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Abstract- The Pasquotank River Watershed is found in Northeast North Carolina beginning in the Great Dismal Swamp at the Virginia/North Carolina border and flows into the Albemarle Sound. The watershed provides a transition between the Great Dismal Swamp and the waters of the Albemarle Sound. The watershed is surrounded by a variety of landforms including swamps, farmland, and suburban developments. These produce a variety of runoff into the watershed affecting both the aquatic vegetation and marine life in the waters. This project built on the previous analysis of the four tributaries and the Pasquotank River completed in 2011, 2013, 2014, and 2015.
The 2016 Research Experience for Undergraduates Pasquotank River Watershed Team completed one set of tests of the watershed. These test points originated from the 2011 and 2013 research projects with the addition of four points created in 2014 to sample further downstream in the Pasquotank River. The results were compared with previous readings utilizing a Water Quality Index (WQI), a unitless number ranging from 1 to 100 with higher numbers denoting better water quality. The waterways tested were the Pasquotank River, Newbegun Creek, Knobbs Creek, Areneuse Creek, Mill Dam Creek, and Sawyers Creek. These creeks, along with the Pasquotank River, cover a large portion of the watershed and provided a wide area of study for the watershed.
Tests performed in the laboratory on this year’s samples include pH, salinity, total dissolved solids, and conductivity. Air/water temperature, dissolved oxygen, wind speed/direction, and turbidity/clarity measurements were taken in the field. The results collected were placed online and displayed in correlation to their position utilizing Google Maps. The data was then compared to the previous projects results.
The overall WQI for all of the tested waterways combined remained in a constant pattern. All of the waterways, except for Sawyers Creek, were at their lowest WQI when being compared to past research ranging from 2011 to 2015. The Lower Pasquotank still has the best water quality index, but the waterway had a significant decrease in its water quality score.  When compared to the results of the 2014 team and the 2015 team, the Lower Pasquotank water quality went from a good Water Quality Index score to a medium Water Quality Index score, dropping 21 points. Newbegun Creek, Areneuse Creek, Mill Dam Creek, Sawyers Creek, Knobbs Creek, and the Pasquotank River all had bad Water Quality Index scores this year.
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Introduction
Overview
A watershed can be described as an area or ridge of land that separates waters flowing to different rivers, basins, or seas. [3] Watersheds can be as small as a footprint or large enough to encompass all the land that drains water into rivers that drain into Chesapeake Bay, where it enters the Atlantic Ocean. [5] The reason that watersheds are important is that they affect many different things like the wildlife and food. If a watershed is impaired or unhealthy it will affect how the people around it live.  Water can become impaired due to the excess of different nutrients caused by varying factors such as erosion and runoff from waste. [4]
The Pasquotank river basin is a watershed that is fed by several creeks and the Pasquotank River. The focus of this year and previous year’s team’s research of the river basin were the Pasquotank River, Mill Dam Creek, Areneuse Creek, Sawyers Creek, Knobbs Creek, and Newbegun Creek. The tests completed on these creeks and the river were dissolved oxygen (DO), total dissolved solids (TDS), salinity, conductivity, turbidity, clarity, and pH. After collecting the data from these tests, the data was charted and graphed to seek trends and find comparisons within the waterways over the testing years of 2011, 2013, 2014, 2015, and 2016. The Lower Pasquotank became an addition to the research project in the summer of 2014.
Dissolved Oxygen
Dissolved oxygen refers to amount of oxygen that is dissolved in a body of water. Dissolved oxygen is one of the most important factors when it comes to water quality. [7] Many aquatic animals live off of how much DO is in the water. Oxygen comes from the vegetation that grows along the edges of the stream. In wide streams the oxygen is moved from the side to the middle of the stream by the wind. [7] DO is measured using a wide variety of means, however the team used the MW600 Dissolved Oxygen Meter. This meter measured Dissolved Oxygen in milligrams per liter (mg/l). This measurement was converted to saturation percent to be used in the Water Quality Index calculator. 
Total Dissolved Solids (TDS) 
“Total dissolved solids (TDS) are comprised of inorganic salts and some small amounts of organic matter that are dissolved in water.” [6] The tests were done using the Tracer Pocket Tester for this research. The Tracer Pocket Tester measures TDS in parts per million (ppm). The Water Quality Index calculator uses mg/l, which matches the ppm measurement. A liter of water weighs 1 kg (1 kilogram or 1000 grams) and 1 mg (1 milligram) is equal to 1/1000 of a gram, therefore 1 mg = 1/1,000,000 of a kg.
Salinity
“Salinity is the measure of all the salts dissolved in water.” [8] Salinity is important as some aquatic life can only survive at certain salinity levels. The Tracer Pocket Tester was also used for this test. The Pocket Tester measured salinity in parts per million.
Conductivity
Conductivity is a measure of water’s capability to pass electrical flow [9]. To test conductivity the Tracer Pocket Tester was used. The instrument measured conductivity in microsiemens (uS). The team converted the measurement to millisiemens for use in the Excel file.
pH
pH is the indication of whether the water is acidic or basic. The measurement ranges from 0 to 14 with 7.0 being neutral, 0 being acidic, and 14 being base. pH is affected by the amount of dead vegetation in the water as once the materials decompose they release carbon dioxide which turns into a weak acid.  [10] 
Turbidity 
Turbidity is the measurement of the scattered light. Water can become turbid by having high amounts of clay, silt, and organic matter. High water flows can also cause the water to have a high turbidity rating because of all the materials that are carried. [11] Turbidity was measured in inches by a Secchi disk. This data was then converted into Nephelometric Turbidity Units (NTU) as the Water Quality Index calculator uses NTU as a measurement instead of inches. This was completed by converting the inches into centimeters and then using an NTU conversion chart [2].
Clarity 
Water clarity is the characteristic of how transparent the water is. Water clarity and turbidity are closely related as a high turbidity reading that means there are more particles in the water causing the water clarity to decrease. [12] Clarity is measured using the white and black side of the Secchi disk. Clarity is also measured in inches. 
Methodology
Pre-Field Work
Before the team went out to test the watershed, the points and routes were loaded into the Global Positioning Systems (GPS). Garmin BaseCamp software was used to define the points and the routes used. Once they were established, they were transferred via USB to the Garmin GPSMAP 60CSx. [13] 
The MW600 Dissolved Oxygen Meter was calibrated using a zero oxygen solution and ensuring the meter read zero. The team also performed the “Open Air” calibration procedure. 
Field Work
At each test point there were several tests performed and recorded and water samples were obtained. The time was written down as a reference for the water samples that were taken as the test results may vary throughout the day. Once the time and the point being tested were recorded, the wind speed/direction and air/water temperature were also recorded. The wind speed and air temperature were recorded using the anemometer, while the water temperature was recorded using a mercury thermometer. Wind direction was determined using the compass on the GPS. Clarity and turbidity were observed using the Secchi disk. The dissolved oxygen measurement was obtained using the DO meter.
Post-Field Work
After collecting data from each waterway, in-house tests were completed to obtain the pH, conductivity, salinity, and total dissolved solids readings. The water samples from the field water were poured into small cups for testing. The pH meter was calibrated in distilled water and a pH tablet set for a certain pH reading, an example of this would be a pH reading of 10.0. The pocket tester is a self-calibrated meter thus there was no need for the team to calibrated. 
Offline Data-Visualization
A Microsoft Excel sheet was used to input all the data from the fieldwork and in-house testing.  Another Microsoft Excel sheet was used to create graphs of each waterway based on the averages of the water conditions. The graphs that were created from these averages were then used to compare to the previous year’s graphs. 
The averages for 2016 were then combined with the previous four years of testing in order to analyze changes occurring. 
Online Data-Visualization
The 2015 group created an online database and applied that database to Google Maps. This was important so that future groups can input their data into the database and create the same online data-visualization. The data collected in 2016 was converted into a Comma Separated Values (CSV) file for insertion into this database.
ANALYSIS
Water Quality Index
The overall WQI for all of the tested waterways combined remained in a constant pattern as seen in Figure 1. However, results of this project may have varied due to several changes. A new dissolved oxygen meter was utilized and the method for calibrating the meter was changed. A different WQI calculator was also used as the previously used calculator was a Windows operating system application. All of the waterways, except for Sawyers Creek, were at their lowest WQI when being compared to past research ranging from 2011 to 2015. This may have been due to the high temperature readings during 2016. Turbidity, total dissolved solids, and dissolved oxygen were considerably different from previous years. The water testing for the five years of tests are displayed in Appendix 1. The Lower Pasquotank still has the best water quality index, but the waterway had a significant decrease in its water quality score.  When compared to the results of the 2014 team and the 2015 team, the Lower Pasquotank water quality went from a good Water Quality Index score to a medium Water Quality Index score, dropping 21 points. Newbegun Creek, Areneuse Creek, Mill Dam Creek, Sawyers Creek, Knobbs Creek, and the Pasquotank River all had bad Water Quality Index scores this year. Areneuse Creek had the lowest Water Quality Index scores during the 2016 project. Mill Dam Creek, Areneuse Creek, and Newbegun Creek scored lower than any previous years. Sawyers Creek and Knobbs Creek were close in readings due to their size and location. 
In-house tests on this year’s samples continued to include pH, salinity, total dissolved solids, and conductivity. Air/water temperature, dissolved oxygen, wind speed/direction, and turbidity/clarity measurements were taken in the field. The results from these readings were placed into an online database where they are correlated to the location of the sample using Google Maps®.
Dissolved Oxygen
The dissolved oxygen readings for 2016 experienced a drop in results. The warm temperatures may have been a factor in this drop. All forms of aquatic life use dissolved oxygen in surface water, and dissolved-oxygen concentrations fluctuate with water temperature daily and seasonally [7].  The Lower Pasquotank width played a role in the waterway remaining on the top in dissolved oxygen readings.
TDS/Salinity/Conductivity
The total dissolved solids (TDS), salinity, and conductivity readings for 2016 have increased in comparison to the 2015 readings. The distance from Elizabeth City to the Dismal Swam Canal, which is 14 miles, is the reason salinity levels were low in the Upper Pasquotank. Newbegun Creek was high in salinity readings due to the brackish water from the Lower Pasquotank. TDS and conductivity correlates with each other, and the pattern of the readings has been stable throughout every research year. 
Conclusion
Overall
The overall Water Quality Index for the Pasquotank watershed was calculated using the Water Quality Index calculator. The factors that went into the test for each waterway were the Dissolved Oxygen saturation percent, water temperature, pH, TDS, and the NTU measurement of turbidity. It was concluded that the Lower Pasquotank had the highest rating and Areneuse Creek had the lowest. The DO measurements played a large factor in the Water Quality Index scores of these two streams.
Variations
The TDS, conductivity, and salinity were all higher this year than they were in previous years. This may have been due to the warm temperatures. 
The Google Map of the watershed showed that each point that was near the Pasquotank River shared similar readings. The Lower Pasquotank River and Newbegun Creek also shared similar readings.
Future Works
Thermometer 
The mercury thermometer was a very subjective device and should be replaced with a digital thermometer. It is recommended that the Control Company VWR Waterproof Thermometer, a digital thermometer that is waterproof and shockproof, be acquired for this test. The thermometer ranges from -50 to 300 degrees Celsius. It has the ability to recall its lowest and highest readings over any period [15].
Dissolved Oxygen Meter 
The MW600 Dissolved Oxygen Meter has been used to measure dissolved oxygen for the past years, but it should be replaced with a waterproof dissolved oxygen meter. The HI98193 is the recommended meter to be acquired for the tests. The HI98193 is waterproof and gives the researchers another water condition to test. The waterproof meter measures dissolved oxygen, barometric pressure, biochemical oxygen demand (BOD), and temperature [16].
Secchi Disk
The Secchi disk was used to measure the turbidity and clarity. However, the measurement of the device fluctuates depending on the waterway the device is being used in and the individual that is performing the tests. The device recommended to perform future testing is the Portable Turbidity and Bentonite Check meter because it provides the project with accurate readings and decreases the chances of any interference. The meter also displays the turbidity in Nephelometric Turbidity Units (NTU) units, which is necessary for the Water Quality Index calculator [18].
Adding Test
It is recommended that there be more tests performed on the waterways to provide more accurate scores of the Water Quality Index.  One of these recommended tests is the test for fecal coliform. The procedure for taking fecal coliform takes 24 to 48 hours to obtain a correct reading. [17] 
Another test that could be added is total phosphate. There are various instruments from Hatch ranging from a hand-held device all the way to an instrument that sits on top of a desk comparable to the size of a small laptop. [20] 
A test for nitrates could also be added using the “Pocket Colorimeter II, Nitrogen, Nitrate” from Hatch. [19] Nitrates can enter the water by soil erosion or bacteria in the water. [14]
 The last test that can be added is the biochemical oxygen demand. The HI98193 is recommended for this test. This meter can also test for dissolved oxygen. 
Knobbs Creek
Knobbs Creeks contains a navigation obstruction in the form of an old bridge with a large pipe. The canoe must be carried over the obstructions to obtain access to the upper part of Knobbs Creek. It is recommended that Elizabeth City officials be contacted to see if this obstruction can be removed. 
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