Abstract
Onsite wastewater treatment systems (OWTS) haae ioentified as a potential source

of microbial contamination of groundwater. Micrabindicators, such dsscherichia coli

(E.coli) andEnterococcus, are transported from these systems to groundwatemay migrate

in the subsurface. North Carolina Administratiood€ 15 A NCAC 18 A.1900 suggests that a
45 centimeter vertical separation distance shoelthhintained between the bottom of the
drainfield and the top of the seasonal high watblet(SHWT) in sandy soils and a 15 meter
horizontal separation (setback distance) from tiaenfleld to private wells and surface water
bodies is sufficient to protect water quality. Tdual of this project was to examine if there was
contaminant transport &. coli andEnterococcus to surficial aquifers and surface water bodies
via OWTS in eastern North Carolina. DensitieE@bli andEnterococcus were monitored in
wastewater, drainfield groundwater, groundwategradient and down-gradient from drainfield
trenches, and drinking water samples. Septic téhleat was sampled monthly, and
groundwater was sampled bi-monthly from Octoberd2bdough May 2010 at two residences in
Washington, North Carolina. It was hypothesizeat i) the North Carolina 45 cm separation
distance does not always prevent microbial contatitin of groundwater, and 2) microbial
contaminants from OWTS can migrate greater thamtir¢gh Carolina 15 m setback distance.
Results indicate that the unsaturated zone hagrédatest control on microbial reduction, with
nearly 99.7% reduction d.coli at Site 1 and 98% reductionBicoli at Site 2 occurring
between the drainfield and the water table. Thexs 93% reduction dEnterococcus at Site 2;
however, there was only 33% reductiorbnferococcus at Site 1 in the unsaturated zone. In
piezometers located near the 15 m setback dist#medprizontal treatment efficiency

(microbial density decline from drainfield groundeato down-gradient piezometer) was 83%



for E.coli and 98.5% foEnterococcus at Site 1. There was no reduction of béttoli and
Enterococcus in piezometers 13 and 17 m from the drainfiel&igt 2. Even though significant
reduction occurred, relative to tank effluent daasj there was evidence that microorganisms
could leach to the groundwater and travel gre&tam L5 meters down-gradient. These data
suggest that more conservative separation distamtasetback rules could improve water quality
in sandy surficial aquifers and adjacent surfacterga Specifically, increasing North Carolina’s
separation distance for sandy soils to 60 cm atighsk distance to 30 m would probably reduce

E.coli andEnterococcus to background groundwater levels.
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Chapter 1: Introduction
Onsite wastewater treatment systems (OWTS) incduskeptic tank, drainfield, and soils.

OWTS are designed to store and treat raw sewagedoging biological oxygen demand

(BOD), total suspended solids (TSS) and microosgardensities before dispersing effluent into
the environment (Verma, 2008). OWTS collect, traatl release approximately four billion
gallons of effluent per day nationwide (US EPA, 2D0Approximately 25% of the United
States and nearly half of North Carolina’s stateypation use an OWTS (US EPA, 2003, 2008).
In North Carolina, the potential for water quaitypairment via OWTS may increase in coastal
areas because nearly 60% of coastal residenc&3W3& (North Carolina National Estuarine
Research Reserve, 2004scherichia coli (E. coli) andEnterococcus from OWTS can cause
serious illness to humans from ingestion and thinalgn contact (US EPA, 2006-a).

In the United States, approximately 168,000 vitaksses and 34,000 bacterial illnesses
occur each year as a result of consumption of cointgted drinking water from private wells
(Verma, 2008). Onsite wastewater treatment systeane been identified as one potential
source of groundwater contamination (US EPA, 202t example, in February 2001, a
norovirus outbreak caused at least 35 people torbedll in Sheridan County, Wyoming due to
an overloaded OWTS that contaminated the drinkiatewwell at a hunting lodge (US EPA,
2006-b). A gastroenteritis outbreak occurred @sart on Drummond Island, Michigan in
1991, in which 30 people became sick. A traceridjgeted into the septic tank appeared in the
well water two days later (US EPA, 2006-b).

In eastern North Carolina, there is potential Ferse types of problems due to the high
density of OWTS in many coastal areas and therredian private wells in rural areas.

Approximately two million North Carolinians rely grivate groundwater wells for their water



supply (Kenny et al., 2009). Poorly constructedsvend OWTS that haven’t been properly
installed or maintained could potentially contanientnese wells (D’Amato and Devkota, 1997,
O’Hara, 2006). For example, in one Indiana coungarly a third of all OWTS constructed
between 1951 and 2001, required repairs to thesysFrom 1990-2001, after guidelines for
septic system construction and repair were esteadisonly three percent of newly installed
systems required repairs (Lee et al., 2005).

Microbial contamination of surface waters is alsnaor concern to public health.
Elevated levels of microbes, suchEasoli andEnterococcus resulting from stormwater
discharge, have caused restrictions and closuresamy estuaries and lake beaches throughout
the United States (Jeng et al., 2005). Agricaltaunoff, primarily due to disposal of livestock
waste, can also elevate pathogenic microbial dessit surface water, posing risk to human
health (Sapkota et al., 2007). In eastern Nortlol@e surface waters may also be affected by
microbial contamination. In 2010, North Carolirgorted 345 beach closings in which the
source of microbial contamination was attributedttmrmwater runoff (Dorfman and Rosselot,
2011).

Although there have been several studies that gaastified nutrient and microbial
loading to rivers via point source wastewater disghs (Meyer, 1985, Walsh et al., 2005, and
Mallin et al., 2009), it is more difficult quantifyg OWTS input into surface waters (Helfand and
House, 1995 and Karathanasis et al., 2006). Rataties have shown that there is increased
risk of microbial contamination of groundwater frédWTS in areas where there are sandy soils
and a shallow water table (Arnade, 1999 and Humpt2@09). Both conditions are common in

coastal North Carolina (Scandura et al., 1997).



Although permitting regulations are in place fostadlation of new OWTS to prevent
water quality impairments, OWTS are not typicallgmitored for compliance after installation
and may not always meet the North Carolina stajeirements mandated by rules 15A NCAC
18A .1900. These rules require suitable soilmyml@ance with setback distances, vertical
separation, and appropriate tank size. For exgMaegh Carolina Division of Environmental
Health records indicated that nearly 1,500 coastptic systems fail hydraulically (surfacing
effluent and/or wastewater back-up in the homeh gaar (Humphrey, 2009). The wastewater
plume from a non-compliant OWTS that may be load&d harmful microbes and viruses from
an OWTS that hasn’t been properly treated couleichthe groundwater or surface water quality
of adjacent properties (Borchardt et al., 2003,gRatral., 2003, and Lee et al., 2005). The
potential for water quality impairment via OWTS y®as OWTS densities increase (Yates,
1985, Lipp et al., 2001, and Borchardt et al., 2003

Setback distances (horizontal distance to a suseter body or private/public water
well) and separation distances (vertical distaretevben drainfield trench and seasonal high
groundwater table (SHWT)) are in place to allowtfeatment of effluent. In North Carolina,
setback and separation distances are generallgdeservative when compared to other states
(Table 1). These rules vary across the UniteceStad in some situations may not provide
adequate treatment to prevent groundwater or ®ifater quality impairments (Table 1). For
example, the presenceBfcoli and other bacterial and viral pathogens has I¢kdg@losure of
shellfish waters numerous times since the late '59rBrunswick County, North Carolina,
partially due to poorly performing septic syster@alfoon et al., 2006). In Wisconsin, a link was
established between increased endemic diarrheatgkes in children and greater septic system

densities (Borchardt et al., 2003). Some state G\W@tback/separation rules are based on



wastewater plume models or measured relationshgihive not been supported by current

field data (US EPA, 2002). These studies sugtesthore information is needed to verify how

well water and surface water quality is protectedoastal North Carolina under the current

regulations.

State

Separation Distance (cm)

Source

North Carolina

45/30 cm (sandy soils/other
soil types)

NCDENR, 2008

Delaware

90 cm

State of DE-DNERC, 2005

Florida

60 cm

FL Dept. of Health, 1985

Georgia

60 cm

GA Dept. of Health, 2001

Indiana

60 cm

Indiana SDH, 2012

Kentucky

45/30 cm (sandy soils/other
soil types)

Kentucky Cabinet for Health
and Family Services, 2002

Massachusetts

150/120 cm (sandy soils/ot
soil types)

h€ommonwealth of
Massachusetts, 2006

South Carolina

15 cm

SC DHEC, 1986

Virginia

60/45 cm

VA Dept. of Health, 2000

Table 1. Minimum separation distance between thboof the drainfield and SHWT for various states.

State

Setback Distances (m)

Source

North Carolina

15 m/30 m (surface
water/shellfish-saltwater)

NCDENR, 2008

Florida

23 m

FL Dept. of Health, 1985

Georgia

30m

GA Dept. of Health, 2001

Massachusetts

30 m

Commonwealth of
Massachusetts, 2006

Missouri

30/15/7 m (Private
Well/Permanent Stream-
Lakes/Annual Stream-open
ditch)

MO Dept. of Health and
Senior Services, 2009

New Hampshire

30 m (Private Well-1000 gpdNH DES, 2010

tank)

South Carolina

23/30 m (less than 1500
gpd/greater than 1500 gpd)

SC DHEC, 1986

Virginia

15m

VA Dept. of Health, 2000

Table 2. Minimum setback distances between thimfilsld and private water wells and bodies of wdier

various states.



Systems that are in compliance with North Caro8tate Rules 15A NCAC 18A .1900
can still be sources of groundwater contaminatecalse the regulations focus on ensuring that
wastewater infiltrates and does not rise to théaser rather than on groundwater quality in the
subsurface. Treatment malfunctions may occur esdlents/homeowners may not be aware of
the problem due to the fact that there is no clearal evidence of it at the surface. Until 2008,
North Carolina did not have a state-wide well pemgifor permitting, inspecting, and testing
private drinking water wells that were constructeghaired, or abandoned. Therefore, wells
constructed before 2008 may not have been inspacigthe groundwater quality in private
wells may not have been tested (Humphrey, 200@praper OWTS and well maintenance and
installation can allow wastewater-impacted grountéwaom the shallow aquifer to migrate to
these wells.

There have been several studies that analyze thereace ok.coli, Enterococcus, and
other microbial contamination of groundwater causge®WTS in coastal settings (Arnade,
1999-Palm Springs, Florida; Lipp et al., 2001-SagatBay, Florida; Cahoon et al., 2006-
Brunswick County, North Carolina; Sapkota et adQ?2-the Mid-Atlantic region; and
Habteselassie et al., 2011-coastal North Caroliff@ese studies have provided links between
OWTS contamination and surface water contaminatiadghese coastal areas. However, there
have not been many field-based studies to detertheeverall reduction and elimination of
E.coli andEnterococcus from OWTS before discharge to groundwater andcadjbsurface
waters. Specifically, if microbes from these OWdeh affect surface water, like the Pamlico
River, and drinking water wells, this could potatl}i become a human health hazard. Based on
past studies mentioned above in sandy surficiafegut was hypothesized that 1) the North

Carolina 45 cm separation distance does not alywasxent microbial contamination of



groundwater (15 A NCAC 18. 1900) and 2) microb@aht@mination from OWTS can migrate
greater than the North Carolina 15 m setback digtgh5 A NCAC 18A .1950). The study
results will provide guidance to help determineufrent North Carolina regulations adequately

protect shallow groundwater and surface water megsun the Coastal Plain of North Carolina.

Background
Onsite Wastewater Treatment Systems (OWTS)

Onsite wastewater treatment systems typically ebdia septic tank, distribution box,
drainfield, and the underlying soils (Fig 1). Sepanks are typically made of concrete. They
can have multiple compartments, but most have Big1). Septic tanks function by the
process of gravity separation. Effluent enterstéim via a pipe connected to the home/property
main drain. Heavier solids settle to the bottontheftank while lighter grease and solids create
a layer on the top of the tank. Anaerobic bacterie tank digest a large quantity of solids.
After several days (residence time depends onitieeo$ tank and the residential water use), the
liquid effluent is discharged into the drainfietéich via a distribution box (D-box) (Hoover,
2004). The purpose of the trenches is to storedatider effluent to the soil below the
drainfield. Below established trenches is a 24h6zone called the biomat, which is a tar-like
zone composed of organic matter, suspended salidsporganisms, and fine particles (Finch,
2006). The biomat thickens over time and slowsdrifitration rate of wastewater into the soil.
Within the biomat, there are living anaerobic beatéhat feed on organic matter but also
contribute to the mat, upon their death (Kaplar§1)9 This is an area in which significant
reduction of microbial and chemical pollutants acgtioover, 2004).

Theoretically, biological, physical, and chemicedgesses occurring within the vadose

zone (aerated area between bottom of trench aref vediie) break down residual waste matter.



These natural treatment processes should redud&ehleood of negative water quality impacts
to the groundwater.

ﬂ _ k
Distance to

Two compartment Drainfield
tank top of french
~60 cm

Greases Distribution 1B5m_

Effuent Box Al |
o . | Effluent Discharge Set back from
T [ u g surface water bodies

Solids \ Lo \ | Gravel pack

jomat zgne
Distance to top of seasonal high
water table (Vadose Zone)

30-45cm

oil Abgorption\Purificatio

Ground Water

Groundwater Flow Path

Figure 1. Diagram of an OWTS. Raw effluent enthestwo compartment septic system then drainstireo
drainfield. Effluent is further treated in the wsm@ zone until the liquid percolates to the undiegly
groundwater system. Red text refers to North @aadl5 A NCAC 18. 1900. Prepared with assistafioen
Shawn Thieme. Not drawn to scale.

The efficiency of OWTS treatment depends on sevarbrs, such as effluent
composition, application rate, groundwater degdtw frates, water chemistry, temperature,
climate, and soil properties (Yates et al., 1988n\Cuyk and Siegrist, 2007; and Verma, 2008).
North Carolina regulations state that separatiawéen the bottom of the drainfield and SHWT
is 30 cm for groups Il (coarse loamy soils), lihff loamy soils), and 1V soils (clayey soils) and
45 cm for group | (sandy soils) (NCDENR, 2008) (leab). Previous studies in laboratory or
controlled settings have shown that the thicknés®ib between OWTS drainfield trenches and
the water table affects virus and bacteria remavith larger separations providing better
removal or treatment (Nicosia et al., 2001; S#008; and Soupir and Mostaghimi, 2011). In

general, field studies have also supported thetitgtagreater separation distances improve virus



and bacteria removal. For example, Cogger et@&), Scandura and Sobsey (1997),
Humphrey and O’Driscoll (2011), and Humphrey et24111), have shown that groundwater
viruses and bacteria concentrations in groundwateease as the water table is either close to or

breaches OWTS drainfield trenches.

Microbial Indicators of Water Quality

E. coli are anaerobic, gram-negative [layer of phosphdiigiald lipoproteins outside a
thinner peptidoglycan layer that does not retaiarsstain when washed with ethyl alcohol] rod-
shaped microorganisms that live in the intestiradts of both healthy and diseased animals
(Chappelle, 1993 and Health Protection Agency, 20&7coli is a useful microbial water
guality indicator because it can suggest the pasehwastewater contamination in water
supplies (Arnade, 1999). Inadequate bacteria rahthwing wastewater treatment can cause
E.coli colonies to thrive and persist in the environnfenextended periods of time, ranging
from 50 to 132 days (Banning et al., 2002). Ndyawes the presence Bf coli indicate
potential contamination of the harmful strains,lsae O157:H7, its presence in surface and
groundwater can indicate that other harmful baatefiruses, or parasites are present (US EPA,
2006). In one case, seven people died and 23Qflgpbecame ill from ingesting. coli
[0157:H7] andCampylobacter jgjuni contaminatedvater in Walkerton, Ontario during an
outbreak that occurred in May, 2000 (Hrudley e@l3). Because of the risks associated with
elevatecE.coli levels in surface water and groundwater, the US E&s developed maximum
contaminant levels (MCL) (Table 3). The contaenslard forE.coli in freshwater bodies is 126
(10%19 cfu/100 mL based on a statistically sufficientmher of samples (generally not less than

five samples equally spaced over a 30-day peri@ EBA, 2003). The contact standard for



E.coli in freshwater/marine waters designated for swimnisr2B5 (16 cfu/100 mL, if only

one sample is taken (Giddings and Oblinger, 2004).

Contaminate | Type of Standard | Maximum Contaminant Level
(MCL)
Fecal coliform and | Drinking Water Zero

E.coli (US EPA,

2009)

E.coli Freshwater/Maring 126 cfu/100 mL (generally noj
Water less than 5 samples equally

spaced over a 30-day period|
E.coli Freshwater/Marine 235 cfu/100 mL (single sampl )
E.coli Freshwater/Maring 576 cfu/100 mL (single samplg

designated for water body th3
is infrequently used for full-bod
contact recreation)
Enterococcus Freshwater 33 cfu/100 mL ( generally not
less than 5 samples equally
spaced over a 30-day period|
Enterococcus Marine Water 35 cfu/100 mL (generally no
less than 5 samples equally
spaced over a 30-day period]
Enterococcus Marine Water 104 cfu/100 mL (single sam -I e
maximum at Designated Bathiijg
Beaches)

Table 3. Various rules governing the maximum coiamt level (MCL) in drinking, freshwater, and nrai
water (US EPA, 2003; Giddings and Oblinger, 2004 6S EPA, 2009).

Enterococcus is another commonly used indicator of microbiatevajuality.
Enterococcus is a gram-positive [inner membrane with a reldyivkick layer of peptidoglycan
covering it that retains the crystal violet pigmenGram stain due to its thick peptidoglycan
layer] facultative anaerobic coccus (spherical-sh&@happelle, 1993 and Talaro et al., 2009).
They are naturally found in the intestinal trachamans and other animals. The two strains of
most significance to human health & daecalis andE. faecium. E. faecalis occurs in 80% to

90% of cases of enterococcal infections, Bnfhecium occurs in 5%-10% of cases of



enterococcal infections (Cermak et al, 2009). @cinivith Enterococcus can cause urinary tract
infections, intra-abdominal or pelvic wounds, amddfococcal meningitis (Moellering Jr.,
1992). AlsoEnterococcus has emerged as a greater threat to public headthadthe rise of
vancomycin-resistant enterococci (VRE) (TalarolgtZz®09). Vancomycin is an antibiotic used
to treat enterococcal infections.

The presence dnterococcus is used as an indicator of fecal pollution andgbssible
presence of enteric pathogens, which are bactataotiginally resided in the intestines of
animals (Talaro et al., 2009). The US EPA MCL eshstandard foEnterococcus is 33 (10-°3
cfu/100mL in freshwater and 35 (1) cfu/100 in saltwater (US EPA, 2003) (Table 3heT
significance of finding Enterococci in recreatiomalter samples is that there is a direct
relationship between the density of Enterococtheawater and the occurrence of swimming-
associated gastroenteritis at marine and freshrwatbing beaches (US EPA, 2002).
Enterococcus species can tolerate increased concentrationsdadrs chloride (NaCl) (up to
6.5%), and bile salts (up to 40%), as well as higlubstrate pH values (up to pH 9.6) (Cermak
et al, 2009). This is the primary reason why theggobes are a better indicator of fecal
contamination in brackish waters thiamoli.

Although the common practice for evaluating micablwvater quality is to use indicator
bacteria such &s. coli and Enterococci, there are drawbacks to usingaiial indicators as a
proxy to predict the concentration and transpostiafses. Microbial indicators can predict the
probable presence of viruses in water, but canremtigely predict the level of occurrence
(Payment and Locas, 2010). One shortcoming ofgusiicrobial indicators as a primary
indicator of water quality is that viruses tendb®more resistant to disinfection; therefore

densities of microbial indicators in water may abways correspond with the viral
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concentrations. Information derived from microbmgical analysis takes time due to incubation
periods and generally samples are not obtainecananuous manner and the survivability
differences between microbes and viruses couldempiesent the true concentrations (Figueras
and Borrego, 2010). Alsé&.coli have been consistently found in pristine tropreai forest
aquatic and plant systems, as well as soils (Hazah, 1990 and Lasalde et al., 2005).
Microbes and viruses can thrive in certain envirenta and employing multiple testing of these
indicators will provide a more robust synopsis @fter quality (Verstraeten et al., 2005 and
Conn et al., 2012). In this study, geochemicdidators, such as nitrogen species, specific
conductivity, dissolved oxygen, temperature, pHrenallected and used to help verify the
presence and migration of wastewater. In a mrstiidy,C. perfringens (bacteria), F+ phage
(MS2) and somatic phag®X174) (viruses) were also collected by the CDC waritdbe used to

help confirm conclusions.
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Chapter 2: Site Descriptions-Methods and Materials
Regional Setting and Climate

The North Carolina Coastal Plain is underlain byeastward dipping and thickening
wedge of sediments and sedimentary rocks rangorg frate-Cretaceous to recent (Richards,
1950). Beaufort County sits on the edge of thaeWwater/Inner Coastal Plain boundary. The
Tidewater region is extremely flat, averages lassit6.1 m above sea level and contains large
swamps and lakes indicative of poor drainage cardit(Orr et al., 2000).

In Beaufort County, July is typically the wettesbnth and November is typically the
driest month. However, rainfall does vary yeanygdo unpredictable phenomena such as
tropical systems (Climate Office of North Caroliz®10). Annual daily mean temperatures for
the area ranged from 15.6°-18.3°C. From 1971-20@annual precipitation was
approximately 132 cm. The area received 71.3 cprefipitation from November®1 2009-

May 31, 2010 during the groundwater sampling period &f turrent study (Climate Office of
North Carolina, 2010). Rainfall during the studdripd was higher than average. Historical data
from 1971-2000 indicated that Beaufort County leaived an average of 65 cm of

precipitation from November through May (ClimatefiGé of North Carolina, 2011).

Site Selection and Characterization

The study was conducted in Washington, Beaufoun@g North Carolina. According to
the 1990 census data, approximately 70% of altlezgies in Beaufort County used OWTS as
their primary method of wastewater disposal (USS0en1990). There is evidence that
microbial contaminants in surface waters may preaerenvironmental health risk in the coastal

regions of North Carolina, which include Beaufodudty (Dorfman et al., 2010 and Humphrey



et al., 2011). In 2009, it was reported that BedCounty had the highest exceedance rate
(7%) of the state’s daily maximum bacterial stadddor North Carolina’s coastal waters
(Dorfman et al., 2010).

The residential OWTS of 115 Goose Creek Drive, hifagton, North Carolina (Site 1),
(0.27 hectares) and 109 Fairway Drive, Washingiworth Carolina (Site 2) (0.23 hectares), (Fig
2, 3, and 4) were chosen based on > 45 cm sepadisitance (during initial site selection
surveys) between bottom of drainfield trench and\SHndicators. These sites also have the
appropriate setback distances outlined by 15 A NG&E& .1950 (Humphrey et al., 2010). Site
1 was chosen because of the high occurrence of OWirt& county and the proximity to the

Pamlico River.

Site 1

1,000 2,000 3,000

— ico Sound
e ——— Pamlic

Figure 2. Aerial view of Site 1 and Site 2 in redatto the Pamlico River. Prepared with
assistance from Robert Howard.
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During initial site visits, detailed descriptionsswil morphology, such as soil texture,
structure, consistence, and color with depth (ApipeA), were obtained via auger borings using
methods described by Deal et al (2007). Soil desons were provided by N. Deal, previously
at North Carolina State University. Soil colors eeguantified using a Munsell Soil Color book
(Munsell Soil Color Charts, 2000). Estimated deptSHWT, or theoretical SHWT, was
determined on the basis of two or one chroma catoagcordance with North Carolina Rules
for Sewage Treatment and Disposal Systems (NCDEEB3). Measured SHWT was
determined using continuous water level (WL) datiéected from the HOBO Dataloggers.
There was an 18 cm separation distance betwedyotteam of the drainfield and measured
SHWT (1/30/2010 to 2/13/2010) at Site 1 and a 4Gseparation distance between the bottom of
the drainfield and measured SHWT (2/4/2012-2/1822@t Site 2 (Appendix A).

The soll profile for Site 1 as described by N. Dadicates predominantly sandy soils.
The soil profile for Site 2 was similar in struatuand texture to Site 1 with the exception of a
layer of sandy loam at the depths between 90 aBa&d®2 No chroma 2 or 3 mottles were
initially documented within 150 cm of the surfageather site, though there was spatial

variability of soil morphology near the OWTS (Hunmgl, 2010) (Fig 3).
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‘ ¥, R Py S B -
Figure 3. Soil profile of soil taken from drainfieat Site 2. The first 90 cm consist of predomihasandy
soils. A layer of sandy loam is present at deptitsveen 90 and 125 cm. (Humphrey, 2010).

o

A solil test analyzing pH, nutrients, and other paaters was performed on soils at the
top of the chroma 2 layer for each site (Appendix Bhe test was performed by North Carolina

Department of Agricultural and Consumer Servicesoagmic Division. Although the soil
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properties were similar at both sites; one notdifference between Site 1 and Site 2 soils was
that the soil was more acidic at Site 2 (5.1) tBaa 1 (6.9).

Geoprobe sediment cores were collected at eacfAgfendix C and D). Based on one
geoprobe core to a depth of 4 m, surficial aquatahe Site 1 is predominantly sandy sediments.
The surficial aquifer at Site 2 is also comprisegdominantly of sandy sediments, however
approximately 3-4 m below land surface, clayey dandes are present. At Site 2, a low
permeability organic-rich clay and woody debrisdiawere observed between 4.8 and 5 m.
Twenty-five slug tests were performed to deterntireehydraulic conductivity (K) of the
surficial aquifer at each site. The mean K at $itvas 2.08xIcm/s (Table 4) (Shawn
Thieme, personal communication). The mean K & Sivas 6.24xIHcm/s (Table 5) (Shawn
Thieme, personal communication). Both values atkinvK values predicted for sandy/sandy
loam environments (Heath, 2004).

Initially, three groundwater wells were install@deach site to determine the direction of
groundwater flow (Humphrey et al., 2010). The hssshowed that at Site 1, groundwater
flowed in a south-southeast direction towards gtaay (Appendix E). At Site 2, the initial
survey indicated that groundwater was flowing soathwest direction. However, seasonal

water table elevations suggested that flow directvas seasonally variable (Appendix F).

Septic Tank Sampling and Piezometer | nstallation

Septic tank and drainfield locations were detegdihy tile-drain probing and a permit
sketch (Humphrey, 2010). Samples were collectegttly from inlet and outlet compartments
of the OWTS. Manhole covers on both OWTS were needand replaced with concrete lids
fitted with PVC cleanouts. A rigid plastic samgitube was installed in each cleanout (Fig 4).

The pump could then be easily connected to the kagripcations at the inlet and outlet of both



tanks to collect samples (Humphrey, 2010). Tulused for sampling was sterilized with a

chlorine bleach solution before and after each $amp

P ) < i
Figure 4. Installation of the PVC Cleanout at QiteFlex tubing was attached to the rigid tubingd &tied

with a nipple used for connection to the peristgitimp, which was used to retrieve effluent samftas
the inner and outer section of the OWTS.

Twenty-one and fourteen PVC piezometers were llegtaat Site 1 and Site 2,
respectively, based on location of the plume, gdwater level, and direction of groundwater
flow. Approximate locations of wastewater plumégach site were determined using Electrical
Resistivity Surveys (Humphrey et al., 2010). Marfythe piezometers were placed in clusters

installed at different depths (Table 4 and 5).zBieeter screens were 61 cm long. Piezometers
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ranged in depth from 1.4 m to 3.7 m at Site 1 af®dm to 3.7 m at Site 2. A Topcon laser

theodolite was used to survey piezometer elevatotise site.

Figure 5. Site map of Site 1. Piezometers/Weibidrs are indicated by the red dot. Drainfielshar
is represented by a box north of the OWTS (1st)/1Bted circle represents the approximate 15
meter (50 ft) setback radius from D-box locatiormatordance with North Carolina State rules 15 A
NCAC 18A .1950.
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Feet
Meters

Figure 6. Site map of Site 2. Piezometers/Weitdrs are indicated by the red dot. Drainfielhds
represented by a box north of the OWTS (2sto/2R8Y circle approximates the 15 meter (50 ft) settba
radius from D-box location in accordance with No2throlina State rules 15 A NCAC 18A .1950.
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Well ID

Top of
casing
elevation
relative
to sea
level (m)

Length
of
screen
(cm)

Radius
of
Screen
(cm)

Latitude

Longitude

Hydraulic
conductivity
(cm/s)

Category
Groupings

1pl

2.1

60.96

14

35°27.6]

[%57°53.163

3.16E-05

GW>15

1p2

1.8

60.96

1.4

35°27.61

& 7°53.170

lpsonde2

1.8

60.96

4.2

35°27.6]

[57°53.170

3.16E-05

1p3

1.7

60.96

1.4

35°27.61

& 7°53.167

1.79E-03

1p4s

1.7

60.96

2.2

35°27.6¢

H7°53.163

4.17E-03

1p4d

1.7

60.96

2.2

35°27.61

H7°53.163

1p5s

1.7

60.96

2.2

35°27.64

1657°53.161

1.58E-03

1p5d

1.7

60.96

2.2

35°27.6¢

1657°53.161

2.28E-03

1psonde5

1.7

60.96

4.2

35°27.64

1657°53.161

1p6s

1.6

60.96

2.2

35°27.6¢

167°53.163

1p6d

1.6

60.96

2.2

35°27.64

167°53.163

5.90E-03

1p7s

15

60.96

2.2

35°27.6!

367°53.161

1.48E-03

1p7d

15

60.96

2.2

35°27.6!

367°53.161

1.86E-03

1p8s

14

60.96

2.2

35°27.61

3467°53.161

3.13E-03

1p8d

1.4

60.96

2.2

35°27.6!

3467°53.161

3.99E-03

1p9

14

60.96

2.2

35°27.61

367°53.163

3.58E-03

1p10

1.3

60.96

14

35°27.6!

3%67°53.161

1.34E-03

1p16

0.9

60.96

1.4

35°27.61

H7°53.163

1.90E-06

Septic
Tank

35°27.658

67°53.167

Table 4. Site 1 well depth, elevation relative to sea level, screen length, well diameter, survey value, latitude, longitude, and category
groupings. Well depth is the vertical length of the well. To approximate elevation relative to sea level, Site 1 datum was set at the
lowest water level reading in the piezometer adjacent to the estuary (1p16), which was recorded on 4/14/2010. TOC =Top of

casing
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Top of
casing
elevation
relative
to sea
level (m)

Vertical
Length of
well (m)

Length
of
screen
cm

Radius
cm

Survey (z
value)

(m)

Latitude

Longitude

Hydraulic

conductivity

(cml/s)

Category
Groupings

2pl

2.4

4.0

60.96

1.4

0.378

35°29.666

7658.258

1.74E-05

GW«<15

2p2

3.7

3.9

60.96

1.4

0.340

35°29.667

7658.626

3.38E-05

GW>15

2p3

2.4

3.8

60.96

1.4

0.266

35°29.667

7658.271

BG

2psonde4

2.4

4.0

60.96

4.2

0.387

35°29.611

7658.263

6.60E-03

GW>15

2p5s

2.3

3.9

60.96

1.4

0.342

35°29.669

7658.268

1.46E-05

DF

2psonde5

2.6

3.9

60.96

4.2

0.351

35°29.669

7658.268

4.45E-05

DF

2p5d

3.5

3.9

60.96

1.4

0.343

35°29.669

7658.268

DF

2p6s

1.9

3.8

60.96

1.4

0.214

35°29.672

7658.278

3.88E-05

GW>15

2p6d

2.7

3.8

60.96

1.4

0.227

35°29.672

7658.278

GW>15 m

2p7s

2.2

3.8

60.96

1.4

0.236

35°29.672

7658.281

2.20E-05

GW>15

2p7d

2.8

3.8

60.96

1.4

0.226

35°29.672

7658.281

1.45E-05

GW>15

2p8s

2.2

3.8

60.96

1.4

0.219

35°29.669

7658.283

1.37E-05

GW<15

2p8d

2.5

3.8

60.96

1.4

0.215

35°29.669

7658.283

2.55E-05

GW<15

2p9

3.0

4.2

60.96

1.4

0.662

35°29.658

7658.294

3.50E-05

GW«<15

Septic
Tank

35°29.661

7658.277

Tank

Table 5. Site 2 well depth, elevation relativeséa level, screen length, well diameter, surveyesdhtitude, longitude, and category groupingsell\Wepth
is the vertical length of the well. Site 2 daturassset off the road adjacent to the site. The maldvation was approximated as 396 cm obtained fn@

USGS topographic quadrangle (Blounts Bay, USGS 1993
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Water Quality, Precipitation, and Groundwater Level Monitoring

Water quality was monitored seasonally Eoroli andEnterococcus from November
2009- May 2010. Groundwater samples were collesteNovember 18, 2009, January 35
2010, March 18, 2010 and May 22 2010 (Appendix G). Each sample was collectédgus
new bailer assigned to each well to avoid crossacomation. In addition, bailers were only
used once and disposed of immediately after sagpitrile gloves were worn at all times to
avoid contamination during sampling bottles. Ofiited with 1000 mL of sample, the samples
were immediately capped and placed in a coolediWith ice. The cooler was then sealed and
shipped overnight to the Centers for Disease Cb(@DC) and Prevention National Center for
Emerging and Zoonotic Infectious Diseases/Wate@isease Prevention Branch in Atlanta,
Georgia for further analysis.

During field sampling events, specific conductiyidissolved oxygen, pH, and water
temperature were determined using a YSI 556 MP&médthe YSI 556 MPS was calibrated
prior to sampling by N. Deal. In addition, nutri¢dissolved nitrogen) and chloride
concentrations were analyzed at the ECU Centrair&mwental Lab for each sampling date
(Appendix H and I). Groundwater levels were cdblelcprior to sampling with a Solinst TLC
water level meter. Between sampling events, gravaiel levels and specific conductance and
dissolved oxygen were monitored in select piezoradig Onset HOBO pressure dataloggers

and YSI 6920 v2 sondes, respectively (Appendix J).

Membrane Filtration
TheE. coli densities were determined using the process oflbreame filtration using the
Modified membrane-ThermotoleraBscherichia coli Agar (Modified mTEC) method by CDC

lab personnel at the CDC in Atlanta, Georgia. Meanb filtration provides a direct countef



coli in water, based on the development of coloniesghat on the surface of a membrane
filter. Samples are filtered through Modified mTE@mbranes, which were incubated at 35 +
0.5°C for 2 hours to resuscitate the injured agssted bacteria, and then incubated at 44.5 £
0.2°C for 22 hours after contact with modified mTEg@ar. If the filters from the modified
MTEC agar were red or magerEagcoli colonies were present and counted (US EPA, 2002).
Enterococcus densities were determined using the process oflaraame filtration using
membrane=znterococcus Indoxyl-b-D-Glucoside Agar (mEI) methodE. faecalis andE. faecium
are the two strains that the method can deteciptbets strains of enterococci can grow on the
mEl agar (Chandra Schneeberger, personal commiamsat The water samples were filtered,
using 0.45um pore size of mixed cellulose esterinmedthrough the membrane which retains
the bacteria. Following filtration, the membramatining the bacterial cells was placed on the
mEIl agar medium, and incubated for 24 hours at 41&ICcolonies with a blue halo were
recorded as Enterococci colonies. A stereoscopoostope and a small fluorescent lamp were

used for counting to give maximum visibility of coies (US EPA, 2002).

Satistical Analysis of Microbial Populations

Microbial densities used for analysis were badéthe highest measurement observed in
each piezometer cluster (when nested piezometeatedxi.e. one shallow and one deep) for
each sampling date. Microbial densities that viblew detection limits (Appendix K, L, M,
and N) were indicated by <, these data providepgmoximation, but could not be verified.
Standard industry practice is to reduce the detedimit of microbial densities by half and use
that number for statistical analysis (Humphrey, DOIWater samples that had microbial

densities that were less than one were rounded apd, to allow for statistical analysis.



Boxplots, mathematical equations, and other fasfrtatistical analysis were performed using
EXCEL and Minitab statistical software.

Microbial measurements were grouped into seveggoaies at Site 1 and six categories
at Site 2 (Table 4 and 5). They are: Tank (1s$t9)2 background groundwater (BG) (1p2, 2p3),
drainfield groundwater (DF) (1p4, 2p5), piezometarg/hich horizontal setback distance was
within 15 m of drainfield (GW<15 m) (1p5, 1p6, 2[Zh4, 2p5, 2p6, 2p7), piezometers in which
horizontal setback distance was 15 m or greatdrahfield (GW>15 m) (1p7, 1p8, 1p9, 1p10,
2pl, 2p8, 2p9), estuary groundwater (Est GW) (Lpdied drinking/irrigation water samples (1
D/l, 2 D/l). Distances between the drainfield gezometers were calculated from each sites
drainfield distribution box.

A Mann-Whitney test is a non-parametric test usecbmpare two independent groups
of sampled data (Freund and Wilson, 2008ann—Whitney tests were used to determine if
significant differences existed between medtaterococcus andE.coli densities at each site and
its relationship with distance from each site’sifiald. Tank microbial densities were
compared to drainfield groundwater microbial deasito determine whether the biomat and
soils adequately reduced the microbial densitM&robial densities of groundwater within 15
m from drainfields were compared to microbial daesiof groundwater greater than 15 m from
drainfields (greater than the NC setback distatweptermine if surficial aquifer treatment
processes were effective at reducing microbial entrations. Microbial densities in drainfield
groundwater were compared to microbial densitidsaickground groundwater and Site 1/Site 2
drinking/irrigation water to help assess the impaftOWTS on groundwater in the surficial

aquifer.
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E. coli and Enterococci reduction, or treatment, efficieimcthe biomat and vadose zone
was determined using the following equation:

Equation 1:

VTE ={[ST - DF) / ST] * 100}

Where: VTE = Vertical (Unsaturated) Treatment BEéicy (% cfu 100 mL), ST=median septic
effluent in tank (cfu/100 mL), and DF= median dfald groundwater (cfu/100 mL)
(Humphrey et al., 2010).

The saturated (horizontal) treatment efficiency@bso calculated to determine the
percentage of microbial reduction that has occuin@a the drainfield groundwater to
piezometers at various distances by using theviatig equation (Equation 2) and the percentage
of microbial reduction that occurred from the sepéink to piezometers at various distances
(Equation 3).

Equation 2:

HTE = {[(DF- (Well ID) /DF} * 100}

Where: HTE= horizontal (saturated) treatment efficly (% cfu/100 mL), DF= median
drainfield groundwater (cfu/100 mL) and Well ID=di@n microbial densities of
specified piezometer (cfu/100 mL) (Humphrey et 2010).

Equation 3:

TE = {[(ST- (Well ID) /ST} * 100}

Where: TE= overall treatment efficiency (% cfu/180Q), ST= median septic tank effluent in
tank (cfu/100 mL), and Well ID=median microbialndéies of specified piezometer

(cfu/100 mL) (Humphrey et al., 2010).
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Chapter 3: Results

Vertical (Unsaturated Zone) Treatment Efficiency: Does the North Carolina 45 cm Separation
Distance Prevent Microbial Contamination of Groundwater?

Microbial Densities and Separation Distance in the Drainfield

Site 1

WTE vs. Precipitation 11/1/2009-5/31/2010

E.coli/ Enteroccocus densities (cfu/100 mL) of 1p4 for 4 sampling dates
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Figure 7. Groundwater hydrograph for Site 1 viiitboli andEnterococcus drainfield densities (1p4)
sampling date data. Representation of the groutesviable in relation to precipitation events d&ncbli

andEnterococcus densities in drainfield collected on four sampldages.

sampling date.

Cross symbol represents



The water table (WT) at Site 1 breached the 45epaistion zone for a total of 122 days
(Fig 7). At Site 1, the WT was the deepest dutivegg5/24/2010 sampling dat&.coli density in
drainfield groundwater was variable throughoutsh&ly. The greate&.coli density in
drainfield groundwater occurred on 5/24/2010*(£@fu/100 mL). In contrasE.coli was below
the detection limit in drainfield groundwater orethl/16/2009 sampling date. Median tank
E.coli was more variable, with a coefficient of variati@.) of 88% (median= 1§“fu/100
mL), than drainfield groundwaté.coli which had a c.v. of 72% (median 2f6cfu/100 mL).

At Site 1, on the 1/16/2009 sampling date, the WaE within the 45 cm separation zone
and the drainfield groundwater had & {&fu/200 mLEnterococcus density (Fig 7).
Enterococcus densities on the two following sampling dates $12010 and 3/15/2010) were
relatively consistent, with drainfield groundwatemsities of 18*3cfu/100 mL and 18
cfu/100 mL. The highest density in drainfield gndwater at Site 1 was observed on the
5/24/2010 sampling date, when the drainfield grovater yielded a 1J3cfu/100 mL sample.
Median tankEnterococcus was more variable with a c.v. of 209% (mediar=>1€fu/100 mL)
when compared to drainfield groundwaketerococcus with a c.v. 0f32% (median=18°

cfu/100 mL).
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Site 2 WTE vs. Precipitation 11/1/2009-5/31/2010
E.coli/Enteroccocus densities (cfu/100 mL) of 2p5 for 4 sampling dates
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Figure 8. Hydrograph for Site 2 wikhcoli andEnterococcus drainfield densities (2p5) sampling date
data. Representation of the groundwater tablelation to precipitation events akctoli and
Enterococcus densities in DF collected on four sampling daté€¥oss symbol represents sampling
date.
At Site 2, the WT breached the 45 cm separatioe for a total of 20 days (Fig 8)
(Appendix O). Groundwatdt.coli densities beneath drainfield trenches on 1/25/200D
3/15/2010 were 10*®cfu/100 mL and 18°cfu/100 mL, respectively. The WT was at its

highest and closest to the 45 cm separation distdaing these dates (Fig 8). Median tank
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E.coli was more variable with a c.v. of 98% (median®26fu/100 mL) when compared to
drainfield groundwatek.coli with a c.v. of 28% (median=1¢"cfu/100 mL).

There was a two orders of magnitude reductioandérococcus between the sampling
events on 1/25/2010 (4&%fu/100 mL) and 3/15/2010 (3 cfu/100 mL) at Site 2 (Fig 6).
Enterococcus density was 19*°cfu/100 mL, when WT was at the lowest. Median tank
Enterococcus was more variable with a c.v. of 198% (mediarf=16fu/100 mL) when
compared to drainfield groundwatenterococcus with ac.v. of 28% (median= £§°cfu/100
mL).

At both sites, the WT rose within the zones betwise measured SHWT and theoretical
SHWT (Fig 7 and 8). The water table was deep8&itat2 and groundwater had a greater
separation distance from the drainfield for theation of the study at Site 2, relative to Site 1.

There were times at Site 1 in which the WT rosevalibe bottom of the trench (Fig 7).

Vertical Treatment Efficiency

Site 2 median tank effluecoli (10°**cfu/100 mL) andEnterococcus (10*°"cfu/100
mL) were an order of magnitude greater than Sg&Xoli (10***cfu/100 mL) and
Enterococcus (10*°°cfu/100 mL) median tank effluent. Site 2 mediaooli (10*** cfu/100 mL)
andEnterococcus (10°%° cfu/100 mL) drainfield groundwater densities wgreater than Site 1's
E.coli (10"®2cfu/100 mL) andEnterococcus (10*°*cfu/100 mL) drainfield groundwater
densities. Both sites were more efficient at rauyE.coli densities in the unsaturated zone than

Enterococcus densities prior to groundwater recharge (Fig 9 BHhd
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Figure 9. Vertical Treatment Efficiency (VTE) bet@n the septic tank and drainfield (1p4)Eafoli and
Enterococcus. Separation distance represents the unsaturegadatween the bottom of the drainline
and the WT on each sampling date.

The VTE from septic tank effluent to drainfieldogndwater at Site 1 yielded various
results. E.coli densities were reduced by 99% and greater onwlldampling dates (Fig 9),
with a median VTE of 99.7%. The median VTHEokerococcus was 33% (Equation 1). The
median VTE ofEnterococcus not including the 11/16/2009 sampling date was 94%
Enterococcus densities on 11/16/2009 were greater in drainfigsindwater (19°cfu/100 mL)
than in the tank (£d?cfu/100 mL). This occurred when groundwater depdis the shallowest,
19 cm from the bottom of the drainfield (Fig 7)heTarea received 17.7 cm of precipitation two
weeks prior to sampling (Fig 10). Conductivity arfdoride concentrations of the drainfield
groundwater (1p4) during this date were 1.044 mSnch93 mg/L, respectively, which was the
highest concentration, observed of all four sangptiates. The septic tank conductivity and
chloride concentrations were 1.236 mS/cm and 81 ymgspectively, on the 11/16/2009

sampling date.
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Figure 10. VTE vs. total precipitation two week#pto four sampling dates. Generally, as priggin
totals increased, VTE decrease.

The VTE ofEnterococcus at Site 1 was 87% on 1/25/2010 and 84% on 5/2&20hen
the WT was 47 and 94 cm from the bottom of therdiield, respectively (Fig 11). The only
date in which there was near complete reductidentdrococcus was the 3/15/2010 sampling
date, in whichenterococcus densities were reduced by 99.7%. This corresptintise lowest
conductivity concentration measured in drainfieldundwater at 0.553 mS/cm. Precipitation

two weeks prior to sampling was 3.9 cm (Fig 10).
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Figure 11. Vertical Treatment Efficiency (VTE) been the septic tank and drainfield (2p5)kafoli and
Enterococcus. Separation Distance represents the unsaturetadatween the bottom of the drainline
and the WT on each sampling date.

There were several instances at Site 2 when loeldeof treatment occurred, even with
separation distances greater than 45 cm. For deathe 11/16/2009 sampling date indicated
thatE.coli andEnterococcus VTE were only 54% and 69%, respectively (Fig 1Ihe WT was
87 cm below the bottom of the drainfield on thisedaThe area received 17.7 cm of precipitation
two weeks prior to the 11/16/2009 sampling datg (fd). The mean conductivity of drainfield
groundwater was 0.823 mS/cm, which was seven tgrester than background conductivity
(2p3) levels (Appendix P and Appendix Q). TheresaaE.coli VTE of 98%, but an
Enterococcus VTE of only 64% during the 1/25/2010 sampling daténe mean conductivity of
drainfield groundwater was 0.810 mS/cm, which wearly eight times greater than background
conductivity levels. The area received 8.83 crpretipitation two weeks prior to the 1/25/2010
sampling date.

The mediark.coli VTE was 98% and medidenterococcus VTE was 93% (Equation 1).

On the 3/15/2010 sampling dates, bBttoli andEnterococcus VTE was greater than 99.9%.
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The 5/24/2010 sampling datéscoli VTE was 98% andnterococcus VTE was 99%. The WT
was at its deepest during this time (Fig 8). Gn3HL.5/2010 and 5/24/2010 sampling dates,

conductivity levels were 0.522 mS/cm in the draldiat Site 2.

m Site 1 & 2 E.coli
Densities (BG,
I DF, Tank)

Sitel Sitel Site2 Sitel Site2 Sitel Site2
BG BG BG Tank Tank DF DF
w/out
Outlier

(]
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Figure 12. VTE oE.coli at Site 1 and Site 2 in relation to backgrounelev Both sites reducdsicoli
densities between the tank and the drainfield Sagmitly, with a three orders of magnitude reductid
E.coli at Site 1 and a two orders of magnitude redudaifd.coli at Site 2. However, reduction never
reached background levels. BG=Background grourglwBIG w/o O=Background groundwater
without outlier (1p2 on 5/24/2010), DF=drainfieltbgndwater.

The median septic tank densitiesEofoli at Site 1 and Site 2 were“1Jcfu/100 mL and
10°%1cfu/100 mL, respectively. The median drainfieldgrdwater densities were 1% cfu/100
mL (1p4) and 18*cfu/100 mL (2p5), respectively. The median VTE W98s7% at Site 1 and
98% at Site 2 (Fig 12)E.coli densities were elevated in drainfield groundwaterantrast to
background groundwater densities at both sitesdiéid=.coli densities in drainfield
groundwater at Site 1 were 13 times greater thasianéackground groundwater densities.
MedianE.coli densities in drainfield groundwater at Site 2 wa8& times greater than median

background groundwater densities.

33



(2} (e)]
1 )

I
1

cfu/100 mL (log 10)
N w

[
1

mSite1&2
Enterococcus
j Densities

Site 1 BGSite 1 BG Site 2 Site 1 Site 2 Site 1 DF Site 2 DF
w/0 BG Tank Tank
Outlier

o

Figure 13. VTE oEnterococcus at Site 1 and Site 2 in relation to backgrounetlev Site 1 reduction of
Enterococcus between the tank and drainfield was (33%) (Equatipnin contrast, thEnterococcus reduction
between the tank and drainfield at Site 2 was 9B#wever, reduction never reached background levels
BG=Background groundwater, BG w/o O=Background gdwater without outlier (1p2 on 5/24/2010),
DF=drainfield groundwater.

The median septic tank densitiesEnferococcus at Site 1 and Site 2 were*f8cfu/100
mL and 16-°"cfu/100 mL, respectively. The median drainfieldgndwater densities were 9
cfu/100 mL (1p4) and £6° cfu/100 mL (2p5). The median VTE Bfterococcus was 33% at
Site 1 and 93% at Site 2 (Fig 13). Neither sittuoedEnterococcus densities below
background levels. Medidinterococcus densities in drainfield groundwater at Site 1 wete
times greater than median background groundwatesities. MediarEnterococcus densities in
drainfield groundwater at Site 2 were 933 timeatethan median background groundwater

densities.
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Horizontal (Saturated) Treatment Efficiency: Can microbial contamination from OWTS
migrate greater than the North Carolina 15 m setbak distance?

Pooled E.coli and Enterococcus in Relation to Location and Distance

Site 1 & 2 Median Log E.coli

cfu/100 mL {log 10}

il E g

0 T

BG BGwloD Tank DF GW15m CGEW=E15m Est GW DJT W

Figure 14 E.coli densities for Site 1 and Site 2. Colonies wereiged into areas based on location and
distance. BG=Background groundwater, BG w/o Ogasund groundwater without outlier (1p2 on
5/24/2010), DF=Drainfield groundwater, Tank= Sepdaick effluent, GW<15 meters=groundwater in
piezometers less than 15 m of OWTS, GW>15 m =grauater in piezometers greater than 15 m of
OWTS, Est GW=Estuary groundwater (1p16), D/I W-Kimg/irrigation water.

The pooled data for Sites 1 and 2 showed ele\E&atedi densities in septic tanks relative
to all the other sampling points at a median ¢f°16fu/100 mL. Median concentrations
decreased in the following pattern: drainfield grdwaters, groundwater within 15 m of the
drainfields, groundwater greater than 15 of thendields, background groundwaters with
5/24/2010 outlier, estuary groundwater, and baakgidagyroundwaters without the 5/24/2010
outlier having the lowest medidhcoli densities at 1*cfu/200 mL. Median tank.coli

densities indicated that populations are greatar #il other groupings a&p.05 (Fig 14)



(Appendix R). NcE.coli was found in the drinking/irrigation piezometei3rainfield
groundwaters had a greater medtacoli density than the background piezometer>&t p0. If

the outlier that occurred on 5/24/2010 at Site dosincluded, the p-value is less than 0.05

(Appendix R).

Site 1 & 2 Median Log Enterococcus
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Figure 15. Enterococcus densities for Site 1 and Site 2. Water qualityadaére grouped based on location
and distance from the drainfield. BG=Backgrounougdwater, BG w/o O=Background groundwater
without outlier (1p2 on 5/24/2010), DF=Drainfieldogndwater, Tank= Septic tank effluent, GW<15
m=groundwater in piezometers less than 15 m of OWAW<15 m=groundwater in piezometers greater
than 15 m of OWTS, Est GW=Estuary groundwater (}pR8 W drinking/irrigation water.

Pooling the Enterococci data for Sites 1 and dJiareconcentrations resulted in being
the highest for the septic tank at*#8cfu/100 mL. Median concentrations decreased in the
following pattern: drainfield groundwaters, grourader within 15 m of the drainfields,
groundwater greater than 15 m downgradient frondthefields, background groundwaters
with and without 5/24/2010 outlier, and estuaryugrdwater having the lowest median

Enterococcus densities at 1%72cfu/100 mL. Drinking/irrigation well water hadnaedian of
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10°%cfu/100 mL; howeveEnterococcus was discovered on two sampling dates (Fig 15).

Groundwater within 15 m of the drainfields did matve significantly differenEnterococcus
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densities from groundwater sampled at distancestgréhan 15 m of the drainfields (Appendix
R). All other groundwater category comparisonsnkias. Drainfield, etc.) had a significant

difference of g0.05, indicating that densities originated fromitampopulations (Appendix R).

Horizontal Treatment Efficiency
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Figure 16. Site 1 and SiteE2coli andEnterococcus horizontal treatment efficiencies (HTE) from
drainfield to various distances. All piezometexseapt for drainfield and background HTE were pldtite
relation to distance from the drainfield. The dashine represents the setback distance requiresiesied
by North Carolina State rules 15 A NCAC 18A.1950.

Generally, as distance increased, HTE increase&ite 1, the only piezometers that did
not reach 90%.coli reduction after 15 meters were 1p9 (Equation 2)e piezometer closest to
the setback distance requirement minimum at Sitad 1p7, which was slightly greater than 15
m from the drainfield. The HTE indicates that theras an 83% reduction from drainfield to
1p7. 1p8 was 31 m from the drainfield and the KdSs 96%.E.coli HTE that occurred
between the drainfield and estuary groundwatergipmhs 93%, which was 42 m from the

drainfield (Fig 16).



At Site 1, there was a 99Emter ococcus reduction from drainfield to 1p7, which was
slightly greater than 15 m from the drainfield. eTHTE between the drainfield and 1p8 was
97%, 31 m from the drainfield. The HTE betweendhanfield and the estuary groundwater
(1p16) was 99.7%, which was 42 m from the draidf{@lig. 16).

At Site 2, the piezometers closest to the s&tdetance requirement minimum were
2p7 (13 m) and 2p8 (17 m) (Equation 2). The HT&vken the drainfield and 2p7 was 4%
(E.coli) and 81% Enterococcus). The mediark.coli and mediarkEnterococcus groundwater
densities at 2p8 were greater than drainfield giewaterE.coli andEnterococcus densities.
The groundwater at 2p9, which was 36 m away froendifainfield, had a&.coli HTE of 92%

and arEnterococcus HTE of 99.7% (Fig 16).

Comparison of VTE and HTE

The comparision between tkecoli andEnterococcus at Site 1 indicated that there was a
three orders of magnitude reductiorEodoli in the unsaturated zone (VTE) (Table 6). The
remainder was reduced to background levels appitei;n30 m from the drainfield. Reduction
of Enterococcus in the unsaturated zone at Site 1 was very limitele 1 was not as effective in
treating/eliminatingenterococcus in the trench, biomat, and unsaturated zone betweeseptic

tank and the drainfield, whereBscoli treatment at Site 1 was very effective (Table 6).



Site 1 E.coli

Median

Median
(log 10)

Treatment
Efficiency
(%) From
DF to
Piezometel

Treatment
Efficiency
(%) From
Tank to
Piezometel

Distance
from
Drainfield

(m)

VTE

21750

4.34

65.5

1.82

99.70

99.70

114.7

2.06

0

99.50

280.0

2.45

0

98.70

11.0

1.04

83

99.90

2.9

0.46

96

99.99

84.2

1.93

0

99.60

4.2

0.62

94

99.98

4.7

0.67

99.98

Site 1
Enterococcus

VTE

4875

3.69

3250

3.51

300

2.48

8.5

0.93

870.0

2.94

48.8

1.69

89.0

1.95

118.4

2.07

33.0

1.52

8.3

0.92

Table 6. Site 1 VTE and HTE f&.coli andEnterococcus

At Site 2,there was a two orders of magnitude reductioB.cdli in the unsaturated
zone. There were also a two orders of magnitudecteon in the saturated zone from drainfield
groundwater to 2p9, but there was never a reduttidsackground groundwater levels (2p3).

Site 2Enterococcus, was reduced by an order of magnitude in the unasted zone. There was a
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two orders of magnitude reduction in the saturatate form drainfield to 2p9; almost reaching

background groundwater (2p3) levels (Table 7).

Site 2 E.coli

Median

Treatment| Treatment
Efficiency | Efficiency

DF to Tank to

(%) From | (%)From | Distance
from

Piezometel Piezometell Drainfield

(m)

VTE

162500

2750

90

181

7.5

659

81

2640

7500

220

Site 2

Enterococcus
VTE

93750

7000

950

101

7.5

511

500

1325

13150

20

Table 7. Site 2 VTE and HTE f&.coli andEnterococcus
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EPA Surface Water Contact Standard

Number of Samplings Dates GW Exceeded
Single Sample Contact Standard

E. coli | Enterococcus | Distance
from
drainfield
(m)
40
0
7
13
15
31
23
33
42
27

OO, OINPFP O
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o

Table 8. Site 1 EPA Surface Water Contact StanBacgedence Rate. The number of sampling dates
microbial densities exceeded the single sampl@sanivater contact standards of 1¢235) cfu/100 mL
(E.coli) and 1692 (104) cfu/100 mL Enterococcus).

The EPA Surface Water Contact Standard was useetéomine if groundwater that
upwelled into surface water bodies would have thtential to cause adverse health effects
(Table 3 & 8). At Site 1, piezometers 1p2, 1p5%,11p8 and 1p9 exceeded theoli Single
Sample Contact Standard off£&fu/100 mL at least once during the duration ofshely.
Every piezometer except for 1p10 and 1p16 excetradehterococcus Single Sample Contact
Standard of 18°? cfu/100 mL (Table 8) at least once during the gtu@n the 10/2/2009 and
12/9/2009 sampling dateSnterococcus was also detected in the drinking/irrigation well

(Appendix L).



Number of Samplings Dates GW Exceeded EPA
Single Sample Contact Standard
E.coli | Enterococcus | Distance from
drainfield (m)
20
13
17
13
0
10
13
17
36
37
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Table 9. Site 2 EPA Surface Water Contact StanBacgedence Rate. The number of sampling dates
microbial densities exceeded the single samplasanvater contact standards of 1¢235) cfu/100 mL
(E.coli) and 16 (104) cfu/100 mLEnterococcus) at Site 2.

Every piezometer at Site 2 exceeded the ERAli contact standard of 1&cfu/100 mL
andEnterococcus contact standard of 187 cfu/100 mL (Table 9) at least once during the ytud

No E.coli andEnterococcus was detected in the drinking/irrigation water.
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Chapter 4: Discussion

Treatment Efficiency vs. Separation Distance (Hypothesis 1): the NC 45 cm separation
distance does not always prevent microbial contamination of groundwater

The North Carolina 45 cm separation distance dicatveays prevent microbial
contamination of groundwater. There was usudllgast an order of magnitude reduction in
microbial densities between the tank and groundwaeeath drainfields. There were
significant reductions in microbial densities besénweahe tanks and drainfield groundwaters at
Sites 1 and 2. However, microbial densities wertereaduced to background levels in the
drainfields, where microbial densities ranged frb8nto 933 times greater than background
groundwater densities (Fig 12 and 13). ABoterococcus densities at both Site 1 afctoli
andEnterococcus densities at Site 2 exceeded the EPA Single Sa@Gqiact Standard in
groundwater beneath the drainfield (Tables 3, 8,9n This indicates that the groundwater
adjacent to both sites’ drainfields is affectedN@astewater disposal, especially in sandy soils

with a small separation to the water table.



Case Sudies

Source

Soil Type

Distance

VTE (if
applicable)

Type of Study

O'Luanaigh et al.,
2012

Sandy gravel,
Sandy gravely silt

90 cm

Field

Humphrey &
O’Driscoll, 2011

Sandy soils,
sandy loams,
sandy clay loams

45 cm-sandy
loams, sandy
clay loams;
60 cm-sandy
soils

Field

Gill et al., 2007

Gravel, sand,
sandy clay

100 cm

Field

Karathanasis et al.
2006

, All soils types
(Group I-1V)

60 cm

Mean:
FC=91.8%,
FS=88.6%
(for Group |
S0ils)

Laboratory

Van Cuyk et al.,
2001

Sand

90%+

Laboratory

Duncan et al.,
1994

N/A

Laboratory

Cogger et al., 1984

3 Fine Sand

Field

Tyler et al., 1977

Sandy Soils

Laboratory

Table 10. A summary of studies and their suggestaf appropriate separation distance and thece¢tteatment
efficiency between the septic tank and drainfiglougdwater. FC-fecal coliform and FS-fecal streptwi.

Numerous studies in sandy surficial aquifers rehavn that the 45 cm separation

distances may not eliminate microbial indicatoral{[é 10). Van-Cuyk et al (2001) conducted a

laboratory experiment where four three-dimensidysineters were installed with the same

medium sand and either an aggregate-laden (ALyoregate-free (AF) infiltration surface with

60- or 90-cm of soil between surface and depthreommdwater. Each lysimeter was dosed four

times a day with septic tank effluent for 48 weeksom week 20 on, there was a 96-99%

reduction of the dosed fecal coliform bacteria fextcolated through the lysimeters. After the

48 week testing period, they analyzed the core kzsgnd concluded that the densities of fecal



coliform bacteria decreased with increased depthrame were detected in sand samples at 30
cm or deeper.

At Site 1, thee.coli VTE was within ranges that Van-Cuyk et al (2001ggested. Site
1 Enterococcus densities and Site 2 coli andEnterococcus densities varied throughout the
year, and microbial reduction was less than 96%vdted microbial densities were also
observed in groundwater at depths greater thamBbBeneath the bottom of the drainfield. Itis
reasonable that treatment is slightly worse irdfsgttings when compared to lab columns,
because macropores (such as root cavities, animavies, earthworm voids, etc.) would be
more common in a field setting and they can acioasluits for infiltrating effluent to penetrate
the subsurface and migrate at a more rapid ratentrast to packed column studies (Pang et al.,
2003 and Morari et al., 2010).

Karathanasis et al (2006) conducted a laboratodysn Kentucky to evaluate the
effects of soil texture and thickness on the tremtihof fecal bacteria. Soil monoliths were
excavated at 30, 45, and 60 cm from ten sites wi@neseptic systems were to be installed.
Domestic wastewater was leached into the monolithgsroup | soils, which are similar to the
soils at Site 1 and Site 2, the mean VTE of feoéifarm was 91.8+15 % at 30 cm, 96.8+7.5% at
45 cm and 86.6+20.6% at 60 cm. The overall feobdarm VTE means for Group | soils were
91.8+15.7. The mean VTE of fecal streptococci #h4+19.5% at 30 cm, 90.9£20.9% at 45
cm, and 23.6x£25.1% at 60 cm. The overall fecapdtrcocci VTE mean was 88.6£22.0%. They
concluded that fecal bacteria treatment efficieincyeased with increasing clay content. The
study also provided evidence that relying solelyreatment efficiencies as the only criterion for

assessing treatment differences between soil groarpse misleading. Even though the mean
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fecal coliform treatment efficiency was greatemi®®.5%, only 20% of soil monoliths were in
compliance with EPA maximum discharge limit of Tu/100 mL. Also, the authors suggested
that Kentucky’s 30-45 cm separation distance ragudawhich is similar to North Carolina’s, is
insufficient to properly treat fecal bacteria. Treggest that increasing the separation distance
to 60 cm for all soil types (Group I-1V) would ingore treatment efficiencies.

The variable relationship established between ¥mé& separation distance in the
Karathanasis et al (2006) study was similar to wies observed at Site 1 and Site 2. When the
vadose zone was 19 cm thick at Sit€xpli VTE was 99.997%, which is in agreement with
what Karathanasis et al (2006) observed at 30 crfeéal coliform. However there was no
decline forEnterococcus between tank and drainfield on the same date. it vadose zone
at Site 1 was 47 cm thick,coli VTE was 99.4% anénterococcus VTE was 87%, which were
within ranges of what Karathanasis et al (2006 eoled at similar depth (45 cm) for fecal
coliform and fecal Streptococci. At Site 2 whbe tadose zone was 45 cm thiElgoli VTE
was 98%, which is in agreement with what Karathsnetsal (2006) observed at similar depth
(45 cm) for fecal coliform.Enterococcus VTE was only 61%, which was below what
Karathanasis et al (2006) observed at similar defiilcm) for fecal streptococci. When the
vadose zone was 67 cm at Site 1, latoli andEnterococcus VTE was above 99%, which is in
agreement with Karathanasis et al (2006) at 60arbdth fecal coliform and fecal streptococci.

Similarly, when the vadose zone was 59 cm at Sit®thE.coli andEnterococcus VTE was
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above 99%, this is in agreement with Karathanasas @006) for both fecal coliform and fecal
streptococci.

Site 1E.coli and Site Z.coli andEnterococcus densities were reduced in the drainfield
by at least 93% or greater throughout the studgwéver, the VTE on the four sampling dates
varied. Site 1 mediaBnterococcus reduction was only 33%, but that was heavily iefloed by
the 11/16/2010 sampling date, in which densitiethéedrainfield groundwater were greater than
they were in the tank. It appears this is relaoeligh levels of recent rainfall associated with a
nor’'easter (Fig 10). The 3/15/2010 sampling dads tihhe only date in which microbial
indicators were reduced by 99%-+ on both sites. sEparation distance at Site 1 was 67 cm and
59 cm at Site 2. If the goal is to reduce micrbtensities to background levels, then the data
suggest that 45 cm is not enough. However, iB$h8% elimination of pathogenic
microorganism in groundwater is the measure torgete the effectiveness of elimination, as
stated by Pekdeger and Mattness, (1983), thenaaiatem distance of approximately 60 cm
would be required to achieve that level. This lddae in agreement with Karathanasis et al

(2006) mean value of Group | soils within one stadddeviation.

Wastewater Strength /Concentration

Wastewater strength is based on internal and edté&aators, such as number and quality
of water-using fixtures and appliances, the nundb@ccupants in a residence, the age of the
residence, eating habits, pharmaceutical, pers@malproducts, cleaning products, water-use
habits of the residences, and design and mainterafrtbe OWTS (US EPA, 2002).
Wastewater strength is very important in evaluativegrisk of microbial contamination of
groundwater. Site 2 median tank effluétoli (10°**cfu/100 mL) ancEnterococcus (10*°7

cfu/100 mL) were an order of magnitude greater i@ 1's median tank efflueftcoli (1034



cfu/100 mL) andEnterococcus (10**°cfu/100 mL) densities. Site 1 and Sit&2oli (10*-10°
cfu/100 mL) andEnterococcus (10*-10°) densities were within range of domestic wastewate
observed by other studies (Lowe et al., 2007 anahptuey et al., 2010). SiteEcoli and
Enterococcus median VTE was 98% and 93%, however the meHienli andEnterococcus
densities that remained in the groundwater bertbatdrainfield were higher at Site 2 than at
Site 1. If wastewater strength at Site 1 was simo Site 2, it is likely that the levels of
microbial indicators in groundwater would have basrelevated at Site 1, particularly for
Enterococcus since the VTE was low (33%). Even though theas significant reduction of
microbial indicators between the tank and groundwiaglow the drainfield, the elevated levels
of microbial indicators in groundwater underlyirge tdrainfields could also be a hazard to public
health (Lipp et al., 2001). For example, thereenmgro dates in which low levels of
Enterococcus were detected in the irrigation well at Site ThisTcould be a potential health
hazard because the residence at Site 1 used thefwan that well to hydrate their vegetation.
Groundwater with elevated levels of microbes cacliirge into the Pamlico River and other
surrounding surface waters, such as streams, estpaetlands, lakes, and ditches, which could
potentially harm humans and animals that comedotdact with that water.

Differences in tank and drainfield groundwater mmal abundance also may be due to
several factors, such as nitrogen and chloridespgmthers (Appendix S). The mean total
dissolved nitrogen was higher in both the tank§84g/L) and the drainfield groundwater (23.2
mg/L) at Site 1 than the tank (57.6 mg/L) and diald groundwater (8.9 mg/L) at Site 2. The
abundance of nitrogen is an indicator of groundweda@tamination and elevated levels of
dissolved nitrogen can correlate to elevated leoktnicrobes (Humphrey, 2009). Also, the

residents at Site 1 are older than the residerfitef2. It is possible that if these residenés ar
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taking medications, such as antibiotics, theirdasican affect microbial populations in the tanks
and drainfields (US EPA 2002). Further analysisidaneed to be conducted to test whether or

not this could affect microbial densities within Q®.

Pulsation/Flushing Events

At Site 2, the water table went above the bottorthef45 cm separation during late
January through February and briefly in mid-Marglg(8). Comparable to Site 1, Site 2
allowed for more vadose zone residence time tavatlatural processes to reduce the microbes.
The VTE at Site 2 varied seasonally, witltoli andEnterococcus VTE of >98% on the
3/15/2010 and 5/24/2010 sampling dates. HowekerVITE during the 11/16/2009 and
1/25/2010 sampling dates were not as efficienthelieugh separation distances between the
bottom of the drainfield and WT were 87 and 45 oespectfully. The 11/16/2009 and 1/25/2010
sampling dates were dates in which the most pratipn fell two weeks prior (Fig 10).
Conductivity concentrations were elevated in piegtars 2p5 on 11/16/2009 and 1/25/2010
sampling dates, compared to the 3/15/2010 and Z328/sampling dates, indicating that
wastewater is the source of the contamination (AgpeQ).

The following situation is an example of how reiceains that occurred prior to sampling
may have influenced the VTE of microbial densitiasthe sampling dates in the vadose zone
(Appendix O). In environments where there is @alde flux of nutrients, such as a shallow
groundwater system underlying an OWTS, microbigdytation shifts between exponential
growth, stationary, and death phases are commoap(ghie, 1993). Dry soil conditions and a
deeper water table beneath the drainfield can athmre time for natural processes, such as
filtration and predation, to reduce bacteria (Dag2310). However, if there is a sudden increase

of precipitation, bacteria from the surface as \@slbacteria in the soil may move through the



soil at a quicker pace and enter the groundwatgesy. For example, infiltration of
precipitation over loamy sand can transport as naschOO times more fecal coliforms to
groundwater following rainfall events than durimy geriods (Gagliardi and Karns, 2000).

Bouwer et al (1974) observed this phenomenonsiudy of the Flushing Meadows
Project in Phoenix, Arizona. Bouwer et al (197d3lgzed groundwater fed by secondary
sewage effluent that was discharged into rapidtiation basins. They observed that
groundwater microbial colonies increased in respdos release of wastewater, which occurred
after an extended dry period. This could indi¢htg more microbes are entering groundwater
without being properly treated.

The scenario mentioned above could have occutriegst three out of the four sampling
dates. Two weeks prior to sampling on the 11/1@2ampling date, the area received 17.7 cm
of precipitation. Two weeks prior to the 5/24/2@&Hmpling date, the area received 5.7 cm of
precipitation the week two weeks prior to samplilage. The area received 3.15 cm of rain from
4/10/2010-5/9/2010. More specifically, 1.88 cnraif fell on the day before and on the
morning of the sampling date (5/24/2010). Alsoidgithe week of increased rainfall, a spike in
DO was observed at both Site 1 and Site 2 (AppehdxU), suggesting groundwater recharge.
In conclusion, it is possible that the influx obsst at both sites on 11/16/2009, 1/25/2010, and
5/24/2010 sampling dates was an observation ogéasad microbes in the groundwater due to

recharge following a sudden increase in precipita¢Fig 10).

E. coli and Enterococcus Transport with Distance from Drainfield (Hypothesis 2): microbial
contamination from OWTS can migrate greater than the NC 15 m setback

The primary goal of establishing setback distaneés prevent effluent from the

drainfield area from entering a well or surfaceevats well as reducing the probability of the



effluent plume intersecting with other plumes (FR®et al., 2009). However, there are physical,
chemical, and biological constituents in groundw#tat can provide a hostile environment for
microbes and can eliminate these microbes furdsgrecially given time and distance (Pekdeger
and Matthess, 1983). Significant reduction indhsaturated zone can prevent elevated levels
of microbes from entering the groundwater, theefacreasing the overall effectiveness of
source density reduction occurring laterally.

In the current study, both sites were in compkawith the North Carolina State
Regulation 15A NCAC 18A .1950 with respect to sekdistances from surface waters (>15
m). North Carolina regulations dictate that restd# systems discharging less than 3000
gallons/day should be placed no closer than 15m surface water bodies (30 m from shellfish
waters) so that wastewater will not adversely imgacface waters. In the U.S., states have
implemented setback distances ranging from 15-94ith,typical values ranging from 15-30 m
(Yates and Yates, 1989) (Table 2). As groundwaieved further away from the drainfield,
both E.coli andEnterococcus showed significant density reductions (Fig 14,drtd 16).

However, the groundwater data at both sites sugdekat the migration d.coli and
Enterococcus from OWTS through the surficial aquifer extendedager than 15 m. The degree
of reduction varied temporally and spatially.

The setback distance minimum of 15 m yielded vari@sults. At Site 1, there was an
E.coli HTE of 83% and ainterococcus HTE of 98.5%, slightly greater than 15 m away from
the drainfield (1p7). Groundwater specific condmcie within 15 m of the drainfield averaged
0.469 mS/cm, which is nearly eight times greatanthackground groundwater levels. This
indicates that groundwater 15 m from OWTS may Heeen affected by wastewater. Electrical

resistivity survey data from Site 1 indicated thalstewater-affected groundwater extended from
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the OWTS to the Pamlico River (Appendix V). Theref it is likely that the OWTS plume with
elevated dissolved ions and microbes is discharngitogthe estuary.

At Site 2, there was no reduction®toli andEnterococcus in 2p8 which was 17 m from
the drainfield. Median values of E.c@li0*®® cfu/200 mL) andEnterococcus (10**?cfu/100
mL) were higher in piezometer 2p8 than in the dreld. There was no significant difference
between the medians of the two areas (Appendix tMgn At 2p7, which is 13 m from the
drainfield, there was aB.coli HTE of 4% and atenterococcus HTE of 81%. The mean specific
conductance at 2p7 and 2p8 were 0.121 mS/cm ad8 th&S/cm. These values were equal and
two times greater than background levels. The ncbéoride concentrations for 2p7 and 2p8
were 14 mg/L and 12 mg/L, which were less than niesrkground groundwater concentrations
of 24 mg/L. The median TDN concentration at 2p@ 3p8 was 0.6 mg/L and 1.0 mg/L,
respectfully, which was lower for background TDMcentrations (1.1 mg/L). Conductivity,
chloride, and TDN indicated that 2p7 and 2p8 ditappear to be heavily affected by
wastewater, especially when compared to backgraan#t, and drainfield tracer data (Appendix

I, Q, and Z).
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Case Sudies

Source Soil Type Setback required to Type of Study
reduce/eliminate
microbes/viruses
Habteselassie et | Sandy Loam 10 meters Field
al., 2011
Pang et al., 2005 Coastal sand 37-44 meters Laboratory/Field
aquifers
Pang et al., 2003 Pumice Sand 16 mekecsh, 48 meterst Laboratory
viruses
DeBorde et al., Sand/Gravel 45.5 meters Field
1998
Yates and Yates., | N/A 80 meters Laboratory
1989
Yates et al. 1988 Silty clay loam- | 1.5-125 meters
sandy gravel
Bouwer et al., Sand/Gravel 91 meters
1974
Young, 1973 Sand 6.1 meters

Table 11. A summary of studies and their suggestaf appropriate setback distance to reduce oiredie
microbes and viruses.

Several scientific studies have addressed wtaat eppropriate setback distance to
protect water quality (Table 11). Yates and Y&1&89) using disjunctive kriging, created a
model to calculate the probability of eliminatinguses from groundwater in the city of Tucson,
Arizona. Their objective was to determine an adégsetback distance to reduce virus
densities. They concluded that to eliminate voolstamination by seven orders of magnitude,
there is a 70% probability that a 15 m setbackadis® would eliminate viruses, an 85%
probability that a 30 m setback distance would elate viruses, and to reduce viruses with 99%
probability, a setback distance of 80 m would beeseary.

Pang et al (2005) conducted a field/ laboratomloimation experiment to compare two
methods (advection-dispersion model vs. filtratiogory) of determining reductions of

microbial densities in different aquifers. Theaitijve was to derive parameter values that can



be used to describe the filtration of microbesaarse alluvial gravel aquifers on a field scale
and to provide recommendations on setback distanadhivial gravel aquifer8acillus subtilis
spores and the F-RNA phage (MS2) were used asabertto determine bacterial and viral
reduction. Their results indicated that a sevelei® of magnitude reduction would require 125—
280 m travel in clean coarse gravel aquifers, 19k travel in contaminated coarse gravel
aquifers, 33—61 m travel in clean sandy fine graglifers, 33—-129 m travel in contaminated
sandy fine gravel aquifers, and 37—44 m travebintaminated river and coastal sand aquifers
(Pang et al., 2005).

Habteselassie et al (2011) conducted a studysteeaNorth Carolina to examine the
effects of microbial transport of four OWTS (twatlwere properly functioning and two that
were failing) on surrounding water quality. Wasamples were collected from monitoring
wells located near drainfields, as well as neaiilghds. Enterococcus, E.coli, Rhodamine WT
(RWT) and coliphage MS2 were used as tracers &rméate fate and transport. For the two
properly functioning OWTS, there was over 99% reuuncof E.coli andEnterococcus that
occurred within 10 m from the drainfield. The tfeading OWTS had groundwater
Enterococcus andE.coli densities that exceeded BB A threshold for both indicators 15 m
away from the OWTS. They concluded that proparhctioning OWTS in eastern North
Carolina are effective in treating wastewater. ldegr OWTS that are/have failed can
negatively affect groundwater quality, especiaftg@a precipitation event.

Habteselassie et al (2011) results of HTE wildmm of the D-box were similar to this
study HTE ofEnterococcus (99.7%) at Site 1 and thecoli (93%) andEnterococcus (99%) at

Site 2. However there was no reductioreaoli within 15 m of the drainfield at Site Z.coli
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andEnterococcus densities exceeded EPA Single Sample Contact &tdrad both sites at the

same distance (15 m), similar to the two failing ©8\of Habteselassie et al (2011).

Comparisons of VTE and HTE

The comparison between VTE and HTE for both Siéed Site 2 suggests that VTE is
responsible for greater reduction of microbial abance. This is in agreement with other studies
such as Pang et al (2003) and Froese et al (200®te were significant reduction Bfcoli at
Site 1 andt.coli andEnterococcus at Site 2 that occurred between the drainfielddines and
groundwater. Once microbes reached the groundwatdrif conditions are favorable, microbes
can survive and not be reduced for 100’s to 106Diseters (Froese et al., 2009).

Site 1 is located on the Pamlico River and thelish and saline waters may have a
direct impact on the groundwater quality of theagfldS EPA, 2003). Mean groundwater
chloride concentrations were much higher at Sfg7Img/L) that Site 2 (22 mg/L). Mean tank
chloride concentrations were higher at Site 1 (§@Lnthan Site 2 (55 mg/L). SiteA.coli VTE
was 99%+ for all four sampling dates, wherEaterococcus VTE achieved 99%-+ reduction
only once. One possible reason is thaterococcus can survive in saline conditions better than
E.coli. The mean chloride concentration in the draidfighs 64 mg/L. The mean septic tank
chloride concentration was 80 mg/L. The elevasdtconcentrations in the tank and
groundwater at Site 1could have created a much fagogable environment fdEnter ococcus

to thrive in, therefore creating an environment thias more hostile tg.coli.

EPA Compliance 15 meters and further from the drainfield
Even though there were significant reduction&.cbli andEnterococcus densities from
the tank, many of the piezometers from both sikegeeded the EPA Single Sample Contact

Standard contained at least once during the sflalyl¢ 8 and 9). For example, at Site 1, 1p7



exceeded thE.coli Single Sample Contact Standard. Piezometers 1gp8@® which were 31

m and 23 m from the drainfield, exceeded bothElweli andEnterococcus Single Sample
Contact Standard. Every piezometer exceede#.tod andEnterococcus Single Sample
Contact Standard at Site 2. Piezometers 2pl,duB2p9, are 20 m, 17 m, and 36 m from the
drainfield. This is a concern because all of tigeeometers are greater than 15 m from the
drainfield. Theoretically, if there was surfacater in the areas these piezometers are located,
the surface water would be impaired for recreati@thing, or consuming purposes. So when
considering the effectiveness of a setback distanuerobial reduction to below EPA contact
standards must also be considered (Karathanasis 2006).

The HTE and EPA contact standards indicate tisaetlaack distance of 30 m would
provide a greater likelihood of reducing microbe®ackground levels and below EPA contact
standards. Increasing the setback distances vialjpdreduce the impact from new OWTS. At
Site 1, the average distance between the OWTShaenelstuary in the residence subdivision is 40
m. However, there were some OWTS that were clisar 30 m to the estuary (O’Driscoll et
al., 2012).

The OWTS at Site 2 was not as effective in redu&iragli andEnterococcus as Site 1
OWTS. There are various potential reasons fodifierences in treatment across the sites. One
possible explanation is wastewater at Site 2 wag moncentrated than at Site 1. There were
times, such as on the 3/15/2010 and the 5/24/2&iplkng dates, which the outermost
piezometers (2pl, 2p3, and 2p9) indicated thatethars no lateral movement of groundwater,
suggesting that wastewater may have been conaethtrdhere is a clay lens approximately 5 m
below land surface that could possibly promoterédteiovement of groundwater in multiple

directions instead of one general direction (Appe). It is possible that groundwater is more
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stagnant at Site 2; the hydraulic conductivity \@asorder of magnitude lower at Site 2 (6.24x10
* cm/s) than Site 1 (2.08 x2@m/s), indicating that the surficial aquifer magrismit less
groundwater than Site 1 (Thieme, personal comnatiic).

At Site 1 and Site 2, microbial densities couddrdrbeen influenced by sources other
than the septic tank. Habteselassie et al (20idgested that both domestic and wild animals
can contribute to microbial contamination to watsources. The homeowners at Site 2 had a
pet dog that roamed the property. Site 1 waseamatdd off and sits on the Pamlico River,
meaning that animals, such as dogs, cats, and badgotentially contribute to microbial

contamination.

OWTS construction and maintenance

Most septic tanks are prefabricated, and may beaeks and leaks that could potentially
contaminate ground and surface waters and leaductgral failure of the OWTS (D’Amato &
Devkota, 1997). Regulatory inspections for insthllanks have historically been inconsistent,
infrequent, and in the long term, ineffective (D’Ato & Devkota, 1997). OWTS typically
become less effective over time unless they arpgslp maintained (O’Hara, 2006). At Site 1,
the septic tank wasn’t pumped for at least 15 yed@tse tank was pumped a month prior to the
first sampling date on 10/2/2009. Also, rainfakt occurred prior to the 11/16/2009 sampling
date could have affected tank chemistry due torgtauater seeping into the tank. In summary,
assuring that an individual’s OWTS is properly ntained can reduce the potential harmful
effects the system can have on the environmerdo,Ahe construction, installation, and
maintenance of these units needs to be propertyategl by all parties involved (individual,

county, and state).



Chapter 5: Conclusions and Management Implications

The 15 m setback distance was not always sufficrereducing microbial densities to
below EPA standards at Site 1 and Site 2. There weas in which the groundwater greater
than 15 m down-gradient from the OWTS exceededefw Single Sample Contact Standard at
both sites. Site 2 patterns were less clear, ihljgause of variations in groundwater flow from
the drainfield. Ideally, a recommendation of 3@ngreater setback would be required based on
this study to reduck.coli andEnterococcus to background groundwater levels. High densities
of OWTS in sandy soils with shallow water tables sarease the risk of these microbes
contaminating water resources and precautions beutstken to reduce the risk.

The data suggest that the unsaturated zone bethvedottom of the drainfield and the
water table had a greater influence on reduBiegli andEnterococcus densities in wastewater
effluent than the surficial aquifer. Generaliycoli andEnterococcus in wastewater were
treated more effectively at Site 1 than at Siterdughout the four sampling dates (Fig 7 & 8).
However at both sites, elevated microbial densitiese detected when the water table was 87
cm or deeper than the bottom of the drainfielddh&s. Minimum separation distance required
by the state of North Carolina is 45 cm in sandissdAs discussed earlier, the greater
separation distances between the drainfield and/#ter table, the greater the chance that
microbes and viruses are filtered or become inadiefore entering groundwater. Pekdeger and
Mattness (1983) suggested that 99.9% reductiomtbioggenic microorganism in groundwater
should be the standard to determine the effectas®nétreatment. Based on that standard, in
sandy/silty surficial aquifers, a minimum 60 cm aeion between the bottom of the drainfield
and the SHWT would be appropriate. This would &gpond to what is described in current

regulations in states such as Florida and VirgiStall, 2008) (Table 2). This would also be in



agreement with recent recommendations based oensysh eastern North Carolina by
Humphrey et al (2011).

Horizontal treatment efficiency is also importanteducingE.coli andEnterococcus
densities. The 15 m setback distance minimum getisignificant reduction at Site 1 and HTE
of 90%+ as distance increased from 15 m at both1ISéind Site 2. Even though there was
significant reduction, the remaining microbes caostitl be a source of water contamination.

North Carolina’s population is expected to growLfomillion people by 2030. Beaufort
County’s population is expected to increase by b#ween 2010 and 2020 and by 12%
between 2020 and 2030. Eastern North Carolingpgsated to grow by 15% by 2020 and by
12% between 2020 and 2030 (North Carolina Offic8tate Budget and Management, 2011).
In rural areas, such as eastern North Carolinanttrease in population could potentially
increase septic tank density. Yates (1985) sugddhtt septic tank density within an area is the
single most important indicator to reduce the effeat these systems have on groundwater.
The US EPA has designated areas with septic tamittes greater than 40 OWTS per square
mile as regions of potential groundwater contanamafY ates, 1985). At Site 1, the
neighborhood contained 27 OWTS and one communityfTQ@Wh a 0.07 square mile region.
The increase in population will increase the OWEgdities in these areas if municipal
wastewater treatment does not occur, thus intangityre potential threat of microbial
contamination.

Sea level rise in response to climate change dwaNé a tremendous impact on the
effectiveness of OWTS. Climate models have inéddhat North Carolina’s average
temperature and rainfall will increase (North CaralClimate Office, 2011). Some “best case”

climate models predict that the increased raifialbunts will be higher in intensity and
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frequency (US EPA, 2010). This could have an ¢decSHWT, as WT could increase due to
sea level rise, decreasing the separation distdretesen the bottom of the drainfield and
SHWT on existing systems. Also, pulsation/rechangents would be more common. This
could increase the possibility of water-borne oeflies due to the degradation of water quality
(Howard et al, 2010).

When properly constructed and maintained, OWT Sbeaa safe and practical alternative
to municipal wastewater treatment, especially nalrareas in which large sewage treatment
facilities are not feasible. As noted earliethése systems are not properly implemented,
degradation of water quality can occur, which caadme hazardous to human health. Improved

wastewater regulations are needed to help to reitiecesk of water quality impairment.

Future Work

Sampling before, during, and after storms and rfrequently could help improve
understanding of temporal variability and the fael transport of these microbes. To evaluate
the effects of recharge events a similar study gitater sampling frequency and storm-specific
sampling could help to better explain the tempuwaaiability of on-site wastewater treatment in
sandy coastal soils. This type of study would bpartant to advance the understanding of
groundwater-OWTS dynamics in storm-prone coastdsaand how it relates to climate change.
Similarly, projects similar to this one would neede conducted in other soil types (Group II-
V).

Further work is needed to quantify the potentialrses of microbial water quality
impairment in rivers, estuaries, and shallow grauster in eastern North Carolina. An ongoing
parallel study by the CDC will aim to determine #wirce oE.coli andEnterococcus by

analyzing microbial DNA, to determine whether anigs from human, dog, cat, etc. This type



of work may help to improve the understanding ef¥arious sources of microbial water quality

impairments in the estuary and other surface waddres.
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Appendix
Appendix A. Soil morphology of Site 1 and Site 2. Modified from Humphrey et al., 2010.

Morphological
Site Parameter Horizon Boring Summary
a1 2 3 4 5 Soil group> i
i Depth (cm) o-38 38-58 58-108109-1504 Depth (cm) to SHWT (Chroma 2 =150
Texture s s s s Depth (cm) to Chroma 3 (crry =150
Structure SG SG SG SG Depth (cm) to Concentratiops 109
Consistence 1 1 1 1 Depth (cm) to saturation today 132
Soil color matrbf 10YR 2/L 10YR 444 10YR H/6 10YFR4A Depth (cm) to top of trench 30-940
7.5 YR
Soil color mottlg none none nong 5/8 526 Projected trench bottom depth (¢m) 6191
10YR 5/6|
Soil color mottlg none none none 526 Projected separation to SHWT (gm) 59489
Elevation of Land Surface above {
Level (cm) 168
Elevation of Trench Bottom (cm) 107
Measured SHWT: 1./30/2010-
2/13/2012 (cm) 89
Measured Separation to SHWT (¢m) i1$p
2 Depth (cm) o-23 23-56 56-97 O91-123%25-150+ Soil group i
=150
Texture Is s s sl Is Depth to SHWT (Chroma 22) cm
=150
Structure SG SG SG wif SBIK SG Depth to Chroma 3 cm
Consistence fr fr fr fr fr Depth to Concentrations o1
Soil color matriy 2.5Y 3/ 2.5Y 5/4 2.5Y 6/4 10YKRE410YR 5/ Depth to saturation today =150
Soil color mottlg none none none nonge 2.5Y|7/3 efeted trench bottom depth (cm) 74
Soil color mottlg none none 2.5Y 6/6 nong 30206 Depth to top of trench a3
Projected separation to SHWT (gm) 7%
Elevation of Land Surface above {
Level (cm) 392
Elevation of Trench Bottom (cm) 318
Measured SHWT: 2/4/201.0-
2/18/2010 (cm) 278
Measured Separation to SHWT (gm) 4
Key
S Ls sl Wf SBK SG Is fr SHWT Soil Group
Sand Loamy Sandy Weak, fine, Blocky Single Loose Friable Seasonal per (Title
sand loam subangular grained high water | 15A NCAC
table 18A.1900)




Appendix B. Soil Test Report Conducted by North Carolina Department of Agricultural and Consumer Services Agronomic
Division.

NCDA&CS Agronomic Division Phone: (919)733-2655  Web site: www.neagr.gov/agronomi/ Report No: 25162
Grower:  Keaton, Henry Coptes To:
29112 Su S
Greenville, NG 27834
0il Test Report
SERVING N.C. RESIDENTS FOR OVER 60 YEARS e
Received: 01/22/2010 Completed: 02/26/2010 inks el Informatios Beaufort County
Agronomist Comments 5
Field Information Applied Lime d:
Sampie No. Last Crop Me ¥r T/A | Cropor Year Lime N P20s K20 Mg 5 cn In B Mn See Note
Al Ist Crop: Lawn Q (12.5 Ibs 8-0-24 or EQUIV PER 1000 5Q FT) 0 0 4
2nd Crop: Q 0
Test Results
Soil Class HM% wiv CEC BS% Ac PH P-1 K-I Ca% Mgk Mn-l Mn-AK1) Mn-Al(2) Zn-1 Zn-Al Cu-1 &1 851  NO3N NH+-N Na
MIN 018 138 1.9 84.0 0.3 6.9 61 13 56.0 24.0 12 31 31 47 17 0.3
Field Information Applied Lime dati
Sample No. Last Crop Mo ¥r T/A | Crop or Year Lime N P20s K20 Mg S € In B Mn See Nofe
H1 1st Crop: Lawn 30M (20 Ibs 5-10-10 or EQUIV  PER 1000 5Q FT) Q0 0 4
2nd Crop: 0 K
Test Results
Soil Class HM% wv CEC BS% Ac pH P K- Ca% Mg% Mn-l Mn-AKI) Mn-AN2) Zn-l  Zn-Al Cu-l &1 §81 NO3-N NH+N Na
MIN 0.27 1.47 1.9 47.0 1.0 5.1 4 5 33.0 10.0 6 7 7 11 33 0.1
North Carolina p of the y-information-management system that makes this report possible is being funded
@ Y through a grant from the North Carolina Tobacco Trust Fund Commission.
N
)
o Thank you for using agronomic services to manage nutrients and safeguard environmental quality.
- Steve Troxier, Commissioner of Agriculture
Tobacco Trust Fund Commission

*Note. A-1 represents Site 1 and H-1 represents Sit
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Appendix C. Sail profile of Site 1. (Prepared with assistance from Shawn Thieme).
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%52 6
0 0 ' ' )
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Key
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Appendix D. Soil profile of Site2. (Prepared with assistance from Shawn Thieme).

Well ID 2p9 2p8  2p7 2p6 2p5 2;&
Distance (vertically and horizontally )y L T T 1 1 I ! ! T
in meters 80 64 48 32 16 Geoprdbe core
4
B -
Tank| ||Prainfield
3 .
2556 £q Site 2 Base Map A-
2 T |T 1 7555 FSw/organic lens
T T |1 I FS
I T _: 1 2.5y 6/2 4
1 T - ok T [ CS
I I I I I 2562 S
[ L
1 x LS
I 1] sC
- - 10yr 5/6 VCS
- i N
T 2.5y 71
KEY
CS-Course Grain Sand Piezometer cs
FS-Fine Grain Sand
VCS-Very Course Grain Sand
SC-Sandy Clay 25y 503
N LS-Loamy Sand Screen

C-Clay | C w/ wood debris



Appendix E. Groundwater Direction at Site 1
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Appendix F Average Groundwater Direction (m) at Site 2.
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Appendix G. Sampling dates and the total number of water/effluent samples taken from both
sites.

Date Drinking/Irri Tank Samples Groundwater Total Samples
gation Piezometer
Samples Wells
Samples
10/1/2009 2 4 0 6
11/16/2009 2 4 28 34
12/7/2009 2 4 0 6
1/25/2010 2 4 30 36
2/15/2010 2 4 0 6
3/15/2010 2 4 30 36
4/19/2010 2 4 0 6
5/24/2010 2 4 27 33



Appendix H. Site 1 Total Dissolved Nitrogen (TDN) for four sampling dates.

Well ID  11/16/2009 1/25/2010 3/15/2010 5/24/2010

1sto 56.0 93.1 95.5 94.6
1sti 56.3 92.0 89.7 94.7
1lpsonde2 0.9 0.4 0.3 1.2
1p4s 9.8 175 10.0 45.5
1p4d 9.6 39.0 43.4 14.9
1p5d 4.7 3.5 1.1 10.8
1lpsonde5 2.0 0.9 0.7 2.4
1p6s 3.0 2.1 1.8
1p6d 5.8 0.8 0.7 1.3
1p7s 2.9 1.8 15
1p7d 10.6 0.9 1.0 0.7
1p8s 2.4 2.2 1.4 2.3
1p8d 1.9 1.9 1.2 4.1
1p9 14 0.8 0.4 2.1
1p10 11.0 6.2 1.3 2.1

1p16 1.0 12.3 24 0.9



Appendix |. Site 2 Total Dissolved Nitrogen (TDN) for four sampling dates.

Well ID  11/16/2009 1/25/2010 3/15/2010 5/24/2010

2stol 55.1 64.8 44.5 66.2
2stil 52.8 66.2 44.1 65.0
2pl 7.5 1.2 1.1 8.8
2p2 7.2 10.5 9.4 10.0
2p3 1.8 0.4 0.3 2.9
2p4 7.0 1.8 1.6 24.0
2p5s 9.7 12.1 10.7 13.4
2psonde5 9.7 3.4 9.7 9.7
2p5d 9.3 1.6 9.6 8.4
2p6s 3.6 2.0 1.8

2p6d 0.4 0.4 0.3 0.6
2p7s 6.0 1.2 0.6 16.6
2p7d 3.0 0.2 0.4 0.9
2p8s 3.3 1.6 1.6 1.2
2p8d 0.5 0.3 0.9 0.3

2p9 1.7 46 2.7 2.1



Appendix J. Instrument location for Site 1 and Site 2.

Hobo YSI 6920 v2
Datalogger Sonde

Site 1 1lpsonde2, 1lpsonde2,
1p3, 1lpsonde5
1psondeb,
1p16,

Atmospheric
pressure
logger

Site 2 2p4, 2p4, 2psonde5
2psondeb,
2p5s, 2p5d,
2p6d, 2p7d,
2p8s, 2p8d,
2p9



Appendix K. Site 1 E.coli densities (cfu/100 mL)

Well ID
E. coli
1 STI
1 STO
1psonde2
1psonde2
(rep)
1p2
1p4s
1p4d
1p4d
1psonde5
1p5d
1p5
1p6s
1p6d
1p6
1p7s
1p7d
1p7
1p8s
1p8d
1p8
1p9
1p10
1p16
1DIW

10/1/2009 11/16/2009

N/D 48000
58700 39500

5
5
5
1

0.5
1

220
N/A
220

460
366
460

20

20
15
3.33
3.3
163.33
3.33
21.33
0.5 0.25

12/7/2009 1/25/2010 152010 3/15/2010

49950 20500 5250 9500
63500 18500 6800 2350
1 5
1.3 2
1.3 5
74 2.67
110 21
110 21
2 0.25
4 9.33
4 9.3
100 4
20 25
100 25
1 1
2 0.5
2 1
0.65 2
0.65 25
0.7 2.5
5 1
2 5
2 3.33
0.215 0.25 0.25

4/19/2010 5/24/2010

9000
4500

28500
25000

25000

11000
25000

40
133
133
79.5

176000
176000

N/S
800
800
N/S
30
30

31000
64
31000
446
30
6

0.25 0.25



Appendix L. Site 1 Enterococcus densities (cfu/100 mL)
Well ID  10/1/2009 11/16/2009 12/7/2009 1/25/20101522010 3/15/2010 4/19/2010 5/24/2010

1 STI 280000 3500 2650 1650 1800 27000 3700 63500
1STO 370000 2650 2870 2250 2900 31500 6850 67500
1psonde2 5 12 5 9200
1psonde2

(rep) 5 122.7 2 8800

1p2 5 122.7 5 9200
1p4s 6200 300 104 3600
1p4d 1.33 2 3 10800
1p4d 6200 300 104 10800
1psonde5 5 0.5 15 760
1p5d N/S 12 0.67 770000
1p5 5 12 15 770000
1p6s 180 340 8 N/S

1p6d 1400 10 1 59000
1p6 1400 340 8 59000
1p7s 40 36 1 N/S

1p7d 46 2800 0.5 515

1p7 46 2800 1 515
1p8s 1.65 13 2 41000
1p8d 15 4.7 165 82000
1p8 1.7 13 165 82000
1p9 16.7 220 1 13000000
1p10 1.65 80 5 61

1p16 23.33 10 6.67 6

1DIW 6 0.125 8 0.125 0.125 0.085 0.07



Appendix M. Site 2 E.coli densities (cfu/100 mL)

Well ID 10/1/2009 11/16/2009 12/7/2009 1/25/2010 152010 3/15/2010 4/19/2010 5/24/2010

2 STI 165000 21000 305000 46000 23000 280000 680000 06000
2 STO 610000 32500 165000 63000 14000 290000 545000 06000
2pl 100 80 1 7200
2p1 (rep) 2 0.5 465
2pl 100 80 1 7200
2p2 62 600 2 300
2p3 10 287 1 5
2psonde4 18 1300 1 130000
2p5s 300 1100 50 316
2p5d 220 1500 8 300
2psonde5 15000 600 105 4000
2p5 15000 1500 105 4000
2p6s 50 5600 50

2p6d 20 160 12 112
2p6 50 5600 50 112
2p7s 50 5200 80 5300
2p7d 10 3800 8 200
2p7 50 5200 80 5300
2p8s 2900 15500 104 6300
2p8d 9000 6000 200 11800
2p8 9000 6000 200 11800
2P9 340 100 25 311000

2DNIwW 0.5 0.25 0.145 0.25 0.25 0.25



Appendix N. Site 2 Enterococcus Densities (cfu/100 mL)

Well ID 10/1/2009 11/16/2009 12/7/2009 1/25/2010
Enterococcu
s
2 STI 80000 57000 46000 44500
2 STO 112000 75500 47000 31000
2p1 500 1400
2pl (rep) 520
2pl 500 1400
2p2 112 13200
2p3 10 343
2psonde4 122 900
2p5s 2900 12000
2p5d 23600 3800
2psonde5 3000 1200
2p5 23600 12000
2p6s 50 6800
2p6d 800 480
2p6 800 6800
2p7s 50 3600
2p7d 10 3100
2p7 50 3600
2p8s 840 15000
2p8d 17000 30000
2p8 17000 30000
2P9 10 30
2DNW 0.5 0.25 0.07

1512010 3/15/2010

3050000 515000
3100000 735000
2
10
10
0.5
1
1
150
8
36
150
50
12
50
32
8
32
56
124
124

0.125

4/19/2010 5/24/2010

31500 63500
41500 04000
17200
18400
18400
90
5
203000
400
900
2000
2000

200
200
100
2600
2600
1700
9300
9300
460000
0.085 0.07



Appendix O. Monthly Rainfall Total for Washington, North Carolina. Precipitation wa:
recorded at Warren Field and Tranters Creek s&i{i@Gfimate Office of North Carolina, 20

Washingtion, NC Precipitation Summary
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Appendix P. Site 1 conductivity (mS/cm) taken on various sampling days using the YSI 556 MPS meter.

Well ID  10/1/2009 11/16/2009 12/7/2009 1/25/2010 1572010 3/15/2010 4/19/2010

1sto 1.252 1.238 1.198 1.107 1.018 0.978 1.221

1sti 1.280 1.234 1.189 1.106 1.021 0.990 1.167
1DIW 0.063 0.073 0.058 0.068 0.059 0.061 0.070
1lpsonde2 0.095 0.064 0.055

1p4s 1.060 0.757 0.373

1p4d 1.027 0.948 0.732

1p5d 1.320 0.342 0.490
1psonde5 1.022 0.775 0.433

1p6s 0.030 0.289 0.192

1p6d 1.100 0.449 0.292

1p7s 0.360 0.311 0.181

1p7d 1.393 0.306 0.300

1p8s 1.053 0.342 0.249

1p8d 1.154 0.420 0.220

1p9 0.400 0.397 0.192

1p10 1.403 0.684 0.263

1pl6 15.920 0.770 0.375

5/24/2010
1.347
1.337
0.081

0.028
1.189
0.737
0.916
0.795

0.552

0.432
0.289
0.302
0.278
0.835
0.962



Appendix Q. Site 2 conductivity (mS/cm) taken on various sampling days using the YSI 556 MPS meter.
Well ID  10/1/2009 11/16/2009 12/7/2009 1/25/2010 1572010 3/15/2010 4/19/2010 5/24/2010

2sto 1.038 0.914 0.930 0.985 0.888 0.922 1.020 1.013
2sti 1.040 0.918 0.936 1.000 0.867 0.920 1.013 1.000
2DIW 0.361 0.330 0.263 0.339 0.358
2p1 0.589 0.077 0.048 0.124
2p2 0.237 0.493 0.458 0.355
2p3 0.119 0.104 0.067 0.121
2p4 0.113 0.288 0.065 0.319
2p5s 1.010 1.054 0.548 0.473
2psonde5 0.681 0.821 0.562 0.841
2p5d 0.779 0.556 0.457 0.343
2p6s 0.057 0.079 0.177
2p6d 0.057 0.079 0.056 0.098
2p7s 0.161 0.111 0.081 0.145
2p7d 0.131 0.088 0.055 0.202
2p8s 0.277 0.176 0.112 0.325
2p8d 0.385 0.194 0.122 0.369

2p9 0.500 0.523 0.283 0.320



Appendix R. Pooled E.coli and Enterococcus Mann-Whitney results

Significant Differences: PoolecE.coli Testing parameters Legend
p<0.05 p<0.10 | p>0.10
TanktAll sampling DFBG Tank# All sampling Tank=Septic Tank Effluent

points points DF=Groundwater beneath drainfield
BG=Background groundwater

GW<15 m#GW>15 DF+BG BG w/o O=Background groundwater without outlier

m GW<15 m= Groundwater within 15 meters of OWTS
DF#BG w/o O GW>15 m= Groundwater greater than 15 meters of OWTp
DF£BG wi/o outlier Est GW=Estuary groundwater

GW< 15 m¢GW >15 | D/IW=Drinking/Irrigation water

m

Significant Differences: PooledEnterococcus Testing parameters Legend
p<0.05 p<0.10 | p>0.10

TanktAll sampling GW<15 m#GW=>15 | Tank# All sampling Tank=Septic Tank Effluent

points m points DF=Groundwater beneath drainfield

BG=Background groundwater

DF£BG DF#£BG BG w/o O=Background groundwater without outler

GW<15 m= Groundwater within 15 meters of

BG#D/I W GW< 15 m#GW >15m OWTS

GW>15 m= Groundwater greater than 15 metergof

DF#BG wi/o outlier BG# IID W OWTS

Est GW=Estuary groundwater

DF#BG w/o O D/IW=Drinking/Irrigation water




Appendix S. Constituent mass loadings and concentrations in typical residential wastewater.
Adapted from (US EPA, 2002).

Constituent mass loadings and concentrations in typal residential wastewater

Constituents Mass Loading (grams/person/dayfoncentration (mg/L)
Total Solids 115-200 500-880
Volatile Solids 65-85 280-375
Total Suspended solids 35-75 155-330
Volatile suspended solids 25-60 110-265
5-day biochemical oxygen demand (B§D 35-65 155-286
Chemical Oxygen Demand (COD) 115-150 550-660
Total Nitrogen (TN) 6-17 26-75
Ammonia (NH,) 1-3 4-13
Nitrites and Nitrates (N®@N; NOs-N) <1 <1
Total Phosphorus 1-2 6-12
Fats, oils and grease 12-18 70-105
Volatile organic compounds (VOC) 0.02-0.07 0.1-0.3
Surfactants 2-4 9-18
Total Coliform (TC) 10°%-10"

Fecal Coliform (FC) 10°-10°



Appendix T. Site 1 Dissolved Oxygen and Temperature recorded from YSI 6920 v2 sonde.
Comparison of DO of 1psonde2 (BG) and 1psonde5 (F9lation to temperature and
precipitation.

Site 1 Dissolved Oxygen-Temperature-Precipitation 11/1/2009-5/31/2010
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Appendix U. Site 2 Dissolved Oxygen and Temperature recorded from YSI 6920 v2 sonde.
Comparison of DO of 2p4 and 2psonde5 (DF) in refato temperature and precipitation.

Site 2 Dissolved Oxygen-Temperature-Precipitation 11/1/2009-5/31/2010
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Appendix V. Electrical resistivity survey conducted at Site 1 on 2/2/2011. Courtesy of O'Driscoll et al., 2012

[ __§o—fesml §§ § _§ _J§ |
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An initial electrical resistivity survey (OhmMappé&eometrics, Inc.) was conducted at each siteepteghber 2009 (Humphrey et
al., 2010). During February 2011, a two-dimensiditewas collected, spanning from the edge ofribed to the Pamlico River.
Resistivity declined approximately 50 meters frdma toad, in the vicinity of the drainfield. Lowsistivity data after 50 meters from
the road suggests that wastewater affects the ctiaiy of the groundwater and that the wastewatame extends to the estuary.



Appendix W. Site 1 and Site 2 E.coli Mann-Whitney results.

Significant Differences: Site 1E.coli Testing parameters Legend

p<0.05 p<0.10 p>0.10

Tank£All sampling | Tank# BG | DF#BG Tankz All sampling points | Tank=Septic Tank Effluent

points Except for BG DFBG DF=Groundwater beneath drainfield

DF+BG w/o BG=Background well groundwater

GW<15 m£GW>15 outlier DF£BG w/o O BG w/o O=Background without outligr

m GW<15 m= Groundwater within 15

GW< 15 m¢GW >15m meters of OWTS

GW>15 m= Groundwater greater tha
15 m of OWTS

Est GW=Estuary groundwater

D/IW=Drinking/Irrigation water

Significant Differences: Site 2 Testing parameters
E.coli

p<0.05 | p<0.10 | p>0.10

TanktAll DFBG | GW<15 m | Tank# All sampling Tank=Septic Tank Effluent
sampling # GW>15 | points DF=Groundwater beneath drainfield
points m BG=Background well groundwater
DF+BG GW<15 m= Groundwater within 15 meters of
DFGW>1 OWTS
5m GW< 15 m¢GW >15m | GW>15 m= Groundwater greater than 15 m of
OWTS
DF£GW<1 | DFfGW>15 m D/IW=Drinking/Irrigation water
5m

DF£GW<15 m




Appendix X. Site 1 and Site 2 Enterococcus Mann-Whitney results.

Significant Differences: Site 1
Enterococcus

Testing parameters

Legend

p<0.05 p<0.10

p>0.10

TanktAll
sampling
points

DFBG

GW<15 m+#
GW>15

Significant Differences: Site ZEnterococcus

Tank# All sampling points
DFBG

GW< 15 m#GW >15m

Testing parameters

Tank=Septic Tank Effluent

DF=Groundwater beneath drainfield

BG=Background well groundwater

GW<15 m= Groundwater within 15 meter
OWTS

GW>15 m= Groundwater greater than 15
OWTS

D/IW=Drinking/Irrigation water

Legend

p<0.05 p<0.10

p>0.10

TanktAll
sampling pointg

DFBG

GW<15m
#GW>15 m

DFGW>1
5m

DFGW<1
5m

Tank£All sampling points
DFBG

GW< 15 m£GW >15 m
DFGW>15m

DFGW<15 m

Tank=Septic Tank Effluent

DF=Groundwater beneath drainfield

BG=Background well groundwater

GW<15 m= Groundwater within 15 meters ¢
OWTS

GW=>15 m= Groundwater greater than 15 m
OWTS

D/l W=Drinking/Irrigation water




Appendix Y. Site 1 Chloride (mg/L) taken on sampling days.
Well ID 10/1/2009  11/16/2009  12/7/2009  1/25/2010 152010  3/15/2010  4/19/2010  5/24/2010

1sto 77 87 88 74 74 81 78
1sti 78 87 89 72 73 81 80
1sti (rep) 80
1D/IIW 11 14 12 16 9 12 13 12
1DIW
(rep) 11 12 13
1psonde2 16 12 11 2
1psonde2
(rep) 12 10 2
1p4s 95 43 42 70
1p4d 92 60 62 45
1p5d 142 43 43 61
1psonde5 114 46 26 44
1p6s 0 39 23
1p6d 93 34 19 33
1p7s 81 70 39
1p7d 120 40 22 42
1p8s 247 55 43 44
1p8d 201 78 43 32
1p9 57 47 25 28
1p10 134 109 22 57

1pl6 565 475 99 122



Appendix Z. Site 2 Chloride (mg/L) taken on sampling days.

Well ID 10/1/2009 11/16/2009 12/7/2009 1/25/2010 2/15/2010 3/15/2010 4/19/2010 5/24/2010
2sto 41 55 57 60 58 57 52
2sto (rep) 58
2sti 40 57 58 57 57 56 50
2sti (rep) 55
2 D/l Water 7 15 7 7 7 8
2 D/l Water (rep) 8 15 7 9
2pl 15 8 8 10
2p1 (rep) 7 8 10
2p2 19 14 42 30
2p3 26 15 12 16
2p4 19 5 7 15
2p5s 56 20 45 27
2psondeb 39 6 39 62
2p5d 33 2 35 19
2p6s 45 8 15
2p6d 21 11 10 14
2p7s 22 15 7 13
2p7d 16 4 7 25
2p8s 13 22 15 13
2p8d 8 3 10 8

2p9 32 85 45 24



