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1. Abstract

MACROINVERTEBRATE AND WATER QUALITY INTERNATIONAL COLLABORATION RESEARCH PROJECT
Students: Haley Boyd, Derek Craft, Allyson Edwards, Hope Hughes, Madison Jaco
Audra Edwards, Middle School Science Teacher
Hawkins ISD, Texas, USA

	Hawkins High School has gathered a number of GLOBE measurements from 2010 to the present. The students began working on a project involving soil contaminants that quickly evolved into a much larger endeavor. Because water will reveal more about pollution in our natural environment, the students shifted their topic of investigation over to the health of local water bodies. By 2013, the students were communicating with India and Croatia over their concerns of water quality. The five young scientists began testing four nearby water sources-- the school pond, a pool and riffle portion of a neighboring stream, and the local lake-- and obtained information to be shared across the globe. Using GLOBE hydrology protocols on conductivity, dissolved oxygen, nitrates, pH, turbidity, water temperature, and macroinvertebrates, the Hawkins’ students investigated their local water quality and submitted their data to the GLOBE database. All results from the Hawkins’ sample sites showed very low pollution levels in the four different environments, however further research is being conducted in the other countries for comparative analysis.
2. Research Questions
Through our research, we would like to investigate macroinvertebrates and the water quality of multiple water sampling sites. Because our school has lentic systems located on campus, we were interested in the quality of water and the ecosystems that the water effects. We understand that lentic systems, relatively slow moving water bodies, are more susceptible to contamination than lotic systems, fast moving water bodies. From our studies, we understand that some macroinvertebrates, such as stoneflies in the order plecoptera, are more pollution sensitive than others. Therefore, if pollution-sensitive organisms inhabit a watershed area, a pollution problem is not likely. So, what conditions are best for sensitive macroinvertebrates? What types of macroinvertebrates live in our four testing areas and what does this mean about our water? How do our aquatic environments compare to those of India and Croatia?
	When we began GLOBE in 2010, our focus was budbursting and its response to climate change. By 2012 our topic of investigation had shifted to soil contamination and further evolved into hydrology research. By observing and testing four surrounding aquatic sites, we can learn about our impact, either through agricultural, chemical, or industrial expansion, on our environment.





3. Hypothesis
A hypothesis is a tentative statement that proposes a possible explanation to some phenomenon, event or scientific problem that can be tested by further investigation. Our hypothesis states that if a watershed area is lacking pollution-sensitive macroinvertebrates, a pollution problem is likely. We believe our surrounding watershed areas are fairly unpolluted, but would like to test our ideas as we have had recent local environmental changes through anthropogenic sources. We would also like to compare our results alongside other countries, including India and Croatia, which are investigating water pollution to observe any alterations in water quality in the different watershed areas that may be caused by construction, agriculture, or nonpoint source runoff.

4. Investigation Plan
Students will begin by researching watershed areas, water pollution, and specific vocabulary involved in hydrology. If the opportunity arises, a local professor or scientist may be able to visit and assist you in learning more about hydrology.  After, the students will also need to define at least three different watershed sites. By correctly following GLOBE hydrology protocols for conductivity, dissolved oxygen, nitrates, pH, turbidity, water temperature, and macroinvertebrates, students will gather information needed to identify their watershed sites as “polluted” or “unpolluted”. Additional information that will be investigated could be a brief history of the area to create a time line of some of the surrounding building projects.
For this project to run smoothly, one student should be focused on gathering research of the area and previously stated hydrology topics. The other two students in this project should know how to properly run the water test kits and GLOBE protocols and complete the field experiments. Students may have the responsibility to execute these jobs daily and rotate positions, or they may have them in a fixed schedule. The teacher will need to closely monitor all tests and field experiments done. This way, there are fewer questions regarding the accuracy of the investigation.
In order to compare data, there must be at least two investigation sites. One can select to collaborate with another school in a different watershed area or simply use data previously entered onto the GLOBE database. In selecting another school to collaborate with, however, regular “check-up” dates will be required to reassure that the proper data is being collected in a timely manner. By having different watershed areas and different aquatic environments for each school, the ability to compare and contrast the watershed sites will be heightened because there are more opportunities present.
In this specific research project, schools from America, Croatia, and India have taken their own water quality investigations and compared them with one another. Each school had its own questions or concerns about the local watershed environment, but also wished to compare their data with other countries with similar inquiries.
In Hawkins, Texas, America, Hawkins High School students wished to evaluate the water quality in four local aquatic environments. The students wished to do so because there had been recent industrial and agricultural activities occurring in areas surrounding these sites.  Students they had already collaborated with in both India and Croatia were also conducting water quality investigations, so the students set out to compare their findings.
In Croatia, four students from Medicinska Škola u Rijeci worked to compare recent hydrology data from a local channel to previously collected data and observe the changes in their water quality. 20 years ago, their water sites were stained red with animal blood from butchers who had dumped animal organs into their water sources causing point source pollution. Now, because of improvements in environmental protection laws, the quality of water has greatly improved and they wished to compare their data with America’s to observe any alterations.
India, however, is in a much more dramatic situation. A student and collaborative partner from East Point School, New Delhi, India says this of water in India: “Even here the water is too polluted. The most sacred and the most known river in India is on the verge of being reduced to just a small lake within the next 20-25 years if some serious actions are not taken.” Lake Sanjay is receiving point source pollution from open bathing and defecation, bacterial pollution, and animal activities. People all over the country are working to improve water quality and students from East Point School, New Delhi have chosen to collaborate with America and Croatia to assist in aiding their water quality research.



5. Research Method
	The first question asked what conditions are best for pollution-sensitive organisms. This question could be easily answered through a short research of macroinvertebrates. Dr. David Wojnowski, Lead Professor for Teacher Education and Project WET/Stream Watch Coordinator, taught students more about macroinvertebrates, what types would be expected in their watershed areas, and what this could mean about the water quality. The four sites selected for this project, the pond, the pool and riffle areas of the stream, and the lake, were all believed to be fairly unpolluted.
The second question became more specific in asking what types of macroinvertebrates are located in the selected sampling sites. The students used the “Define Your Site”, conductivity, dissolved oxygen, nitrate, pH, turbidity, water temperature, and macroinvertebrate protocols to examine what types of macroinvertebrates could possibly inhabit their four test sites. 
	Our final question required us to reach out to other schools in order to compare data. Students from a school in Croatia and another in India had begun to build up hydrology projects in water sources of concern by collecting and testing water samples.





6. Data
All data from Croatia Sites 1, 2, 3, and 4 were collected by Dina Bolkovac, Megi Pavletić, Megi Pavletić, and Matilda Car. All data from India’s Lake Sanjay was collected by students from East Point School, New Delhi, India. For some parameters, a school or multiple schools may not have submitted data. 
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7. Data Analysis
All data collected and tested at every test site was done so by closely following procedures described in GLOBE protocols. Naturally, the data we have obtained will have some errors, but each student worked to the best of their ability to correctly gather all data.
Our data along with that from Croatia and India shows some obvious differences in our watershed areas. The water temperature averages 12.7 degrees Celsius for Croatia, 18.7 degrees Celsius for Hawkins, and rockets to 34.73 degrees Celsius for India’s Lake Sanjay. pH for both America and Croatia range from 6.9 to 8.3 which is standard for healthy aquatic sites. India however has a water pH of 5.43, which means their Lake Sanjay is fairly acidic and in a decline. Another huge difference between the three countries lies in turbidity. While we have no data on this parameter for Croatia, Texas’s average turbidity is 212 centimeters, but Lake Sanjay has an astoundingly high turbidity of 3.63 centimeters.
We lack data on all other parameters from India, but still analyzed the collected data from Croatia and compared it to our own. Many experiments show major differences in the water sites, but this can be attributed to the fact that we investigated freshwater habitats and Croatia inspected brackish water channels. Overall, both of the tested Croatian and American watershed sites do not greatly deviate from the standard for healthy bodies of water. Our nitrate has an average of .42 milligrams per Liter and Croatia’s is .53 milligrams per Liter. We have an average dissolved oxygen reading of 8.5 milligrams per Liter and 11 milligrams per Liter for Croatia. Again, most dissimilarities in measurements can be attributed to the discrepancy in water body types.

8. Conclusion
Through our research, we learned sensitive macroinvertebrates we would find in our local watershed areas enjoy shallow water with a fair amount of dissolved oxygen and neutral pH. Since dissolved oxygen is more easily dissolved in cooler water, a temperature of about 15 degrees Celsius is a healthy temperature, allowing for the macroinvertebrates to live at a comfortable temperature and still have enough dissolved oxygen in the water.
In our testing sites, the most abundant amount of macroinvertebrates were found in the riffle portion of our pond where there was plenty of dissolved oxygen and a temperature of approximately 17.5 degrees Celsius. By following GLOBE protocol to observe and gather macroinvertebrates, we discovered 27 caddysflies in our small testing area. Caddysflies are fairly sensitive macroinvertebrates. This fact reveals the health of our streambed, contrary to prior belief that our water was receiving pollution from anthropogenic activities.
Our four sample sites reveal that these surrounding areas are fairly unpolluted. Croatia, though brackish water, is still comparable to our own fresh water and also shows that their previous pollution problem is diminishing and the health of their water channels is rising. Lake Sanjay, unfortunately, is experiencing many pollution problems and although people are working to save the lake, too many are still contaminating it with waste and bacterial pollutants.
Our collaborative research project was started in an effort to not only learn more about our water quality, but also improve where needed. It is our desire to continue building on this project and assist our partners in refining their water sources as we also work to help ours. Though this project seems to just be beginning, it is one that will continue on in collaborative investigation.
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9. Measurement Limitations
	Like all experiments and investigations, there is room for error in both precision and accuracy. In this aquatic investigation, the same student or student group did not gather all data collected from the sampling sites and the experiments conducted on said water may not have been uniform. Therefore, data submitted may have some miscalculations. Also, the kits and instruments used have different producers and will have small deviations in veracity. The collection of data includes, as always, human error and limits the meticulousness of the investigation as a whole.
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