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Abstract 

 Nutrients, primarily nitrogen and phosphorus, are a chronic source of water pollution 

that threaten aquatic ecosystems and water supply across North Carolina. The Research 

Triangle, located in the North Carolina’s Piedmont region, is particularly susceptible to nutrient 

pollution caused by rapid urbanization. Urban landscapes, dominated by impervious surfaces 

http://stewartinc.com/portfolio-post/bioquest-ii-and-iii-at-the-north-carolina-museum-of-life-and-science/
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and stormwater drains, quickly transport nutrients into waterways during storm events. There, 

they overstimulate plant growth and deplete oxygen from the reservoirs, potentially leading to 

fish kills and the associated revenue losses from fishing and tourism industries, diminished 

property values, potential health impacts, and increased mitigation and water treatment costs. 

 Using the water system at the Museum of Life and Science in Durham, North Carolina as 

a case study, we explored the impacts of the urban environment on nitrogen concentrations 

and overall water quality at the museum. The goals for this study were to further the collective 

understanding of urban nutrient pollution and to educate museum guests about a water quality 

problem that impacts their own environment. To achieve these goals, we conducted a water 

quality monitoring program, a geospatial analysis, and a survey of museum guests. 

We sampled water at five locations on the museum’s property, including the main pond, 

an intermittent pond, two intermittent streams, and the Ellerbe Creek, during four storm 

events, including Hurricane Florence, from September to November 2018. Comparing these 

results to three baseline (dry) sampling events, we evaluated the impacts of storm events on 

nitrogen concentrations and other water quality indicators. 

 Results of the water quality monitoring confirmed our hypothesis that nitrogen levels 

would be augmented by storm events and the pond would have lower concentrations of 

nitrates and ammonium due to a higher retention time. A geospatial analysis confirmed that 

the Ellerbe Creek watershed is highly urbanized (29.6%), indicating that the urban environment 

influences nutrient loading in this region. The survey of museum guests, designed to gauge 

knowledge of the water cycle and water quality and interest in a water-related exhibit, showed 

a high interest in an exhibit and a general awareness of water pollution, though a lack of formal 
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education about water quality. We hope this research can guide future water quality 

monitoring initiatives and water quality educational activities at the museum.  

I. Introduction 

As North Carolina’s population has grown, so too has the concern over water quality as 

encroaching development brings numerous water contaminants along with it. Many of North 

Carolina’s top industries, including agriculture, manufacturing, and energy production, have 

negative impacts on water quality (NETSTATE 2017). Notable water quality disasters in the 

state, like coal ash spills, hog lagoon overflows, and GenX scares, have drawn national attention 

and public concern (DiChristopher & Rooney 2018, Davis 2018, Dalesio 2019). Chronic 

pollutants, however, constitute an even greater risk to the state’s water quality long-term. 

Increasing nutrient inputs from wastewater, agricultural runoff, and urban stormwater threaten 

aquatic life and local water supplies. Government agencies and stakeholder groups are 

investing significant time and resources into watershed-scale initiatives to combat nutrient 

pollution and protect public health and safety.  

Nutrients, namely nitrogen and phosphorous, are a natural part of the aquatic ecosystem 

and essential for plant and microbial growth. However, excess nutrients generated by human 

activities can have the opposite effect (Smith et al. 1999). The primary sources of nutrients into 

water bodies are agriculture, stormwater, wastewater, and fossil fuels (Nutrient Pollution 

2019). An overabundance of nutrients entering aquatic systems promotes plant growth beyond 

what the ecosystem can support. Without nutrients as a limiting factor to growth, algal blooms 

flourish, blocking sunlight to the reservoir and consuming oxygen as they decompose- a 

phenomenon known as eutrophication (MPCA 2008). Decreased photosynthesis and increased 
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biological oxygen demand reduce the amount of dissolved oxygen in the waterbody, which can 

suffocate fish and other aquatic life (Smith et al. 1999).  

While agricultural nutrient inputs have long been a target of nutrient management 

strategies, water managers are now focusing their efforts on urban landscapes, where sources 

and solutions are more complex. Researchers have found a strong link between watershed 

imperviousness and water quality (Walsh et al. 2005). With large expanses of impervious 

surfaces and constructed water drainage networks, the urban environment efficiently moves 

large quantities of nutrients into waterways during storm events (Yang & Lusk 2018). These 

nutrients derive from natural (atmospheric deposition), anthropogenic, and biogenic (i.e. leaves 

and lawn clippings) materials (Yang & Lusk 2018). Nitrogen can be found in organic (dissolved 

organic nitrogen and particulate organic nitrogen) and inorganic (nitrate, ammonium, nitrite) 

forms in stormwater (Yang & Lusk 2018). A 2014 study in College Park, Maryland found multiple 

species of nitrogen were present in the stormwater received by the urban bioretention pond (Li 

& Davis 2014).  

The College Park study also found initial concentrations of all forms of nitrogen to be higher 

than those later in the storm event, lending further credence to the “first-flush effect” theory 

(Li & Davis 2014). The “first flush effect” finds that pollutant concentrations in stormwater tend 

to be higher early in a storm event (Tiefenthaler & Schiff 2003). The magnitude of this effect is 

dependent on rainfall duration and intensity, as well as land cover (Tiefenthaler & Schiff 2003). 

Certain forms of nitrogen, like atmospheric nitrogen, are not directly used for plant or 

microbial growth, and are therefore not considered “bioavailable” (Killpack & Buchholz 1993). 
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Nitrogen is most detrimental to water quality as nitrate, because it is very mobile and 

bioavailable in this state (Killpack & Buchholz 1993). Consequently, assessments of nitrogen 

impacts usually focus on nitrate levels or indirect metrics of plant growth, like chlorophyll-a 

(EPA 2012).  To remove bioavailable forms of nitrogen from aquatic ecosystems naturally they 

must be digested by microbes and released as gaseous nitrogen in a process known as 

denitrification, which takes time (Martens 2005). Stormwater best management practices 

(BMPs) are designed to increase retention time in order to enhance denitrification (Hunt et al. 

2006). BMPs include conventional methods, like wet ponds, bioretention areas, and sand filters, 

as well as more nature-based approaches like Green Stormwater Infrastructure (Yang & Lusk 

2018).  

A rapidly developing region, the Research Triangle exemplifies the struggle against urban 

nutrient loading. Communities impacted by nutrient pollution face many challenges, including 

revenue losses from fishing and tourism industries, diminished property values, potential health 

impacts, and increased mitigation and water treatment costs (Water 2015). Removing nutrients 

from the region’s water supply is a top priority for state and local officials. The North Carolina 

General Assembly has commissioned the Falls Water Supply Nutrient Strategy, Jordan Water 

Supply Nutrient Strategy, and the Neuse River Nutrient Sensitive Waters Strategies to mitigate 

nutrient impacts on the Lower Neuse, Jordan, and Falls Basins (Stormwater 2019). North 

Carolina also specifies a requirement that stormwater BMPs reduce nitrogen loads (Hunt et al. 

2006).  

The Museum of Life and Science, situated on over 80 acres of land in northern Durham, 

North Carolina seeks to create an environment where visitors, “embrace science as a way of 
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knowing about themselves, their community, and their world” (Museum of Life and Science 

n.d.). The water system at the museum includes a shallow retention pond, two ephemeral 

tributaries, and a section of the Ellerbe Creek- all part of the Falls Lake Watershed. Land cover 

features at the museum include natural forest, animal exhibits, buildings, two surface parking 

lots, and a parking deck. The area immediately surrounding the museum is suburban with a 

substantial amount of impervious land cover.   

Our objectives for this study were to assess water flow (inflows and outflows) at the 

museum, to analyze water quality, and to gauge the museum’s visitors’ awareness and 

knowledge of water quality issues. To that end, we designed and implemented a water quality 

monitoring program for the pond and streams located on the museum’s property. Given time 

and budget constraints, we focused our research design around one water quality issue- 

nitrogen loading. Since the museum is located in an urbanized area of the Falls Lake Watershed, 

it serves as an ideal case study for stormwater impacts on nutrient levels. Our study assessed 

the current state of the museum’s water quality, focusing on nitrogen levels. We analyzed 

water quality at key points in the museum’s water system to assess inputs of nitrogen, as well 

as how nitrogen was attenuated in the system. In addition to the water quality testing, we 

conducted a survey on knowledge and perceptions of water quality among museum visitors and 

interest in a water quality curriculum and/or exhibit at the museum. We hope this research can 

guide future water quality monitoring initiatives and water quality educational activities at the 

museum.  
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II. Materials and Methods 

A. Water Quality Monitoring 

Study Area 

 Our study was conducted in The Museum of Life and Science in northwest 

Durham, located in the Piedmont region of North Carolina. The climate is characterized 

by hot, humid summers with an average temperature of 29.6 °C and an average 

precipitation of 106 mm in the months of June-September (US Climate Data 2019). In 

winter (December-February), temperatures fall to below 0 °C. The annual precipitation 

in Durham is 1221 mm and the average annual temperature is 15 °C (Weather Spark 

n.d.).  

This Ecoregion tends to have more cropland than other Piedmont regions 

(Griffith et al. 2002). The topography of the area is mostly irregular plains, with modest 

elevation variations, and a maximum elevation change of about 43 meters and an 

average elevation above sea level of approx. 109.4 meters (Griffith et al. 2002).  

Rocks and soil are mainly composed by saprolite and clayey subsoils as well as 

metamorphic, igneous and mafic rocks (Griffith et al. 2002). Vegetation in this Ecoregion 

is mainly composed of pine, mixed oak forests, pasture and cropland (Griffith et al. 

2002). 

Sampling methodology and process  

As shown in Figure 1, five study sites (A through E) were chosen at the Museum 

of Life and Science, following field and GIS observations of water inflows and outflows. 
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Site A is a large, shallow pond at the site of a former quarry. After Hurricane Florence, 

during sampling event 3, this site was flooded. Site B is an intermittent source 

hypothesized to have outflows from the museum’s warehouse and surrounding 

neighborhood. Flow and inundation at this intermittent site strongly depend on rain 

events. Site C is a downstream confluence point of sites A and B. Site D is an outflow 

behind the museum’s secondary parking lot, in the Ellerbe Creek. Site E is an 

intermittent regulatory wetland that is being fed by rain events as well as upstream 

stormwater flows. It is located close to the wild animal exhibits, isolated from the 

museum visitors, with access only through a staff pathway. During the first two 

sampling events, not all sites were sampled due to lack of water in storm event 

dependent sites and due to re-alignment of study goals with our client. 

Figure 1. Study Sites and Stream Gauges 
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Thirty-one (31) total water samples were collected from September to 

November, covering the end of summer and most of the fall season. The seven sampling 

events were named in numerical order according to dates sequences (e.g., sample 1 was 

taken during the first sampling event on September 1st). Sampling events were classified 

as “normal” or “after rain” events for the purposes of the analysis. 

Water samples were collected in clean, plastic 60 mL containers, following US 

EPA guidelines and standards from the Heffernan Lab at the Duke River Center, Duke 

University. Duplicates of each water sample were collected, marked A and B. Field 

measurements were collected with a YSI that was calibrated before each sampling 

event. This was used to read water quality parameters of temperature (in °C), dissolved 

oxygen (in %), conductivity (in uS/cm) and pH. Turbidity (in NTU) was read right after 

each sampling event at the Duke River Lab. All duplicates were filtered in the lab with 

Whatman 47 mm porosity filters and frozen for future chemical analyses.  

Chemical analyses were performed after all samples were collected. Analysis of 

anions chloride (CL-), sulfate (SO4
-2), bromide (Br-), and nitrate (NO3

-) were performed 

on a Dionex ICS-2000 using AS-18 and AG-18 analytical and guard columns. Using this 

method, nitrate was converted to nitrite, then measured. Nitrate levels, therefore, 

include some nitrite, although it is expected to be minimal. Dissolved organic carbon 

(DOC) and total dissolved nitrogen (TDN) were analyzed on a Shimadzu TOC-V CPH, 

with TN-1 module, using the NPOC method. Ammonium (NH4
+) was analyzed on a 

Lachat Instrument QuikChem 8500 flow injection analyzer using the ammonia manifold 
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and the phenate method. Overall, all forms of inorganic nitrogen (nitrate, nitrite, and 

ammonium) are accounted for, so the remaining TDN is organic nitrogen.   

Site A and Site E were defined as pond/lakes; therefore, the standard used to 

compare quality parameters for nutrients was US EPA’s Ambient Water Quality Criteria 

Recommendations – Lakes and Reservoirs in Nutrient Ecoregion IX (EPA 2000b).  Sites 

B, C and D were classified as rivers/streams. Therefore, the standard used to compare 

quality parameters for nutrients was US EPA’s Ambient Water Quality Criteria 

Recommendations – Streams and Rivers in Nutrient Ecoregion IX (EPA 2000a). 

Lastly, a barometer was located on a tree close to Site B. It collected readings 

from September 1, 2018 to November 12, 2018. Two level loggers were placed, one in 

the pond near Site A and second one in the Ellerbe Creek at Site D, with data collection 

from September 1, 2018 to November 12, 2018 (Appendix A, Figure 1). Rainfall data 

from rain gauge in the butterfly section of the museum was collected from March 3, 

2018 to December 21, 2018. Data collected from this rain gauge was incomplete, so 

rainfall data was collected from a USGS rain gauge station next to the museum 

(Appendix A, Figures 2&3). Barometer, level loggers, and rain gauge data were used to 

acquire more information about the hydrology of the area.   

B. Geospatial Analysis 

Land cover data for the museum and Ellerbe Creek watershed was analyzed 

using Geographic Information Systems (GIS) software: GoMaps 4.0, ArcMap, and 

ArcPad. ArcGIS Pro was used to create each of the final maps. 
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The geospatial analysis began with the collection of data. Durham’s File Transfer 

Protocols (FTP) site was the source of most of the data (Doss 2019). This data included 

surface water, impervious surface area, buildings, railroads, roads, trails, property lines, 

and the flood risk zone as of 2006, and one set of land cover data. Duke University’s 

archive provided layers featuring storm water channels, storm water pipes, and 

watersheds. A National Land Cover Dataset (NLCD) was ordered from the Geospatial 

Data Gateway (NRCS 2019). The U.S. Census Bureau was the source of the census block 

and track data as well as population density (Geography Division 2010, 2010 Census 

2010). Finally, the USGS provided elevation data (USGS 2016). 

The coordinates of each sampling site, each level logger site, and the site of the 

barometer were collected using Trimble Juno 3B GPS Unit. Afterwards, the data was 

transferred to ArcGIS Pro using ArcPad and ArcMap (Appendix A, Figure 4). 

All data was cleaned in GIS.  First, several data layers, such as “Buildings” and 

“Buildings beyond City Limits” were combined into new layers using “Merge” and 

“Mosaic to New Raster” where appropriate. Then, using a premade flow accumulation 

model (Dilts and Huber 2016) and the elevation data, the watersheds for the level 

logger sites and the sample sites were calculated. 

  These same watersheds were then improved upon manually. Using the “Create 

Polygon” tool, these calculated watersheds were first outlined, and then sections were 

added or removed to take storm drains and streams into account (Appendix A, Figure 5).  

 Finally, the “Clip” tool was used to determine the land cover and census data for 

each watershed. The Ellerbe Creek Watershed was also included. Before the Census 
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layer was “clipped,” the “Dissolve” tool was used to ensure that each census track was 

represented only once. Then, two new columns were added to the table. The first was 

“Population Density.” This table was filled out by hand, using the data on the American 

FactFinder site. The second column was labelled “Area” and left blank. After clipping the 

census layer, the area of each watershed was determined with the “Calculate 

Geometry” tool. Once there was a table for each watershed for all three categories, they 

were imported as “.csv” files to R (Figure 2). 

 
Figure 2. Map of Museum’s Watersheds. 
 

The proportion of each land cover type in each watershed was calculated in 

RStudio, as was the average population density and equivalent population of each 
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watershed. These results were tested for correlation with the differences in water 

quality between sites. 

C. Survey  

A short intercept survey was conducted at the museum using Qualtrics software 

to assess visitor knowledge of water quality and to gauge interest in water quality 

curricula. The purpose of the survey was to provide feedback to the museum in order to 

guide future exhibit designs or a water-related curriculum. The target audience was 

museum visitors. The survey was written at approximately a seventh-grade reading level 

to accommodate the general population.  

The survey addressed: (1) generalized demographic information (2) knowledge 

of the water cycle, water pollution, and water delivery (3) perceptions of water quality 

(4) interest in water quality activities or exhibits at the museum (Appendix A, Figure 6).  

A limiting factor to the survey design was time. A shorter survey was preferred, since 

the target population included children and busy parents. Staff also suggested the 

survey be treated as a first phase, since they can follow-up on any points that interest 

them with further surveys.  

The survey underwent four iterations: (1) Initial Draft (2) Revised Draft with Jim 

Phillips’ and other staff comments incorporated (3) Revised Draft with 

recommendations of Michele Kloda, Director of Learning Environments, incorporated 

(4) Final Survey. After receiving revisions from Jim Phillips and Michele Kloda, the survey 

was pre-tested using conventional methods at the museum. Adjustments were made 

mostly to the survey mechanics in Qualtrics. No semantic issues were found in pre-
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testing. A final survey was conducted on a Saturday, when the museum receives the 

most visitors. Survey data was then analyzed in Qualtrics and Excel, and results were 

visualized in Excel.  

III. Results 

A. Water Quality Monitoring  

Rainfall and Water Level 

Based on one and two-day rain totals, sampling events 1, 4 and 5 were classified 

as “normal”, and events 2, 3, 6 and 7 were classified as “after rain” events (Figure 3). 

Sampling event 3 occurred directly after Hurricane Florence. Weekly rain totals were 

also considered in the analysis to compare stormwater impacts on water quality after 

wet and dry periods. Stream level data in the pond and Ellerbe Creek correspond with 

rainfall data, with greater fluctuations observed in the Ellerbe Creek. Since the pond has 

a drain, water levels do not vary as much.   
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Figure 3. Rain and Stream Gauge Data During the Sampling Period (8/25-11/15). Red 
numbers indicate sampling events. Blue and orange bars indicate the antecedent week.  
 

Nitrate and TDN Standards 

Comparing the suggested conditions for aggregate ecoregion IX lakes and reservoirs 

to our results on Sites A, the pond, and E, the intermittent pond, five samples fell below 

the nitrate standard of 0.017 mg/L (Figure 4). Nitrates in these reservoirs were 

particularly high for Site E, the intermittent regulatory wetland, after storm events 2, 3, 

6 and 7.  
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Figure 4. Nitrate Levels Compared to EPA Standards. Rain events are indicated with 
blue bars, normal events are indicated with gray bars. Orange line represents the EPA 
standard. Data was not collected for Event 1 for Site C, D, and E and Event 2 at Site C.  
 

TDN was above the EPA standard for most samples, with only one sample below the 

reference of 0.39 mg/L (Figure 5). Comparing the suggested conditions for aggregate 

ecoregion IX streams and rivers to our results on Sites B, the intermittent source, C, the 

downstream confluence point, and D, the Ellerbe Creek, nitrate was below the standard 

level of 0.69 mg/L for only five samples (Appendix B, Table 4). For turbidity, only two 

samples fell below standard of 5.7 FTU (1FTU=1NTU) (Appendix B, Table 5). TDN 

measurements were particularly high during storm events 2, 3 and 7.  
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Figure 5. Total Dissolved Nitrogen Levels Compared to EPA Standards. Rain events are 
indicated with blue bars, normal events are indicated with gray bars. Orange line 
represents the EPA standard. Data was not collected for Event 1 for Site C, D, and E and 
Event 2 at Site C.  
 

 Nitrate (NO3
-) 

In Site A, the pond, nitrate concentrations peaked during sampling event 3, right 

after Hurricane Florence. This correlates with peaks in rainfall and stream level. Nitrate 

concentrations also peak after sampling event 6 after rain. However, on sampling event 

7, nitrate concentrations went down. Site A concentrations of nitrate kept constant 

throughout the rest of the sampling events (Figure 6). 

Concentrations of nitrate 

at Site C, the downstream 

confluence point, also peaked 

during rain events, especially after 

Hurricane Florence. Site D, the 

stream, has less nitrate peaking 

during rain events. The 
Figure 6. Nitrate Levels in the Pond (Site A). Blue 
bars indicate rain events, gray bars indicate normal 
events.  
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concentrations are more affected by weekly rain totals rather than single rain events. 

Site B, the intermittent source, is a connection point that receives water from 

neighboring inflows. Overall, it has higher nitrate concentrations than the pond (Figure 

7). 

 
Figure 7. Nitrate levels in Sites B, C, D, and E. Rain events are indicated with blue bars, 
normal events are indicated with gray bars. Data was not collected for Event 1 for Site C, 
D, and E and Event 2 at Site C.  
 
 Nitrate levels were positively correlated with stream gauge data from the pond, 

peaking after Hurricane Florence (Figure 8).  
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Figure 8. Nitrate Levels Correlated with Stream Gauge Data from the Pond.  
 

Total Dissolved Nitrogen, Percent Nitrate, and Ammonium (TDN, 
%NO3/TDN, and NH4) 
 

Nitrate as fraction of total dissolved nitrogen (NO3
-/TDN) is low in Site A, except 

for sampling event 3, after Hurricane Florence. NO3
-/TDN at Site D is consistent over the 

sampling season. Overall, the sites with the highest NO3
-/TDN were B, C and D, 

especially after rain events 2, 3, and 7 (Figure 9). Dissolved oxygen (DO) was strongly 

correlated with TDN throughout the sampling season, and measured data was generally 

lower in Site A throughout the sampling season compared to other sites. Ammonium 

was negatively correlated with nitrate (Appendix B, Table 2). 
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Figure 9. Nitrogen Levels (Nitrate, Ammonium, and TDN) in All Sites. Data was not 
collected for Event 1 for Site C, D, and E and Event 2 at Site C.  

 

Temperature and Seasonality 
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As temperature dropped throughout the fall season, most parameters, including 

conductivity and dissolved oxygen, decreased as expected (Figure 10). After Hurricane 

Florence, most sites experienced a temporary temperature increase followed by a 

significant drop by the next sample. Conductivity, however, was lower during Hurricane 

Florence and increased during the next sampling event for most sites. This is also 

visualized in the negative correlation presented between these two parameters in the 

descriptive statistics analysis (Appendix B, Table 2).  

  

  

Figure 10. Dissolved Oxygen and Conductivity for All Sites. Data was not collected for 
Event 1 for Site C, D, and E and Event 2 at Site C. 
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pH 

The pH in the museum’s water system was generally circumneutral, with an 

average pH of 6.98 (Figure 11). The pond was the most acidic site throughout the study 

period. The difference in pH between study sites was not statistically significant. This 

shows that, overall, the water at the museum is in an acceptable pH range of 6.5-8.5 for 

a healthy aquatic ecosystem (Korkanc et al 2017). The parameter most highly correlated 

with pH was dissolved oxygen (Appendix B, Table 2). 

  
Figure 11. pH at all sites. Data was not collected for Event 1 for Site C, D, and E and 
Event 2 at Site C.  
 

Turbidity 

Overall, throughout all the sites, turbidity increased after rain events, especially 

on Sites A and E with values of 649 and 845 NTU, respectively (Figure 12).  
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Figure 12. Turbidity in Ponds and Streams. Data was not collected for Event 1 for Site C, 
D, and E and Event 2 at Site C.  
 

Chloride 

Chloride concentrations were highest in Sites C and D, with a range of 6.97-11.54 

mg/L and 6.67-17.71 mg/, respectively (Appendix B, Table 3).  

 Pond 

 The pond experienced both seasonal and rain-related fluctuations in 

temperature, turbidity, dissolved oxygen, pH, and conductivity (Figure 13).  

Temperature in the pond varied from 34°C at the beginning of the sampling period to 

under 2°C at the end. Turbidity in the pond spiked significantly during Hurricane 

Florence (Event 3). Dissolved oxygen, pH, and conductivity all lowered during rain 

events, especially during sampling events 2 and 3.  
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 Figure 13. Water Chemistry in the Pond.  

B. Geospatial Analysis 

Proportions 

Of the entire Ellerbe Creek Watershed, the majority of USGS classified land cover 

was “Developed, Open Space,” covering approximately 29.6% of the watershed. Overall, 

the various sub-types of Developed Land made up just over 61.1% of the watershed. 

Forest made up around 21.5% of the watershed. Wetlands made up about 6.1%, 
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grasslands about 5.6%, and agriculture about 4.8% of the watershed. 0.7% of the 

watershed was open water and 0.3% was barren (Figure 14). 

 
Figure 14. The Ellerbe Creek Watershed as classified by the National Land Cover 
Database. 
 

Under Durham’s System of land cover classification, the majority of the Ellerbe 

Creek watershed is Grass and Shrubs, covering about 62.3% of the surface area. About 

10.8% of the watershed is under tree canopy. Approximately 0.2% is bare earth, 0.4% is 

surface water, buildings cover 7.5% of the surface area, and 0.8% is roadway. “Other 

paved surfaces” cover around another 18.0% of the watershed’s surface area. 
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The average population density of the Ellerbe Creek watershed is about 1,790 

people per square mile. The estimated total population of the Ellerbe Creek watershed 

is 50,178 people. 

Under NLCD, Watershed E is 56.25% Medium Intensity Development, 31.25% 

Low-Intensity Development, 6.25% High-Intensity Development, and 6.25% Developed 

Open Space. Watershed A is 25% Open Water, 25% Developed Open Space, and 50% 

evergreen forest. When Watershed E, which flows into Watershed A is taken into 

account, it is 5% open water, 10% developed open space, 25% low-intensity 

development, 45% medium-intensity development, 5% high-intensity development, and 

10% evergreen forest. Watershed C is 14.29% developed open space, 28.57% low-

intensity development, 14.29% medium-intensity development, 28.57 deciduous forest, 

and 14.29% evergreen forest. When the previous watersheds and that of level logger 1 

are taken into account, Site C’s watershed is 6.06% open water, 15.15% developed open 

land, 24.24% low-intensity development, 30.30% medium-intensity development, 3.03% 

high-intensity development, 9.09% deciduous forest, and 12.12% evergreen forest. 

Watershed B is 15% developed open land, 30% low-intensity development, 40% 

medium-intensity development, 10% high-intensity development, and 5% evergreen 

forest. Watershed D is about 0.6% open water, 14.6% developed open land, 32.2% low-

intensity development, 17.7% medium-intensity development, 8.6% high-intensity 

development, 8.8% deciduous forest, 6.9% evergreen forest, 4.4% mixed forest, 1.4% 

scrubland, 2.8% herbaceous, 1.6% pasture, and 0.5% woody wetland (Figure 15). 
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Figure 15. The land cover for each of the museum’s watersheds as classified by 
Durham City. 
 

Under Durham’s classification, Watershed E is about 9.5% tree canopy, 68.6% 

grass and shrubs, 0.1% bare earth, 6.1% buildings, 0.7% roadway, and 15.0% other 

paved surfaces. Watershed A alone is 12.9% tree canopy, 50.0% grass and shrubs, 12.9% 

bare earth, 4.3% surface water, 2.9% buildings, and 17.1% other paved surfaces. 

Watershed A combined with its upstream watersheds is 9.8% tree canopy, 67.0% grass 

and shrubs, 1.2% bare earth, 0.4% surface water, 5.8% buildings, 0.6% roadway, and 

15.2% other paved surfaces. Watershed C alone is 10.3% tree canopy, 70.6% shrubs and 

grass, 5.9% buildings, and 13.2% other paved surfaces. Watershed C combined with the 

upstream watersheds is about 9.5% tree canopy, 67.7% shrubs and grass, 1.0% bare 
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earth, 0.4% surface water, 5.9% buildings, 0.5% roadway, and 14.9% other paved 

surfaces. Watershed B is 6.7% tree canopy, 67.3% grass and shrubs, 0.6% bare earth, 

6.7% buildings, 0.1% roadway, and 18.5% other paved surfaces. Watershed D is 11.7% 

tree canopy, 63.9% shrubs and grass, 0.2% bare earth, 0.6% surface water, 5.7% 

buildings, 0.7% roadway, and 17.1% other paved surfaces (Figure 16). 

 
Figure 16. The museum’s campus’s watersheds’ as classified by the National Land 
Cover Database. 
 

Watershed E has an average population density of about 2,855 people per 

square mile. With an area of about 41 thousandths of a square mile, but three different 

census tracts, it has an expected total population of 117 people. Watershed A has an 

average population density of close to 2,928 people per square mile. With only one 
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census track and an area of about nine thousandths of a square mile, there is an 

expected population of 27 people in the watershed. The combination of Watersheds A 

and E, which flows into A, have an average population density of around 2,868 people 

per square mile. The total area is about 50 thousandths of a square mile and it has an 

expected population of 144 people. Watershed C alone has the average population 

density of 2,928 people per square mile. With an area of about seven thousandths of a 

square mile, the expected population is 20 people. Watershed C, when combined with 

its upstream watersheds, has an average population density of 2,879 people per square 

mile. With a total area of about 62 thousandths of a square mile the expected 

population is about 179 people. Watershed B has an average population density of 

2,678 people per square mile and an area of about 38 thousandths of a square mile. The 

expected total population is 101 people. Watershed D has an average population 

density of 1,602 people per square mile and a total area of about 5.98 square miles. The 

expected total population is 9,583 people. 

Correlations 

 Several explanatory variables were created to test correlation: percent 

developed, percent forested, percent pervious, percent impervious, average population 

density, total area, and expected total population. Pervious represented a combination 

of the proportions of tree canopy, grass, and bare earth. Impervious represented the 

combination of the proportions of buildings, roadway, and other paved surfaces. The 

response variables were the average values of nitrate, ammonia, and total dissolved 

nitrogen found at each site. 
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 No significant correlation existed between any pair of explanatory or dependent 

variables. Several regression models were run for each group of explanatory variables. 

None of the models revealed significant relationships. 

C. Survey 
 

Forty-seven (47) people in total were surveyed (42 adults, 5 children). Most 

(64%) had visited the museum before and the majority of those (47%) visit more than 

once a month on average. These repeat visitors constitute the target audience for a 

potential water quality exhibit or curriculum. Additionally, most respondents (60%) 

classified their environment as suburban, followed by rural (21%) and urban (19%).  

Questions about water processes and pollution were included to establish 

baseline knowledge of water processes and pollution. While 66% of respondents self-

reported familiarity with the water cycle, less than half of them (47%) could name three 

or more components. Awareness of trash pollution was ubiquitous (100%), followed by 

oil spills (94%), chemical pollution (85%), nutrient pollution (83%), urban pollution 

(79%), animal waste (77%), and medicines (74%). Awareness of coal ash (55%) and algal 

blooms (38%) was the most limited. Most respondents reported being exposed to water 

quality issues from the news (85%), books, magazines, and science journals (62%), and 

in school (57%). Just under half (49%) reported exposure through social media. Most 

had heard of the term “stormwater.” Many (36%) reported uncertainty about the 

source of their tap water, while surface water and groundwater received about a third 

(32%) of responses each.  
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 The following questions addressed the museum’s question of interest in a water 

quality exhibit or curriculum. Most (83%) expressed a moderate to strong interest in a 

water quality exhibit. When asked about the type of water quality activities they would 

prefer, respondents favored an exhibit (79%), workshops (55%), water scientist in the 

lab (53%), and educational programs for families (47%). Educational programs for adults 

(21%) and summer camps (17%) received the fewest votes.  

 When asked what additional questions visitors had about water quality, they 

touched on issues including decontamination, GenX, tap water sources and quality, 

ecosystem services, and legislation. The full list of responses can be found in Appendix 

B, Table 6.   

IV. Discussion 

A. Water Quality Monitoring 

Water Quality and Standards 

In the pond (Site A), nitrate concentrations, as compared to EPA standards, were 

generally low throughout the sampling season and concentrations peaked only during 

big storm events and Hurricane Florence. This shows that the pond is mainly 

oligotrophic, which aligns with the minimal algal growth observed in the pond. The 

importance of biotic demand within the pond is apparent in the correlation of dissolved 

oxygen and TDN across the study sites (Appendix B, Table 2). 

Water Quality and Nutrients  
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Nitrate concentrations throughout the different study sites suggest different 

sources at each. The intermittent study site B, the downstream confluence point C, and 

the stream site D have higher nitrate peak values than site A, the pond. From this, we 

can conclude that these sites with higher values are sources of nitrates and nutrients, 

with likely sources including fertilizers and animal feces from the museum’s wild animal 

exhibits. The downstream confluence point always presents higher nitrate values 

throughout the sampling period, suggesting that the neighboring environment is the 

primary nitrogen source and not the museum. This aligns with the geospatial analysis 

and our understanding of the role of impervious surfaces in transporting nutrients. The 

watersheds for Sites B and C have significantly more impervious land cover than the 

museum campus.   

Water Quality and Storm Events   

In the pond, Site A, the first flush effect of nitrates is apparent, especially after 

Hurricane Florence (Figure 19). The first flush effect is also seen during sampling event 

6, right after a rain event. However, there are diminishing concentrations of nitrates on 

this site after event 7, also a rain event. We hypothesize that the first flush effect is 

more prominent following a relatively dry period, like for event 6. For event 7, there was 

continuous rain, which would explain the attenuation of the first flush effect and the 

lower nitrate concentration compared to other rain events measurements. 

Since A is a pond, so there is a longer retention time, enhancing the nutrient 

cycling (uptake by plants and denitrification). As such, nitrate concentrations are usually 
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lower comparing to other sites with moving water. Dissolved oxygen was also generally 

low compared to other sites, Ammonium was negatively correlated to nitrate and ratio 

of nitrate to TDN was low in Site A, confirming that this retention pond and its active 

aquatic ecosystem is promoting nitrate cycling. During hurricane Florence, however, 

nutrient cycling dropped, because the gates were opened and water moved through the 

pond much faster(Figure 19).  

Site C, the downstream confluence point, is a connection point for water 

outflows from Site A, the pond, and B, the intermittent source. Nitrate concentrations 

peaked during rain events, which is due to the enrichment from Sites A and B. Nitrate 

concentrations peak after single rain events rather than weekly “wet” rain conditions, 

demonstrating the first flush effect. The concentrations from Site C might be affected by 

animal feces and nitrate inorganic fertilizers from the surrounding lands, transported 

into the waterways by precipitation and irrigation. By the time the water arrives to the 

Ellerbe Creek (Site D) the concentration lowers again, demonstrating that Site D 

experiences less of a first flush effect and benefits from dilution. Nitrogen 

concentrations at Site D correlate more with weekly rain conditions rather than single 

rain events. Chloride concentrations were also particularly high in Sites C, the 

downstream confluence point and D during rain events, fed by upstream sources.     
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Figure 19. Overview of Nitrogen Concentrations at the Museum.  

 

B. Geospatial Analysis 

With only one model showing a significant relationship, one cannot use 

watersheds, their size, or make up to accurately predict water quality. The “watersheds” 

created through GIS analysis are too small, too similar in land cover, and too 

interconnected to create significant differences in water quality results. Instead, the 

focus in the future should be on using larger watershed-scale data to hypothesize 

causes of water quality problems. However, we hope that in the future improvements in 

data will mean future researchers will be able to make predictions based on watersheds. 
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C. Survey 

The survey results indicate a good interest and decent understanding of water 

quality. Knowledge gaps that could be addressed by future exhibits and activities include 

the components of the water cycle, algal blooms and coal ash pollution, and tap water 

sources. Further surveys may be needed to assess the understanding of individual water 

pollution issues, since familiarity with the terms may not translate to an understanding 

of the causes and solutions. Since most respondents (79%) were from urban and 

suburban areas, topics like urban pollution and stormwater would be particularly 

relevant. Responses indicate that there has been some exposure to these ideas through 

the media, but less academic exposure.  

V. Conclusions  

Storm events significantly affect nitrogen concentrations at the museum. Given the high 

percentage of developed land in the reservoir, it is reasonable to conclude that the urban 

environment is the source of much of the nutrients in the waterways. Bioavailable forms of 

nitrogen, nitrate and ammonium, were generally lower in the pond than in the streams, 

demonstrating the importance of water retention in nutrient cycling. The Museum should focus 

efforts on rain events when considering water quality educational purposes and future 

interactions with the public. 
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VI. Recommendations  

 Since the Museum has expressed interest in continuing our water quality monitoring 

program, we suggest expanding the program in the following ways: 1) Conduct a year-round 

and/or multi-year study to observe seasonal fluctuations in water quality 2) Include phosphorus 

(total phosphorus and phosphates) to get a more complete picture of the nutrients in the water 

system 3) Measure chlorophyll-a, which is used as the nutrient pollution indicator for Falls Lake 

and would serve as a more direct comparison 4) Measure fecal coliform to determine the 

amount of nutrients derived from animal waste or wastewater inputs and the safety of the 

water for human contact.  

 Finally, we recommend focusing future water quality exhibits on nutrients and urban 

stormwater impacts using the museum’s own water system as a case study. This is an 

important water quality phenomenon for this region that impacts everyone who uses local 

reservoirs as their water source. It is important for museum visitors to understand these 

processes and how their actions affect water quality.  
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VIII. Appendix 

A. Materials and Methods 

 
Figure 1. Water Levels during the Sampling Period (9/1-12/15). 
 

 
Figure 2. Location of the USGS rain gauge (USGS 360143078540945). Gauge location 
indicated by the light blue circle. Retrieved from 
https://nc.water.usgs.gov/realtime/rainfall.php. 
 

https://nc.water.usgs.gov/realtime/rainfall.php
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Figure 3. USGS Rain Data from the Sampling Period (8/25-11/15).  
 

 
Figure 4. ArcGis Model used to calculate watershed areas. 
 

 
Figure 5. Models used to determine what types of land cover and which census tracks 
are in each watershed. 
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We are Duke graduate students doing a Master’s Project on Water Quality at the Museum. The Museum 
is considering adding a water exhibit, so we are interested in learning about what visitors know about 
water issues already. This survey is completely anonymous and voluntary. We will not be collecting any 
identifying information. If you are under 18, we need verbal consent from your parent or guardian for you 
to take part.  
1. Are you 18 or over? 

A. Yes 

B. No 

1a. If Yes, what is the highest level of school you have completed or the highest degree you have 

received? 

A. Less than a high school degree 

B. High school diploma (or equivalent) 

C. Some college 

D. Associate degree 

E. Bachelor’s degree 

F. Master’s degree 

G. Doctoral degree 

H. Professional degree (such as JD, MD) 

1b. If No, what grade are you in? 

A. 1st 

B. 2nd 

C. 3rd 

D. 4th 

E. 5th 

F. 6th 

G. 7th 

H. 8th 

I. 9th 

J. 10th 

K. 11th 

L. 12th  

2. Have you visited the museum before?  

A. Yes 

B. No 

2a. If yes, how often do you visit the museum? 

A. Less than once a year 

B. 1-3 times a year 

C. 4-12 times a year 

D. More than 12 times a year 

 

3. Have you heard of the water cycle? 

A. Yes  

B. No 

 

3a. If yes, which of the following are parts of the water cycle? (Select all that apply) 
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A. Precipitation 

B. Evaporation 

C. Transpiration 

D. Condensation 

E. Reflection 

F. Groundwater 

G. Surface Water 

H. Infiltration 

I. Transformation 

 

4. How concerned are you about water pollution in North Carolina? 

A. Not at all concerned 

B. Somewhat concerned 

C. Moderately concerned 

D. Very concerned 

E. Extremely concerned 

 

5. Which of these water pollution issues have you heard about before? (Select all that apply) 

A. Trash pollution 

B. Harmful algal blooms 

C. Chemical pollution (for example: Lead, mercury, copper) 

D. Fertilizers/ nutrient pollution 

E. Coal ash 

F. Oil spills 

G. Industrial pollution (for example: GenX) 

H. Animal waste (for example: hog waste) 

I. Medicines/ Pharmaceuticals 

J. Urban pollution (for example: gasoline, lawncare products) 

K. None of the above 

L. Other: _____________ 

 

6. Which of these water pollution issues have you heard about in North Carolina? (Select all that 

apply) 

A. Trash pollution 

B. Harmful algal blooms 

C. Chemical pollution (for example: Lead, mercury, copper) 

D. Fertilizers/ nutrient pollution 

E. Coal ash 

F. Oil spills 

G. Industrial pollution (for example: GenX) 

H. Animal waste (for example: hog waste) 

I. Medicines/ Pharmaceuticals 

J. Urban pollution (for example: gasoline, lawncare products) 

K. None of the above 

L. Other: _____________ 

 

7. Do you know what a watershed is? 

A. Yes 

B. No 
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8. Have you heard the term stormwater before? 

A. Yes  

B. No 

 

9. How would you describe where you live? 

A. Urban 

B. Suburban 

C. Rural 

 

10. In your opinion, what is the quality of surface waters (rivers, streams, lakes) where you live? 

A. Excellent 

B. Good 

C. Fair 

D. Poor 

E. No opinion/ don’t know 

 

11. Where does the tap water in your home come from? 

A. Surface water (lakes, rivers, streams) 

B. Groundwater (wells, aquifers) 

C. Not sure 

 

12. Do you think the tap water in your home is safe to drink? 

A. Yes 

B. Most of the time 

C. No 

D. Not sure 

 

13. How interested would you be in an exhibit at the museum about the water cycle and water 

pollution? 

A. Not at all interested 

B. Somewhat interested 

C. Moderately interested 

D. Very interested 

E. Extremely interested 

Figure 6. Survey Questions. 
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B. Results 

Table 1. Descriptive Statistics of water quality parameters 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chloride (Cl) 

(mg/L)

Sulfate 

(SO4) 

(mg/L)

Bromide 

(Br) (mg/L)

Nitrate      

(NO3-) 

(mg/L)

Ammonium 

(NH4+) 

(mg/L)

Dissolved 

Organic 

Carbon (DOC) 

(mg/L)

Mean 6.67 7.45 0.10 0.16 0.06 10.13

Standard Error 0.66 0.82 0.02 0.03 0.03 0.54

Median 5.66 6.47 0.01 0.09 0.01 9.74

Standard Deviation 3.67 4.55 0.11 0.18 0.19 3.02

Sample Variance 13.47 20.71 0.01 0.03 0.04 9.10

Kurtosis 1.85 -0.18 -1.80 3.34 28.96 3.57

Skewness 1.34 0.89 0.52 1.79 5.31 1.60

Range 16.15 15.60 0.26 0.73 1.07 13.91

Minimum 1.56 1.77 0.01 0.01 0.01 6.64

Maximum 17.71 17.37 0.27 0.74 1.08 20.55

Count 31 31 31 31 31 31

Total 

Dissolved 

Nitrogen 

(TDN) 

(mg/L)

Temp (°C)

Dissolved 

Oxygen 

(DO) (%)

Conducitivity 

(uS/cm)
pH

Turbidity 

(NTU)

Mean 0.60 20.94 67.44 149.75 6.98 75.99

Standard Error 0.05 1.08 5.37 8.98 0.07 33.75

Median 0.55 21.60 74.70 143.40 7.06 17.30

Standard Deviation 0.29 6.02 29.91 49.98 0.38 187.94

Sample Variance 0.08 36.28 894.46 2497.76 0.15 35321.31

Kurtosis 9.20 -0.48 -0.81 -0.53 -0.90 11.69

Skewness 2.56 0.28 -0.34 0.39 -0.58 3.47

Range 1.52 21.70 116.70 192.60 1.26 842.14

Minimum 0.28 12.30 8.00 74.10 6.25 2.86

Maximum 1.80 34.00 124.70 266.70 7.51 845.00

Count 31 31 31 31 31 31
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Table 2. Correlation of water quality parameters. Green indicates a positive correlation, 
red is negative correlation.  

 

Table 3. Water Quality Parameters 

 

Cl 

(mg/L)

SO4 

(mg/L)

Br 

(mg/L)

NO3-N 

(mg/L)

NH4-N 

(mg/L)

DOC 

(mg/L)

TDN 

(mg/L)

Temp 

(Celsius)

DO 

(%)

Conductivity 

(uS/cm)
pH

Turbidity 

(in NTU)

Cl 1

SO4 0.77 1

Br -0.34 -0.64 1

NO3-N 0.25 0.48 -0.53 1

NH4-N -0.01 -0.25 0.15 -0.16 1

DOC -0.40 -0.45 0.12 -0.18 0.69 1

TDN -0.03 -0.09 -0.13 0.38 0.79 0.69 1

Temp -0.18 -0.28 0.04 0.26 0.07 0.16 0.33 1

DO  0.18 0.13 -0.08 0.29 0.18 0.21 0.35 0.21 1

Conductivity 0.25 0.15 0.06 -0.29 0.20 0.08 0.00 -0.24 -0.09 1

pH 0.26 0.12 -0.16 0.33 0.24 0.06 0.37 0.31 0.73 0.22 1

Turbidity -0.20 -0.04 -0.24 -0.01 -0.04 0.03 -0.04 -0.14 -0.31 -0.42 -0.49 1

Samp 

ID

Cl- 

(mg/L)

SO4 

(mg/L)

Br- 

(mg/L)

NO3- 

(mg/L)

NH4+ 

(mg/L)

DOC 

(mg/L)

TDN 

(mg/L)

Temp 

(°C)

DO 

(%)

Cond 

(uS/cm)
pH

Turbid 

(NTU)

A_1 4.48 3.03 0.249 0.011 0.105 11.070 0.694 33.8 89.1 149.2 7.24 20.70

B_1 7.37 1.82 0.269 0.102 0.020 7.687 0.434 25.7 41.5 192.6 7.31 17.30

A_2 4.86 3.35 0.250 0.008 0.010 11.840 0.600 25.1 26.0 97.6 6.25 24.10

B_2 3.64 7.87 0.010 0.304 0.010 10.070 0.748 34.0 124.7 76.1 7.40 23.70

D_2 6.67 9.98 0.010 0.246 0.010 6.958 0.608 25.9 38.0 137.6 7.01 74.70

E_2 1.56 5.41 0.010 0.624 0.026 10.980 1.061 25.4 92.7 124.2 7.51 7.22

A_3 2.51 4.24 0.010 0.256 0.084 11.450 0.733 24.2 16.6 101.2 6.45 649.00

B_3 2.50 3.73 0.010 0.227 0.024 9.735 0.587 26.6 53.1 93.1 6.92 47.30

C_3 11.54 16.71 0.010 0.738 0.011 9.491 0.925 25.3 95.3 74.1 7.14 56.00

D_3 6.92 8.22 0.010 0.379 0.027 12.500 0.836 24.1 74.7 216.2 7.12 14.80

E_3 4.60 4.31 0.010 0.075 0.129 15.190 0.671 24.7 98.2 113.0 7.37 34.00

A_4 4.55 4.12 0.220 0.022 0.010 11.420 0.522 20.5 46.1 215.3 6.88 3.94

B_4 8.36 7.84 0.010 0.046 0.010 7.822 0.379 22.4 23.0 199.0 6.80 6.69

C_4 6.97 3.77 0.239 0.115 0.016 7.652 0.377 28.3 100.5 121.7 7.32 5.82

D_4 14.77 11.31 0.010 0.196 0.010 6.657 0.474 21.9 89.5 159.8 7.24 9.45

E_4 6.61 1.77 0.205 0.010 1.080 20.550 1.797 21.6 94.1 211.6 7.43 2.86

A_5 4.25 2.36 0.231 0.018 0.010 15.130 0.550 22.5 88.1 133.5 6.68 20.80

B_5 4.71 4.68 0.222 0.081 0.019 8.059 0.391 19.9 21.0 149.4 6.40 63.30

C_5 9.97 16.72 0.010 0.094 0.010 7.331 0.345 18.8 51.7 266.7 6.91 3.78

D_5 17.71 17.37 0.010 0.390 0.090 6.643 0.731 20.0 91.6 130.3 7.16 14.10

E_5 5.32 6.47 0.010 0.015 0.085 13.990 0.604 19.7 98.4 218.8 7.33 5.55

A_6 3.18 7.26 0.218 0.035 0.010 10.870 0.393 14.8 60.5 145.5 6.66 18.30

B_6 5.66 5.16 0.229 0.038 0.010 7.201 0.282 14.2 75.2 148.0 7.27 13.70

C_6 7.34 11.56 0.010 0.169 0.010 9.507 0.520 14.4 50.0 190.2 7.06 14.00

D_6 12.69 13.79 0.010 0.120 0.010 7.947 0.402 15.2 91.9 177.0 7.44 5.57

E_6 6.21 6.86 0.010 0.028 0.065 10.110 0.418 16.0 8.0 90.7 6.40 287.00

A_7 3.74 4.11 0.218 0.006 0.010 9.172 0.355 13.4 57.4 142.5 6.30 17.30

B_7 4.56 4.96 0.239 0.055 0.018 7.994 0.312 12.5 78.5 143.4 7.06 16.30

C_7 10.31 14.28 0.010 0.204 0.010 9.982 0.566 12.3 56.0 218.6 6.78 12.10

D_7 8.03 9.09 0.010 0.271 0.013 9.032 0.676 12.7 92.6 129.4 7.25 21.20

E_7 5.27 8.77 0.010 0.086 0.011 9.976 0.464 13.2 66.7 76.0 6.35 845.00
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Table 4. Comparing Sites A and E results to the suggested conditions for aggregate 
ecoregion IX lakes and reservoirs, US EPA. Reds are “above standard” 
recommendations.  

    

Table 5. Comparing Sites B, C and D results to the suggested conditions for aggregate 

ecoregion IX streams and lakes, US EPA. Reds are “above standard” recommendations. 
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Table 6. Survey Data.  
Q1 - Age    

    

# Answer % Count 

1 Child 11% 5 

2 Adult 89% 42 

 Total 100% 47  
Q16 - What grade are you in?  

    

# Answer % Count 

1 1st 40% 2 

2 2nd 0% 0 

3 3rd 0% 0 

4 4th 0% 0 

5 5th 40% 2 

6 6th 0% 0 

7 7th 0% 0 

8 8th 20% 1 

9 9th 0% 0 

10 10th 0% 0 

11 11th 0% 0 

12 12th 0% 0 

 Total 100% 5 

    
Q2 - Have you visited the museum 
before? 

    

# Answer % Count 

1 Yes 64% 30 

2 No 36% 17 

 Total 100% 47 
 

Q3 - How often do you visit the museum? 

    

# Answer % Count 

1 Less than 1 time a year 13% 4 

2 1-3 times a year 23% 7 

3 4-12 times a year 17% 5 

4 
More than 12 times a 
year 47% 14 

 Total 100% 30 
 

Q4 - Have you heard of the water cycle? 

    

# Answer % Count 
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1 Yes 66% 31 

2 Maybe 11% 5 

3 No 23% 11 

 Total 100% 47 
 

Q5 - Can you name any parts of the 
water cycle? 

    

# Answer % Count 

1 0 19% 7 

2 1 14% 5 

3 2 19% 7 

4 3 33% 12 

5 4+ 14% 5 

 Total 100% 36 
 

Q6 - Which of these water pollution issues have you heard about before? (Select 
all that apply) 

    

# Answer % Count 

1 trash pollution/ litter 100% 47 

2 algal blooms 38% 18 

3 chemical pollution (for example: lead, arsenic) 85% 40 

4 fertilizers/ nutrient pollution 83% 39 

5 coal ash 55% 26 

6 oil spills 94% 44 

7 animal waste (for example: hog waste) 77% 36 

8 medicines/ pharmaceuticals 74% 35 

9 
urban pollution (for example: gasoline, lawncare 
products) 79% 37 

 Total NA 322 

    
Q17 - Where did you hear about these water pollution issues? (Select all that 
apply) 

    

# Answer % Count 

1 In school 57% 27 

2 From my child 2% 1 

3 
On social media (for example: Facebook, Instagram, 
Twitter) 49% 23 

4 From the news (TV, radio, newspaper) 85% 40 

5 From books, magazines, science journals 62% 29 

6 Other 9% 4 

7 Friends/ Coworkers 2% 1 

 Total NA 125 
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Q9 - Have you heard the word 
stormwater before? 

    

# Answer % Count 

1 Yes 74% 35 

2 No 26% 12 

 Total 100% 47 
 

Q10 - How would you describe where 
you live? 

    

# Answer % Count 

1 Urban 19% 9 

2 Suburban 60% 28 

3 Rural 21% 10 

 Total 100% 47 
 

Q11 - In your opinion, what is the quality 
of surface waters (rivers, streams, lakes) 
where you live? 

    

# Answer % Count 

1 Excellent 4% 2 

2 Good 36% 17 

3 Average 51% 24 

4 Poor 6% 3 

5 Terrible 2% 1 

    

 Total 100% 47 
 

Q12 - Where does the tap water in your home come 
from? 

    

# Answer % Count 

1 
Surface water (lakes, rivers, 
streams) 32% 15 

2 Groundwater (wells, aquifers) 32% 15 

3 Not sure 36% 17 

 Total 100% 47 
 

Q13 - How interested would you be in an 
exhibit at the museum about water quality? 

    

# Answer % Count 

1 Not at all interested 4% 2 
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2 Somewhat interested 13% 6 

3 Moderately interested 23% 11 

4 Very interested 47% 22 

5 Extremely interested 13% 6 

 Total 100% 47 
 

Q14 - What questions do you have about water quality?  

       

 Answer      

 Like it to be good     

 What water source is the healthiest or cleanest?  

 What is our tap water quality?    

 Removing gen x from water    

 Where does tap water come from?   

 Water quality in Durham    

 

Too many. 
How are they going to decontaminate drinking water?      

 How to improve quality at home and in the future.  

 

Where does our tap water come from? 
How do they treat it?      

 Ecosystem services     

 How can quality be improved, at home and through legislation? 
 

Q15 - To help answer your question(s), which 
activity would be interesting to you? (Select all 
that apply) 

    

# Answer % Count 

8 Exhibit 79% 37 

9 
Educational program for 
families 47% 22 

10 
Educational program for 
adults 21% 10 

11 Workshop (hands-on) 55% 26 

12 Summer camp 17% 8 

13 
Meet a water scientist in the 
lab 53% 25 

14 Other 2% 1 

 Total NA 129 

 


