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The Boathouse Creek portion of the Lower White Oak River is listed as an impaired water 

because of elevated fecal indicator bacteria (FIB) concentrations.  It has been estimated that 

61% of the bacteria is delivered via urban storm water runoff.  The goal of this project was to 

gain a better understanding of the spatial and temporal variability of FIB in the Boat House 

Creek watershed and determine if FIB concentrations posed environmental health threats. 

Monthly water quality monitoring began in March 2015 and ended in April 2017 at 8 locations 

within the watershed.  Six stormflow samples were also analyzed. Monitoring included the 

analyses of stream samples for Escherichia coli (E. coli) and enterococci. In addition, physical 

and chemical parameters were also monitored, including: pH, temperature, dissolved oxygen, 

oxygen-reduction potential, specific conductivity, stream velocity, stream discharge, and 

turbidity. Concentrations of E. coli and enterococci frequently (> 75% of times sampled) 

exceeded recommended water quality standards. FIB concentrations in streams were typically 

higher closer to the estuary and stormflow concentrations of FIB were elevated relative to base 



flow concentrations for each sampling location. Microbial source tracking analyses indicated 

that animals were the most likely origin of the bacteria. Stormwater best management 

practices including a rain garden, water control structures (5 installed total), rock check dams 

(4), and various drainage way modifications were implemented in the watershed. More 

stormwater BMP implementations and educational outreach activities are suggested to 

improve water quality at the watershed-scale.   
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LƴǘǊƻŘǳŎǘƛƻƴ ŀƴŘ .ŀŎƪƎǊƻǳƴŘ 

Water Quality and the US Environmental Protection Agency 
 

The U. S. Environmental Protection Agency (EPA), with authority granted via the Clean 

Water Act (CWA) of 1972, has  set a goal to protect water quality and public health by 

establishing water quality standards and enforcing environmental regulations to ensure water 

resources meet the standards.  Section 303 (d) of the CWA includes requirements for 

identifying and listing impaired waters within a state. An άƛƳǇŀƛǊŜŘ ǿŀǘŜǊέ ƛǎ ŀƴȅ ǿŀǘŜǊ ǘƘŀǘ ƛǎ 

too degraded or polluted to meet designated uses such as recreation and aquatic habitat. 

Common causes of impairment include excess bacteria, nutrients, mercury, and sediment from 

various point and non-point sources. State regulatory agencies typically monitor and 

characterize the quality of water resources and compare conditions to standards set by Federal 

and State agencies (EPA 2016).  If water quality is considered impaired, then mitigation is 

required for the major point and non-point sources of pollution.  

The National Pollutant Discharge Elimination System Act (NPDES) was developed and 

implemented to help control and regulate point sources of pollution such as direct discharges 

from wastewater treatment plants.  In 1987, the EPA amended the CWA to include non-point 

source pollution control and storm water permitting.  Non-point sources include diffuse 

pollution such as septic systems, agricultural runoff, and stormwater runoff that is not piped 

directly into receiving waters.  The EPA requires the development of Total Maximum Daily 

Loads (TMDL) for waters that are on the CWA 303(d) list (EPA, 2001).  TMDLs are calculated 

allowances for pollutants to enter the water and still allow the water to meet water quality 
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standards. The development of TMDLs requires locating the source of pollutants, which is a 

necessary step in identifying BMPs that will reduce the pollutants from entering the surface 

waters (Cabrera-Stagno, 2007).  

There are many impaired waters in North Carolina including portions of major 

watersheds including the Neuse River, Tar-Pamlico River, Falls Lake, Jordan Lake, High Rock 

Lake and White Oak River. This study was conducted in the White Oak River (Figure 1).  

 

Figure 1: White Oak River Basin including the New, Newport, North and White Oak Rivers and 
associated drainage areas. 
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White Oak River Watershed, North Carolina 

 
The White Oak River is a 42-mile-long, predominately black water river due to the high 

organic matter content within the river (Frankenberg, 1999), with almost 12,000 acres that 

drain into the estuarine system of NC (Figure 1). The lower White Oak River was previously very 

popular for shell fishing, but as development in the watershed increased sections of the waters 

became contaminated. Bacteria pollution led to the closure of 42% of the clam and oyster beds. 

Approximately 67% of shellfish beds are currently closed temporarily after storm events 

because of concerns with stormwater-related spikes in bacteria concentrations (Tursi, 2009).  

The Boathouse Creek portion of the lower White Oak River, near Cedar Point, NC is 

listed as an impaired water under the CWA section 303(d) with fecal coliform being listed as the 

cause of impairment (Tursi, 2009; EPA, 2014).  This area has had a human population increase 

of 40% from 2000 to 2015 (US Census, 2015).  With the increase in population, there was a 

corresponding increase in construction of housing, roads and impervious surfaces and related 

decrease in natural areas to buffers and filter stormwater.  

The loss of natural areas contributes to stormwater runoff and pollutant transport 

(Figure 2) (Paul and Meyer, 2001). Approximately 40% of the land within the watershed was for 

urban/NCDOT usage (Tursi, 2009).   
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Figure 2: Change in water transport with respect to percent impervious area 

During storm events, rain may overload sewer systems, or over-saturate drain fields of 

septic systems in urban and suburban areas (Mallin, 2006).  The runoff eventually enters nearby 

surface waters transmitting harmful enteric bacteria from the wastewater.  The Town of Cedar 

Point is urbanizing, but still contains many acres of wetlands that serve as  habitat for wildlife. 

Bacteria from pet and wildlife waste that is deposited on impervious surfaces may be 

transported to surface waters during storms via the storm drains and curb and gutters (Gaffield 

et al., 2003).  The increase in urbanization and erosion of the streams in response to storms 

may increase the transport of wildlife waste that was deposited adjacent to the streams.  

Stormwater runoff is also capable of transporting sediment to surface waters, creating turbid 

conditions and degrading aquatic habitat (EPA, 2003). 
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Fecal Indicator Bacteria 
 

 A commonly used analysis for water quality characterization is to determine the 

presence and concentration of fecal indicator bacteria (FIB).  The EPA (1986) suggests using the 

FIB, Escherichia coli (E. coli) and enterococci. These bacteria typically live in the guts of warm-

blooded animals, and although they themselves are usually  not virulent, their presence means 

that there could possibly be fecal-borne pathogens in the water that could cause harm. 

Enterococci are gram positive, non-spore forming spherical bacteria (Fraser et al, 2017). 

Enterococci live in a variety of environments, with a temperature range of 5° C to 50° C and a 

pH range of 4.6-9.9, with an optimum pH of 7.5 for growth (Fisher and Phillips, 2009). 

Enterococci infections commonly include urinary tract and wound, with endocarditis as a more 

concerning infection (Cabral, 2010).  

E. coli are rod shaped, gram-negative bacteria whose primary environment is the lower 

intestines of warm blooded animals. E. coli may persist once excreted to the outside 

environment, surviving a range of temperatures (7.5-49° C). Because it is a heterotrophic 

bacterium, the availability of nutrients encourages growth in temperate environments (Ishii and 

Sadowsky, 2008). Significant positive correlations have been observed between water 

enterococci and E. coli concentrations and swimmer gastrointestinal illness (GI) in recreational 

freshwater and between enterococci concentration and GI in marine waters that are subject to 

urban/stormwater runoff (Boehm and Sassoubre, 2014; EPA 1986). The EPA established the 

Recreational Water Quality Criteria (RWQC) to protect waters used for recreation including 

swimming, boating, and/or kayaking (EPA, 2015).  In addition to the concern of ingesting the 

actual water, ingesting shellfish contaminated with fecal bacteria can lead to illness, and 
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occasionally even death (Iwamoto, 2010).  Economic loss via closure of shellfishing waters may 

also be associated with the excess bacteria concentrations (Mallin et al., 2016). In 2009, 113 

samples were taken from Boathouse Creek, and 110  samples did exceed the bacterial standard 

for shellfish waters (Tursi, 2009).  

 

Microbial Source Tracking 

Waste from humans and animals may contain various pathogens that pose 

environmental health risks. Examples of pathogens include bacteria such as salmonella, viruses, 

such as swine hepatitis E virus, or parasites, such as Ascaris, which can infect humans (Sobsey et 

al., 2006). Determining the major sources of pathogens in water resources is important for 

developing and implementing focused strategies to improve water quality. Microbial source 

tracking (MST) at its simplest is the assumption that some characteristics of feces from the 

άƘƻǎǘ ǎǇŜŎƛŜǎέ are specific and identifiable (Field and Scott, 2008). Molecular, or genotypic, MST 

allows researchers to use the genetic makeup of an organism or a cell in environmental samples 

ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ŀ ŘŀǘŀōŀǎŜ ƻŦ ƳƛŎǊƻōƛŀƭ ƛǎƻƭŀǘŜǎΣ ƻǊ άŦƛƴƎŜǊǇǊƛƴǘέΦ A match suggests the origin 

of the fecal bacteria (Sargeant et al., 2011). The Polymerase Chain Reaction (PCR) is used to 

copy the gene making billions of replicates (National Center for Biotechnology Information 

[NCBI] 2014). This allows for the identification and detection of gene sequences based on size 

and charge of the DNA. During the PCR process, target strands go through multiple cycles of 

heating and cooling to amplify the DNA. At the beginning of the reaction, high heat 

όŀǇǇǊƻȄƛƳŀǘŜƭȅ фрɕ/ύ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ǎŜǇŀǊŀǘŜ ǘƘŜ ŘƻǳōƭŜ-stranded DNA molecule. This is the 

ŘŜƴŀǘǳǊƛƴƎ ǎǘŜǇΦ ¢ƘŜ ǎŜŎƻƴŘ ǎǘŜǇ Ŏƻƴǎƛǎǘǎ ƻŦ ƭƻǿŜǊƛƴƎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǘƻ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ррɕ / 
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to allow annealing of primers. Primers are short DNA sequences between 15 and 30 nucleotides 

long that are used to bind at the start and the end of the target strand. Primers are made by 

identifying  the DNA sequence of the gene to be amplified.  In the final cycle, DNA polymerase 

(Taq) is added to the strand of DNA for elongation at 72°C. The polymerase adds complimentary 

deoxynucleotides to the 3-prime end of the single strand of DNA on the primer, which then 

generates a section of double stranded DNA in the region of the gene of interest. This three-

step process occurs between 30 and 40 times allowing many copies of the gene to be made. 

These DNA fragments usually have a dye or radioisotopes added to them to identify the gene of 

interest (Phillips, 2017).  In qRT-PCR, an oligonucleotide probe is designed and used to hybridize 

to the target DNA sequence. These probes are fluorŜǎŎŜƴǘƭȅ ƭŀōŜƭŜŘ ŀǘ ǘƘŜƛǊ р˘ ŜƴŘǎΦ ¢ŀǉ 

ǇƻƭȅƳŜǊŀǎŜΩǎ р˘ ƴǳŎƭŜŀǎŜ ŀŎǘƛǾƛǘȅ ŎŀǳǎŜǎ ŎƭŜŀǾŀƎŜ ƻŦ ǘƘŜ ǇǊƻōŜ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ŘŜǘŜŎǘŀōƭŜ ǎƛƎƴŀƭΦ 

This allows for measurements of the products generated during each cycle of the PCR process 

(Heid et al. 1996). 

Stormwater Best Management Practices  
 

Best management practices are any practice or combination of practices that are 

ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ άŜŦŦŜŎǘƛǾŜ ŀƴŘ ǇǊŀŎǘƛŎŀōƭŜ ƳŜŀƴǎ όƛƴŎƭǳŘƛƴƎ ǘŜŎƘƴƻƭƻƎƛŎŀƭΣ ŜŎƻƴƻƳƛŎΣ ŀƴŘ 

institutional considerations) of reducing the amount of pollution generated by non-point 

ǎƻǳǊŎŜǎ ǘƻ ŀ ƭŜǾŜƭ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ Ǝƻŀƭǎέ όbC Forest Service, 2017). Stormwater 

best management practices (BMPs) are designed and implemented to reduce urban runoff and 

the mass loading of bacteria and other pollutants to receiving waters during rain events. 

Stormwater BMPs generally capture, store, and use various physical, chemical, and biological 

mechanisms to treat contaminants in runoff prior to discharge to surface waters. Physical 
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mechanisms include retention/detention of runoff and sedimentation. Chemical treatment 

includes use of flocculants to enhance sedimentation, and biological treatment includes plant 

and microbial uptake and transformation of pollutants.  Stormwater BMPs vary in size based on 

the drainage area, design storm, and configuration of the BMP. Common stormwater BMPs 

include using controlled drainage with flashboard risers, rain gardens, and check dams. Water 

control structures were designed and fabricated to fit into existing driveway culverts of 

volunteered properties. The structures included a box-shaped frame with slots to allow 

flashboards to be added (to raise the outlet elevation and reduce outflow) or removed (to 

lower the outlet elevation and release flow).  When flashboards are in place, the water in the 

ditch must pond to a height above the boards for outflow to occur. This increases the time for 

infiltration, reducing runoff and bacterial loads introduced to surface waters. Controlled 

drainage has been used mainly in agriculture to reduce nutrient, sediment and pollution 

outflows (Cessti et al., 2003).  

Check dams are another BMP that function similar to controlled drainage. Check dams 

are built with various size stone and gravel placed in the drainageway to slow runoff and 

increase infiltration. Check dams do not allow for easy adjustments to the outlet elevation as 

flashboards do, but are easier to install (NCDENR, 2013).  

 Another BMP that has been shown to be cost-effective and efficient is the rain garden, 

or bio-retention basin. Rain gardens are installed down-gradient from impervious surfaces and 

up-gradient from receiving waters.  They are excavated to provide 7.5 to 30 cm of ponding 

depth/storage, and are typically lined with mulch and planted with vegetation that can 

withstand saturation extremes such as frequent ponding and dry conditions. Rain gardens 
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should be installed in conductive soils with seasonal-high water tables at least 60 cm below the 

bottom of the rain garden (Liu et al., 2014).  

Low-impact developments (LID) are  generally constructed in watersheds that are very 

close to impaired or environmentally sensitive waters.  The LID concept includes the integration 

of BMPs such as rain gardens (Figure 3), rainwater harvesting, and diffuse stormwater 

management throughout a subdivision (Tilman et al., 2011).   

 

Figure 3: Rain garden best management practice for reducing stormwater runoff 

 

Septic Systems and Non-Point Source Pollution 
 

 Many coastal areas rely upon septic systems for the treatment of their wastewater. 

Approximately 49% of North Carolinians rely on septic systems, compared to national average 

of about 24% (Naman & Gibson, 2015).  Septic systems are usually composed of four primary 

components: the septic tank, effluent distribution device, the drain field trenches, and soil. 

Septic tanks have large capacities 3785 liters (1000 gallons) and are typically constructed using 

concrete.  Septic tanks receive wastewater from all plumbing fixtures in the home/business 
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ǘƘŜȅ ǎŜǊǾŜΦ ²ŀǎǘŜǿŀǘŜǊ ƛƴ ǘƘŜ ǎŜǇǘƛŎ ǘŀƴƪ ƛǎ ŘƛǾƛŘŜŘ ƛƴǘƻ ǘƘǊŜŜ ƭŀȅŜǊǎ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǘƻǇ άǎŎǳƳέ 

layer, a clear middle layer, and a solid bottom layer or sludge layer.  

Septic tanks have baffles in them to slow down the water and to hold back more of the 

solid, giving it time to sink to the bottom (Figure 4).  Microbes that live in the human gut are 

responsible for much of the breakdown of the organic material.  Effluent from the tank is piped 

to a distribution mechanism such as a distribution box.  The box distributes the septic tank 

effluent to drain fields.  These drain fields are usually gravel filled beds that surround 

perforated pipes.  Septic tank effluent flows out of the pipes, the gravel provides storage space 

for the effluent until it infiltrates the soil.  As the effluent percolates through the soil, important 

microbes within the soil help break down bacteria, and the soil helps percolate the water 

(Vogel, 2005; Sowah et al.,2014).  

 

Figure 4: Schematic of septic system 

There are many factors involved with the pollutant treatment efficiency of septic 

systems including the soil type, separation distance from the drainfield trenches to 

groundwater, and distance from the system to surface waters (Hygnstrom, 2008; Humphrey et 

al., 2015).  Coastal areas tend to have sandy, hydraulically conductive soil that transmits 

effluent quickly, potentially limiting opportunities for bacteria treatment (filtration, adsorption, 
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predation, etc.)  (Cooper, 2016).  Vertical separation from drainfield trenches to groundwater is 

another factor that may influence bacteria treatment in soils beneath septic systems 

όIǳƳǇƘǊŜȅ Ŝǘ ŀƭΦΣ нлммύΦ  {ȅǎǘŜƳǎ ƛƴǎǘŀƭƭŜŘ ƛƴ ŀǊŜŀǎ ŎƭƻǎŜ ǘƻ ǘƘŜ ǿŀǘŜǊ ǘŀōƭŜ ŘƻƴΩǘ ŀƭƭƻǿ ŦƻǊ 

distance between the discharge point of the drain field and the water table to let the aerated 

soil do its job of treating the effluent (Gustafsen et al., 2000; Schneeberger et al., 2015).  

Proximity to surface waters is another factor related to bacteria contributions to surface waters 

(Anderson, 2010).  Setbacks are required to protect nearby bodies of water, and they vary 

according to local ordinances (Mallin, 2013).



 

 
 

  

Dƻŀƭ ŀƴŘ hōƧŜŎǘƛǾŜǎ 

/ƻŀǎǘŀƭ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ǘƻǳǊƛǎǘ ŀƴŘ ǇŜǊƳŀƴŜƴǘ human populations continue to grow, 

and accompanying this growth are alterations to the natural environment. Increases in 

impervious surfaces have led to an increase in the volume of urban runoff delivered to surface 

waters during storms, degraded water quality, and water use impairment. The goal of this study 

was to gain a better understanding of the temporal and spatial variability of water quality of the 

lower White Oak River with regards to fecal indicator bacteria and determine if the FIB 

concentrations were elevated relative to recommended standards.  Four specific objectives 

were outlined.  

Objective I: Determine the frequency at which concentrations of E. coli and enterococci 

exceeded recommended water quality standards. 

Objective II: Determine if differences in fecal indicator bacteria concentrations for 

stormflows versus baseflow were statistically significant (p<0.05). 

Objective III: Determine if statistically significant differences in fecal indictor bacteria 

concentrations for relatively warm and cold seasons were observed. 

Objective IV:  Estimate the volume of runoff and microbial loading that was reduced by 

the implementation of stormwater BMPs.



 

 
 

 

aŀǘŜǊƛŀƭǎ ŀƴŘ aŜǘƘƻŘǎ 

Study Site 
 

Sampling locations (n = 8) were identified for routine monitoring within the Boathouse 

Creek watershed, where prior reports suggested the majority of FIB loading to the Lower White 

Oak was occurring.  

Three monitoring locations were in the Ocean Spray community (WO-1 to WO-3), three 

were in Marsh Harbor (WO-4 to WO-6), one was near the congruence of streams draining 

Ocean Spray and Marsh Harbor (WO-7), and one in the estuary at the US Forest Service boat 

ramp (WO-8) (Figure 5). 

 

Figure 5: Aerial view of the Boathouse Creek watershed and the 8 sampling locations 
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Background samples (n = 5 ) were also collected from a pond and stream in a relatively 

undeveloped section of the Boathouse Creek watershed for FIB analyses and comparison to the 

other sample locations in more developed areas (Figure 6).

 

Figure 6: Pond located off of Holland Road that was sampled 

 Between May 2015 and April 2017, chemical, physical, biological parameters of water 

were obtained from the 8 sampling locations and were monitored on an approximately 

monthly basis (Figure 5). Water quality parameters were also monitored at the pond during the 

months of February 2016 to June 2016 (Appendix 5).During the study, there were 6 storm 

events during which sampling occurred at the 8 locations for storm samples. 

  Physical and chemical parameters including specific conductance, temperature, 

dissolved oxygen, oxidation-reduction potential, and pH were measured at each sampling 

location using an Yellow Spring Instrument (YSI)ϰ (Yellow Springs, OH) 556 Multiparameter 

Instrument. The YSI meter was calibrated prior to each sampling.  Turbidity was also measured 
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for all samples using the Hachϰ (Loveland, CO) 2100p turbidimeter.  These measurements were 

compared to standards for pH, DO, temperature, and turbidity listed in the North Carolina 

DŜǇŀǊǘƳŜƴǘ ƻŦ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ άwŜŘōƻƻƪέ όнллтύ of water quality parameters. For WO-1 

through WO-5, the active stream depth, stream width, and velocity were measured and 

discharge (L/s) was calculated during each site visit.  Velocity was measured using either the 

floating object method, or with a dye due to the typically low velocities (Michaud, J.P. and 

Wierenga, M., 2005).  

 The fecal indicator bacteria (FIB) enterococci and E. coli were analyzed for collected 

water samples. During each sampling event (n = 24), two 100-mL samples were collected from 

each site via the dip method; one for E. coli and one for enterococci. The samples were kept on 

ice in coolers for transport to the East Carolina University (ECU) Environmental Health Sciences 

Water Lab.  Dilution factors between 2.5 and 10 were often used for samples so the maximum 

undiluted Most Probable Number (MPN) (2119) was not exceeded, and to allow for a better 

calculation of the concentrations of FIB. IDEXX Colilertϰ and Enterolertϰ with Quanti-tray 2000ϰ 

methods were used to enumerate E. coli and enterococci, respectively. The media were added 

to the appropriately diluted samples, then shaken vigorously to ensure proper mixing and 

dissolution. After all samples were mixed thoroughly, the 100 mL samples were poured into the 

Quantitrays. The Quantitrays were labeled with the time, sample identification number, the 

dilution factor, and the bacteria being tested (E. coli or enterococci). The trays were heat sealed 

and then placed into incubators for 24 hours. The trays tested for E. coli were incubated at 37°C 

and the trays tested for enterococci were incubated at 41°C.  In a dark room, a black light was 

utilized to determine the number of wells that luminesced for each E. coli and enterococci tray.  
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A chart provided by IDEXX was used to determine the MPN of E. coli and enterococci that 

corresponded to the number of large and small wells that illuminated for the trays. The MPN 

for the samples were then multiplied by the dilution factor to determine the actual MPN. 

Concentrations of E. coli and enterococci were compared to EPA (1986) standards for 

recreational waters to determine frequency of exceedance and thereby gain a better 

understanding of the environmental health risks associated with these waters (Table 1). This 

study utilized the EPA single sample maximum allowable density since sampling occurred 

monthly. Samples collected from freshwater locations were analyzed for E. coli and enterococci 

and compared to the EPA (1986) standards for freshwater. Samples collected from brackish or 

salt water locations were analyzed and compared to EPA standards for marine waters (Table 1).  

 

 

 

Freshwater and Brackish Water Boundary Determination 
 

The boundary between salt water and freshwater was determined by measuring specific 

conductivity (SC) during each sampling event and collecting water samples for chloride analyses 

for comparison to SC readings. Conductivity is a measure the capability to pass an electrical 

Table 1: Recommended water quality standards for E. coli and enterococci in fresh and marine 
waters 

 

    
    
    
    

Single Sample 
Maximum Allowable 
Density (cfu/100 mL) 

E. coli Standards Enterococci 
Standards Freshwater 

Enterococci 
Standards Marine 
Water 

Beach Designated 
Areas 

205 cfu/100 mL 61 cfu/100 mL 104 cfu/100 mL 

Lightly Used Full Body 
Contact Recreational 

406 cfu/100 mL 108 cfu/100 mL 276 cfu/100 mL 

Infrequently Used Full 
Body Contact 
Recreation 

576 cfu/100 mL 151 cfu/100 mL 500 cfu/100 mL 
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flow, which is directly related to the concentration of ions in water. As salts and inorganic 

materials break down, they dissociate into ions, either positively charged (cation) or negatively 

charged (anion). Electrical flow passes more easily through water with high concentrations of 

ions, while water with few ions results in lower conductivity (CWT, 2004). Conductance may  be 

affected by temperature, but instruments measure specific conductance adjust and normalize 

the readings to 25° C. Salinity is the total concentration of all dissolved salts in the water. 

Salinity may be inferred from conductivity based on their strong direct relationship (Fondriest 

Environmental, 2014). The formula for calculating salinity from chloride concentrations is 

salinity part per thousand(ppt) = 0.0018066 ṋ Clς (mg/L) (Fondriest Environmental, 2014). 

The National Oceanic and Atmospheric Association (NOAA) states that freshwater 

salinity is near 0 ppt (parts per thousand), while those that are considered brackish range 

between 0.5 to 35 ppt (NOAA, 2017).  Based on this range, freshwater and marine waters were 

identified (Figure 7, Table 2).  

 

Figure 7: Sampling sites for chloride and specific conductivity 
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Watershed Exports of Fecal Indicator Bacteria 

Watershed exports of FIB for WO-1 through WO-5 were calculated. The discharge in 

liters per second was multiplied by the concentrations of E. coli and enterococci (MPN/L) to 

determine the MPN per second of FIB. The drainage areas for the sites were obtained using 

United States Geological SurveyΩs Streamstats Version 4.0. Exports were then divided by the 

watershed size to normalize the data for area (MPN per hectare per second (Appendix 4). These 

analyses were conducted to provide insight into stream segments that were contributing the 

most FIB to estuarine waters.  

 

 

 

Table 2: Averages and standard deviations for chloride and specific conductivity at each of the 8 
sampling sites 

Site Average 
Chloride 
Concentration 

Chloride Standard 
Deviation 

Average Specific 
Conductivity (µs/cm) 

Specific Conductivity 
Standard Deviation 

WO-1 39 28 1063 2207 
WO-2 34 20 311 52 
WO-3 33 11 336 55 
WO-4 24 7 411 147 
WO-5 23 16 327 66 
WO-6 4282 5389 14703 14931 
WO-7 4401 2645 18431 14550 
WO-8 5169 3613 29364 12855 
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Microbial Source Tracking 

Quantitative real-time Taqmanϰ  reverse transcriptase polymerase chain reaction (PCR) 

was used as a genotypic source-tracking tool to determine if human waste was a significant 

contributing source of bacteria. This method utilized fluorescent dye to amplify the DNA. Ms. 

Avian White, the Environmental Health Sciences Program Lab technician performed the 

analyses by using the Qiagenϰ (Hilden, Germany) and UNEX protocol to extract DNA from the 

samples. The DNA extraction began by filtering 100-mL of sample through 0.45 micron (µm) 

filter using Fisherϰ Thermoscientificϰ (Hampton, NH) analytical filter unit 150-mL. (Lot # 

1167103). The filter was then place into a 2-mL microcentrifuge tube of Unexϰ buffer 

(Microbiologics Lot# 6354105). The buffer was used to stop any side reactions that might occur. 

After the sample was incubated for 10 minutes, the filter was removed and 200-µL of ethanol 

was added to the sample and pulse vortexed for 15-seconds, and then centrifuged briefly to 

remove drops from outside of the lid. The ethanol was added as an antisolvent to 

purify/concentrate the DNA, RNA, and polysaccharides. This mixture was transferred to 

QIAamp mini spin column and centrifuged at 8000-rpm for 1-minute. The mixture was then 

transferred to a new 2.0-mL collection tube and the old filtrate was discarded. 500-µL of Buffer 

AW1 was added, the mixture was centrifuged at 8000-rpm for 1-minute then put into a new 

2.0-mL collection tube and the old filtrate was discarded. 500-µL of Buffer AW2 was added to 

the mixture, which was then centrifuged at 14000-rpm for 3-minutes. The mixture was 

transferred to a new 2.0-mL collection tube and the old filtrate was discarded. The mixture was 

then centrifuged once more at 14000 rpm for one minute and transferred to a new 2.0-mL 

collection tube and the old filtrate was discarded. 200-µL of Buffer AE was added to the 
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solution and then incubated at room temperature for one minute, then centrifuged at 8000-

rpm for one minute. The filtrate was stored at -20°C until testing (ḓ48 hours).  

 Testing of the sample was performed on Lightcycler® 480 II. The first cycle was a prep 

cycle that occurs one time. The cycle occurs at 50°C for 2 minutes at a ramp rate of 4.4 °C. The 

second cycle occurs one time at 95°C for 10 minutes at a ramp rate of 4.4 °C. This was when 

the initial template denaturing/enzyme activation occurred. The third cycle was a cooling stage. 

There were 45 cycles ran at 95°C for 15 seconds at a ramp rate 4.4 °C. This stage is when 

denaturation of template, annealing of primers, and extension of Taq occurred. The final cycle 

was at 60°C for 1 minute at a ramp rate 2.2 °C.  

 The samples were first compared against general indicator Bacteriodales. If the general 

indicator Bacteriodale was detected, then the sample was ran against the human Bacteriodales 

.A positive human control was used, which was a sample from a septic tank and a negative 

human control used, which was a dog waste sample.  

 

Stormflow and Baseflow 
 

Concentrations and exports of FIB during baseflow and stormflow conditions were 

compared to determine any statistically significant differences. Most of the data generated 

during the study did not follow a normal distribution, so non-parametric Mann-Whitney tests 

were used to determine if the differences (baseflow and stormflow) were statistically significant 

(p < 0.05). These comparisons were made to determine if runoff was a major contributor of FIB 

to surface waters.  
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Fecal Indicator Bacteria Concentrations during Warm and Cold Months 
 

Data from each location for the warm months and cool months were displayed and 

summarized using line plots, box plots, and/or tables. The State Climate Office of North Carolina 

Cronos database was utilized to retrieve historical climate data to identify the months of the 

year that were historically the warmest and coldest months. Warm months were identified as 

June (mean 26.3 °C) July (mean 27.2 °C), August (mean 26.4 °C), and September (mean 24.1 °C) 

with a mean temperature of 26 °C. The cold months were identified as December (mean 9.4°C), 

January (mean 7.6°C), February (mean 8.7 °C) and March (13 °C) with a mean temperature of 

9.7 °C. Non-parametric SpearmanΩs coefficient correlations were used to determine if 

statistically significant correlations were observed between FIB concentrations and 

temperature, and flow. Mann Whitney tests (non-parametric) were used to determine if 

statistically significant differences in concentrations and exports of FIB were observed between 

warm relative to cold months. P-values of less than or equal to 0.05 were considered to be  

statistically significant. 

 

Best Management Practices 

 The BMPs installed for this project included rain gardens, diversion of water into 

wooded/vegetative areas, curb and ditch bank modifications to allow water to flow into 

ditches, water control structures, rock check dams and rain water harvesting. The goal of the 

BMPs was to slow and/or divert the storm water runoff so that it did not enter the nearby 

surface waters during rain events without some treatment.  

 A bio-retention cell (Figure 8) was installed at the boat ramp near sampling location 8.  
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As discussed earlier, the bio-retention cell acts to reduce bacteria by reducing the actual 

amount of water entering the surface water and allowing the water more time to infiltrate the 

ground. 

 

Figure 8: Bio-retention cell at the Cedar Point boat ramp storing runoff after a rain event. 

The sidewalk at the boat ramp had a slight incline along the edge closest to the woods. 

The incline prevented drainage from the parking lot to runoff the walkway and into the woods. 

Instead, runoff was flowing along the walkway towards to the estuary. The sidewalk was 

removed and reconstructed so that drainage could flow from the parking area across the 

walkway and into the woods for infiltration (Figure 9).  



23 
 

 

 

 

Water control structures were installed in 5 locations in the Ocean Spray community.  

The structures allowed for the use of flashboard risers to manipulate the outlet elevation of the 

culvert pipes.  The structures were constructed so that they could be inserted into the 38-cm 

diameter culvert pipes of most driveways. The front of the structures had a frame where 

flashboards could be inserted to slow runoff and increase infiltration of stormwater entering 

the ditches (Appendix 1) (Figure 10). 

Figure 9: New sidewalk at the boat ramp that 
was graded to allow runoff to enter the woods. 
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Figure 10: Water Control Structure installed  

Other BMPs included installing sod in eroded areas of the ditch banks of the Ocean 

Spray Community where focused runoff was overwhelming the vegetation. There were several 

locations in the Ocean Spray community where the grass along the shoulder of the road had 

grown higher than the road, thus preventing runoff from entering the ditches throughout the 

community. Runoff was moving along the side of the road to lower locations, and then spilling 

into the ditches and causing erosion. The ditch bank and road edges were re-graded, and then 

sod was installed on the bank (Figure 11). 


