 1998 to December 31, 2000.

Method


After specifying the hypothesis, four United States schools were chosen for this study: Tabor Academy in Marion MA, Harland Consolidated School in Hartland ME, Reynolds Jr Sr High school in Greenville PA, and Mid Valley Secondary Center in Throop, PA. Each school was required to have a minimum of 1000 hydrology measurements in order to initially qualify for the study. After adding in the elements of surface water temperature, dissolved oxygen, and pH, each school had over 200 usable measurements.

In order to obtain a more complete knowledge of the topography surrounding each school, topographic maps were obtained from Topozone.com, which showed that Tabor Academy is on relatively flat ground next to a bay, while the other schools are in mountainous regions of the country.
 Elevations between the schools vary between 4 meters above sea level to 323 meters.


The methodology of this study will consist of visually examining Excel-generated graphs of average monthly surface water temperature, pH, and dissolved oxygen measurements for each selected school. Average monthly measurements were used instead of daily ones as they tend to show the overall trend for a month. The information for each element was downloaded into one Microsoft Excel file, and then all three factors for each school were placed on a single graph, which covered the three-year time period. This enabled the relationships between surface water temperature, dissolved oxygen, and pH levels to be shown easily.

Analysis

    
The graphs for the three elements of surface water temperature, pH and dissolved oxygen show a strong pattern that is consistent regardless of the location of the school. For all four schools the highest surface water temperatures were recorded in August, and the lowest in the winter months. In each case, the bell-curve shape of the graph is very striking and consistent. Surface water dissolved oxygen also scribed a regular bell-shaped curve over the course of the three years. Taken together, there is an inverse relationship between surface water temperature and the level of dissolved oxygen at each school site. As the temperature increases, the level of dissolved oxygen decreases. It is very possible that the growth or death of living organisms in the water may be the cause of the decrease or increase of dissolved oxygen. This appears to be supported by the fact that the lowest levels of dissolved oxygen consistently occur when aquatic plant growth is the highest.

     
The graph of the pH levels were surprising, as while they did change some over the course of a year they in general remained very stable regardless of surface water temperature or dissolved oxygen levels. This implies that the pH level is totally independent of other water factors.

Collected Data on Average Monthly Measurements for Surface Water Temperature, Dissolved Oxygen, and pH.
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Hartland Average Monthly Measurements for Surface Water Temperature, Dissolved Oxygen and pH from 1/1/98 to 12/21/2000
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Mid Valley Average Monthly Measurements for Surface Water Temperature, Dissolved Oxygen and pH from 1/1/98 to 12/21/2000
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Reynolds Average Monthly Measurements for Surface Water Temperature, Dissolved Oxygen and pH from 1/1/98 to 12/21/2000
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Tabor Average Monthly Measurements for Surface Water Temperature, Dissolved Oxygen and pH from 1/1/98 to 12/21/2000
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Conclusion

After studying the graphs for each school individually and then collectively, the hypothesis was accepted as there is strong evidence to support the theory that the level of dissolved oxygen in a water source decreases as the surface water temperature increases, but that the pH level is independent of the temperature of the surface water. There does seem to be a direct correlation between surface water temperature and dissolved oxygen levels. This was consistently shown in four schools located at different elevations, in different habitats, and at different locations in the United States.

There were two limitations in this study, which suggest that further research is necessary. First, only rivers were measured for this study. The fact that measurements were so consistent over the course of three years suggests that rivers are self-maintaining to some degree with it comes to dissolved oxygen and pH.  Ponds and small lakes are closed systems and so may have a different relationship with pH and DO. Running the same study focusing on ponds and lakes, or adding in the same to the existing study may provide would be a future research project. Second, only four schools were studied. Adding more schools in unique habitats or areas such as Northwest Washington, the Florida Everglades, or desert areas would have provided an interesting comparison to the schools in this study. 
Discussion

This study suggests that it is possible that temperature, pH, and dissolved oxygen relationships can be found in any flowing body of water in the world. This information could be very helpful for those studying aquatic life forms, as the best time to look for the most diverse level of life would be in mid spring. Aquatic life forms grow quickly and it may be that many complete their life cycles before the DO levels reach their lowest points each year.
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