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ABSTRACT

A bacterial source tracking study usiBgcteroides host associated real-time PCR
assays was performed to determine the sourcesafdentamination in Pond Creek
(HUC 06010201013). Pond Creek, located in the RadgkValley physiographic region
in Eastern Tennessee, is a 303(d) listed streanfidi@to meet water quality standards
for pathogens. Water samples and discharge wersurezhmonthly at eight locations
from November 2005 to November 2006. Grab sampbs wnalyzed for several
chemical parameters and for microbial fecal indicarganisms, nameRacteroides
spp., Escherichia coli, andEnterococcus. The objectives of the study were to quantify
total, human, and bovine associaBattteroides. Additionally, we investigated spatial
and temporal variation of fecal indicator organisans created load duration curves for
each sampling site.

The results showed thescherichia coli concentrations regularly exceeded water
guality standard€Bacteroides host associated real-time PCR assays indicat¢dadktée
were the dominant source of fecal pollution (99cpat of totaBacteroides). Although
human-associateBacter oides were detected, their concentrations remained velsti
low across the watershed. Load data show that éacabmination from bovine sources
occurs at elevated levels throughout the watershedtatistical differences between
sites were observed for bovine associ&acteroides (BoBAC) andBacteroides spp.
belonging to théacteroides genus (AIIBAC) loads. Additionally, bovine-assoeidt
Bacteroides concentrations were very highly correlatet=r903) with the total
Bacteroides concentrations. Load Duration Curves (LDCs) atgbaated extensive
bovine fecal pollution. Load data separated intman and bovine LDCs showed that

\Y



Escherichia coli loads from bovine sources were mostly flow depehddrereas human
associatedEscherichia coli loads were generally flow independent.

Temporal variations followed seasonal weather padtanean loads of all fecal
indicators, excepEnterococcus, were greatest during the months of highest pitatipn
and lowest in the drier months. No temporal patevare established for concentrations
of fecal indicator organisms. This suggests thabfiutransported the majority of fecal
inputs to Pond Creek. Best management practiceP@Much as improving pastures,
nutrient management, proper manure storage, cbngrdivestock stocking densities,
vegetative filter strips, and riparian fencing watdreful riparian grazing, should be
implemented to reduce fecal inputs from cattle laglgp Pond Creek meet TMDL

guidelines.
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CHAPTER |

INTRODUCTION

To comply with Federal Regulations, the State afrlessee must implement
measures to reduce pollutant loads in contamirgttedms on the 303(d) list of impaired
streams. One of Tennessee’s impaired streams & G@ek (HUC 06010201013),
located in portions of Loudon, McMinn, and Monramunties in Eastern Tennessee.
Pond Creek and its tributaries (Mud Creek and Gr&aanch) are listed on Tennessee’s
2006 303(d) list of impaired waterways for pathagespecifically forEscherichia coli
(TDEC, 2006b). Pasture grazing, livestock in timeasnh, and animal feeding operations
are believed to be the primary sources of the peth® (TDEC, 2006b). The State of
Tennessee must create total maximum daily load (CMididelines in an effort to
reduce pathogen inputs to Pond Creek. To facilpjattogen TMDL development, it is
necessary to know all the sources of fecal contatian.

Recent advances in microbial source tracking (M&Me made it possible to
identify the origin of fecal contamination by usiBgcteroides spp. (Bernhard and Field,
2000a; Bernhard and Field, 2000b; Bernhard etGfl32Dick and Field, 2004, Dick et
al. 2005; Kreader, 1998; Seurinck et al. 2005; dayt al., 2006; Reischer et al., 2007).
Additionally, the use of real-time polymerase chaaction (qQPCR) assays allows
guantification of fecal indicator organisms, ndatjtheir presence or absence in a water
sample (Layton et al., 2006; Reischer et al., 200robial source tracking using

Bacteroides host associated real-time PCR assays allows dgimaf the total fecal



contamination in addition to the amount of boviaed human- associated fecal
contamination in water samples.

The primary goal of this research was to giatdtal, human, and bovine
associatedacteroides in Pond Creek and to understand spatial and teshpatterns of
fecal indicator organism®8écteroides spp. andEscherichia coli). Escherichia coli loads
were plotted on load duration curves to show haswr ttoncentrations vary with
streamflow. Spatial variations Bacteroides between sample sites were examined to
help locate pathogen hotspots. Overall, this infdram will help guide the design and
implementation of cost effective best managemeattpres. More specifically, data
gathered by this project will help partnering ageasuch as the Tennessee Department
of Environment and Conservation (TDEC) and the Bssre Valley Authority (TVA)
develop implementation plans to meet total maxinaamhy load (TMDL) guidelines for
Pond Creek. Objectives of this study were to:

1) Quantify total, human, and bovine associdacteroides in Pond Creek.
2) Understand spatial and temporal patternBamter oides andEscherichia coli.
3) Develop Load Duration Curves for all sample sites.

4) Identify areas to target remediation efforts.



CHAPTERII
LITERATURE REVIEW

Point vs. Non-point Regulations

The first attempts to regulate water pollutiorthe United States began in 1948.
In 1972 the United States Congress revised thdaggus and passed the Federal Water
Pollution Control Act (Copeland, 2001). After amemehts in 1977, the legislation
became known as the Clean Water Act (CWA) (USERA2D). The CWA serves as the
foundation for regulations aimed at protecting watgality in the United States
(Copeland, 2001). The purpose of the CWA is toaresbr maintain the chemical,
physical and biological integrity of the nation’sit@rs so they can support the protection
and propagation of fish, shellfish, and wildlifedarecreation in and on the water
(USEPA, 2002b).

The CWA charged the United States Environmentatieetmn Agency (EPA)
with the task of implementing pollution control grams by setting standards for
pollutants in surface waters (USEPA, 2002b). Addisilly, the CWA made it illegal to
discharge pollutants from a point source into nallg waterways without a permit
(USEPA, 2002b). This permitting program is desdatibesection 402 of the CWA, and
is known as the National Pollutant Discharge Elation System (NPDES)(USEPA,
2002b). The NPDES program sets limit on the quastand types of pollutants that can
be discharged from discrete and identifiable saunc® waterways of the United States
(USEPA, 2002b). Moreover, it requires monitoringl aaeporting of discharges to the

EPA (USEPA, 2002b).



Section 502 of the CWA defines a point source ay ‘tiscernible, confined and
discrete conveyance, including but not limitedng pipe, ditch, channel, tunnel,
conduit, well, discrete fissure, container, rollstgck, concentrated animal feeding
operation, or vessel or other floating craft, framich pollutants are or may be
discharged” (USEPA, 2002b). This term does notidelagricultural storm water
discharges and return flows from irrigated agrietdt(Houck, 1999). A non-point source
(NPS) is anything that does not fit in the defmitiof a point source, and is generally
considered to be runoff from land, drainage, seepagatmospheric deposition (USEPA,
1999). Non-point source pollution results from ptdhts being carried by rain or
snowmelt over and/or through the ground and depaitto streams, lakes, estuaries,
oceans, or groundwater (USEPA, 1999).

The CWA has been effective at controlling surfaaew pollution from point
sources (USEPA, 1996). However, non-point souco@sinue to pollute surface waters,
and they are difficult to regulate (USEPA, 1996prN\point source pollution was
addressed in 1987 when Congress amended the C\Maltole section 319 (USEPA,
2002b). However, the EPA has no authority to reiguNPS pollution (USEPA, 1996).
Section 319 delegates NPS regulation to individtates (USEPA, 1996). The EPA
funds grants to help states and management agemgpksnent programs and practices
aimed at reducing NPS pollution (USEPA, 1996).

Approximately 40 percent of waters nationwide dfected by NPS pollution
(TDEC, 2006d). In Tennessee, 15,060 stream kilormetel5 percent of assessed waters
are impaired or threatened (TDEC, 2006¢). The caakampairment are summarized in
Figure 1. Pathogens, sediment, and habitat alberatie the leading causes of impairment

4



in Tennessee (TDEC, 2006c). Nationwide, the mastroon NPS pollutants are
sediment and nutrients (USEPA, 2000). Dependintherwatershed pesticides,
pathogens, salts, oil grease, toxic chemicalseawr metals can also be pollutants
(USEPA, 1996). These pollutants are carried froncatjural land, animal feeding
operations, construction sites, urban areas, atdred lands (USEPA, 1996). Non-
point source pollution can cause environmentalfandan health problems in addition to

aguatic habitat destruction, fish kills, and beeldsures (USEPA, 1996).

Habitat
Alteration
24%

Pathogens

22%

Sediment

Nutrients
24% 12%%
Others L[T‘; PO
i il ]
1% Toxic Organics
Pesticides 3%

Flow

Alteration Aletals
1% 3%

1%

Figure 1. Leading causes of water quality impairte@m Tennessee in 2006. Courtesy of
TDEC. (TDEC, 2006c).



Urban NPS pollution results from storm water runeéptic tank failures, and
construction activities (USEPA, 1996). The extemidan NPS pollution is a function of
land use, and the amount of impervious surfacasbeu of vehicles, intensity of
industrial activities, and other factors such aps) soil type, and climate (Ventura and
Kim, 1993). Schueler (1995) reports that as |&$e10 percent impervious cover has been
linked to stream impacts which increase in sevastympervious cover increases.

Agriculture is generally considered to be the latg®urce of NPS pollution in
the United States (Tim and Jolly, 1994; USEPA, 39%6e main pollutants coming from
agricultural lands include sediments, nutrientstipeles, and fecal coliforms (Farrell-
Poe et al. 1997). The amount of NPS pollution gateelrby a site depends on physical
features like vegetation, soil type and slope (&md Jolly, 1994).

Management practices can greatly increase the ansdpollution coming from
agricultural lands (Tim and Jolly, 1994). Allowicgttle free access to streams causes
stream bank destabilization and loss of the rijpaiatfer zone, which increases the
amount of nutrients and pathogens entering watesvirayn pasture (Agouridis et al,
2005). Overgrazing pastures exposes soil and adgent easier for nutrients and
pathogens to move overland to waterbodies (Krit8K3).

Animal feeding operations (AFO) are another sowfddPS pollution. These are
areas where livestock are kept and raised in cedfsituations. Pollution from AFOs
increases as the number of animals increases (USEFA). In fact, beef cattle
operations with more than 1,000 confined animatscansidered a point source of
pollution, and are called Concentrated Animal Fegdperations (TDEC, 2006c¢). They

are required to get a NPDES permit (USEPA, 2002b).



One of the biggest problems with livestock operatjcespecially the larger ones,
results from the manure generated by the livestdldncl and Veehuizen, 2006,
Agouridis, 2005). Manure and wastewater can couteilpollutants such as nitrogen,
phosphorus, pathogens, organic matter, sedimezdsyhmetals, hormones, antibiotics,
and ammonia. In 1989 pollution of waterways by alimanure caused 16 fish kills
(over 20,000 fish) and has been implicated in h@oinvestigations in Ohio alone
(Mancl and Veehuizen, 2006). Animal manure is alsource of pathogens in waterways
(USEPA, 1996). Many studies show strong correlatietween the presence of cattle
with pollution of adjacent waterways or increasegecal indicator organisms from
background levels after cattle are introduced (Blilb976; Stephenson and Street, 1978;

Gary et al., 1983; Howell et al., 1995; Line, 2003)

Water Quality Standards

Section 305(b) of the CWA requires an assessnfemai@r quality in every state.
Many states use a rotating basin approach to assdss quality, which means streams
are assessed at least once during a three todareperiod. The Tennessee Department of
Environment and Conservation (TDEC) published #ports titled 2006 305(b) Report
Status of Water Quality in Tennessee and Year 303§d) List in accordance with the
CWA and the Tennessee Water Quality Control Aennessee water quality standards
have three sections. The first defines the destghases of the state’s waterways. The
second section establishes the numeric pollutraridifor each stream use class. The
third section is designed to protect existing watsss and prevent future abuses (TDEC,

2006bh).



All waterbodies are classified for multiple useieith may or may not have the
same water quality standards. When multiple statsdare applied to the same waterway,
the most stringent standard must be met. Figure&epts the stream use classifications
in Tennessee. All streams, rivers, lakes, and vegerare classified for at least two
public uses: recreation and protection of fish aqdatic life, which also complies with
the federal CWA. Designated uses do not necessadiyate that a waterway is
currently used for that activity. Rather, it setgoal to preserve the ability for that
waterway to support a certain use in the futureECTD2006b).

After assessment, waterways are classified in dtleree ways: 1) Fully
supporting its designated use, 2) Partially suppgdesignated uses, and 3) Not
supporting designated uses. A waterbody not suimgats designated uses is said to be
“water quality limited,” and placed on the 303(t (TDEC, 2006b). The 303(d) listis a
compilation of all the streams and lakes that aaenwquality limited for specific
pollutants or are expected to exceed water qustiigdards within the next two years.
Once a waterbody is placed on the 303(d) lis§ targeted for water quality
improvement programs and establishment of totalimasa daily load (TMDL)
guidelines. Moreover, additional loadings of thdytant into the waterwbody cannot be
permitted by the State (TDEC, 2006a).

Bacteriological water quality standards for Ponédkrmust meet limits

established for recreational use (TDEC, 2006b).



1. Fish and Aquatic Life

2. Recreation

3. lrrigation

4. Livestock Watering and Wildlife
5. Drinking Water Supply

6. Navigation

7. Industrial Water Supply

Figure 2. Tennessee’s Stream Use Classifications.

According to theState of Tennessee Water Quality Standards, Chapter 1200-4-3,
General Water Quality Criteria, October, 2007, the concentration of thiéscherichia coli
group shall not exceed 941 colony forming unitsWECEOOmL? for monthly grab
samples or 126 CFU 100thfor the geometric mean of at least five samples 30 day

period.

Pathogens and Fecal Indicator Organisms

The USEPA describes a pathogen as a microbe tha¢saisease in humans,
animals, plants, or other microorganisms (USEPA®G20Pathogens can be classified as
bacteria, protozoans, viruses, and certain typé&sngfi or parasitic worms (USEPA,
2006). Important bacterial pathogens incl&deoli O157:H7,Salmonella, Shigella,
Campylobacter jgyuni andVibrio cholerae (Maier et al., 2000). In May 2000 an outbreak
of E. coli O157:H7 occurred in Walkerton, Ontario in Canallang 7 people and
sickening more than 2,300. The cause of the outhss due to cattle manure being
land applied and entering the groundwater neatatva’s well (O’Connor, 2002).
Campylobacter jguni is the leading cause of bacterial diarrheal illnesheUnited

States, more thaghigella andSalmonella spp. combined (CDC, 2005).



Protozoans of concern inclu@eyptosporidium, Giardia lamblia, andEntamoeba
histolytica. Cryptosporidium is transmitted by ingestion of oocysts excreted in aoror
animal feces (Maier et al., 2000). In 19096/ptosporidium parvum caused the largest
documented waterborne disease outbreak in UnitaesShistory. Over 403,000 people
suffered from gastroenteritis, and more than 1@pleedied. The outbreak was blamed
on a failed filtration process at the Milwaukee ¥dissin treatment plant (Corso et al.,
2003).

Compared to bacteria and protozoans, fewer wategbdisease outbreaks in the
United States are attributed to viruses. (Figur@ABerican Chemistry Council, 2003).
Infectious viruses found in water systems includésEovirus, Rotavius, Hepatitis A, and
Reovirus (Bosch, 1998).

From 1991 to 2000, there were 155 outbreaks ang48Xases of illness in
public and individual U.S. water systems (Ameri€remistry Council, 2003). Table 1
is a compilation of waterborne disease outbrea# ftatm the Center for Disease Control
from 1991 to 2000. It lists reported outbreaksirtbauses, the number of cases of
associated illness reported, and the types of vegstems affected. The actual number of
cases may be higher due to underreporting. Additipnmany acute gastrointestinal

disease events have unknown etiology (Ford, 1999).
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Figure 3: Causes of Waterborne Disease OutbreakeildSA, 1991 — 2000.

(American Chemistry Council, 2003).
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Table 1. Causes of Waterborne Outbreaks, by Typgaiér System, 1992000.
Courtesy of American Chemistry Council, 2003.

Etiological Community Water | Noncommunity Individual Al Sysiems
Agent Systems? Water Sysiems® | Water Sysiems*

Chuthreaks | Cases | Cufbreaks | Cases | Outhreaks | Cases | Cufbreaks | Cases
Fardia 11 2,073 5 1a7 & 16 22 2,256
Cryplosporidium™ 1 407,642 4 578 2 30 11 A0z, 259
Campylobactay 1 172 3 B 1 102 3 340
Saimonaliae, 2 T4 ] i} 1 4 3 ]
nontyphoid
E coli 3 208 3 Y 3 12 9 59
E coli 0 0 1 TEl o o 1 721
Qa7 HAC
Jeuni
Shipelia 1 83 5 454 2 38 5 [
Flaziomonas 0 0 1 L] 1] 1] 1 @l
shigelloides
Mom-01 ¥ 1 11 0 a o o 1 11
cholerae
Hepatitis & wirs 0 0 1 46 1 10 2 36
Morwralk-like 1 94 4 1206 o o 3 2400
viruses
Srall, round- 1 142 1 70 o o 2 21%
structured dms
Chernical 12 52 0 ] 1 g 25 531
Undeterrained 11 10,152 38 4237 11 238 60 15,237
Total 51 422564 64 2934 34 548 155 431,246

Data in Table 1 are compiled from CDC Morbidity avidrtality Weekly Report Surveillance Summaries 1801-1992, 1993-
1994, 1995-1996, 1997-1998 and 1999-2000. Figmasde adjustments to numbers of outbreaks anestiitases originally
reported, based on more recent CDC data.

2Community water systems are those that serve coiitigainf an average of at least 25 year-round ezsidand have at least 15
service connections.

3Non-community water systems are those that serevarage of at least 25 residents and have atllBas#rvice connections
and are used at least 60 days per year.

“Individual water systems are those serving less #aresidents and have less than 15 service chongc

"There were 403,000 cases of illness reported ivddikee in 1993.



Despite the need to know if pathogens are in thkithg water supply or surface
waters, most regulatory agencies test for fecatatdr organisms (FIO) instead of
pathogens (Maier et al., 2000). It is too difficaftd expensive to test for specific
pathogens on a routine basis. The inherent assomigtihat if FIO are present in a water
sample, enteric pathogens may also be presente Bnerseveral different species used,
but a good indicator possesses the following charatics: 1) environmental survival
and transport is similar to pathogen behavior tng correlation with pathogen
presence in water samples, 3) rapidly detectedadi)ly enumerated, and 5)
nonpathogenic (Scott et al., 2002). Total coliforfesal coliformsEscherichia coli, and
Enterococcus spp. have all been used as indicator organisnwt(8cal., 2002; Maier et
al., 2000).

The coliform group consists of all the aerobic flltatively aerobic, gram-
negative, non-spore forming, rod-shaped bacteatférment lactose with gas formation
within 48 hours at 3% (Brock and Madigan, 1991). Absence of this groliprganisms
in drinking water samples ensures the preventidvacterial waterborne disease
outbreaks (Maier et al., 2000). However, membets@icoliform group have been
observed to regrow in natural surface and drinkuager distribution systems (Gleeson
and Gray, 1997). It should be noted that colifoeresnaturally present in the
environment, so their presence in a water samp#e dot guarantee that pathogens are
present (USEPA, 2002a).

Fecal coliforms (FC) are generally members ofkeherichia andKlebsiella
genera and are defined by their ability to fermaatose with the production of acid and

gas at 44.8C within 24 hours. They live in the intestines ahtans and warm-blooded
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animals (Maier et al., 2000). Therefore, their pres in surface water indicates fecal
contamination (Scott et al. 2001; Maier et al., @O&scherichia coli is the principal
fecal coliform (Maier et al., 2000). The EPA noveaenmends thaEscherichia coli be
used as the principle indicator organism in fredlevg instead of FC. Research has
shownEscherichia coli densities are strongly correlated with swimmingeasated
gastroenteritis (USEPA, 2002a). Toranzos (1991yssig that both coliforms and fecal
coliforms occur naturally and regrow in surface evatith elevated temperatures and
high levels of organic matter. Additionallizscherichia coli and other fecal coliforms can
attach to sediment and survive (Stephenson anddRyd®82; Howell et al., 1996).
Howell et al. (1996) reported lower mortality ratesfecal coliforms in the clay sized
sediments than for coarser sediments. There isem{pal for Escherichia coli
concentrations to increase in streams when botegliments are resuspended during
high flows (Stephenson and Rychert, 1982).

Fecal streptococci belong to the genemnger ococcus andStreptococcus (Gleeson
and Gray, 1997). The genHsterococcus is made up of all the streptococci that are of
fecal origin and grow in 6.5 percent sodium chleraahd high pH (9.6) and temperature
(45°C) (Maier et al, 2000). Enterococci are especialiable as indicators of health risk
in marine environments (Cabelli et al., 1982).Ha genustreptococcus there are only
two species considered to be true fecal streptac8daovis andS. equines (Maier et al.,
2000). The fecal coliform to fecal streptococci (F8) ratio was formerly used to
indicate the relative contribution of human to aaisources of fecal contamination in
water samples (Scott et al., 2002). A ratio of 4nare indicated human fecal pollution,

where as a ratio below 0.7 indicated contaminabypanimal sources (Geldreich and
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Kenner, 1969). However, this method is no longeepted for use in source tracking

(Pourcher et al., 1991).

Total Maximum Daily Loads (TMDLYs)

In accordance with the CWA, waterbodies on thg@plsst must undergo TMDL
assessment (TDEC, 2006b). A TMDL is a calculatibthe maximum amount of a
pollutant that a waterbody can receive and stiknveater quality standards (USEPA,
2002c). A TMDL is a tool to develop controls fodreing pollution from both point and
non-point sources (USEPA, 2002c). A TMDL is exp&drmathematically in the

following equation:

TMDL = 2 LA + 2WLA + MOS

Where >LA = Load Allocation

2YWLA = Waste load Allocation

MOS = Margin of Safety
The load allocation refers to existing and futuo@4point sources and natural
background levels. Waste load allocation correspaacaxisting and future point
sources. The margin of safety (MOS) attempts towaacfor the uncertainty of many
estimates that are sometimes required in TMDL dgrakent. Two approaches for MOS

are available, implicit and explicit. The formeressassumptions from a conservative

model while the later reserves part of the totalDilVas the MOS and uses the rest for
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allocations. Tennessee uses the explicit approgemiploying a 10 percent MOS
(TDEC, 2006e).

After states develop a TMDL for a watershed, itstrhe submitted to the EPA
just as states must submit a listing of impaireteweays. If the EPA does not approve
the TMDL, the EPA is responsible for creating aprapriate TMDL (USEPA, 2002c).
Although this law has been on the books since 1@¥%23s not enforced initially (Brader,
2006). Lawsuits by citizen groups in the 1990sddrthe EPA to enforce surface water
regulations concerning TMDLs (Brader, 2006; LeclaB97). Total maximum daily load
plans are simply guidelines; they do not includelementation plans that suggest
methods to actually reduce pollutant loads (TDEIDG2). Best management practice
implementation plans are critical to restore watgality and meet TMDL guidelines

(Agouridis et al., 2005).

Microbial Source Tracking

Historically, bacteriological water quality teggimas limited to testing for the
presence or absence of fecal indicator organisist(8t al., 2002). It was assumed that
if fecal indicator organisms were present, ther aéhance, but no guarantee, that enteric
pathogens were also present. Total maximum daglgdare developed to reduce fecal
inputs, but the effectiveness of TMDLs is limitédhie source of the pathogens is
unknown (Scott et al., 2002).

Microbial source tracking (MST) allows the souroé$ecal contamination to be
determined (USEPA, 2005). Microbial source tracksg promising tool for TMDL
development and watershed management, but itgyftieand weaknesses must be
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considered before using MST (Scott et al., 2002difonally, with current technologies,
there is no single method that can be used faitathtions involving fecally
contaminated water systems (USEPA, 2005).

Early attempts to classify fecal sources usingoti@al source identifiers were
more general (human vs non-human) (Scott et dd2Rd he fecal coliform to fecal
streptococci (FC-FS) ratio is an example (MaiealeR000). This method is no longer
used, because it was observed that the colifors@eptococci have different die-off
rates (Geldreich and Kenner, 1969). However, trakwaved the way for future MST
studies. Present day MST methods can be classifiedour different categories (Scott
et al. 2002, Simpson et al. 2002). The basic caiegand examples of each are
presented in Figure 4.

Genotypic library-based methods distinguish baatleased on identifying
patterns in the genetic material of bacterial t®dand matching them with libraries
from known sources (Scott et al, 2002). Phenotlprary based methods rely on growth
patterns produced when bacterial isolates are staj¢o antibiotics or grown on
differing carbon sources (Griffith et al., 2003mMNlibrary based culture independent
methods differentiate by identifying the presentgemetic markers unique to the fecal
bacteria of the targeted host species (Scott,2@02).

Several studies have shown the usefulness of M&gedorn et al. (1999) used
antibiotic resistence analysis (ARA) of enterocdoailetermine cattle were responsible
for the majority of fecal pollution in a Virginiaatershed. Subsequent management

efforts resulted in a 94 percent reduction in fexdiforms (Hagedorn et al., 1999).
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1) Genotypic library based
Ribotyping
Pulsed-field gel electrophoresis (PFGE)
Box PCR

2) Phenotypic library based
Antibiotic resistence analysis (ARA)
Carbon source Utilization

3) Non-library based culture independent
Host specific Polymerase Chain Reation
t-RFLP
toxic gene biomarkers

4) Direct measurement of human or bacterial viruses

Figure 4. Four general categories and examplesarblial source tracking

Methods.

Boehm et al. (2003) combined measurements of fedalator bacteria with detection of
human-specific markers f@acteroides and enterovirus to identify waters contaminated
with human sewage.

There are disadvantages associated with all theadstas well. The library-
based methods require the formation of an extertav@base, which requires a lot of
time and labor (Simpson, 2002). Culture based nustike ARA cannot produce rapid
results (Scott et al, 2002); they often take sdwdags to complete. This can be important
during time sensitive situations, such as durinacheclosures. Scott et al. (2002) cites
several other disadvantages. The first is thaafypbased methods may only work in the
watershed in which they are developed. They gmaoeport that some methods are too
complex for widespread acceptance or use by relgtintrained workers and that some
methods are prohibitively expensive. Additionatgmporal or spatial characteristics of
the indicator organism itself can cause inaccuedalts. Perhaps the greatest concern

regarding MST studies is the lack of comparativelists and blind testing performed on

18



the numerous methods (Griffith et al., 2003). Withthis information it is difficult for
regulatory agencies to decide which methods to eth@ir resources to. Currently, no
single method can be completely rejected or unalgrsecommended (Stoeckel and
Harwood, 2007). Depending on the goal of the resea combination of several
methods usually works best (Scott et al, 2002;fBriét al. 2003). Researchers must
accurately define the problem they hope to addsétbstheir particular method,
including weighing the tolerance for an incorreaswaer (Griffith et al., 2003). Stoeckel
and Harwood (2007) recommend common performancsunesand validation
strategies of all MST methods in order to improx¥pand the use and accuracy of MST.
A comparative study between 12 different methamslacted in 2002 provided
interesting results. No MST method predicted thes® material in blind samples
perfectly, and every method performed poorly imitfging all sources of contamination.
Some methods performed better than others, butdpesific PCR performed best at
differentiating between human and non-human sousegditionally, host-specific PCR
had false positive rates for human source matatiat near zero (Griffith et al., 2003).
Host-specific PCR is also advantageous, becawse# not require a culturing step and

samples can be analyzed in just a few hours (8tait, 2002).

Bacteroides

Several host associated polymerase chain reg®©R) methods are using
Bacteroides spp. as an indicator organism instead of traditiondigators such as
Escherichia coli (Allsop and Stickler, 1985; Fiksdal et al., 198%¢ader, 1998; Layton
et al., 2006). The traditional fecal indicator argans have been shown to grow and

19



survive in the environment (Toranzos, 1991), sar #féectiveness as indicators has been
guestioned (Scott et al., 200Bpacteroides spp., however, are fecal anaerobes, and do not
regrow in the environment (Allsop and Stickler, %9Biksdal et al., 1985; Kreader,
1998).Bacteroides spp. also compose 10 percent of fecal mass (Laytah,e2006).
Additionally, due to differences in physiology (égjive tracts) between host animals,
Bacteroides spp have a high degree of host specificity (Dick et2005). Others have
reported that species with similar diets (humartssamine) may have closely related
Bacteroides species present in their feces (Layton et al.6200

Microbial source tracking studies usiBgcteroides target specific diagnostic
sequences within thacteroides 16S rRNA gene present in feces from different atém
(Bernhard and Field, 2000a; Bernhard and FieldpBOBernhard et al. 2003; Dick and
Field, 2004; Dick et al. 2005; Kreader, 1998; Seckiet al. 2005). Assays are designed
that are specific for the host animal. The genaticker (16S rRNA sequence) is
amplified by a PCR step (Scott et al, 2002). Otttedies have already developed PCR
primers for the 16S rRNA gene to differentiate bedw human-, bovine-, pocine-, and
equine- associated Bacteroides 16s rRNA genes lfBedrand Field, 2000a, Kreader,
1995, Layton et al., 2006).

Compared to traditional PCR, real-time PCR (qPCR) fluorogenic probes is
faster and allows genes to be simultaneously ifledtand quantified; therefore, real-
time PCR is advantageous for measuring bacteffizoith, water, and fecal and tissue
samples (Balenger et al., 2003; Ibeke et al., 20@2suki et al., 2004; Sails et al., 2003;
Santo Domingo et al., 2003, Savill et al., 200isRher et al. (2007) performed the first
guantitative human-specific MST tool sensitive ggtoto allow quantitative source
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tracking of human fecal impact in karstic springevalayton et al. (2006) reported that
their AIIBAC assay allows estimation of total fecaintamination and the BoBAC assay
allows estimation of the amount and percentagewine-associated fecal contamination
relative to the total fecal contamination. TheirBAC assay also allows estimation of
human-associated fecal contamination, but it haptiential for cross-amplification

with dogs and pigs.

In summary, real-time PCR assays without DNA exioaccan be used to
guantify fecal concentrations and provide prelimynf@cal source identification in
watersheds (Layton et al., 2006, Reischer et @072 The method is relatively
inexpensive and can provide results within 6 hatfitseing analyzed (Layton et al.,

2006).

Load Duration Curves

When used alone, concentrations of fecal indicatganisms provide little
information about the origins of pathogens (Clel&2@D2a; Cleland 2002b). To interpret
and present water quality data many researcherneadeluration curves. Water resource
planners have long employed stream flow data tistasgh management decisions.
Leopold (1994) suggests that a flow duration cuwa® be used to determine the
frequency that a particular flow is equaled or eds=l. A flow duration curve plots
stream flow on the y-axis, and the percent of tiheeflow is exceed on the x-axis
(Leopold, 1994). If stream flow is measured whdkihg grab samples, it is possible to
calculate “instantaneous loads.” This load canlb#qa in a duration curve format
known as a Load Duration Curve, which can help lest¢he characteristics of
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impairment (Cleland, 2002a). Loads that are abbeectirve exceed allowable levels,

while those below the curve indicate complianceélufamt loads that are greatest during

high flows and decline as flows decrease suggegpohutant is from a non-point source,

and the pollutant is said to be flow dependentyfad). Stormwater runoff is the source

of these pollutants (USEPA, 2007). Exceedancesoit@atr under low-flow conditions

are attributed to sources directly delivered tostieam such as straight pipes, failing

septic systems, and livestock with access to tieaust (USEPA, 2007; McPherson,

2002). Flow independent pollutants (Figure 6) teamte point sources, because their

input is more constant (Cleland, 2002a;Cleland .02
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Figure 5. Load Duration Curve with flow dependeatadpoints developed from Sample

Site 2 based on a regional flow duration curve Eadata points collected between

November 2005 and November 2006 in Pond Creek,HINJ06010201013).
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Figure 6. Load Duration Curve with flow independdata points developed from
Sample Site 2 based on a regional flow duratiomecand 13 data points collected
between November 2005 and November 2006 in PonekCTéN (HUC 06010201013).

In summary, LDCs provide easy to read informatibawd pollutant loads in
streams (Cleland, 2002a; Cleland, 2002b). Spedifidghey show if pollutant loads for
sampling dates are above or below water qualitydstads. Examining the general trends
among the data points can help explain the sourtte@ollutant (USEPA, 2007).
Pollutant loads that are directly proportional teamflow are coming from runoff, and
are said to be flow dependent (USEPA, 2007; McRImer2002). Flow independent

pollutants likely come from point sources (USEPB0Q2; McPherson, 2002).
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CHAPTER 111
MATERIALSAND METHODS
Study Area

The Pond Creek Watershed (HUC: TN06010201013)casen for the bacterial
source tracking study in order to improve the éxgstvatershed management plan. Pond
Creek has been on the 303(d) list since at le&8.1®ond Creek and its tributaries (Mud
Creek and Greasy Branch) are listed on Tennes286& 303(d) list of impaired
waterways for pathogens, specifically teacherichia coli (TDEC, 2006b). The 303(d)
list cites pasture grazing, livestock in the streand animal feeding operations as the
primary source of the pathogens. Additionally, PQmdek fails to support its designated
use due to physical substrate habitat alteratiodshagh levels of nitrates.

Pond Creek is a small watershed (approximatelyQiDi@ctares) in the Upper
Tennessee Basin of Eastern Tennessee (Watts Bardhedl). The Pond Creek
watershed is located in the Ridge and Valley phgrsiphic region, covering portions of
Loudon, Monroe, and McMinn Counties (Figure 7 ahd®e watershed is
predominantly agricultural consisting of beef coaf@nd dairy operations typical of the
region.

Based on Tennessee Valley Authority (TVA) integdgpellutant source
inventory (IPSI) data, Hagan and Walker (2006)nested that there were 1,960 beef
cattle, 960 calves and dry dairy cows, 1,575 matactating dairy cows and 45 horses.
Additionally, they report that there are 59 bedfleaand 12 dairy operations in the

watershed; the majority of which are located adjate Pond Creek. The dairy
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operations are all considered large operations. $WASI report defines large operations
as those with more than 150 cows.

Water quality in Pond Creek has been monitorechbyniversity of Tennessee
since 2003 at eight different locations. In thisdst the same eight sites were sampled
monthly from November 2005 until November 2006 (F&9). General site descriptions

and the top three landuse classes per subwateasb@idesented in Table 2.

Pond Creek

) —,r*r"_, - e ,Z'.-{—wf{,.
%

d’.-\-x"’-‘ ‘:'.l.-dr" " I;—\- %.‘_

-ﬂ-‘:. ,-\ z{ ﬁ‘ v "‘-

% "'.

2 : §

Figure 7. Location of Pond Creek Watershed (HUC10201013) in Tennessee. Pond
Creek flows into the Tennessee River (Watts BaeResdr).
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Figure 8. Map of the Pond Creek Watershed (HUC 0801013) showing its proximity
to Sweetwater, TN and Watts Bar Reservoir.
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Legend
@ Fond Creek Sample Sites
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Prepared by Ryan Ragscdale
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Figure 9. Location of sampling sites in Pond Cr&é¥,(HUC 06010201013) and

subwatershed identification based on data acqwrgda handheld GPS device and

watershed delineation tools in ArcMap 9.2.
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Table 2. General Characteristics of the Pond Cvéatershed (HUC 06010201013) including latitude lamgjitude of sampling
sites, subwatershed drainage area, and the refsreent of each subwatershed the top three lamdlasses occupy.

Site Lat (N), Long (W) Drainage Area Land Usel | Land Use?2 ‘ Land Use 3
Decimal Degrees (Hectar es) Per cent

1 35.7309 N, -84.43635 W 743.4 FOREST LAND FAIR PASRR) HEAVILY OVERGRAZED
49.5 17.1 15.6

2 35.70494 N, -84.4585 W 416.7 FOREST LAND HEAVILY BRGRAZED FAIR PASTURE
33.0 27.4 18.4

3 35.68826 N, -84.46643 W 1112.0 HEAVILY OVERGRAZED GOOD PASTURE FAIR PASTURE
25.7 22.1 19.3

4 35.66618 N, -84.48199 W 1200.5 GOOD PASTURE FORESND FAIR PASTURE
22.8 19.9 14.9

5 35.64628 N, -84.48525 W 916.0 FOREST LAND FAIR PABRE HEAVILY OVERGRAZED
32.7 22.0 16.9

6 35.63905 N, -84.49201 W 1443.5 FAIR PASTURE FORE3ND HEAVILY OVERGRAZED
25.4 20.3 12.7

7 35.64326 N, -84.49015 W 1227.7 FAIR PASTURE GOOLSFARE FOREST LAND
32.2 20.4 17.4

8 35.61147 N, -84.51575 1516.2 GOOD PASTURE FAIR PARE FARMSTEAD
38.4 17.4 9.2
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Reference Streams

The State of Tennessee utilizes ecoregion referstneams as a baseline to
compare physical, chemical, and biological qualitgtreams within an ecoregion. An
ecoregion is a relatively homogenous area defiryeslrhilarity of climate, landform,
soil, potential natural vegetation, hydrology, tiey ecologically relevant variables
(Denton, 2004). The reference stream is essentatiyntrol stream for the ecoregion. It
is a least impacted, but representative, waterlwathyn an ecoregion that can be
monitored to establish a baseline for comparisdh wther streams in the ecoregion.
Reference streams are not necessarily pristinadisturbed by humans (Denton, 2004).
To judge the relative water quality of a streanshibuld be compared to the reference
stream for that ecoregion. Pond Creek Watershednithin the Ridge and Valley
Ecoregion (67) and the Southern Limestone/DoloMikeys and Low Rolling Hills
subregion (67f). Wolf Creek is the reference stréanthis ecoregion. Wolf Creek flows
into Watts Bar Reservoir in Roane County Tenne®3aeteriological data for Wolf

Creek, the reference stream, is presented in Table

Table 3. Bacteriological Data for Ecoregion 67 refee stream (Wolf Creek) from
1996-1999 (TDEC, 2000). Pond Creek is in this Egiome

Organism MaximunMinimum| Mean
CFU /100 mL
Fecal Coliform 6700 0 452 .4
Escherichia coli 2419 0 222
Enterococcus 1733 0 64.3
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Land Usein the Water shed

Generally, Pond Creek is a rural watershed dominlayeagriculture. Pasture to
support the beef cattle and dairy operations igiiminant land use in the watershed. It
makes up 55 percent of the total land area, mostlye valley and toe slopes of the
ridges. The ridge tops are mostly forested withedikardwoods and a few small pine
plantations. Forested areas make up 29 percehedénd area. Cropland to produce corn
for silage and soybeans covers 6.6 percent of #terahed. Residential areas are
estimated to only make up 4 percent of the water$Hagan and Walker, 2006).
Commercial and industrial areas are limited to swrezar Interstate 75, and therefore, are
a small component of landuse. Wetlands and opeerwag also rare. General land use

patterns are displayed in Figures 10 and 11.

Land Use Distribution in Pond Creek Watershed
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Figure 10. Distribution of Land Use Types in Heetaim Pond Creek, TN (HUC
06010201013) as calculated by the tabulate aresifumin ArcMap 9.2.
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Legend

Pond Creek Land Use W$E

Description

[ ] ¢ 11, 111-118) Residential

- (12, 1204-1255) Commercial, service, institutional, recreational, educational
[ (13) Industrial

l:| ( 14's ) Transportation, Communication, Utility, Airport

[ 1(2101) Rowcrop: naresidue, (0to 10%)

[ 1(2102) Row crop: with residue, (>30%)

|:| (2104 ) Row crop: medium residue (10 to 30%)

- (212 ) Good pasture: well maintained

- (213 ) Fair pasture: uneven growth and condition; minimal maintenance
- (218 ) Heavily overgrazed pasture

I:l (216) Poor pasture

g ( 217) Feedlot or loafing area

[ ] (220-244) Orchards and Vineyards

I:l (32 ) Shrub and brush: old field with volunteer woody growth
[ (4) Forestlznd

|:| (40 ) Forestland, stressed or diseased
l:l (45 ) Faorest land: clear cut
B 5) water

[ 17 Disturbed tang

l:l Yietland type
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Figure 11. Land Use Map of Pond Creek (HUC 0601023} generated by the
Tennessee Valley Authority’s Integrated Pollutaoti®e Inventory Geographic
Database.



Sample Collection and Handling

From November 2005 through November 2006 monttdy gamples were
collected at each site (Table 2 and Figure 9) fioenmid channel of the stream. To
collect the samples, the sampler waded to mid-ailaanmd faced upstream. The sample
bottle was then submerged with the opening towtirel$low allowing water to enter and
fill the bottle. The bottles were rinsed three tame the stream before submerging and
filling the bottle for storage. Sample bottles wstered on ice in a cooler until they are
brought to the Biosystems Engineering and Soilrf@aeNater Quality Lab at the
University of Tennessee, Knoxville within 5 houfscollection.

Two different bottles were used at each site forisg grab samples. A sterilized
250 mL Nalgene bottle was used to store samplesitnobial analysis. A one-liter,
acid-washed Nalgene bottle for each site storeénfat all other procedures. Five-day
biological oxygen demand (BQJpand microbial analysis began as soon as the sampl
reached the water quality lab. The bottles therareed under refrigeration until analysis
began the following day. Water from Pond Creek a@alyzed for: BOBP), turbidity, total
Solids (Dissolved and Suspended Solids), totalrocgaarbon, ammonia, nitrate, total
Kjeldahl nitrogen, ortho-phosphate, total phospbpahloride, sulfate, and fecal
indicator organisms (total coliformBnterococci, Escherichia coli, Bacteroides spp.). To
store samples fdBacter oides analysis, approximately 1 mL of creek water watigd
using sterile pipette tips from the 250mL Nalgen#lb into sterile 1.5mL Eppendaif
tubes and frozen at -80 until samples were analyzed.

During the sampling trips, discharge data was etdlected. Discharge was

calculated by the velocity area method using a &wdflodel 3000 Flow Meter (Seattle,
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WA). Velocity readings were measured at 6/10 deptihe stream on 1-meter intervals
unless the last segment was less than 1 metagularesegment width was noted and
measured accordingly.

Other field data collected on sampling trips welte femperature®C), dissolved
oxygen (mg [%), and electrical conductivity (ms ¢t These parameters were collected

by using a YSI Model 600QS (Yellow Springs, OH).

Microbiological Methods

Coliforms andescherichia coli

Total coliforms andescherichia coli were analyzed using Colilert kits from
IDEXX Corporation (Westbrook, Maine). The kit ud@sfined Substrate Technoldgy
(DSTO), allowing simultaneous detection of total colifts andescherichia coli
(IDEXX, 2000). Basically, this method is based on the abilitgotymes produced by
the targeted microbe to hydrolyze a specific salbstiwhich produces a color change
(Katamay, 1990). Two nutrient-indicators, o-nitreplgl{3-D-galactopyranoside (ONPG)
and 4-methylumbellifery-D-glucuronide (MUG), are the major sources of carin
Colilert and can be metabolized by the coliformyene-galactosidase and ti&e coli
enzymep-glucuronidase, respectively (IDEXX, 2000). Spexafiy, ascoliformsgrow in
Colilert, they produce the enzynmiegalactosidase, which hydrolyzes and cleaves the
specific substrate ONPG. o-nitrophenol is releasdbe process, which produces a

yellow color (Figure 12).
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Similarly, Escherichia coli produces the enzynfieglucuronidase when it grows
in Colilert (IDEXX, 2000). The enzyme hydrolyzesdatrleaves the specific substrate
MUG, resulting in the release of 4-methyl-umbetitiee (IDEXX, 2000). 4-
methylumbelliferone fluoresces and can be detaatelér a blacklight (Figure 13). Most
non-coliforms are unable to grow and interfere \tiith reaction, because they do not
have these enzymes (IDEXX, 2000). The few nonfaatis that do have these enzymes
are selectively suppressed by Colilert's speclfidarmulated matrix (IDEXX, 2000).

IDEXX claims this method is advantageous to othethmods that grow both
target and non-target organisms, because it redheesumber of false positives that are
reported. Additionally, the use of salts, detergeat other selective agents to suppress
non-targets can inadvertently suppress target e leading to false negatives

(IDEXX, 2000).
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Figure 13. Colilert MUG reaction from IDEXX litenate.
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To prepare the samples for analysis in the ColKértthe original sample bottle
(sterile, 250 mL Nalgene) containing the grab samyas agitated by hand for 30
seconds. Then, 100mL of sample water was pouredaisterile, labeled bottle supplied
by IDEXX. One package of Colilert reagent was thdded to the 100mL sample. After
which the bottle was capped and agitated by hatitithe Colilert reagent had dissolved.
The sample was poured into a Quanti-Tta8000 and sealed with a Quanti-Tray
Sealer. After being sealed, the trays were incubat&3C for 24+ 4 hours. The
following day the Quanti-Trays were compared torference color comparator
provided with the media. Total coliforms were dédedf the wells had a yellow color
greater or equal to the comparator wells. Afteedatning total coliform levels, the
Quanti-Tray was placed in a UV-light box to look ftuorescence. Wells that fluoresced
under UV light were positive fdescherichia coli. Most probable number (MPN) counts
of total coliform andEscherichia coli per 100 mLwere determined by counting the
number of positive large and small wells and logkan the appropriate place on the
table.

The IDEXX Quanti-Tray 2000 is a semi-automated difiaation method based
on the Standard Methods Most Probable Number (MRdlel. The Quanti-Tray 2000 is
considered an autodilution, because the large Wwell$ ten times the sample/reagent
mixture than the small wells. The Quanti-Tragealer automatically distributes the
proper amount of sample/reagent mixture into seépavalls. After incubation, the
number of positive wells is converted to an MPNhgsa table provided by IDEXX. The
Quanti-Tray 2000 displays counts from one to 2,8E% 100 mL*. Samples were not

diluted, so 2,419 CFU 100 riflwas the maximum value recorded.
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Enter ococcus

Enteroloert, a kit from IDEXX, was used to meadtngerococcus. It uses the
same Defined Substrate Technologgs Colilert. With this method, the enzyfe
glucuronidase is produced BEyterococcus, which metabolizes MUG and subsequently
releases 4-methyl-umbelliferone. 4-methyl-umbettihe produces a blue fluorescent
color visible under UV light (Figure 14). Samplesabyzed forEnterococcus were
prepared the same way samples were prepared f@uadiert Kit Method. The only

difference was that the samples were incubated’°& hstead of 3%C.

Real-time PCR assays

Probe and primer sequences, gene targets, andcamplie for the all real-time
PCR assays used in this study are summarized ile #adlignments of partial
Bacteroides 16S rRNA genes acquired from fecal source libraaies sequences

available in GenBank (http://www.ncbi.nim.nih.gav@re used to develop the following
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Figure 14. Enterolert MUG reaction from IDEXX lisdure.
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Table 4. Real-time PCR assays used to d&aateroides 16S rRNA genes. The primers
and probes used for each assay, and the PCR piofoceach assay.

Assay Primer/probe name and sequence (5'-3")* e §ip) Annealing
of product temp’C)
AlIBAC AlIBAC296f, 5-GAGAGGAAGGTCCCCCAC-3’ 106 60

(all Bacteroides) AlIBACA412r, 5'-CGCTACTTGGCTGGTTCAG-3’
AlIBAC375Bhar, 5’-(FAM)CCATTGACCAATATTCCTCACTGCTCCT(BHQ-1)-3'

BoBAC BoBAC367f, 5'-GAAG(G/A)CTGAACCAGCCAAGTA-3' 100 57
(bovine cluster BoBAC467r, 5-GCTTATTCATACGGTACANCAAG-3’

of Bacteroides) BoBAC402Bhqf, 5'-(FAM)TGAAGGATGAAGGTTCTATGGATTGTAACTT(BHQ-1)-3'
HuBAC HUBAC566f, 5-GGGTTTAAAGGGAGCGTAGG -3’ 116 60
(human cluster HUBAC692r, 5-CTACACCACGAATTCCGCEr

of Bacteroides) HuBAC594Bhgf, 5’-(FAM)TAAGTCAGTTGTGAAAGTTTGCGGCC(BHQ-1)-3’

*Numbers within the primer/probe name indicatertbeleotide position within thBacteroides 16srRNA gene.

three assays: Bacteroides genus (AIIBAC), human-associated (HUBAC), and hevi
associated (BoBAC). The DNA sequence regions chfusdmost specificity; either they
were conserved in aBacteroides species or conserved onlyBacteroides species from
bovine or human fecal samples. The primers andgsralere selected based on the
guidelines provided by Applied Biosystems (Fostiy,GCA) for these DNA sequence
regions. The oligonucleotide properties calculator
(www.basic.northwesterb.edu/biotools/oligocalc.htms used to determine
oligonucleotide melting temperature and self-comm@starity. Oligonucleotide
specificity for allBacteroides 16S rRNA genes or for human-associated and bovine
associatedBacteroides 16S rRNA genes was verified using the BLAST progedrthe
National Center for Biotechnology Information (Adtaul et al. 1990) and the probe
match program of the Ribosomal Database Projede(€taal. 2005). Oligonucleotide
primers and 6-carboxyfluorescein (FAM)-BHQ probesrevobtained from Biosearch

Technologies.
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Application of real-time PCR assays to creek wagnples

All real-time PCR assays were performed using tiead- PCR mix (QIAGEN,
Valencia, CA) with 15pmol of the primer and 5 probthe probe. PCR amplification
protocols consisted of consisted of60or 2 minutes, followed by 98 for 10 minutes
and up to 50 cycles of 96 for 30 seconds and 82 (BoBAC assay) or 6@ (AlIBAC
and HUBAC assays) for 45 seconds. PCR amplificatimhdetection of the fluorescent
signal was performed using the DNA Engine Opticontinuous fluorescence detection
system (MJ Research, Waltham, MA). The threshobdlec{Ct) value for all
measurements was determined as the cycle at whmte$cence reached 5 standard
deviations above the background, averaged oveclexygollected within the first 15
cycles of PCR amplification. In addition, PCR inititm was tested by adding 2.5 x°10
copies of the plasmid standard into a fourth walldach sample. For all PCR runs,
standards, negative controls (no DNA), and sampke run in triplicate. Fecal
concentrations were calculated from standard cuvased on the log transformation of
known concentrations versus the threshold cycleaBge the concentrations are not
determined directly, it should be noted that all@bequivalents of kg feces days
more appropriate than simply kg feces dapirect PCR without DNA extraction (Fode-
Vaughan et al., 2001) was performed on [2.6reek water samples in 2B-PCRs
containing QuantiTect master mix and primers amibes (see Table 4). Sterile Tris
buffer (10mM) served as a negative control. Eaclaagplate contained a fecal dilution
standard curve in addition to the test samplesdiitions for standard curves were run
in triplicate. For the AIIBAC and HUBAC assays, hamfecal samples ranging in

concentration from 5,000 mg/liter to 0.32 mg/Iiwegre used as the standard for
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calculating the concentration of total feces anchh—associated feces in each sample.
For the BoBAC assay, a bovine fecal sample rangirmgncentration from 10,000
mg/liter to 1.0mg/liter was used as the standaradtculating the concentration of
bovine-associated feces in each sample. For eaely,abe fecal concentration was

determined using triplicate 2|8-creek water samples.

Chemical Methods

All procedures were performed in accordance witin@ard Methods for the
Examination of Water and Wastewater;'Zdition (Greenberg et al., 2005). Special care
was taken to test for ammonia and nitrate firstabge concentrations of these
parameters can change rapidly with time.

The Nessler Method (Method 8038) was used taddegtmmonia. A HACH
2500 spectrophotometer (Loveland, CO) measurediadnsce at 425 nm wavelengths to
compute the concentration of ammonia. The procedaseadapted from Greenberg et al.
(2005). The estimated detection limit is 0.06 mg3NK L. Each 25mL sample was
mixed with a mineral stabilizer, polyvinyl alcohdispersing agent, and Nessler reagent.
Blanks, used for zeroing, were created by addieg¢lagents to 25mL of deionized
water. “Zeroing” creates a baseline for ammoniasueaments, and was performed
before testing samples for ammonia. The minerailgtar was zinc sulfate. It reacts and
complexes with the calcium to inhibit precipitatiohthe residual calcium ions. The
polyvinyl alcohol-dispersing agent helped produwe dolor in the reaction of the Nessler
reagent and ammonium ions. As the intensity ofygikw color increased, the

concentration of ammonium also increased (HACH5)99
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lon chromatography (IC) was used to test for ¢grsulfate, and nitrate in
accordance with SM4500C from Standard MethodsherExamination of Water and
Wastewater 21 Edition (Greenberg et al., 2005). Creek water fivasfiltered through a
0.45um pore diameter filter. This prevented large pleticrom damaging the IC
sampling machine. lon chromatography allowed samggdtr multiple ions to be
performed at the same time. An anion separatomuolcan test for concentrations of
nitrate, nitrite, phosphate, sulfate, chloride,miae, and fluoride. lon chromatography
works by injecting the sample into a stream of ioaate eluent and passing it through
ion exchangers. The anions become separated acgdodiheir affinity for a low
capacity, strongly basic anion exchanger. The aawa then converted into a highly
conductive form within a fiber suppressor columheTarbonate—bicarbonate eluent is
converted into carbonic acid, which is a poor canidiu Different anions remain on the
column for different amounts of time, and it is kmowhich peak corresponds to which
ion. The area under the peak is a measure of iba aoncentration (Greenberg et al.,
2005).

Total Kjedahl nitrogen (TKN) is a measure of origamtrogen and ammonia.
TKN was analyzed by using the LACHAT QuickChem MwetH0-107-06-2-E
(Diamond, 1992). In this method, water samples wweepared by block digestion and
analyzed by colorimetry. This method works bestfater with nitrogen levels between
0.1 and 5.0 mg £ 25mL of raw creek water from each site was planedst tubes and
digested in a block digestor. Sulfuric acid, meicoxide and potassium sulfate were
added to raise the boiling point of the solutionridg digestion organic nitrogen was

converted to ammonium. After digestion, 20 mL oibdé&zed water was added to the
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sample and thoroughly mixed. After which, the saamphs analyzed in a SKALAR
spectrophotometer (Norcross, GA). The SKALAR apperautomatically mixed the
reagents salicylate and hypochlorite to heat theanium, producing a blue color. The
intensity of the blue color was related to the @nration of ammonium. Concentration
of the sample was determined by comparing the dbsce of the sample to a standard
absorbance curve. The standard curve was madecfsooentrations of 3.0, 2.0, 1.0, and
0.5mg N L%

Total phosphorus (TP) analysis is similar to TKNt uses a slightly different
method, LACHAT QuikChem Method 10-115-01-1-C (Lid®93). This particular
method can be used for TP levels between 0.01 m§.B L. The detection limit is
0.005 mg P L. The same water samples used for TKN are usetFof herefore, they
are also prepared by block digestion and analygemblorimetry. During digestion,
organic phosphorus is converted to orthophosplatemplex is formed when it reacts
with ammonium molybdate and antimony potassiunmaeet This complex is reduced by
ascorbic acid, and it forms a blue complex thabdisslight at 880 nm. Comparing
colormetric absorbance to a standard absorbange can be used to determine the
amount of TP in the sample (Liao, 1993).

Total solids (TS) and suspended solids (SS) weasored in accordance with
Standard Methods for the Examination of Water arabtéwater 22l Edition, using
methods SM2540C and SM2540D (Greenberg et al.,)2008solved solids (DS) were
estimated by subtracting SS from TS. Total solm@sthe residues remaining in a dish
after being dried at 18C. An aluminum weighing dish was weighed on an yreEl

balance before adding 50mL of creek water to tBh.dihe dish was weighed again after
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the water had evaporated. The difference in weigls the weight of the residue, or total
solids per 50 mL. Suspended solids were residwsittd not pass through a Zuéh pore

glass filter.

L oad Duration Curves

Development of Load Duration Curves (LDC) is basedhe work of Bruce
Cleland (Cleland, 2002a; Cleland, 2002b). The 8tep of creating a LDC is to produce
a flow duration curve (FDC), which requires releBtreamflow data. Pond Creek is an
ungauged stream. Discharge data gathered durinthig@ampling trips from this study
combined with data from another study (Sasser, P@ie&led only 24 events.
Additionally, peak flows were not captured, becasa@pling trips were conducted
without concern for streamflow conditions or antésa rainfall. Previous studies have
suggested that a regional flow duration curve basegauged streams can be used to
develop a FDC for an ungauged stream that is ginnilsize and located in the same
physiographic region (Cigizoglu, 2000; Logan andk&g 2005). Gauged and ungauged
streams are related through drainage area, topograpd precipitation (Cigizoglu,
2000). Logan and Walker (2005) reported that noimej gauged and ungauged streams
solely on drainage area produces representativesF@r@ingauged streams in the Ridge
and Valley physiographic region.

The objective of a flow duration curve is to plagtbric streamflow data (flow in
m® s* at each exceedance probability) against drainsggein hectares, the independent
variable. A linear regression can then be perfororeevery exceedance probability to

generate a linear equation predicting streamfloangtflow duration interval and for any
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size drainage area, between 259 hectares and 25h@@€ares in this case. The terms
“exceedance probability” and “flow duration intefvare used interchangeably in this
study. Creating a FDC for Pond Creek first requmadexamination of all gauged streams
in the Ridge and Valley physiographic region of iessee. Average daily discharge data
for those streams with drainage areas between @&@res and 25,9000 hectares was
compiled (Table 5).

Historic streamflow data were entered into a spgbadt developed by Bruce
Cleland (Cleland 2002a; Cleland 2002b) to gendtate duration curves for each
gauged stream, which produces streamflow valueadct flow duration interval. Then,
the data were plotted in Microsoft Excel (Redmong) to generate linear regressions
for each data series (flow duration interval) bingghe “add a trendline” function in
Excel. R-square values for the regressions at dl@gyduration interval are shown in

Figure 15.
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Table 5. Attributes of Gauged Streams under 25t aflares in the Ridge and Valley physiographicoregif Eastern Tennessee
that were used to create a regional flow duratiowe for Pond Creek, TN (HUC 06010201013). Data eakected from USGS
National Water Information System Web Interface.

Name ID # Area (Hectares) Dates of Operaﬂion Nunitemorded
First Cr. Mineral Springs 03496000 3082.1 1945-1963 6727
First Cr. Powers Ave. 03496200 3470.6 1963-1970 7255
First Cr. Fifth Ave. 03496500 4299.4 1932-1958 5632
Sweetwater below 03520045 6837.6 1970-1981 4201
Sweetwater near 03520050 7303.8 1964-1970 2086
Baker 03519640 4144.0 1965-1975 3574
Wolftever 03566420 4869.2 1964-1989 9374
Chestuee above Englewood 03565040 3833.2 1944-195[7 5022
Bullrun Cr. Near Halls Crossroads 03535000 17741.4 1957-2003 11414
Poplar Creek Near Oak Ridge 0353825 21367.4 1969-1 10622
Bear Cat Hwy 95 Near Oak Ridge 035382[0 1124.1 PIRED 5745
Bear Cr. Near Wheat 035382673 828.8 1986-1991 1826
Bear Cr. At Pine Ridge 035382783 1295.0 1986-1991 3218
Whiteoak Cr near Wheat 03536380 543.9 1986-1995 6322
Whiteoak Cr at ORNL 0353650( 538.7 1950-1955 1870
Whiteoak below ORNL 0353700( 937.6 1950-1964 4383
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R?Values for Linear Regression Equations Used to
Create a Regional Flow Duration Curve
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Figure 15. R values for linear regression equations used tatera regional flow
duration curve for Pond Creek, TN (HUC 06010201013)

Log-log transformations and semi-log transformagiohthe data series were
investigated but did not yield better results. Eneas good correlation from the 25
percent to 80 percent flow duration intervals. Resg values ranged from .82 to .92. The
weakest correlations were observed at the higmestoavest intervals (1 percent, 99
percent, and 100 percent). The linear regressiodymed an equation where drainage
area was the independent variable. Streamflowlvam lbe estimated if the drainage area
is known. Drainage areas were determined by usiegabulate Area” function in
ArcMap 9.2 (Redlands, CA). Streamflow values ahedmwv duration interval were
calculated for Pond Creek using the drainage as¢heax variable and solving for y. It is
important to remember that the drainage area &t sanple site is the sum of all
drainage areas upstream. For example, in Pond (lreekrainage area at Site 5 is the

sum of the drainage areas at Sites 5, 6, 7, and 8.
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After all predicted flows are calculated (Table tBgse values are entered into
Bruce Cleland’s Flow Duration Curve Spreadsheetflata to create Flow Duration
Curves for every sample site. An example is preskmt Figure 16. The solid line
represents predicted streamflow based on the ralgilonv duration curve. The triangles
mark flow duration curves based on measured stteanvlalues gathered during two
years of sampling.

The low number of sampling events and the failoreapture storm events
produced a relatively flat FDC (triangles in Figu®), resulting in divergence at high
and low flows between the FDCs based on prediatddbaserved data. They are similar,
however, during moist and mid-range flows. The HixSed on regional streamflow data
is likely more representative for the Pond Creekenshed, and therefore was used to
calculate load duration curves in this study.

It is also possible to estimate the percentile ftank for any sampling date by
comparing observed streamflow{st) with the percentile rank and corresponding
streamflow on the predicted FDC.

In this study, the percentile rank was estimatetthéonearest 5 percent.
Additionally, flow conditions (high, moist, mid-rge, dry, or drought) for the sampling
data were estimated by calculating an average piieceank for all sample sites on the
day it was sampled. Based on these analyses faeti@d of November 2005 through
November 2006, sampling was conducted mostly dudmgeriods (7 of 13 events). On
three occasions mid-range conditions were encoeahtevrhile three other trips were

during moist conditions (Table 7).
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Table 6. Calculated Streamflow Values for all eigdatnple sites in Pond Creek, TN (HUC 0601020104388 on
subwatershed area and a regression equation deddimmn a regional flow duration curve for waterdhéess than 25,900
hectares in the Eastern Tennessee Ridge and \fddiesfographic region.

Site Number
Flow Duration Interval 1 | 2 | 3 | 4 | 5 | 6 7 8
Flow in Cubic Meters per Second

1 17.45 16.27 15.6 13.83 11.92 10.47 5.16 6.p2
5 5.78 5.41 5.21 4.67 4.08 3.64 2.2 2.34
10 3.53 3.31 3.18 2.85 25 2.23 1.3 144
15 2.63 2.46 2.37 2.12 1.85 1.64 0.98 1.04
20 2.09 1.95 1.87 1.67 1.45 1.28 0.74 0.19
25 1.71 1.59 1.53 1.36 1.18 1.03 0.58 0.3
30 1.43 1.33 1.27 1.13 0.97 0.85 0.46 0.5
35 1.2 1.12 1.07 0.95 0.81 0.71 0.38 0.41
40 1.01 0.94 0.89 0.79 0.67 0.59 0.3 0.33
45 0.84 0.78 0.75 0.66 0.56 0.49 0.25 0.47
50 0.71 0.65 0.63 0.55 0.47 0.41 0.21 0.43
55 0.59 0.55 0.52 0.46 0.4 0.35 0.19 0.2
60 0.49 0.46 0.44 0.39 0.33 0.29 0.16 0.17
65 0.41 0.39 0.37 0.33 0.28 0.25 0.13 0.14
70 0.34 0.32 0.31 0.27 0.24 0.21 0.12 0.12
75 0.28 0.27 0.25 0.23 0.2 0.18 0.1 0.1
80 0.24 0.22 0.21 0.19 0.17 0.15 0.09 0.1
85 0.19 0.18 0.17 0.16 0.14 0.12 0.08 0.98
90 0.16 0.15 0.14 0.13 0.12 0.1 0.0y 0.7
95 0.13 0.12 0.12 0.1 0.09 0.08 0.06 0.96
99 0.09 0.08 0.08 0.08 0.07 0.06 0.04 0.94
100 0.06 0.06 0.05 0.05 0.05 0.04 0.03 0.03
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Figure 16. Flow Duration Curve for Site #1 in Pdhiieek (HUC 06010201013)
comparing curve shape of the regional flow duratiorve with curve shape of a flow
duration curve developed from 24 data points.*Cfe®ds for fis™. 1 fs* equals
0.0283 m s™.
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Table 7. Estimation of Flow Percentile based osymeptive flow duration curves calculated for afjlei
sample sites in Pond Creek, TN (HUC 06010201018yd®n November 2005 and November 2006.*

PC#1| PC#2 PC#B PC#4 PC#5 PCO#6 PC#7 BC#8 Mean Range
Nov. 2005 60 80 90 60 95 95 100 100 856 Dry
Dec. 2005 40 50 50 55 80 50 100 100 66 Dry
Jan. 2006 55 25 25 25 50 35 50 100 46 Mid Range
Feb. 2006 20 25 15 25 30 45 40 6bH 33 Moist
April 3, 2006 25 35 25 25 50 50 70 9( 46 Mid Range
April 27, 2006 5 5 5 15 15 50 15 35 18 Moist
May 2006 50 55 45 60 60 65 100 140 6|7 Dry
Jun. 2006 60 65 60 65 75 55 90 100 71 Dry
Jul. 2006 70 70 65 75 90 75 100 100 81 Dry
Aug. 2006 75 85 80 70 95 90 9¢ 100 8[7 Dry
Sept. 2006 20 20 15 25 25 30 45 50 29 Moist
Oct. 2006 50 50 50 45 65 55 95 100 61 Dry
Nov. 2006 40 35 40 35 55 50 85 85 58 Mid Ranpe
*Stagnant conditions were reported as the detetitisihof the flow meter (0.00283 frs™), which equates to

100 percent exceedance probability.



Pollutant loads can be calculated if both the cotre@ion of the pollutant and
streamflow are known. In this study concentratiohBscherichia coli andBacteroides
are known for all sample datdsscherichia coli loads are calculated in Bruce Cleland’s
Water Quality Duration Tool spreadsheet with tHefeing formula:

Load (CFU day) = Concentration (CFU 100 r) * Flow (cfs) * 283.17 * 60 * 60 * 24
Bacteroides and otheparameters with concentrations in parts per mil{iog L) were
converted into pollutant loads with the followinguation:

Load (kg day) = (Concentration (mgb)* Flow (cfs) *5.38)/2.2

Target pollutant loads are calculated by multipdythe recreational water quality
standard of 126 CFU 100 ritlby flow values generated by linear regressiond@ed
from the regional flow duration curve (Table 6).eTtritical concentration of 126 CFU
100 ml* is used as the target load rather than 941 CFUI®pthe value we used to
check compliance with water quality standards, bsed MDL guidelines call for more
conservative standards. Due to the fact our samydes collected monthly, 941 CFU
100 mL* was selected as the water quality standard. Howérerecreational use, the
desireabldescherichia coli concentration in water samples is less than 126 OFUJmML
! In fact, the geometric mean of at least five s@spollected in 30 days must be less
than 126 CFU 100 nit.

Observed discharge values from sampling eventtharerounded to the nearest 5
percent flow duration interval and plotted with #esociatedscherichia coli load on the
LDC. It is then evident iEscherichia coli loads are over or under the permissible limit.

Bacteroides data were utilized to attempt to differentiate Hseherichia coli load
into Escherichia coli attribitable to bovine anBischerichia coli attribitable to human
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sources. This procedure was accomplished by myihigpitheEscherichia coli load by
the percentage of feces attributable to bovinecgme BoBAC) or the percentage
attributable to humans (percent HUBAC) for the slandate. If the percentage is >100
percent it is assumed to be 100 percent. The wexdgbids are then paired with the
appropriate percentile flow rank for the samplesdatd plotted on the LDC. Load
duration curves are displayed in Power Point sli@eparate graphs are needed for
Escherichia coli attributable tdhuman andescherichia coli from bovine sources. There
are inherent assumptions when using this methedjrgt being that all animal fecal
sources have equivalent concentration&ssherichia coli. SecondEscherichia coli
concentration is proportional Bacteroides concentration.

Table 8 presents the percentage values calculatedthe real-time PCR assays.
Samples that had a greater recovery of either HuBABoBAC than AIIBAC, were
marked as 100 percent. For example, Site 1 on Nbge@005 reported 100 percent for
both HUBAC and BoBAC. On this date concentratioesexnear the detection limit for
all Bacteroides values, causing both HUBAC and BoBAC to be over g@@ent. It is
possible to have values over 100 percent due ¢e Istandard deviation between the
triplicate samples. Additionally, on many dates pleecentages do not add to 100 percent.
This gap was likely due to measurement variabibty, it also could have resulted from
the failure to characterize all the bovine and hovassociate@acteroides. The
uncharacterized portion may represent an unknowrcepmeasurement variability, or
an undetected source. An undetected source, fon@racould result fronBacteroides
spp. being present in the creek water sample that bebkbig aBacteroides cluster that
the BoBAC or HUBAC assays did not detect. A clusééers to a grouping of closely
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Table 8. Percent of tot&8acteroides concentration calculated by dividing the
concentration of either HUBAC or BoBAC by AlIBAC fall eight sample sites in Pond
Creek, TN (HUC 06010201013) during a period fronvélmber 2005 through

November 2006.*
Site 1l Site 2 Site 3 Site4
% HUBAC|% BoBAC|% HUBAC|% BoBAC|% HUBAC|% BoBAC|% HUBAC|% BoBAC
11/14/2005 100 100 100 23.5 24.9 35.5 6.6 25.9
12/20/2005 5.1 25.5 9.5 83.7 5.7 26.3 1.8 75.7
1/26/2006 5 36 1.9 100 10.8 100 4.8 68.7
2/23/2006 4.1 89.6 1.1 100 0.7 73.5 1.4 77.7
4/3/2006 8.7 4.1 1.2 25.2 11.2 25.4) 11.3 67.8
4/27/2006 0.2 100 0.1 100 0.5 100 1 100
5/24/2006 2.7 125 1.9 8.2 8.1 20.8 20.5 56.3
6/29/2006 1.3 5 0.7 32 5.9 17.8 3 7.5
7/127/2006 26.4 17.7 11.4 59.5 1.9 2.4 25 47.4
8/24/2006 29.6 11.7 9.7 37.2 6.8 36.6 8..9 13.7
9/28/2006 27.5 22.9 6.4 100 1.8 57.3 19.7 10.7
10/25/2006 4 20.2 3.9 46.1 3.6 73.6 2.7 23.9
11/28/2006 2.9 33.6 10.5 28.8 5.1 23.2 1.2 20.5
Average 16.7 36.8 12.2 57.2 6.7 45.4 8.3 458
Site5 Site 6 Site 7 Site 8
% HuUBAC|% BoBAC|% HUBAC|% BoBAC|% HUBAC|% BoBAC|% HUBAC|% BoBAC

11/14/2005 15.2 76.5 11.9 10.8 22.2 44.9 0.6 52.3
12/20/200%5 24.2 90.5 3.9 100 10.3 98.6 3.4 100
1/26/2006 3.7 73.4 3.5 40.8 5.7 100 2 87.8
2/23/2006 0.8 69.5 3.5 98.9 13.5 100 1.9 100
4/3/2006 6.3 30 37.9 100 19.2 84.3 5.2 10(
4/27/2006 1.7 100 1.2 100 3.8 100 2.6 100
5/24/2006 4.9 66.8 19.4 15.3 11.2 24.4 1.1 39.7
6/29/2006 5.4 57.7 12.7 100 4.5 96.6 1.5 22.7
7127/2006  27.7 100 6 89.1 66.4 17.5 3.1 21.9
8/24/2006 19.2 100 2.4 99.3 2 100 0.8 28.2
9/28/2006 10.7 62.7 28.9 100 28 13.2 2.4 52.1
10/25/2006 3 33.3 6.7 14.2 3.2 24.2 1.3 34.7]
11/28/2006 4 81.5 8.1 35.8 42.2 26.2 11.8 27.8
Average 9.8 72.5 11.2 69.6 17.9 63.8 2.9 59

*Site 8 is a headwaters sites. Site 1 is the moshdtream site.
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related species @acteroides, as determined by their relative proximity on a
phylogenetic tree. Assays were designed to picBagteroides belonging to a cluster
known to be associated with either human or bofanes. However, analysis of
Bacteroides from fecal samples showed 2 distinct clusters twuife feces and 3 or 4
clusters for human feces. The assays used intthdy svere designed to capture only one
cluster for both humans and for bovines. It is gmeghatBacteroides species belonging
to other clusters were present in creek samplegshwiould cause estimates of either
human or bovine associated fecal contaminatioretoriwerrepresented.

The LDCs were also used to characterize the nafuecal inputs into flow
dependent or flow independent sources. Data usgédrierate human and bovine LDCs
were analysed to determine if their slope diffefredh zero. Groups of data whose slope
did not differ from zero were said to be flow inéapdent. Conversely, if the slope was

not zero, the source was said to be flow dependent.

Statistical Analysis

All statistical analysis utilized SPSS 15.0 (Chaly). Concentration data was
skewed (not normally distributed), so statistigalgsis used the values obtained by
taking the natural logarithm of concentration ddtiae In-transformed values varied over
a more narrow range, producing a parametric digiob. An analysis of variance
(ANOVA) was performed at the=0.05 level on In-transformed concentrations oafec
indicator organisms to detect differences betweenpding sites and sampling dates.
Tukey Honestly Significant Difference (HSD) PostdHbests were run to investigate

mean separations. Correlation analysis was perfbtmdetermine if certain parameters
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behave similarly at the=0.05 level of significance. The Pearson Corretatoefficient
was determined for the dependent variables (Insfoamed concentration values for
fecal indicator organisms HUBAC, BoBAC, AlIBAEscherichia coli, and

Enterococcus) and for independent variables total solids, stfé@v, total organic
carbon, ammonia, nitrate, total Kjeldahl nitrogeloride, sulfate, orthophosphate, total

phosphorus, and 5-day biological oxygen demand.

Escherichia coli Water Quality Standards
Bacteriological water quality standards for Poné&krmust meet limits
established for recreational use. The followingdapted fron8ate of Tennessee Water
Quality Standards, Chapter 1200-4-3, General Water Quality Criteria, October, 2007:
The concentration of the E. coli group shall notesd 126 colony
forming units per 100 ml, as a geometric mean basea minimum of
5 samples collected from a given sampling site @vexeriod of not
more than 30 consecutive days with individual s&sleing collected
at intervals of not less than 12 hours. For the@pses of determining
the geometric mean, individual samples having an déli
concentration of less than 1 per 100 ml shall besictered as having a
concentration of 1 per 100 ml. Additionally, thencentration of the E.
coli group in any individual sample taken from kdareservoir, State
Scenic River, Exceptional Tennessee Water or ONRY¥0@-4-3-.06)
shall not exceed 487 colony forming units per 100. mhe

concentration of the E. coli group in any indivitlsample taken from
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any other waterbody shall not exceed 941 colonyniiog units per

100 mL.

Grab samples were collected monthly, so the one sampling maximum value
of 941 CFU 100mL was used as the water quality standardE&sherichia coli.
Confusingly, a value of 126 CFU 100mis used as the “target load” fBscherichia
coli when creating Load Duration Curves. The apparigf@rdnce is due to the fact that
we performed monthly sampling trips, not 5 or miviggs per month. The desirable level

of Escherichia coli in a waterbodly is less than 126 CFU 100mL
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CHAPTER IV

RESULTSAND DISCUSSION

Fecal Indicator Organisms

Our findings confirm reports of cattle being theimsource of fecal
contamination in Pond Creek. Summarieg&siherichia coli andBacteroides
concentrations are presented in Tables 9 an&sbberichia coli values exceeded the one
time sampling maximum value of 941 CFU 100Hfbr 60 percent (64 of 104) of all
samples. There was variability between sites ak @it¢ 8, a headwaters location, was in
compliance with water quality standards on only tates, whereas the most
downstream site, Site 1, exceeded limits only twégenerally, Sites 2 through 7
exceeded standards; noncompliance at Sites 2 thibugnged from 54 percent to 76
percent of sampling events. The actual aveEsgherichia coli concentrations are likely
much higher, because samples were not diluteditavithin the range of IDEXX
Quanti-Trayl. To compute the average, any values greater #ha8 ®ere considered to
be 2419. Even though this reduces the estimatecaf tontamination, the average values
are still more than 10 times the legal limit.

Tables 11and 12 summarigscherichia coli andBacteroidesload data
Escherichia coli load duration curves indicate tHedcherichia coli loads are much higher
than permissible levels, and they are flow depehfgppendix A). Observed loads
fluctuated with streamflowEscherichia coli concentrations were greatest at high flows

and decreased as flows decreased.
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Table 9. Summary dEscherichia coli andBacteroides concentrations for Site 1 through

Site 4 in Pond Creek, TN (HUC 06010201013) fosalinpling dates between November

2005 and November 2006. Shaded Values exceeded quetity criteria forEscherichia
coli (one time sampling maximum value of 941 CFU 100iL

Sitel Site 2
Date E. coli ‘ HUBAC | BoBAC|AIIBAC E. coli HuBAC BoBAC | AlIBAC
CFU/100 m. mgL* | mg L' | mg L |CFU/100mL] mgL*! mgL' | mglL?
11/14/200% 88 1 0.5 0.5 816 8.6 0.9 4
12/20/200% 248 0.1 0.5 2 1046 0.7 6.5 7.8
1/26/2006 345 2.6 19 52.6 1203 1.4 77 75.4
2/23/2006 >2419 4.02 88.2 98.4| >2419 1.35 150 123.1
4/3/2006 613 1.85 0.9 21.3 >2419 1.63 34.6 137.6
4/27/2006 >2419 0.43 383.7] 216.¢ >2419 0.1 466.1 137.6
5/24/2006 276 0.2 0.9 7.5 866 0.2 0.7 8
6/29/2006 222 0.1 0.5 10.1 1733 0.1 4.5 14.2
7/27/2006 157 0.74 0.5 2.82 687 0.45 2.37 3.94
8/24/2006 138 1.27 0.5 4.29 579 0.52 1.98 5.33
9/28/2006 700 1.76 1.47 6.4 1414 0.35 8.47 5.45
10/25/2006 161 0.1 0.5 2.47 866 0.1 1.18 2.56
11/28/2006 205 0.1 1.14 3.39 435 0.61 1.68 5.84
Geomean 340.5 0.5 2.1 8.5 1125 0.5 7.6 14.3
Mean 614.7 1.1 38.3 33 1300.2 1.2 58.2 40.B
o] 820.7 1.2 106.6 61.9 723.7 2.3 130.1 55.9
Min 88 0.1 0.5 0.5 435 0.1 0.7 2.6
Max 2419 4 383.7| 216.64 2419 8.6 466.1L 1376
Site 3 Site4
Date E. cali HuBAC|BoBAC |AlIBAC E. cali HuUBAC BoBAC | AIIBAC
CFU/100 ml mg L* | mg L' | mg L' [CFU/100 mll  mg L™* mgL' | mglL"
11/14/200 1414 0.6 0.9 2.4 387 0.1 0.5 1.9
12/20/200% 488 0.4 2 7.5 488 0.1 5.5 7.2
1/26/2006 345 3.1 31.1 28.7 921 5.8 82.9 120.6
2/23/2006 >2419 0.79 86.6 117.7 >2419 1.3 73.3 94.2
4/3/2006 >2419 2.92 6.6 26 1986 6.91 41.5 61.2
4/27/2006 1986 0.63 197.4| 116.7 >2419 2.51 377.2 244.4
5/24/2006 1120 0.7 1.8 8.8 770 1.1 3.1 5.4
6/29/2006 1046 0.5 1.5 8.5 >2419 0.2 0.5 6.7
7/27/2006 1414 0.4 0.5 20.7§ >2419 1.63 3.09 6.51
8/24/2006 1300 0.81 4.34 11.87 816 0.54 0.84 6.11
9/28/2006 1120 0.15 4.62 8.06 1553 2.14 1.11 10.88
10/25/200¢ 1046 0.1 2.06 2.8 770 0.1 0.88 3.69
11/28/2006 770 0.55 2.51 10.84 1046 0.1 1.68 8.19
Geomean 1138.1 0.6 4.9 14.1 1187.1 0.7 5.1 14.4
Mean 1299 0.9 26.3 28.5 1416.4 1.7 45.% 444
g 648.5 1 56.7 40.2 809.5 2.2 103.§ 71.7
Min 345 0.1 0.5 2.4 387 0.1 0.5 1.9
Max 2419 3.1 197.4 117.7 2419 6.9 377. 24414
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Table 10. Summary dEscherichia coli andBacteroides concentrations for Site 5 through
Site 8 in Pond Creek, TN (HUC 06010201013) fosalipling dates between November
2005 and November 2006. Shaded Values exceededhtie quality criteria for
Escherichia coli (one time sampling maximum value of 941 CFU 100nL

Site5 Site 6
Date E. coli HUBAC| BoBAC |AIIBAC E. coli HUBAC| BoBAC | AIIBAC
CFU/100 mll mgL* | mgL* | mgL* |CFU/ 100 mL| mgL'| mgL' | mglL!®
11/14/2005 >2419 1.4 6.9 9 1203 0.5 0.4 3.9
12/20/2005 411 1.8 6.6 7.3 461 0.3 8.2 7.3
1/26/2006 1203 5.8 117 159.4 291 0.7 8 19.7
2/23/2006 >2419 1.3 85.6 123.] >2419 3.46 98.7 99.8
4/3/2006 >2419 6.91 33.1 110.3 1300 1.37 6.4 3.6
4/27/2006 1986 2.51 187.4 122. >2419 0.72 99.1 62.2
5/24/2006 1553 1.1 6.7 10 687 14 1.1 7.1
6/29/2006 >2419 0.2 16.3 28.3 1553 0.6 7.7 4.8
7/27/2006 2419 1.63 16.24 12.8 >2419 0.29 4.24 4.75
8/24/2006 921 0.54 12.05 7.1 1553 0.36 15 15.11
9/28/2006 1733 2.14 14.08 22.4¢ 1553 2.42 8.96 8.37
10/25/2006 613 0.1 3.49 10.48 285 0.2 0.5 3.52
11/28/2006 >2419 0.1 47.9 58.8 727 0.69 3.04 8.44
Geomean 1550.4 1 20.9 27.9 1036 07 6 9.8
Mean 1883.4 2 44.2 54.6 1377.4 1.1 20.6 199
o] 755.5 2.1 55.5 55.7 786 1 35.2 28.9
Min 411 0.1 3.5 7.1 285 0.2 0.4 3.5
Max 2419 6.9 187.4 159.4 2419 3.5 99.1 99.8
Site 7 Site 8

E. coli HuBAC| BoBAC |AIIBAC E. coli HuBAC| BoBAC | AIIBAC

Date | CFU/100mlmgL'| mgL* | mgL'| CFU/100mL| mgC'| mgL' | mgL'

11/14/2005| >2419 5.3 10.8 24 >2419 0.3 25.7 49.1
12/20/2005 1733 1.1 10.8 10.9 >2419 46.5 2955.7 1370
1/26/2006 1203 2.6 85.8 45 1414 3.3 145.6 165.7
2/23/2006 >2419 4.54 52.7 33.7 >2419 12.96 887.9 686.9
4/3/2006 >2419 3.16 13.9 16.5 >2419 6.31 184.5 122.3
4/27/2006 >2419 1.57 51 41.7 >2419 0.87 59.3 33.9
5/24/2006 727 0.9 1.9 7.9 >2419 33.4 1154 2945.2
6/29/2006 488 0.7 14.1 14.4 >2419 1.4 20.8 91.5
7/127/2006 411 1.9 0.5 2.86 >2419 2.68 18.84 87.12
8/24/2006 1414 0.28 30.07| 14.4 >2419 1.68 58.22 206.2
9/28/2006 1553 2.8 1.32 9.97 1120 0.21 4.54 8.62
10/25/2006 435 0.2 1.47 6.07 687 0.1 2.7Y 7.97
11/28/2006 548 2.06 1.28 4.88 345 0.69 1.6p 5.42
Geomean 1139.3 1.5 7.8 13.p 1709.5 p. 56,3 963
Mean 1399.1 2.1 21.2 17.9 1949 8.5 42416 444.6
o 829 1.6 26.5 14 770.7 14.6 845.4 844 b
Min 411 0.2 0.5 2.9 345 0.1 1.6 5.8
Max 2419 5.3 85.8 45 2419 46.% 2955(7 2948.2
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Table 11. Summary dEscherichia coli andBacteroides loads for Site 1 through Site 4 in
Pond Creek, TN (HUC 06010201013) for all sampliated between November 2005

and November 2006.

Site 1 Site 2
Date E. coli | HUBAC BoBAC |AIIBAC| E.coli |HuBACQ BoBAC |AIIBAC
Organisms Organisms
per Day | kg/Day kg/Day | kg/Day per Day | kg/Day kg/Day | kg/Dayf
11/14/2005 3.38E+10| 38.4 19.2 19.2 1.60E+11 168.7 177 78.5
12/20/2005 2.03E+11 8.2 41.0 163.8 6.17E+11 413 383.1  459.7
1/26/2006| 1.62E+11 122.1  892.1 246P.1.67E+12| 194.8 10714.3 1049[.6
2/23/2006| 3.98E+12] 660.6 144943 16170FB39E+12| 189.2] 21018.F 1724p.3
4/3/2006 | 9.31E+11) 280.9 136.1 3234.2.23E+12| 149.9 31814 1265p.2
4/27/2006| 9.65E+12] 171.4 152946886338.1 9.14E+12| 37.8| 176103(81988.4
5/24/2006| 1.53E+11] 11.1 50.0 4163 4.13E+11 95 433 3815
6/29/2006| 9.45E+10 4.3 21.3 4298 5.64E+H11 3.3 446.461.8
7/27/2006| 4.72E+10] 22.3 15.0 848 1.92E+11 125 166.111.0
8/24/2006| 3.07E+10] 28.3 11.1 955 9.77E+H10 8.8 33.489.9
9/28/2006| 1.25E+12] 313.8 262.1 1141.0.36E+12| 58.5 14147 910B
10/25/2006 8.90E+10 5.5 27.6 136.5 5.19E+11 6.0 70.7 153.4
11/28/2006 1.67E+11 8.1 92.8 276.1 3.80E+11  53|3 146.7  509.8
Geomean| 2.51E+11 39.2 153.1 624.2 7.49E+11 343 .9503953.3
Mean 1.29E+12| 128.8 13000{7 8536.1.67E+12| 71.8| 16410.0 7349.0
o) 274E+12 | 192.6] 42235.8 2378[L.2.47E+12| 74.9| 48374.0 14634.7
Min 3.07E+10 4.3 11.1 19.2 9.77E+10 3.8 17.y 78.5
Max 9.65E+12| 660.6 152946/86338.7 9.14E+12| 194.8 176103}31988.4
Site 3 Site 4
Date E. coli | HUBACQ BoBAC |AIIBAC| E.coli |HUBACQ BoBAC |AIIBAC
Organisms Organisms
per Day | kg/Day kg/Day | kg/Day per Day | kg/Day kg/Day | kg/Dayf
11/14/2005 1.63E+11 6.9 10.3 27.4 1.26E+11 3.8 16.8 61.8
12/20/2005 2.38E+11| 19.5 97.3 365.0 1.96E+11 4.0 2206  288.8
1/26/2006| 4.26E+11] 382.8 3840)/ 3544.B.10E+12| 689.3  9852.6 1433B.2
2/23/2006| 4.88E+12] 159.4 174716 237462054E+12| 136.4 7689.9 98825
4/3/2006 | 2.64E+12] 3185 719.8 2835.2.07E+12| 719.9] 4323.3 63796
4/27/2006| 7.77E+12] 246.5p 772372 456614543E+12| 459.1 68997.4 4470p.6
5/24/2006| 5.73E+11] 35.8 92.0 4498 241E+11 34.4 .097 169.0
6/29/2006| 3.69E+11] 17.6 52.8 299.3 7.10E+11 5.9 714.196.6
7/27/2006| 3.91E+11 11.1 13.8 5742 4.56E+11 30.7 .258 122.6
8/24/2006| 2.13E+11] 13.3 71.1 1945 1.74E411 11.5 .9 17 130.0
9/28/2006| 2.02E+12] 27.1 834.9 1456.6.92E+12| 265.0 137.4| 13471
10/25/2006 5.30E+11 5.1 104.3 1417 3.96E+11 5.1 452 189.5
11/28/2006 5.44E+11| 38.9 1774 766.04 8.19E+]1 78 1315 640.9
Geomean| 7.31E+1] 37.8 313.0 901.8 6.68E+11 37.7 .0289807.9
Mean 1.60E+12| 98.6] 7748.0 6158.4.17E+12| 1825 7046.3 6034.1
o 2.30E+12 | 133.00 21421.3 13478.1.27E+12| 268.1] 18908.1 1248B.2
Min 1.63E+11 5.1 10.3 27.64 1.26E+11 3.8 14.7 61.8
Max 7.77E+12| 382.8 77237.2 4566[1.85.43E+12| 719.9 68997.4 4470p.6
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Table 12. Summary dEscherichia coli andBacteroides loads for Site 5 through Site 8

in Pond Creek, TN (HUC 06010201013) for all samplitates between November 2005

and November 2006.

Site 5 Site 6
Date E.coli HuBAC| BoBAC | AIIBAC E.coli HuBAC| BoBAC AlIBAC
Organisms Organisms
per Day kg/day] kg/day kg/day| perDay | kg/day kg/day kg/day
11/14/200% 1.83E+11 | 10.6 52.3 68.2 | 854E+10 | 35 2.8 27.7
12/20/200% 5.83E+10 | 25.5 93.6 1035 | 1.51E+11 | 9.8 268.7 239.2
1/26/2006] 4.68E+11 | 225.5 | 4549.3 | 6197.9 | 1.63E+11 | 39.2 448.0 1103.2
2/23/2006| 2.04E+12 | 109.7 | 7221.9 |10385.7| 1.05E+12 | 150.6 | 4296.3 4344.2
4/3/2006 | 9.35E+11 | 267.0 | 1278.9 | 4261.8 | 4.74E+11 | 499 233.2 131.2
4/27/2006] 3.04E+12 | 383.6 | 28642.4 {18692.4| 8.40E+11 | 25.0 | 34413 2159.9
5/24/2006] 4.29E+11 | 30.4 185.1 276.3 | 1.45E+11 | 29.4 23.1 149.3
6/29/2006| 3.61E+11 3.0 243.2 422.2 | 456E+11 | 17.6 226.0 140.9
7/27/2006] 2.07E+11 | 14.0 139.0 110.3 | 3.73E+11 | 45 65.3 73.2
8/24/2006| 7.21E+10 4.2 94.3 55.8 | 1.47E+11 | 3.4 141.6 142.6
9/28/2006| 1.63E+12 | 201.0 | 1322.2 | 2109.1 | 1.14E+12 | 178.1 | 659.5 616.1
10/25/2006 1.48E+11 2.4 84.5 253.7 | 8.30E+10 | 5.8 14.6 102.4
11/28/2006 7.40E+11 3.1 1464.2 | 1797.4 | 2.33E+11 | 22.1 97.4 271.7
Geomean| 4.18E+11 | 27.6 562.8 753.0 | 2.82E+11 | 19.1 162.1 266.3
Mean 8.25E+11 | 100.6 | 3533.4 | 3499.0 | 4.33E+11 | 42.9 775.4 751.4
o 8.48E+11 | 120.2 | 7312.3 | 5173.5 | 3.46E+11 | 52.8 | 1307.1 1153.3
Min 5.83E+10 2.4 52.3 55.8 | 8.30E+10 | 3.4 2.8 27.7
Max 3.04E+12 | 383.6 | 28642.4 |18692.4| 1.14E+12 | 178.1 | 4296.3 4344.2
Site 7 Site 8
E.coli HuBAC| BoBAC | AIIBAC E.coli HuBAC| BoBAC AlIBAC
Organisms Organisms
Date per Day kg/day kg/day kg/day| perDay | kg/day kg/day kg/day
11/14/200% 3.79E+10 8.3 16.9 37.6 | 5.92E+09 | 0.1 6.3 12.0
12/20/200% 3.05E+10 1.9 19.0 19.2 | 3.85E+10 | 73.9 | 4698.2 2177.7
1/26/2006] 3.09E+11 | 66.8 | 2203.1 | 1155.5 | 3.46E+09 | 0.8 35.6 40.5
2/23/2006] 1.00E+12 | 187.6 | 2178.0 | 1392.8 | 3.20E+11 | 171.1 | 11725.1 | 9070.8
4/3/2006 | 3.20E+11 | 41.7 183.6 2179 | 1.42E+11 | 37.0 | 1082.8 717.8
4/27/2006] 2.80E+12 | 181.6 | 5899.2 | 4823.4 | 8.34E+11 | 30.0 | 2044.7 1168.9
5/24/2006| 2.31E+10 2.9 6.0 25.1 | 5.92E+09 | 8.2 282.2 720.2
6/29/2006| 3.22E+10 4.6 93.1 96.4 | 5.92E+09 | 0.3 5.1 22.4
7/27/2006] 9.05E+09 4.2 1.1 6.3 5.92E+09 | 0.7 4.6 21.3
8/24/2006| 4.84E+10 1.0 102.9 49.4 | 5.92E+09 | 0.4 14.2 50.4
9/28/2006| 4.71E+11 | 84.9 40.0 302.3 | 2.37E+11 | 4.4 96.1 182.6
10/25/200¢ 2.55E+10 1.2 8.6 35.6 | 8.07E+09 | 0.1 3.3 9.4
11/28/2006 4.42E+10 | 16.6 10.3 39.4 | 2.36E+10 | 4.7 111 39.9
Geomean| 9.56E+10 | 12.2 65.1 111.0 | 252E+10 | 3.0 83.0 142.0
Mean 4.04E+11 | 47.3 832.9 639.4 | 1.28E+11 | 25.8 | 1545.6 1105.8
o 7.76E+11 | 67.1 | 1721.0 | 1339.2 | 2.37E+11 | 48.9 | 3344.1 2481.2
Min 9.05E+09 1.0 1.1 6.3 3.46E+09 | 0.1 3.3 9.4
Max 2.80E+12 | 187.6 | 5899.2 | 4823.4 | 8.34E+11 | 171.1 | 11725.1 | 9070.8
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Concentrations dBacteroides detected by the three assays (AIIBAC, HUBAC,
and BoBAC) at all sample sites and for all sampitesl were summed and are presented
in Table 13. Summed BoBAC and HUBAC concentratiwase examined as a
percentage of the total concentration of detectBabteroides (AlIBAC) . Concentrations
of Bacteroides associated with cattle compose 99 percent of ddiksdBacteroides,
while human associatdghcteroides were only 3 percent of the total. It is obvioust ttinee
sum of these percentages add to greater than 10@npeThe most likely explanation is
measurement variability, but other reasons coulthbdailure of the AIIBAC assay to
fully characterize all species Bacteroides present in Pond Creek or the cross-
amplification of another source of fecal pollutimildlife) with either the human or
bovine assays (Layton et al., 2006). An assay’ktyabo detect theBacteroides can be
affected by the organism’s diet, changes in theabial fauna in the intestines, and
environmental stresses (USEPA, 2005b). These charagese the previously dominant
cluster ofBacteroides in feces the assay was originally designed to tiébddaecome less

prolific (USEPA, 2005b).

Table 13. Sum oBacteroides concentrations from all eight sample sites in PGrekk,
TN (HUC 06010201013) for 13 sampling dates betwgewember 2005 and November
2006 and percent of totBhacteroides.

Total Concentration
mg L* Percent of Total AIBAC Concentration
HuBAC 246.0 2.8
BoBAC 8798.0 99.4
AlIBAC 8850.0
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Spatial Variability

Table 14 and Table 15 show mean fecal indicatoceotration and load values in
addition to statistical differences between sarsjiks. Interpretation of spatial
differences is heavily influenced by the end usthefdata, regulation or TMDL
development. Regulators typically rely on concemiradata to assess stream water
quality, whereas TMDL developers utilize load d&aeamflow inversely affects
pollutant concentrations by diluting pollutantssaigamflow increases, if all other factors
remain the same. This explains why Site 8, a hetdwgée, usually had significantly
higher fecal indicator concentrations than many mkiveam sites and Site 1, the most
downstream site, had the significantly lower conicgions of AlIBAC, BoBAC and
Escherichia coli compared to many upstream sites (Table Egherichia coli
concentration was lowest at Site 1. BOBAC concéioina were significantly higher at
Site 8 compared to Sites 1, 3, and 4 (Table 14BAC concentrations were significantly
higher at Site 8 compared to other sites, excapt/S{Table 14). There were no
statistically significant differences between sii@sHUBAC andEnterococcus
concentrations (Table 14). Additionally, the lanelebanges from an agricultural to a
forested setting downstream of Site 2, which reddeeal inputs from cattle to Pond
Creek.

Our results were consistent with another studyentkicky. Brush Creek in
Kentucky also had loweEscherichia coli concentrations at the most downstream
sampling site in their study; landuse in the anm@anihg to that site was 84 percent forest

(KDEP, 2006). They cited direct fecal depositioncagtle and overland flow from
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Table 14. Mean In transformed fecal indicator comicagions and Tukey HSD statistical
differences for all eight sample sites in Pond €rd& (HUC 06010201013) collected
from November 2005 through November 2006.*

BoBAC | AIBAC | HUBAC| E. coli |Enterococct
Site In mg [ In CFU 100m[*
1 |0.732a | 2.133a| -0.61a| 5.831a| 5.408a
2 |2.024ab| 2.662a| -0.675a 7.026b| 6.5a
3 |1.582a |2.644a| -0.526a 7.037b| 6.207a
4 |1.634a |2.666a| -0.364a 7.079b| 6.177a
5 [3.039ab| 3.33a | 0.548a 7.346b| 6.119a
6 |1.787ab| 2.282a| -0.35a] 6.962b| 5.088a
7 |2.051ab| 2.583ah 0.3684 7.038b| 5.47a
8 |4.031b |4.568b | 0.702a| 7.444b| 5.954a

S

*Means in a column followed by the same letterrasedifferent by Tukey Honestly
Significant Difference atr=0.05.

Table 15. Mean In transformed fecal indicator loadd Tukey HSD statistical
differences for all eight sample sites in Pond €rd& (HUC 06010201013) collected
from November 2005 through November 2006.*

BoBAC | AIIBAC | HUBAC

E. coli \ Enterococct

Site In kg day In organisms day
1 5.8208a| 7.2216a 4.4782b 26.249%h408a

2 7.0123a| 7.6504a 4.3133b 27.3438c 6.5a
3 6.5357a| 7.5974a 4.4269b 27.3206c 6.207a
4 6.4565a| 7.488a | 4.4583b 27.2314c 6.177a
5 7.1266a| 7.4179a 4.6363b 26.764%t19a

6 5.882a | 6.3771a 3.7456@6.3873bc5.088a

7 4.9777a| 5.5104a 3.295636.2955ah5.47a

8 4.9935a| 5.5298a 1.664a 23.7362a 5.954a

S

*Means in a column followed by the same letterrasedifferent by Tukey Honestly
Significant Difference atr=0.05.

63



agricultural lands in upper portions of Brush Craskhe sources of fecal contamination
at the upper sites (KDEP, 2006).

From a regulatory standpoint, the significantly émkscherichia coli
concentrations at Site 1 compared to all othes sitakes it tempting to conclude that
Pond Creek is not as contaminated in the lowerhesaand is actually becoming cleaner
lower in the watershed. However, load data indatatherwise. Significantly higher
Escherichia coli loads were observed at Sites 2,3, and 4, but Stteedmost downstream
site was not significantly different than thesesi{Table 15). HUBAC loads increased
downstream; Sites 1, 2, 3, 4, and 5 were signifigdngher than Site 8, a headwater site
(Table 15). There were no statistical differencesveen sites for BoOBAC and AlIBAC.
Although Site 1 had significantly lower concentoais of BoBAC, AIIBAC, and
Escherichia coli, that fact that loads were not significantiyver suggests that fecal
pollution from upstream sites was transported bydP@reek and was likely discharged
into Watts Bar Reservoir. TMDL developers are coned about the amount of pollution
Pond Creek discharges into Watts Bar Reservoirmeogssarily if a sample site exceeds
standards. Intensive livestock production in thddte and upper portions of Pond Creek
appear to be the main source of the fecal pollution

Several studies have shown a strong correlationdset the presence of cattle
with pollution of adjacent waterbodies or increaisefecal indicator organisms from
background levels after cattle are introduced. Is#apon and Street (1978) found a direct
relationship between fecal coliforms and cattlezgrg. Doran and Linn (1979) reported
that rainfall runoff from an area grazed by cattbetained 5 to 10 times more fecal
coliforms than runoff from an ungrazed arEscherichia coli from livestock feces can
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survive on grass for at least 5 to 6 months (Awtrgl., 2004), so rainfall events can
carryEscherichia coli that has been residing in manure deposited ongminto
waterbodies (Doran and Linn, 1979). Vinten et 2004) reported that for a 7 mm
rainfall event, 14 percent of daily fecal depobiysgrazing cattle were transported to a
creek.

One of the objectives of the study was to iderdifyas that contribute
disproportionate amounts of fecal indicator orgarsigo Pond Creek. The results were
inconclusive in this regard. Instead, the resuitsased extensive fecal pollution
throughout the watershed. Bovine-associ@acter oides were dominant to human
sources, but no statistical differences in loadeevaetected between sites for both
BoBAC and AIIBAC loads (Table 15). Statistical @ifences in loads between the
headwaters and downstream sites were observedfioai-associateBacteroides loads
(Table 15), but they were only a minor componertotdl Bacteroides. The spatial
differences observed for HUBAC are possibly theltes a relatively higher population
density near Pond Creek at Sites 1, 2, 3, 4, arairipared to Site 8 and comparative
lower streamflow in the headwaters than downstream.

One possible approach to identify areas for tangettmediation efforts is to
examine subwatershed livestock stocking densiBesy et al. (1983) reported high
livestock densities (0.93 cows Havere causing elevated fecal coliform levels in a
Colorado stream. Moreover, Evans et al. (2004) daatEscherichia coli
concentrations in a Mississippi stream increasestaking densities increased. In Pond
Creek, water quality was impacted at lower stocklagsities (Table 16). A clear pattern
between stocking density and fecal indicator lcamldd not be established. Intensive
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Table 16. Cattle inventory in Pond Creek WatergiittdC 06010201013) as of August
2007. The numbers are estimates provided by Letta®a&rmichael, Pond Creek

Watershed Coordinator and University of Tennesséerision Agent.
Drainage Area
Subwatershed ID (ha.)* Description # Total |# animals / ha.
Beef 0
Milking 0
1 743.4 Other 0 0 0
Beef 240
Milking 0
2 416.7 Other 0 240 0.57
Beef 125
Milking 80
3 1112 Other 50 255 0.23
Beef 0
Milking 700
4 1200.5 Other 200 900 0.75
Beef 140
Milking 110
5 916 Other 150 400 0.44
Beef 150
Milking 0
6 14435 Other 0 150 0.10
Beef 65
Milking 360
7 1227.7 Other 50 475 0.39
Beef 110
Milking 190
8 1516.2 Other 150 450 0.30
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livestock production leads to elevated fecal ingicarganisms throughout the
watershed. Other possible explanations could bealbgdrology, karst topography,
landuse patterns and cattle spending more timeimiparian zone.

Further conclusions can be made from the livestoegntory. It helps with
choosing appropriate best management practicescudmiral BMPs for livestock
production are conservation practices that ainetiuce pollution to waterbodies. Several
examples of BMPs for livestock production includgetative filter strips, riparian
exclusion, nutrient management, and rotationaliggaZ able 16 can assist selection of
appropriate BMPs. For example, BMPs in Subwaterghgiabuld focus on beef cattle,
whereas Subwatershed 4 should consider practicekiiy cattle such as manure storage
systems and following nutrient management plars. &was subject to localized effects
of beef cattle. Potentially, fecal inputs in Subsvahed 2 and 8 could be reduced by
improving the conditions of pastures or implemegime or more of the following
BMPs for beef cattle: vegetative filter strips, kxton with careful riparian grazing,
alternative water sources, dedicated stream crgssamd management of livestock

stocking density.

HuBAC

There were no significant differences between $aeluman-associated
Bacteroides concentrations using the Tukey HSD Post Hoc Tesbl@14).
Concentrations were considerably lower than bogime totalBacter oides concentrations

across the watershed. In contrast, HUBAC loadstes &, 2, 3, 4, and 5 were statistically
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greater than at Site 8, though they were still mogrer than the AIIBAC or BoBAC
loads (Table 15). The spatial differences obsefeetluBAC are possibly the result of a
relatively higher population density near Pond KraeSites 1, 2, 3, 4, and 5 compared to

Site 8 and comparative lower streamflow in the eddrs than downstream.

BoBAC

Sites 1, 3, and 4 had significantly lower averag8RBC concentrations than Site
8. However, average bovine-associdBadteroides concentrations at Site 8 were not
higher than Sites 2, 5, 6, and 7 (Table 14). BoBdédils were not statistically different
between sample sites (Table 15). The diluting ¢téémcreased streamflow explains
why downstream sites (1,3, and 4) had lower sigaifily lower concentrations than Site
8, the most upstream site (Table 14). No statistiéierences were observed in BoBAC
loads (Table 15) suggesting extensive bovine fegahilition throughout the watershed.
No single area can be implicated as the principafice of bovine-associated

Bacteroides.

AlIBAC

For total detectablBacteroides (AlIBAC), Site 8 had the highest average
concentration and was significantly higher tharo#tler sites, except Site 7. However,
Site 7 was not different from the other sites (€abt). AlIBAC loads were not
statistically different across the watershed (Tdlde Bovine sources make up

approximately 99 percent of AlIBAC (Table 13), bese spatial differences are likely
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explained by the same factors that affect BoBAQymkiream dilution and extensive

livestock production throughout the watershed.

Enterococcus andEscherichia coli

There was no significant difference in concentraior loads between sites for
Enterococcus (Table 14 and Table 19scherichia coli concentration at Site 1, the most
downstream site, was significantly lower than #ifiey sites in the watershed (Table 14).

It is possible that significant differences woukivk been observed had the samples been
diluted.Escherichia coli loads were significantly lower at Site 8 compae®ite 1
through Site 6 (Table 15). Sites 2, 3, and 4 hgdistantly higherEscherichia coli loads

than Sites 7 and 8 (Table 15).

Temporal Variability

Temporal variability of all fecal indicator orgams were examined for trends in
concentration and load data. Temporal variabilftitoBAC, BoBAC, AlIBAC, and
Escherichia coli loads showed a clear pattern of being significagitgater during wetter
months and lower during drier months (Figures 18,22, and 26). Additional trends
possibly could have been observed had the same&rsdluted to more accurately
quantify Escherichia coli. Fecal indicator concentrations did not displayesachatter
(Figures 17, 19, 21, and 25). Although the maxinaemcentrations for all fecal indicator
organisms occurred during wet months and the loa@stentrations were observed

during dry months, middle values were not predietafometimes dry months had higher
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concentrations than wetter months. This was trualfdecal indicator organisms.

Similarly, no trends were observed temterococcus (Figure 23 and 24).

HUBAC

Concentrations of human-associaBadter oides were significantly lower in
October, 2006, a dry month, compared to wetter hwat July, February, January, and
April of the same year (Figure 17). HUBAC loads evsignificantly greater during the
wet months of September, January, April, and Felrab2006 than drier months such

as October, August, and June of 2006 in additidddeember 2005 (Figure 18).

BoBAC

Bovine-associateBacteroides concentrations for the wetter sampling dates in
January, February, and April of the year 2006 veggaificantly greater than during drier
months of October, July, and November of 2006 aadeiber of 2005 (Figure 19).
Moreover, BoBAC concentration on April 27, 2006 vmagch higher than all other dates
except for January, February, and April 3 of thary2006. Bovine sources of fecal
pollution are expected to increase during wet mgrbecause precipitation and runoff
are higher (Collins et al., 2005; Kistemann et2002). BoBAC loads were significantly
lower in the drier months of July and October o0d@@nd November 2005 than
September, January, February, and April 2006, wiwerle the wettest months (Figure
20). This suggests runoff is the main pathway forihe-associateBacteroides to enter

Pond Creek.
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Human Temporal Variation
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Figure 17. Mean In HUBAC concentrations from afjrgisampling sites showing Tukey
HSD statistical differences between sampling ddtesg a period from November 2005

to November 2006.




HuBAC Load Temporal Variation
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Figure 18. Mean In HUBAC load from all eight samplisites showing Tukey HSD
statistical differences between sampling dateshduaiperiod from November 2005 to

November 2006.
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Figure 19. Mean In BoBAC concentrations from afjrgisampling sites showing Tukey
HSD statistical differences between sampling ddtesg a period from November 2005

to November 2006.




BoBAC Load Temporal Variation
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Figure 20. Mean In BoBAC loads from all eight samglsites showing Tukey HSD
statistical differences between sampling dateshduai period from November 2005 to
November 2006.
AlIBAC

Our results show that bovine sources make up appet&ly 99 percent of total
Bacteroides in the Pond Creek watershed. Therefore, AlIBACgeral patterns should
follow BOBAC patterns. Concentrations Bécteroides detected by the AlIBAC assay
were significantly lower in October 2006, a dry rtigrthan for sampling events in

January and February 2006 and for two additiontdsdia April 2006, which were wetter

months. The February 2006 event was much higheredlgt other sampling dates

74



(Figure 21). Correlation analysis confirmed thasth two variables behave similarly; the
Pearson correlation coefficient is 0.903. AlIBAGdts were significantly lower in July,
August, and October of the year 2006 and NovemB@s 2han during wetter months of
January, February, and April of 2006, suggestimgfiucarries the majority of all

detectabldBacteroidesinto Pond Creek (Figure 22).

AIIBAC Temporal Variation
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Figure 21. Mean In AIIBAC concentrations from aljlet sampling sites showing Tukey
HSD statistical differences between sampling ddtesg a period from November 2005
to November 2006.
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AlIBAC Load Temporal Variation
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Figure 22. Mean In AIIBAC load from all eight sarmg sites showing Tukey HSD
statistical differences between sampling dateshduai period from November 2005 to
November 2006.

Enterococcus andEscherichia coli

No trends irEnterococcus load or concentration data were observed (Figure 23
and Figure 24). FdEscherichia coli, October 2006 was the only month significantly
lower than months where the highest average coratents were observed, twice in
April and once in February, 2006 (Figure Z53cherichia coli loads were significantly
higher in February and April of 2006 than the drieonths of August 2006 and
November 2005 (Figure 26). It is possible that addal trends could have been

observed foEscherichia coli had the samples been diluted to fall with the raofgbe
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IDEXX kits. Again, the results are similar to otlsgtudies that show increases of fecal
indicators during wet months (Collins et al., 20B&temann et al., 2002).

With respect to time, bovine-associatatteroides showed the highest
variability; they ranged over two orders of magdeuThe highest concentration detected
by the AIIBAC assay was 24 times greater than ¢laeekt AIIBAC value. In general
Bovine associated concentrations trended in thesaanner as AIIBAC detected

Bacteroides.

Enterococcus Temporal Variation
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Figure 23. Mean linter ococcus concentrations from all eight sampling sites smgwi
Tukey HSD statistical differences between sampliatgs during a period from
November 2005 to November 2006.
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Enterococcus Load Temporal Variation
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Figure 24. Mean lenter ococcus loads from all eight sampling sites showing Tukey
HSD statistical differences between sampling ddtesg a period from November 2005
to November 2006.
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Escherichia coli Temporal Variation
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Figure 25. Mean liescherichia coli concentrations from all eight sampling sites shmgwi
Tukey HSD statistical differences between samptiatgs during a period from
November 2005 to November 2006.
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E. coli Load Temporal Variation

In E.coli Load (organisms/day)

Sample Month and Streamflow Condition

Figure 26. Mean lescherichia coli loads from all eight sampling sites showing Tukey
HSD statistical differences between sampling ddtesg a period from November 2005
to November 2006.

Their concentrations were also very similar fromvBimber 2005 until May 2006; after
which their concentrations were different by almastorder of magnitude.

From May through August, all sampling trips wereidg hot and dry summer
conditions. It is unlikely that the difference waamused by another source, because
bovine associateBacteroides composed 99 percent of &8acteroides detected. The
difference is likely due to the assay’s reduceditsio detect the bovine associated
Bacteroides, not a reduction in bovine fecal inputs. It issated that differences in the

cattle’s diet, environmental stresses, or a chamgjee microbial fauna in the rumen
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during the summer cause the previously dominarstetithe assay was designed to
detect to become less prolific (USEPA, 2005b).

In contrast, concentrations of human associBtatkr oides were always much
lower than either AIIBAC or BoBAC detected assay®) times lower on one sample
date. Also, for most of the study, human assodiB&eteroides behaved inversely to

AlIBAC and BoBAC Bacteroides.

Correlations
HUBAC

Human-associateBacteroides were significantly correlated with all parameters
except for nitrate, flow, and total solids (Tabl8.1All significant correlations showed
positive relationships. Five-day biological oxygggmand and total organic carbon
showed the strongest relationship while sulfat&grate, and orthophosphate were less
strongly correlated. The absence of a correlatetween streamflow and total solids
with HUBAC is expected from human sources, becéuse flow independent, point
source of pollution (USEPA, 2007; McPhereson, 20B2fal matter is an organic
material, so it is expected to have a positiveatation with BOBQ (Viessman and

Hammer, 1993) and TOC (EBMUD, 2001).

BoBAC

Bovine-associateBacteroides were significantly correlated with all parameters

except for nitrate (Table 17).
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Table 17. Summary of Pearson Correlations usingitreaansformed concentrations of
fecal indicator organisms and other measured pdexseollected between November
2005 and November 2006 at all eight sample sit&oimd Creek, TN (HUC

06010201013).

Pearson
Correlation

InHuBac

InBoBac

InAllIBac

Inentero

Inecoli

InHuBac¢

1

551(*%)

593(*)

-0.014

392(*%)

InBoBac

551(*%)

1

.903(**)

.205(%)

642(*%)

InAllIBac

593(*)

.903(*)

1

245(%)

625(*)

Inentero

-0.014

205(%)

245(%)

1

:306(**)

Inecoli

:392(*%)

642(*%)

.625(*%)

.306(**)

1

TS

0.174

237(%)

354(*%)

237(%)

442()

FLOW

-0.099

327(*%)

285(*)

:301(*)

0.163

TOC
ppm

:393(**)

549(*)

BAT(**)

:336(*%)

541(*)

NH3-N
ppm

250(*)

345(*)

AB2(**)

198(*)

310(*)

NO3
ppm

-0.187

-0.152

-0.174

0.169

-.196(*)

TKN
ppm

269(**)

315(*)

A04()

0.047

267(*)

Cl ppm

372(*%)

450(*)

496(*)

244(%)

379(*)

SO4 ppn

334(*)

AT4(*)

A47(*)

0.124

0.176

PO4-P
ppm

284(**)

AT6(*)

589(**)

:358(**)

:352(*%)

TP ppm

216(%)

A44()

534(*¥)

372(*%)

.382(*%)

BOD 5-

day

A31(*%)

B667(**)

705(**)

0.112

.369(**)

*Significant at the 0.05 level.
**Significant at the 0.01 level.

All other variables were positively correlated toBAC concentration. This is expected,
because bovine fecal inputs are largely the reguterland flow. Many other studies
have also demonstrated increased pollutant lemelsaterbodies for pollutants carried by
overland flow following precipitation events (Edwlaret al., 1997; McPherson, 2002;
Vinten et al. 2004). Five-day biological oxygen derd and total organic carbon showed

a stronger relationship with BoBAC than for HuBATLhis also supports the belief that
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bovine fecal inputs are from overland flow, becams#e organic material is washed into
the stream during high flow conditions than dutiom flow conditions (McPherson,
2002). Most notably, BoBAC shows a .903 correlatoefficient with AIIBAC (Table

17). This suggests that bovine-associ&@acteroides are the dominant source of fecal
pollution in Pond Creek. Gentry et al. (2007) dlmand a strong correlation between
BoBAC and AIIBAC at several sampling sites and ¢oded bovine sources are the main

source of fecal contamination at those sites.

AlIBAC

Concentrations of total detectal@acteroides were correlated with all measured
variables except for nitrate (Table 17). The AllBASsay was most strongly correlated
with five-day biological oxygen demand and totajamic carbon. AlIBAC
concentrations had the highest Pearson correlatefficients compared to other fecal
indicator organisms. Gentry et al. (2007) also tharhigh correlation between
Escherichia coli, AllBac, and BoBac with the following variablesd@ay antecedent
precipitationflow, and turbidity. AIIBAC was correlated with Bostreamflow and total

solids, a parameter related to turbidity.

Enterococcus andEscherichia coli

Enterococcus was significantly correlated with total solids,estmflow, total
organic carbon, ammonia, chloride, orthophospleatd,total phosphorus, with total and
soluble phosphorus having the highest correlatidable 17) Escherichia coli was the
only fecal indicator that was correlated to nitraeditionally, it is the only negative

83



correlation (Table 17)Escherichia coli was most strongly correlated with total organic
carbon and total solids, but it was also correlatégd streamflow. Collins et al. (2005)
found that under heavy rainfall overland flow ceansport substantial levels of
Escherichia coli to streams. Kistemann et al. (2002) also showedthevbacterial load
increases in waterbodies during extreme rainfall ramoff events.

In summary, the correlation analysis strengthehedcase for cattle being the
main source of fecal contamination in Pond CreekiBe-associateBacteroides
concentration values are very strongly correlatét t@tal Bacteroides concentrations;
the Pearson correlation coefficient was 0.903. Mbshe variables were positively
correlated. Onlyscherichia coli and nitrate showed a significant negative relatnooy
however, it was fairly weak (-0.196). Also of ingst, every variable except for human-
associatedBacteroides was positively correlated with total solids. Thesexpected due to
the flow independent nature fecal inputs from humaumrces. Conversely, bovine
sources are primarily the results of overland ftovdirect deposits by cattle into the

stream, both of which are accompanied by elevateeld of sediment in the stream.

Load Duration Curves

Loads are highest during high flows and decreaslasdecreases. This
indicates thaEscherichia coli loads are heavily influenced by surface runoff.s@ted
Escherichia coli loads were consistently above the target load of 126 @BQML* at all
sites and for all sample dates, except for one alafste 1 and two dates at Site 8
(Appendix A), and likely would have been higher lilael samples been diluted to fall
within the range of the IDEXX kits. TDEC considdr26 CFU 100mL(to be the
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maximumEscherichia coli concentration acceptable for recreational usevaditerbody,
and is the target value used for developing TMDLSs.

Appendix B contain&scherichia coli load duration curves that differentiate the
Escherichia coli load from human and bovine sources. Figures #8728rare presented
to show general trends among the sample sites.

When the load duration curves are separated iefo bovine and human
components, thEscherichia coli load duration curves are different from the more
generalized LDCs in Appendix A. The human assodigseherichia coli load is usually
flow independent (Table 18, Figure 28, Appendix\Bjch suggests point sources of
contamination such as failing septic systems oreated discharge of sewage into the
creek (McPherson, 2002).

The bovine-associatdfscherichia coli load is generally above the target load
(Table 18, Figure 27, Appendix B). The human-asgedEscherichia coli load is
usually under the target load (Table 18, AppendiXTBis indicates that remediation
efforts should be focused on beef cattle and dapgrations in the watershed. Allocating
resources to reduce human sourcessoherichia coli would not sufficiently reduce
pathogen levels to meet TMDL guidelines.

It is speculated that reductions in pathogen lacadates will be obtained by
implementing agricultural best management practiBest management practices
specifically targeted to reduce the effect of eabth stream water quality include
exclusion, riparian buffers, alternative water segrfor livestock, providing additional
shade for livestock, managemenpasture stocking density, vegetative filter strgnsd
nutrient management (Agouridis et al., 2005; Costal., 1995).
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Pond Creek #2

E. coli attributable to Cattle
Load Duration Curve
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Figure 27 Escherichia coli load attributable to cattle at Site 2 for 13 datants collected

between November 2005 and November 2006 in PonekCTéN (HUC 06010201013).
TargetEscherichia coli load is 126 CFU 100 mt.
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Pond Creek #2

E. coli attributable to Humans
Load Duration Curve
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Figure 28 Escherichia coli load attributable to humans at Site 2 for 13 gaiats
collected between November 2005 and November 200®nd Creek, TN (HUC
06010201013). Targéscherichia coli load is 126 CFU 100 mt

Table 18. Characterization of bovine and human-@ateriEscherichia coli load in Pond
Creek, TN (HUC 06010201013) using Load Durationvesrseperated into bovine and
human components and data collected between Nove2B8 and November 2006.

BovineE. coli Load Human E. coli Load
Site % of Samples LDC Type % of Samples LDC Typ
above Target Load above Target Load
1 77% Flow Dependent 8% Flow Independe
2 85% Flow Dependent 8% Flow Independe
3 85% Flow Dependent 15% Flow Independent
4 85% Flow Dependemnt 31% Flow Independent
5 100% Flow Dependet 31% Flow Independe
6 69% Flow Independent 31% Flow Independe
7 92% Flow Dependent 46% Flow Depender
8 38% Flow Dependenmnt 0% Flow Dependen

11%
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Line et al. (2000) reported that an off stream wateirce as a single practice did not
reduce pollutant loads from grazed pastures intiNG#rolina. Moreover, exclusion and
riparian buffers are not popular with producers ttuthe cost of installation, increased
operating costs due to providing other water s@jraed loss of grazing land (Agouridis
et al., 2005). An alternative to absolute exclusstine concept of a riparian pasture. A
riparian pasture acts as a vegetative filter shgb reduces overland transport of
pollutants while allowing stream-side areas to tezegd for short periods when the
stream is least sensitive to the effects of gragigpuridis et al., 2005). Another study
reported that a 95 percent reductioricgeherichia coli bacterial loads was possible if
cattle feces are deposited at least 2.5 meterstiierstream (Larsen et al. 1994). In this
scenario, vegetation (grassland buffers) actsow slinoff and filter pollutants out of
runoff before it enters the stream. Coyne et &98) also reports vegetative filter strips
can remove 90 percent or more of pollutants fronoflu Rotational grazing can also
reduce levels of fecal coliforms and turbidity treems (Sovell et al., 2000; Lyons et al.
2000.) Gary et al. (1993) showed that maintaintoglsng densities less than 1.75
cow/calf pairs hd can also help reduce bacterial loads in streamslt&rnative to a
single vegetative filter strip at the edge of thee& would be to make the entire pasture a
filter strip by improving the condition of pastur&his can be accomplished by rotational
grazing and manging livestock stocking densities.

Most of the literature examines the effect of gg@BMP on water quality, but
several studies have shown that combining sevévii?Bhas a net improvement on
water quality (Edwards et al., 1997; Brannan ¢t24100; Agouridis et al., 2005).
Brannan et al. (2000) reported reductions in natsi@nd sediment levels in a Virginia
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watershed by implementing waste storage faciliiessient management, exclusion,
water troughs, and stream crossings. Edwards €t37) noted that nutrient
management was the most probable cause of impreatst quality.

In summary, a combination of BMPs will likely impr® water quality in Pond
Creek. Vegetative filter strips, nutrient managemeigilant riparian grazing, and careful
rotational grazing and stocking density managerasmthe most promising practices to

achieve a reduction iBscherichia coli loading rates.
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CHAPTER YV
CONCLUSION

During the 13-month investigation of fecal indicaboganisms in Pond Creek,
Escherichia coli concentrations regularly exceed water qualitydaiaths Escherichia
coli values exceeded the one time sampling maximum \zil@é1 CFU 100 mt for 60
percent (64 of 104) of all samples. Furthermoregd_Buration Curves plainly show that
Escherichia coli loads are consistently above the desirable lev&d (IFU 100mLY).

Pond Creek is clearly receiving excessive amouintscal pollution and potentially
dangerous pathogens.

Analysis of Pond Creek water samples using hosicesed real-time PCR assays
indicated that cattle were the dominant sourcecélf pollution. Although, human-
associatedBacteroides were detected, their concentrations remained velgtiow across
the watershed. Bovine-associafatteroides were very highly correlated’(r .903)
with AIIBAC concentrations. These two variables @/ep highly related, because
bovine-associateBacteroides composed the majority (99 percent) of all detected
Bacteroides spp. in the Pond Creek watershed. It is possible thdetetted sources such
as wildlife orBacteroides belonging to a cluster the assays could not detect present;
however, it is safe to say that cattle were theidant source of fecal pollution during
the course of our study. An investigation of Bseherichia coli Load Duration Curves
separated into human and bovine components algmege this idea (Appendix B). The
human fraction of th&scherichia coli load rarely exceeded water quality standards.

Site 1, the most downstream site, was the onlygtte significantly lower
Escherichia coli concentrations than the other sites. Site 8, avaiads site, generally
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had the highest mean fecal indicator concentratidohis site had significantly greater
concentrations of both total and bovine-associBeater oides than all other sites. Fecal
indicator loads, however, generally increased asmoved downstrantscherichia coli
and HUBAC loads at Site 1, the most downstream rg@teained high, which suggests
Pond Creek potentially discharges excessive lefgisithogens to Watts Bar Reservoir.
No significant differences were observed for AllBA6d HUBAC loads between sample
sites.

Temporal variation closely followed the seasonadther patterns. Mean fecal
indicator loads, excefiinterococcus, were highest during the “wetter months” of
January, February, and April, and additionally eptémber 2006 fdEscherichia coli.

The lowest average loads for all fecal indicatersseptEnterococcus, occurred during
dry months. No temporal pattern was establishedefmal indicator concentrations.

Given that cattle were the main source of fecatammation in Pond Creek, the
temporal variation followed patterns typical ofie¥ dependent pollutant such as
pathogens from manure. The majority of fecal palufrom cattle entered the stream as
runoff. Precipitation increases in the wet montisich caused water to move over land
transporting more fecal matter to surface waters.

To help Pond Creek meet TMDL pathogen reductionsyoar findings suggest
that resource expenditures should focus on besageanent practices designed to reduce
fecal inputs to streams from livestock. Possibl&t beganagement practices include
vegetative filter strips, rotational grazing, natri management, careful riparian grazing,
and improving pastures. No statistical differenwese observed between sites for bovine
sources of pollution, the dominant source, theeefar recommendations can be made for
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specific areas to target BMPs. Reducing humanceswsf fecal pollution will do little to
reduce total pathogen levels, but would improve &isafety by reducing levels of

human pathogens.
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Pond Creek #3
E. coli Load Duration Curve
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Pond Creek #5
E. coli Load Duration Curve
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Pond Creek #7
E. coli Load Duration Curve
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APPENDIX B

Pond Creek #1

E. coli attributable to Humans
Load Duration Curve
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Pond Creek #?2

E. coli attributable to Humans
Load Duration Curve

LOE+14
High Moixt Aid- range Dry Low
Flows Conditions Flows Conditions Flows

1. 0E+13 ¥

Target

1 0E+12 -.\ < Al Dato
+ Apr-Oct
N O @ 5% SF

10E+11 -

Jedian
LOER1D § & & g \ —

E coli (£ /day)

1. DE+09 § } } } }

0 10 20 30 40 50 60 70 80 90 100

Flow Duration Interval (%)

MPCA Data & USES Hage Durotion Intorval 7831 Hectares
Pond Creek #2
E. cofi attributable to Cattle
Load Duration Curve
1 0E+14 ¢
High Moist AMid- range Dry Low
Flows Conditions Flows Conditions Flows
1. 0E+13 4+ $
3 £ el
¥ 10Ez -e\ & a
. % & o +  Aprogct
% \ & & ” @ >E0%SF
S toest 4 -
w \w_w #edian
1. 0E+10 4 \ —
1 0E+09 ; } } } }
0 10 20 30 40 50 60 70 80 90 100
Flow Duration Interval (%)
7831 Hectares

MPCA Data & USES Boge Durction Interval

111



1. DE+15

1. 0E+14 =

E celi (£ /day)

1.0E+11 +

1. 0E+10

1. DE+1E

1LOE+14 &

1 0E+13

E. celi (£ /day)

1 0E+11 +

1. 0E+10

1. 0E+13

1. 0E+12 %

1 0E+12 +

Pond Creek #3

E. coli attributable to Humans
Load Duration Curve

High AMoist Aid- range Dy Low
Flows Conditiens Flows Conditions Flows
Target
\ ¢ Al Dt
+  Aprooct
& 4 E0%SF
- - - -90th
$ @ <> _:é\\ HMedian
@ I S _\ P—
0 10 20 30 40 50 60 70 80 20 100
Flow Duration Interval (%)
MPCA Dota & USES Gage Duration Interval 7414 Mectares
Pond Creek #3
E. coli attributable to Cattle
Load Duration Curve
High Aoist Aid- range Dpy Low
Flows Conditions Flows Conditions Flows
&
O Tamet
1 4+ & Al Dot
8 & +  Aprecct
\ @ 3E0% SF
Ty 5 s
\ Median
@ -\ ——
0 10 20 30 40 50 60 70 80 90 100
Flow Duration Interval (%)
7434 Hectares

MPCA Data & USES Gage Duration Interval

112



1. 0E+15

1. 0E+14 o

1. 0E+13

E. celi (E/day)

1 0E+11 4+

1. 0E+10

10E+12 ¥

Pond Creek #4

E. coli attributable to Humans
Load Duration Curve

1. 0E+15

1. 0E+14 &

1OE+13

E. celi (£/day)

1. 0E+11 £

1. 0E+12 §

1.0E+10

High Moist Mid - ronge Dy Low
Flows Conditiens Flows Cenditions Flows
Target
1 o Al Data
\ +  Aor-Oct
& ® 4 SE0%SF
- - 30t
P 8 N\*N Median
o & & \ S
&
0 10 20 30 40 50 60 70 80 90 100
Flow Duration Interval (%)
MPCA Daota & USES Sage Durotion Intorval 8302 Hectares
Pond Creek #4
E. coli attributable to Cattle
Load Duration Curve
High AMoict Mid- range by Low
Flows Conditions Flows Conditions Flows
$ Target
+* @ & Al Dota
\ < +  Aprocct
\M S 4 < #  >50% 5F
- - -0t
K%\ Jhedian
0 10 20 20 40 50 60 70 80 20 100
Flow Duration Interval (%)
&302 Moctares

MPCA Date & USES Goge Duration Interval

113



Pond Creek #5

Load Duration Curve

E. coli attributable to Humans
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Pond Creek #8

E. coli attributable to Humans
Load Duration Curve
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