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ABSTRACT 

 

Hoskins, Matthew. Master of Environmental Assessment. Wake County Public Water Quality: A GIS-

powered web application to help residents of Wake County, NC, explore drinking water quality. 

 

Background: A public water system (PWS) is a water distribution system that provide drinking water for 

at least 25 people or 15 service connections for at least 60 days per year. The standard method of 

delivering water quality information for these systems is the annual delivery of a Consumer Confidence 

Report (CCR), summarizing information about the water source, pollutants, and actions taken. Residents 

may not always receive these reports, and even then, may not understand the information presented. 

To address this issue, an ArcGIS Online web application, Wake County Public Water Quality (WCPWQ), 

was created to allow residents of Wake County, North Carolina, to find instant access to water quality 

information for all of the PWSs within the county. 

Methods: In ArcMap 10.6.1, shapefiles containing the location of PWS sources, city and town 

jurisdictions, and county borders were combined. This produced a map of the sources and jurisdictions 

within the Wake County area. Water Quality information was gathered from the NC Drinking Water 

Watch database and joined to its respective water systems and jurisdictions. This map was then 

uploaded to ArcGIS Online to produce a Web Map with descriptive pop-ups for the sources and 

jurisdictions. Using the ArcGIS Online Web AppBuilder, a web application was created to allow users to 

search any location within Wake County and see the relevant water quality information. This application 

was embedded into a StoryMap which provides relevant context to describe the application to users.  

Results: The end product was an ArcGIS Online StoryMap, that acts as a vehicle to present the WCPWQ 

web application. This StoryMap describes PWSs and the basics of water distribution. The StoryMap then 

provides health implications for the main contaminants presented in the application — lead, arsenic, 

coliform bacteria, and E. coli — and a brief regulatory explanation. It goes on to describe the current 

method of retrieving water quality information, a CCR, and gives a comparison to the web application 

created. The StoryMap then presents the embedded application to allow users to explore the water 

quality of PWSs within Wake County. 

Conclusion: The effective communication of scientific information is crucial in helping the public make 

informed choices about their health. The use of GIS technologies to disseminate drinking water quality 

information could greatly increase accessibility and technical understanding for Wake County 

consumers. The WCPWQ application shows how simple it should be for residents to receive water 

quality information for their home, work, school, or place of worship. Drinking water quality has a direct 

impact on human health, therefore it should be a quick and simple process for the public to discover 

what is in their drinking water. 
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Introduction 

Following passage of the Safe Drinking Water Act (SDWA) in 1974, water quality has seen overall 

improvements across the entire United States (Roberson and Frey 2016). The SDWA allows the United 

States Environmental Protection Agency (EPA) to regulate contaminants in the Nation’s drinking water 

and its sources. This Act ensures protection for a great deal of the water systems within the country. 

However, it only applies to public water systems (PWS) that provide drinking water for at least 25 

people or 15 service connections for at least 60 days per year (63 FR 41940); private wells, which supply 

water to nearly 15% of the country, are not regulated by the SDWA (Salzman 2019). The EPA has defined 

3 types of PWSs based on the number of people they serve and if those customers are served year-

round or intermittently. The definitions for these 3 types are (64 FR 25964): 

• Community Water System (CWS): “a public water system which serves at least 15 

service connections used by year-round residents or regularly serves at least 25 year-

round residents.” 

• Non-Transient Non-Community Water System (NTNCWS): “a public water system that is 

not a community water system and that regularly serves 25 of the same people over six 

months of the year” 

• Transient Non-Community Water System (TNCWS): “a noncommunity water system that 

does not regularly serve 25 of the same persons over six months of the year”  

Since 1998, CWS’s in the United States have been required to deliver an annual Consumer 

Confidence Report (CCR) to their customers to provide information about the quality of their local 

drinking water. These CCRs include information on the source of the drinking water, a summary of the 

risk of contamination of the local drinking water source, and a listing of any of the SDWA regulated 

contaminants found in the water (77 FR 55833). While CCRs contain a lot of information regarding home 

water quality, consumers may have difficulty understanding if their water is safe to drink, because the 

writing in CCRs can be too technical and include jargon that the general public are not familiar with 

(Phetxumphou et al. 2016). These yearly reports should be mailed out to all of the respective CWS 

customers, but those in apartments or condominiums may need to reach out to the building owner to 

find this information. With approval from the governor, smaller PWS that serve fewer than 10,000 

people can publish their CCR in a local newspaper; and systems that serve fewer than 500 customers can 

instead provide a notice that CCRs are available upon request (63 FR 44512). For those people who do 

not receive their CCR, or those who by some other reason do not have access to their CCR, this 

information may not be easily accessible. This can be problematic as consumers have the right to know 

what is in their water to avoid any unnecessary health risks. 

 While the SDWA helped establish drinking water quality standards for the US, there is always a 

risk of contaminants entering the water supply. The contaminants explored in this report — lead, 

arsenic, coliform bacteria, and E. coli — can lead to serious risks to human health when consumed in 

drinking water. Contamination of drinking water by lead presents several risks, particularly for infants 

and young children, because their nervous systems are constantly developing. Children can receive a 
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higher dose due to increased hand-to-mouth behavior, which leads to a higher intake of lead per unit 

body weight (Tong et al. 2000). Although the consumption of drinking water is not the primary route of 

exposure, it is estimated that contaminated drinking water accounts for 14%–20% of total U.S. lead 

exposure (Maas et al. 2005). Lead exposure poses a considerable risk due to its cumulative nature in the 

human body. As lead is absorbed into the body, it is eventually stored within the bones and teeth, 

where it may stay for a decade or more (Canfield et al. 2005). Any level of exposure can lead to 

deleterious effects; thus, no amount of lead exposure can be considered safe, especially for infants and 

young children (ACCLPP 2012). The risks of lead exposure include long-term deficits to 

neuropsychological development, including encephalopathy, the reduction of IQ, and abnormal haeme 

synthesis (Tong et al 2000). 

Based on its potential threat to human health and its potential for human exposure, the Agency 

for Toxic Substances and Disease Registry has ranked arsenic at the top of its most recent Substance 

Priority List in 2019 (ATSDR 2020). Exposure to arsenic can also occur from diet, arsenical pesticides, 

arsenic treated wood, or coal- and wood-burning stoves. Exposure through consumption of arsenic-

contaminated drinking water is a major concern in the U.S., especially for private wells (Naujokas et al. 

2013). Consumption of arsenic-contaminated water has been shown to lead to the development of 

arsenicosis, a term that describes the whole of diseases caused by chronic arsenic exposure, including 

but not limited to cancers, skin lesions, and gangrene (van Halem et al. 2009). Cancers of the liver, lung, 

bladder, kidney, and skin may be caused by arsenic exposure (Chen et al. 1992), where arsenic may 

inhibit DNA repair processes and potentiate the genotoxic effect of other known carcinogens, 

particularly polycyclic aromatic hydrocarbons and ultraviolet radiation (Andrew et al. 2006). Arsenic 

contamination of groundwater is a worldwide issue and is primarily the result of natural occurrences, 

often due to the increased mobility of arsenic at typical pH values found in groundwater (6.5-8.5), as 

well as increased mobility over a wide range of redox conditions (Smedley and Kinniburgh 2002).  

Total coliform bacteria describe a group of bacteria that are used to determine a system’s risk to 

overall bacterial contamination (78 FR 10269). These bacteria are common throughout the environment 

and are typically harmless, however the measure of total coliform can be used as an indicator of the 

vulnerability of a water supply to other more harmful types of microbial contamination (Pal 2014). 

Microbial contamination of surface or groundwater can arise from human or animal waste entering 

groundwater resources via septic tanks, wildlife, sewage and wastewater treatment, and agricultural 

activities (Hynds et al. 2014). Pipe breaks and repairs, poor treatment performance, and aging drinking 

water distribution systems are some possible causes of PWS contamination by harmful pathogens 

(Ashbolt 2015). Although most strains of E. coli are harmless, certain strains can lead to diseases 

including bloody diarrhea, hemolytic uremic syndrome, and hemorrhagic colitis (Ishii and Sadowsky 

2008). Pathogenic contamination of a water system can also lead to respiratory or skin diseases based 

upon the specific pathogen and dose received (Ashbolt 2015).  

To protect the public from harmful pathogenic contamination, the EPA set forth the Revised 

Total Coliform Rule (RTCR) as a revision to the 1989 Total Coliform Rule (TCR). This rule is one of the 
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National Primary Drinking Water Regulations (NPDWR) established as a part of the SDWA. Some of the 

key points of the RTCR are that it set a maximum contaminant level (MCL) and maximum contaminant 

level goal (MCLG) for coliform and E. coli, set a total coliform treatment technique requirement, and 

established requirements for monitoring the total coliforms and E. coli. This rule established both legal 

limits and health goals for the detection of total coliforms in the drinking water systems of the US. The 

MCLG for total coliforms is currently set at zero, and if any PWS sample tests positive for total coliforms 

additional samples must be taken and analyzed for fecal coliforms or E. coli (78 FR 10269). In 2001, the 

EPA established an updated NPDWR for arsenic in non-transient non-community water systems as well 

as community water systems in which it applied a new MCL for arsenic of 10 parts per billion (ppb), 

replacing the old standard of 50 ppb. The rule also established a MCLG of zero for arsenic contamination 

and provided clarifications regarding the monitoring of water systems and sources of drinking water (66 

FR 6976). The NPDWR for lead is different from total coliform and arsenic in that it does not establish an 

MCL; rather the Lead and Copper Rule (LCR) is a treatment technique rule. In place of the MCL, the LCR 

established action levels for both lead and copper. The lead action level is exceeded if greater than 10 

percent of tap water samples collected have a lead concentration greater than 15 ppb (40 CFR §141.80). 

There are a number of obstacles that must be overcome to ensure the project is effective in its 

mission of clearly communicating water quality data to the public. There can be challenges in 

communicating scientific information to the layperson, especially when describing hazards or risks. 

People’s perception of hazards or the threat of hazards dictate what level of risk they are willing to take. 

This estimation is not only a result of a person’s rational calculation of risk, their subconscious mind and 

the culture they live in can play a large role in shaping their judgements about risk (Gardner 2009). 

When someone holds a preconceived notion, for example about the quality of their drinking water, 

evidence that goes against that notion can be easily disregarded as irrelevant. Communications about 

health issues should be presented in a way that is easy to understand and provide a way for the 

audience to act on their knowledge (WHO 2019). It is important to build trust with the audience so that 

they feel more inclined to act on their new knowledge. 

Scientific communications can often use a lot of jargon or try to convey a lot of information at 

one time. Visualizations of scientific and technical data may be difficult to understand because viewers’ 

interpretation of graphics will vary depending on their understanding of the media through which it is 

being presented. Therefore, it is critical to gain an understanding of the target users’ knowledge of the 

domain and create a visual presentation that directs users’ attention to the most relevant points of 

information while avoiding unnecessary information (Gerst et al. 2017). This is especially relevant when 

it comes to the presentation of geospatial data as these datasets tend to be large, heterogenous, and 

can shift over time and/or space (Elwood 2010). Ramadan et al. (2017) found that most of the potential 

end-users for GIS datasets have difficulties understanding and interpreting statistical or health-related 

spatial data. The major issues that inhibit understanding are that many of these users lack training and 

experience using GIS technology, many GIS technologies have a design that is too complicated for new 

users, and people simply do not want to use the technology. To promote user understanding and 

motivation, clear explanations of the methodologies and results should be used (Ramadan et al. 2017).  
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The clear and effective communication of scientific data continues to be a topic of discussion 

within the scientific community (Atlas 2007; Kittler et al. 2004). Atlas (2007) conducted surveys in both 

Wake County, NC and Baltimore County, MD to determine what people knew about online 

environmental databases on industrial pollutants. They found that the majority of Wake County 

residents were unaware of all of the TRI, BRS, PCS, and Envirofacts databases on hazardous chemical 

releases. Efforts to publicize and disseminate this information were unlikely to be very effective unless 

something was done to heighten public awareness (Atlas 2007). Kittler et al. (2004) studied how the 

internet could be used to spread information in the case of a public health emergency. They found that 

people tended to trust information from health websites over information from any other traditional 

media source. However, many people do not get advice on where to find information on the internet, 

nor do they consult their healthcare provider regarding what they have learned. It is important to have 

the tools to rapidly spread accurate information and useful advice when a public health crisis arises.  The 

emergence of internet-based tools will allow the public to gain a better understanding of the hazards in 

their area, as long as focus is placed on making the system user friendly (Rodriguez et al. 2007). 

 The overall objective of this project is to communicate local drinking water quality through a 

web application which people can discover where they likely get their water and what is in it. This 

project aims to simplify the process of obtaining water quality information for the citizens of Wake 

County, NC. Through an ArcGIS Online web application, users will be able to search locations to see the 

PWSs that it may use along with the associated water quality information. This project will provide a 

service to the public that allows users to find information about their drinking water quickly and simply, 

as current services can be difficult to find and are often difficult for the layperson to use and 

understand. The web application, Wake County Public Water Quality (WCPWQ), will be presented via an 

ArcGIS Online StoryMap. This StoryMap provides users with relevant background context, information 

about water quality health risks and regulations, and a description of how to use the application. 

 

Methods 

 This project will involve the creation of a map in ArcMap 10.6.1, a conceptual model using the 

ArcMap ModelBuilder tool, a Web Map in ArcGIS Online, and a Web App ArcGIS Online. This project is 

summarized in an ArcGIS StoryMap presentation that includes the Web App. The StoryMap along with 

supplemental information on the public water supply, water quality, and its effects on human health will 

be presented to members of the NCDEQ Public Water Supply Section. The map and conceptual model 

created in ArcMap and Web Map are only stages in the development of the final product and will not be 

presented to the end users. The overall process of development is as follows:  

1. Acquisition of geospatial data 

2. Input of data to ArcMap 

3. Manipulation of data to create a map of PWS sources and city/town jurisdictions in Wake 

County 



5 
 

4. Creation of ArcMap conceptual model 

5. Transition to ArcGIS Online Web Map 

6. Transition to ArcGIS Online Web App 

7. Addition of appropriate widgets: tools that allow users to explore the map 

8. Creation of StoryMap presentation.  

The first step in creating a web application in ArcGIS Online was to find all of the relevant 

geospatial data and combine it in the ArcMap software. The Public Water Supply Water Sources 

shapefile was gathered from the NC OneMap website. The NC Counties shapefile was gathered from the 

NCDEQ GIS portal. The 2020 Wake County Jurisdictions shapefile was gathered from the WakeGov GIS 

Map Services portal. Water quality data were pulled from the NCDEQ Drinking Water Watch database. 

These information sets were chosen to help users identify the sources of water for nearby PWSs within 

the borders of Wake County and view the relevant water quality data for each water system.  

The Public_Water_Supply_Water_Sources shapefile was added to the map first to establish 

NAD83_North_Carolina as the geographic coordinate system. Next, the NC_Counties shapefile was 

added, with the coordinate system GCS_WGS_1984. Because the coordinate system for these two 

shapefiles were different, the NC_Counties shapefile was converted to a matching coordinate system to 

show appropriate spatial information. The Wake_Jurisdictions_2020_06 shapefile used the 

NAD_1983_StatePlane_North_Carolina_FIPS_3200_Feet coordinate system, which did not need to be 

converted because it matched the base coordinate system. By selecting Wake County and clipping the 

shapefiles to that area, the data were reduced to only show information within the Wake County 

border. The original data used, and the procedure log for the creation of the original map are shown as 

Figures A.1 and A.2 in the Appendix. 

The next step was to populate the spreadsheet for the water system sources with the relevant 

water quality data. The Public Water Supply Section within the NCDEQ Division of Water Resources 

provided a spreadsheet containing some of the water quality data, namely the most recent lead and 

arsenic sample results, systems that had positive TCR or E. coli results within the past two years, and the 

date of last sanitary survey. The 95% lead data and the arsenic data were then transferred to the 

Clipped_PWS_Sources Excel file using VLOOKUP to match the PWS IDs on both sheets and automatically 

populate the corresponding cells.  

Information describing the number of violations for each system since 2015, results for if all of 

the violations have since returned to compliance, and a link to the Drinking Water Watch system 

information page were manually entered for each of the 883 sources for water systems in Wake County. 

This information was pulled from the NCDEQ Drinking Water Watch database by visiting the system 

information page of the corresponding water system, counting each of the violations that have been 

reported since January 1st 2015, determining if any of those violations had yet to return to compliance, 

and finally populating the correct cells within the spreadsheet. The link for the system information page 

was also pulled and entered into the spreadsheet. Once the spreadsheet was populated with the 

appropriate water quality data, it was converted back into an attribute table for the 
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Clipped_PWS_Source.shp file. Once the table was back in ArcMap, it could be joined to the 

Clipped_PWS_Sources.shp layer so that each point on the map would have its respective water quality 

data. The editor tool was used to remove 35 source points correlating to 26 water systems as these 

systems were either deactivated or they had sources outside of their service area. The map created in 

ArcMap was then stored in a file geodatabase, from which it could be transferred to ArcGIS Online in the 

form of a Web Map. The procedure log for the conversion and joining operation, as well as the creation 

of the file geodatabase is shown in Figure A.3 in the appendix. 

Using ArcCatalog, a new toolbox was created with an internal blank model. The original process 

of creating the ArcMap was recreated in this model by importing the original data and tools used in the 

production of the ArcMap. The layers and tools were connected in the way they were previously 

described. Once all of the data and tools were placed and connected in the model builder, the model 

was run to ensure everything is connected correctly and produces the same information as the creation 

of the original map. 

In the Web Map Viewer, the appearance was edited to best convey the visual information. The 

pop-up title for the Clipped_PWS_Sources.shp file was configured to show the water system name so 

that each source point would be listed by the name of the water system they correlate to. The pop-ups 

were then configured to display a custom attribute display, which presents the water quality 

information in a user-friendly manner rather than a list of data. To appropriately present the water 

quality information, the data in the Excel spreadsheets had to be converted to an appropriate format. 

The custom attribute display for the Clipped_PWS_Sources layer was configured as shown in Figure 1.  

 

This location is {Src_Name} for the {Water_System_Name} system ({PWS_ID_2}) 

• In the past 5 years, this system 

had {Recent_Violations_1} violations {Returned_to_Compliance_1}  

• In the past 2 years, coliform bacteria {Coliform_1} been detected, and E. coli 

specifically {E_Coli_1} been detected 

• {Lead_Test_1} {L_Date}{Concentration_1} {F2Concentration} {Lead_1} 

• {Arsenic_Test_1} {A_Date}{Concentration_1} {Arsenic_1} 

Click HERE for more water quality data and contact information 

Figure 1: Example of Programing Language used in the ArcGIS Online Web Map 

The names within the braces pulled information directly from the attribute table of its 

respective layer. The information within those tables was formatted so that it would present these data 

in a user-friendly manner. A hyperlink was added to the “HERE” text so that it would direct users to the 

appropriate webpage for the system they are viewing. The pop-ups for the jurisdiction layers were 

https://ncsu.maps.arcgis.com/home/webmap/%7Blink_1%7D
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similarly configured. The procedure log for the creation of the Web Map is shown in Figure A.4 in the 

appendix. 

The ArcGIS Online tool Web AppBuilder was then used to convert the map into a web 

application. The Splash widget was added to provide a user guide and disclaimers about the data before 

they can access the rest of the application. Next, the Near Me widget was added to the sidebar so that 

the application primarily focuses on the Web Map and this widget. The name of this widget was 

changed to Water System Search and then configured it to show PWS sources within a 2-mile visible 

buffer of a searched location, as well as any jurisdictions the location falls under. Buttons were added to 

allow users to pick a location on the map to search, or to allow the users current location to be used. 

The widget was configured to return intersecting polygon(s) so that the buffer will not apply to the 

jurisdiction boundaries, and the jurisdiction will only be presented if the search location falls within one 

of the boundaries.  

The finalized web application was then ready to be embedded into an ArcGIS Online StoryMap. 

Using the online software for StoryMaps on the ESRI website, a multi-media presentation could be 

created to include the Web Application. The appropriate information, relevant images chosen to capture 

the reader’s attention, and the Web App were added to the StoryMap via the ArcGIS Online website. 

The in-text citations in the StoryMap, when possible, had hyperlinks added so that any user with 

questions can easily access the information for themselves. 

 

Results 

 The end product created in this project was the ArcGIS StoryMap including the embedded water 

quality web application. The StoryMap focuses on introducing the necessity of clean water, providing 

context for understanding the data in the application, and descriptions of how it works. The web 

application allows users to find the nearby water systems along with the relevant water quality 

information. These products were the result of the creation of a map in ArcMap 10.6.1 and a Web Map 

in ArcGIS Online. A conceptual model was also created in ArcMap using the ModelBuilder tool, however 

that is primarily for describing the creation process of the map in ArcMap. This section will go into detail 

describing these products and the information produced by creating these products.  

 The original map created in ArcMap displays the Wake County border, points representing the 

sources for water systems, and city/town jurisdiction polygons with unique coloration to denote which 

water system they correlate to. The attribute table for the polygons lists the City/Town name as well as 

the PWS information. The attribute table for the points lists the name of the water source as well as the 

PWS information. The PWS information listed in these tables contains the following: 

• PWS Name 

• PWS ID 

• A count of the system violations within the last 5 years 
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• If all of those violations had returned to compliance (Yes/No) 

• The most recent lead concentration measurement (mg/L) 

• The most recent arsenic concentration measurement (mg/L) 

• The presence of coliform on tests within the past two years (Present/Absent) 

• The presence of E. coli on tests within the past two years (Present/Absent) 

• A link to the corresponding PWS page on the NCDEQ Drinking Water Watch database 

 Figure A.5 in the appendix shows the finished map in ArcMap 10.6.1, and Figure A.6 illustrates a 

sample of the data present in the attribute tables of the map. 

 The conceptual model created in ArcMap is a visualization of the production of the original map. 

This model is a flow-chart that shows the layers and tools used in the map. Circles represent the original 

data and subsequent layers and are connected to squares that represent the tools used to manipulate 

said data and layers. The arrows connecting these allow one to see how the layers connect to tools, 

what tools are used, and how they manipulate the data to form new layers or connections. The finished 

model is listed as Figure A.7 in the appendix. This model, along with the procedure log (Figures A.1-A.3), 

allow one to follow the method of creation from original data to the finished map. 

 

Figure 2: Sample of an ArcMap Conceptual Model 

 The Web Map created in ArcGIS Online contains the same information as the original map, 

however it was edited to be more visually appealing and to better convey information. The pop-ups for 

the polygons and points show the relevant name and the corresponding PWS information in a way that 

is intended to be easy for users to digest. The PWS source points are represented by water drop icons so 

that users will understand the data being presented. The polygon layers are unique colors and 

transparent to show the basemap and PWS sources underneath. It first lists the name and ID of the 

water system followed by violations within the past 5 years, the presence or absence of coliform and E. 

coli within the past 2 years, the most recent lead and arsenic sample dates, the measured concentration 

of lead and arsenic, and a link to the water system information page. 



9 
 

The web application, WCPWQ, presents the web map with widgets to allow users to navigate 

the data presented. Upon application startup, the Splash widget, renamed Disclaimer, automatically 

launches to provide a user guide and a disclaimer about the data before users can access the rest of the 

application. The disclaimer is shown in Figure 3. 

 

Figure 3: Disclaimer on the WCPWQ application 

Once users have closed this disclaimer, the application displays the Web Map and all of the 

associated widgets. The most important of these is the Near Me widget, renamed Water System Search, 

which automatically opens on startup on the left side of the screen. Figure A.8 shows how this widget 

and the Web Map appear upon startup. This widget uses the ArcGIS World Geocoding Service to find 

locations on the map. The Water System Search widget also includes buttons for placing a location on 

the map and searching their current location. Once a location is determined, the widget will show which 

jurisdiction it falls in as well as the PWS sources within a visible 2-mile buffer, which can be adjusted up 

to 10 miles. The city/town jurisdiction, if available, is listed first followed by the nearby PWS sources 

sorted by distance. Users can click on these listed names to highlight them on the map and see the 

water quality information pop-up created in the Web Map. Figures 4-6 show examples of how this looks 

on a sample location.  
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Figure 4: Sample location municipal water information 

 

Figure 5: Sample location listed PWSs 
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Figure 6: Sample location PWS information details 

 

Another widget in this application is the About widget, renamed User Guide, which allows users to 

review the user guide presented at startup for more information. The remaining widgets are simple 

tools that allow users navigate and understand the map. The 11 widgets used are: 

• About: Displays content related to the application. 

• Basemap Gallery: Allows users to select a basemap from a gallery of options. 

• Coordinate: Displays the x- and y-coordinates based on cursor location. 

• Home Button: Returns users to the initial map extent. 

• Layer List: Provides list of layers and allows users to turn individual layers on and off. 

• Legend: Displays a table of contents and associated symbols. 

• Near Me: Allows users to search a location and view the layers within a defined radius. 

• Overview: Allows users to view the current extent of the map within the context of a larger area. 

• Scalebar: Displays a scale bar (in miles) in the corner of the map.  

• Splash: Displays content before users can interact with the application. 

• Zoom Slider: Provides interactive zoom controls for the map. 

 The StoryMap created in ArcGIS Online contains images chosen to capture the readers’ 

attention, while focusing on the presentation of information. The StoryMap gives users an overview of 

the public water supply, the importance of clean water, the current method of receiving water quality 

information, the new system, and who to contact with concerns or questions about their water quality. 

It highlights the benefits of the current system, but also points out the areas in which it could improve 
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accessibility. After providing a rundown of the current method, the StoryMap describes how the Wake 

County Water Quality application aims to fill in those gaps and provide a quicker, more accessible 

method of obtaining water quality information. The application is embedded directly into the StoryMap, 

so users can interact with the application without even needing to leave the page. It then provides users 

with more context by describing some of the health effects of the main pollutants presented. It ends by 

listing contact information for the NCDEQ Division of Water Resources so that users can find answers to 

their questions or present their concerns. 

 

Discussion 

The WCPWQ web application provides a quick and simple way for Wake County residents to 

access water quality information for their homes, schools, places of worship, and businesses. The app 

works as a complement to the current method of retrieving water quality data, where residents receive 

a yearly report from their water provider. The annual water quality report, a “Consumer Confidence 

Report”, allows residents to be certain of the water system that their home receives water from. Some 

disadvantages of the CCR are that requesting it may take a few days to get a response and it only applies 

to home water from community water systems. Due to a lack of publicly available data, there is 

currently no way to attribute addresses to the exact water system they use. While the WCPWQ app 

cannot say with absolute certainty which system is used based on location alone, it immediately finds all 

of the nearby PWSs and presents their respective water quality information.  

Since 1998, CCRs have been required to be delivered to citizens who get their water from PWSs. 

However, that does not necessarily mean that customers will know about and commit to reading them. 

A 2002 survey conducted by the EPA found that only 37% of respondents remember receiving their CCR, 

and only 29% of respondents actually read it (USEPA 2003). The authors suggested that a lack of 

publicity or accessibility may be the reason. To address this, the EPA developed a web-based software 

(Find Your Local CCR) to aid in dissemination of this information to more customers and raise more 

interest. This system allows users to conduct a nationwide search and view the CCRs for the systems in 

that area, but North Carolina shows only 32 CCRs available for the 5341 total PWSs. Find Your Local CCR 

does not show users which systems are near their locations, rather a county-wide list of all PWS.  

There have been similar efforts in the past to disseminate water quality information over the 

internet, such as applications that send alerts directly to mobile devices, and GIS websites for surface or 

ground water (Brown et al. 2012; Halls 2003; Hoover et al. 2014). The EPA created a mapping application 

(Drinking Water Mapping Application to Protect Source Waters) to show some of the basic PWS 

information as well as sources of contamination, polluted waterways, and project and source water 

collaboratives. This application provides more information than WCPWQ for locations across the 

country. However, the broad geographic scope limits the precision that the WCPWQ application is able 

to offer. The application presents users with the water systems within their 12-digit HUC watershed but 

does not narrow it down any further, which leaves users to guess as to which systems are closest. 
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Similarly, the Environmental Working Group (EWG) has a system (EWG’s Tap Water Database) that 

allows users to find PWS information across the country, while also providing state-wide summaries of 

key information. This system lacks the ability to guarantee which water system a user is utilizing. The 

WCPWQ application offers advantages over the EPA and EWG systems because it provides more 

localized water quality information to the residents of Wake County. The application also offers the 

advantage of visualizing how PWSs are spread throughout Wake County and allowing users to see which 

systems may be relevant to their search location.  

A conversion of water quality information to an electronic format not only allows for quicker 

access by making the information available on demand, it is also the more environmentally and 

economically sustainable choice. Carpenter and Roberson (2013) conducted a survey of utility providers 

in 2012 that found 88% of American Water Works Associations utilities already have a website that 

posts its CCRs. They estimated that eliminating paper CCRs through the widespread implementation of 

this practice could lead to nearly $20 million in annual savings across the United States. Electronic 

delivery could prove beneficial for Wake County PWSs and users, yet it does not address the clarity of 

the information provided. 

When users receive a CCR, they are presented with a few pages of the past year’s information 

covering basic system information, drinking water sources, water protection methods, and water quality 

information for the treatment plants in use. This amount of information may lead to confusion if it 

contains a lot of jargon or large tables of information. The CCR can also confuse residents because it 

sometimes covers multiple treatment plants and will present two measurements of the same 

contaminant. Phetxumphou et al. (2016) assessed the clarity of these communications using the Center 

for Disease Control Clear Communication Index to determine user understanding. By evaluating 30 CCRs 

from 29 different states, the authors found it unlikely that a large proportion of readers would have a 

clear understanding of the information found on CCRs. The same authors conducted a previous study 

where they found CCRs were typically written at an 11th-14th grade reading level, whereas public health 

communications are typically recommended to be at a 6th-7th grade level (Roy et al. 2015). The WCPWQ 

application reduces this information to a few key points for the system as a whole to aid in user 

understanding. It also covers some recent issues to show more history of the water system and contains 

more up-to-date readings for some systems. America’s Water Infrastructure Act of 2018 attempts to 

address issues in clarity by making changes to the presentation and delivery of CCRs by October 2020. 

One of these changes is that the EPA must develop regulations to increase “the readability, clarity, and 

understandability of the information presented in consumer confidence reports” (Public Law 115 - 270). 

While the web application offers some clear benefits over the current method, lack of publicly 

available geospatial data leads to drawbacks in certain areas. In North Carolina, PWSs do not have a 

publicly available service area boundary. This means that estimations had to be made regarding service 

area, so the application cannot guarantee that users are viewing the correct system. Instead, users must 

look through the nearby systems to see if any could serve their search location. Similarly, there is no 

available map of system locations, only the sources to those systems. To overcome this, the application 
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instead uses the sources to provide an estimate of the location of nearby systems. This is not always 

accurate as some systems draw water from outside of their service area. For example, The City of 

Raleigh system has 3 water sources, all of which lay outside of the city’s planning jurisdiction. Search 

locations near those sources would see the Raleigh system listed nearby yet may not be in the service 

area. The 3 sources for the city of Raleigh were removed to avoid this confusion, but there may similar 

situations for smaller systems that were not detected. Search locations that fall within planning 

jurisdictions typically use the PWS associated with the jurisdiction. However, this is not always the case 

because there are water systems within the jurisdictions that act independently. Users will be directed 

to assume that the location is using municipal water, but they will be reminded to review the 

surrounding PWSs to determine if their location may use a separate system. There is also a possibility 

that someone near the Wake County border receives their water from a system in an adjacent county. 

The application makes it clear that the focus is only on the systems within Wake County and does not 

necessarily apply to every location within the county borders. To ensure project viability in the allotted 

time span, the application only covers water systems within Wake County, NC. This type of application 

would be greatly beneficial if it were more widespread, yet time restraints only allowed for a limited 

scope. Another issue is that there are no resources to update these data. The application instead 

provides a screenshot of water quality from June 2020 that will lose relevance over time. Nevertheless, 

it stands as an example of how residents could benefit from a similar system of retrieving water quality 

information. 

In the ArcMap software, there are a number of different geographic coordinate systems that can 

be used to describe the position of geographic locations. These systems are two-dimensional grids that 

describe the three-dimensional curvature of the planet. Different systems have been developed to 

represent different locations because the earth is not a perfect spherical shape, therefore some systems 

are best suited for specific locations (Sugimoto et al. 2007). For this project, the NAD83_North_Carolina 

system was used, because it seemed to depict the shape of Wake County most accurately. This 

coordinate system came from the Public Water Supply Water Sources shapefile and was chosen because 

it represented Wake County in a way that would feel familiar to the end users. In the ArcMap software, 

32 source points for 25 different water systems were removed because those water systems had 

recently been deactivated or absorbed into the municipal systems. This is due to a difference in original 

data publication. The Public Water Supply Water Sources shapefile was last updated in April 2018 

whereas the application is current as of June 2020. These missing systems did not have any available 

historic water quality data, so they were removed to avoid confusion for the end users. The lead data 

that were included represented the 95th percentile of lead samples. This set of data was chosen because 

it contained a greater number of lead-positive samples, with concentrations higher than the 90th 

percentile. This choice was meant to be a conservative measure in presenting a potential health-risk to 

the end user, because any amount of lead can have deleterious effects (ACCLPP 2012). The 5-year 

timespan for recent violations was chosen because it allows users to gain an understanding of the recent 

history of the PWS. While this does not show the entire history of most PWSs, it does present how the 

systems have complied with regulations within recent years. The presence of coliform and E. coli in 
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PWSs is shown over the past 2 years. This choice reflects the Drinking Water Watch database, where 

recent positive TCR samples are shown in regard to tests over the past 2 years. This was done to avoid 

confusion for users who choose to visit the database and want to find more information about coliform 

and/or E. coli within their system. Even if the latest coliform sample came back negative, a recent 

positive sample indicates that a PWS may still be vulnerable to microbial contamination.  

 Most of the visual and textual components of the application originated in the Web Map and 

were carried over to the Web App. The OpenStreetMap basemap was used to contextualize location and 

provide names for the cities and towns of the area. This basemap seemed to present the location most 

clearly when compared to the others. The layers in the basemap were listed as to show up appropriately 

in the Near Me widget of the application. The jurisdiction polygons show approximately 60% 

transparency to allow the Public Water Supply Sources layer and the basemap to show through. Rather 

than presenting system water quality as a basic list of information, the pop-ups utilize a custom 

attribute display that make the information simple to understand. The use of clear and plain language is 

critical in describing health issues to non-expert audiences (WHO 2019). The World Health Organization 

suggests that to effectively communicate health issues, the author should understand the audience 

member’s wants and needs and therefore get to the point quickly. The pop-ups in the application 

follows this principle by presenting the water quality succinctly yet avoiding too much unnecessary 

information.  

 The Near Me widget in the WCPWQ application was utilized because it allows users to enter a 

search location and see information within a defined radius. This buffer appears as a transparent circle, 

starting at a default 2-mile buffer. This buffer distance was chosen because it can be used in most areas 

of the county, while avoiding presenting too many options. Compared to the other widgets available, 

Near Me best matches the overall goal of showing systems near a user’s location. By selecting the 

Jewelry Box application theme, the near me widget opens upon startup in a taskbar on the left side of 

the screen. Users are thus directed to this widget from the very beginning. This creates a user-friendly 

experience, because most users will not be experienced using ArcGIS software and would not benefit 

from having a lot of options. 

The StoryMap uses images to capture the reader’s attention and helps them to think about their 

drinking water. The goal of using a water treatment plant icon is to make users question the quality of 

their drinking water. Many of the colors in the beginning are dark so that when the WCPWQ application 

is presented with bright blues and images of clear water, users might feel more comfortable and 

confident about their drinking water quality. To create a user-friendly experience that promotes trust 

the StoryMap uses familiar language to explain regulations and data. Important regulatory information 

is bolded to draw the reader’s eyes and highlight what they need to know. Readily accessible water 

quality information is key to letting users know if their water system presents any risk to their health, 

and caution must be taken to describe the risk appropriately (Kittler et al. 2004). The results must be 

transparent and built on a foundation of trust. It was important to inform the users about what is 

considered an “acceptable” level of risk while presenting opportunities to learn more about how to 
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avoid or mitigate the potential dangers they face (Boholm 2019). The StoryMap is designed to build 

user’s trust through the discussion of health effects and introduction of those officials who can work to 

improve their water quality. 

 

Conclusion 

 The effective communication of scientific information is crucial in helping the public make 

informed choices about their health. In the age of the internet, new technologies can be used to reach a 

broader audience though a flexibility in message design, delivery, and strategy (Willoughby and Smith 

2016). The use of GIS technologies to disseminate drinking water quality could greatly increase 

accessibility and technical understanding for Wake County consumers. These technologies could be used 

to greatly increase the speed of communication and aid users in discovering water quality, not just in 

their homes, but everywhere within the county. Done correctly, GIS technologies can be straightforward 

even for non-expert users. Moreover, the current method of disseminating drinking water quality can be 

slow and/or difficult for the layperson to understand, leaving room to improve in terms of expediency 

and efficacy (Roy et al. 2015) The adoption of accessible methods of information retrieval by water 

utilities or governmental entities could help in building trust with the public and promote behavioral 

influence and decision making (Boholm 2019). 

 The WCPWQ application shows how simple it should be for residents to receive water quality 

information for their home, work, school, or place of worship. However, it would take far more time and 

resources to create a fully fleshed-out version of this kind of application for a larger geographical area. 

PWS service area boundaries and locations must be mapped out in GIS software so that users could be 

absolutely certain of which system their search location is using. This application would have to present 

more water quality parameters, source information, and contextual information in order to be a suitable 

complement to a CCR. If the application were linked to an online database, it could allow for up-to-date 

water quality information. Nevertheless, this application clearly shows the benefits of using GIS 

technologies to disseminate water quality information. Water companies and regulatory agencies could 

use similar strategies to enhance the speed of delivery and help the public in finding what is in their 

drinking water.  
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Appendix 

Original Data: 

• Public_Water_Supply_Water_Sources.shp 
o 8411 points representing sources for PWS’s in NC along with the 5415 respective PWS 

IDs, clipped to 883 sources for 439 PWS’s in Wake County. Uses the custom 
coordinate system NAD83_North_Carolina.  

• NC_Counties.shp 
o 100 polygons representing county borders in NC. Uses the coordinate system 

GCS_WGS_1984. 

• Wake_Jurisdictions_2020_06.shp 
o 65 Polygons representing the different town and city jurisdictions within Wake 

County. Uses the coordinate system 
NAD_1983_StatePlane_North_Carolina_FIPS_3200_Feet. 

• Matthew Hoskins Data Request.xlsx 
o Spreadsheet sent from the Public Water Supply Section containing lead and arsenic 

results, and date of last sanitary survey. 

• Positive Coliform (TCR) and E. coli Results.xlsx 

o Spreadsheet sent from the Public Water Supply Section containing recent positive 
TCR and E. coli results. 

Figure A.1: Original Data and Descriptions 

 

Procedure: 

1. Convert Geographic Coordinate System 

a. Tool: Geographic Coordinate System Transformations 

b. Convert from: GCS_WGS_1984 

c. Into: GCS_North_American_1983 

d. Using: WGS_1984_(ITRF00)_To_NAD_1983 
2. Create New Layer for Wake County 

a. Tool: Create layer from Selected Features 
b. Input: NC_Counties.shp 
c. Output: Wake_County.lyr 

3. Clip PWS Sources to Wake County border 
a. Tool: Clip 
b. Input Features: Public_Water_Supply_Water_Sources.shp,  
c. Clip Features: Wake_County.lyr 
d. Output Feature Class: Clipped_PWS_Sources.shp 

4. Convert Attribute Table to Excel File 
a. Tool: Table to Excel 
b. Input Table: Clipped_PWS_Sources.shp 
c. Output Excel File: Clipped_PWS_Sources.xlsx 

5. Clip Jurisdictions to Fit Within Wake County Border 
a. Tool: Clip 
b. Input Features: Wake_Jurisdictions_2020_06.shp 
c. Clip Features: Wake_County.lyr 
d. Output Feature Class: Clipped_Wake_Jurisdictions_2020_06.shp 
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6. Create Separate Files for Relevant City/Towns 
a. Tool: Create Layer from Selected Features 
b. Select by Attribute: “Long_Name” IN (Raleigh, Wake Forest, Rolesville, 

Knightdale, Wendell, Zebulon Garner), “Long_Name” IN (Apex), “Long_Name” 
in (Cary), “Long_Name” IN (Fuquay Varina), “Long_Name” IN (Holly Springs) 

c. Input: Clipped_Wake_Jurisdictions_2020_06.shp 
d. Output: Clipped_Raleigh_ETJ.lyr, Clipped_Apex_ETJ.lyr, Clipped_Cary_ETJ.lyr, 

Clipped_Fuquay_Varina_ETJ.lyr, Clipped_Holly_Springs_ETJ.lyr 
7. Convert Attribute Tables to Excel Files 

a. Tool: Table to Excel 
b. Input Tables: Clipped_Raleigh_ETJ.lyr, Clipped_Apex_ETJ.lyr, 

Clipped_Cary_ETJ.lyr, Clipped_Fuquay_Varina_ETJ.lyr, 
Clipped_Holly_Springs_ETJ.lyr 

c. Output Excel Files: Clipped_Raleigh_ETJ.xlsx, Clipped_Apex_ETJ.xlsx, 
Clipped_Cary_ETJ.xlsx, Clipped_Fuquay_Varina_ETJ.xlsx, 
Clipped_Holly_Springs_ETJ.xlsx 

Figure A.2: Procedure for creating the map using ArcMap 10.6.1 

 

Procedure: 

1. Convert PWS Sources Spreadsheet to Attribute Table 

a. Tool: Excel to Table 
b. Input Excel File: Clipped_PWS_Sources.xlsx 

c. Output Table: Clipped_PWS_Sources_Table 

2. Join PWS Sources Table to Clipped_PWS_Sources Layer 

a. Tool: Join Field 

b. Input Table: Clipped_PWS_Sources.shp 

c. Input Join Field: Epa_Src_Id 

d. Join Table: Clipped_PWS_Sources_Table 

e. Output Join Field: Epa_Src_Id 

3. Convert Jurisdiction Spreadsheets to Attribute Tables 

a. Tool: Excel to Table 

b. Input Excel Files: Clipped_Raleigh_ETJ.xlsx, Clipped_Apex_ETJ.xlsx, 

Clipped_Cary_ETJ.xlsx, Clipped_Fuquay_Varina_ETJ.xlsx, 

Clipped_Holly_Springs_ETJ.xlsx 

c. Output Tables: Clipped_Raleigh_ETJ_Table.xlsx, Clipped_Apex_ETJ_Table.xlsx, 

Clipped_Cary_ETJ_Table.xlsx, Clipped_Fuquay_Varina_ETJ_Table.xlsx, 

Clipped_Holly_Springs_ETJ_Table.xlsx 

4. Join Jurisdiction Tables to Jurisdiction Layers 

a. Tool: Join Field 

b. Input Tables: Clipped_Raleigh_ETJ_Table.xlsx, Clipped_Apex_ETJ_Table.xlsx, 

Clipped_Cary_ETJ_Table.xlsx, Clipped_Fuquay_Varina_ETJ_Table.xlsx, 

Clipped_Holly_Springs_ETJ_Table.xlsx 

c. Input Join Field: JURISDICTI 
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d. Join Tables: Clipped_Raleigh_ETJ.lyr, Clipped_Apex_ETJ.lyr, 

Clipped_Cary_ETJ.lyr, Clipped_Fuquay_Varina_ETJ.lyr, 

Clipped_Holly_Springs_ETJ.lyr 

e. Output Join Field: JURISDICTI 
5. Create a File Geodatabase 

a. Tool: Create File GDB 
b. File GDB Location: File_GDB_Final 
c. File GDB Name: WebMapGDB.gdb 

6. Export Files to Geodatabase 
a. Tool: Export Data 
b. Input Features: Clipped_PWS_Sources, Wake_County.lyr, 

Clipped_Raleigh_ETJ.lyr, Clipped_Apex_ETJ.lyr, Clipped_Cary_ETJ.lyr, 
Clipped_Fuquay_Varina_ETJ.lyr, Clipped_Holly_Springs_ETJ.lyr 

c. Output Location: WebMapGDB.gdb 
 

Figure A.3: Procedure for Table Conversion, Join, and Creation of file Geodatabase 

 

Procedure: 

1. Import File GDB to ArcGIS Online 

a. Web Map: Wake County Water Quality Web Map 

2. Change Symbology for Clipped_PWS_Sources and Jurisdiction Layers 

3. Configure Pop-up Title for Clipped_PWS_Sources 

a. Tool: Configure Pop-up 

b. Show Pop-ups 

c. Pop-up Title: {Water_System_Name} 

d. Display: A custom attribute display 

e. Configure Attributes 

f. Edit Field Alias to show Appropriate Title 

4. Configure Pop-up Titles for Jurisdiction Layers 

a. Tool: Configure Pop-up 

b. Show Pop-ups 

c. Pop-up Title: {JURISDICTI} 

d. Display: A custom attribute display 

e. Configure Attributes 

f. Edit Field Aliases to show Appropriate Title 
Figure A.4: Procedure for creating the ArcGIS Online Web Map 
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Figure A.5: Original Map produced in ArcMap 10.6.1 
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Figure A.6: Sample Attribute Table in ArcMap 10.6.1 
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Figure A.7: Conceptual Model created in ArcCatalog 10.6.1 
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Figure A.8: WCPWQ application 


