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1. INTRODUCTION

Statement of Problem

In 1972, there was an increasing concern for protecting the public from polluted
water which led to the passing of the Federal Water Pollution Control Actadiliater
became the Clean Water Act in 1977. The intent was to regulate discharge anpollut
into and around bodies of water in the United States. It gave the Environmental
Protection Agency (EPA) the authority to employ certain pollution control programs.
This made it unlawful to discharge any contamination into surface watersafrppoint
source pollutant and helped to fund the construction of sewage treatment plants (USEPA
2002a).

“According to section 303(d) (1)(A) of the Clean Water Act, each state shall
identify those waters within its boundaries for which the effluent limitatame not
stringent enough to implement any water quality standard (WQS) applioahleh
waters.” In addition, the Clean Water Act requires all states to estghidgity ranking
of water quality and to established total maximum daily loads for thesesienham,
2006).”

Furthermore, all around the nation there was a growing concern for the protecti
of recreational waters that people use for a variety of differentesiguch as
swimming, kayaking, rafting, hiking, camping, and fishing. In 1986, the Environmental

Protection Agency published ambient water criteria for bacteria (USEPAaR(0#Hs



document listed criteria for the safety of the people who are active in and around
recreational waters. This established indicators which incl&deali, Enterococci and

fecal coliform as indicators of the likely presence of human patisogéhin these
recreational waters. The use of these indicators provides managers \aigh@a w
determine the likelihood that human pathogens may be present in recreational waters

The main avenue of exposure to disease causing organisms in recreatienal wat
is through ingestion through mouth, nose, ears, or skin when in direct contact with
contaminated water (i.e. swimming). There are certain gastronmgkdisorders that
humans may contract when coming in full body contact with these microorganisms
Humans may get infections in their throat, skin or other area that may caoetact
with contaminated water. Many of these infections are transmitteddtioen people
participating in recreational activities at the same location.

Individuals who become sick as a result of contact with contaminated wager, oft
do not think their illness is a consequence of swimming in unclean water. Symptoms
generally appear a few days after contact with the contaminated a&ad many are not
severe enough to contact a physician. Symptoms of illness include vomitingedjarr
stomach ache, nausea, headache, and fever (USEPA, 2002a).

The possibility of people getting sick may depend on several factors sueh as t
type of pathogen and exposure time. The amount of time that a person is in theayater
determine the severity of the illness. The concentration of the pathogens in thé body o
water will have a serious impact on how sick an individual may become from fyll bod

contact.



Regulation

There are numerous factors that can have an effect on the amount of pathogens in
a body of water. For example, water quality of a stream can be dffgactand use and
flow regime. Water monitoring programs are vital for finding potential ssunt
contamination under different land uses. It is important for agencies to find the proper
indicator because monitoring fecal indicators can be costly and time consuming.

Different states use different bacterial indicator species asgaues for
pathogens. Many states also have different criteria and standards for patiotafemnvi
based on indicator species. States set water quality standards dependingtended i
uses and protection needed. Indicator species have certain charastdastay allow
them to survive in different environments.

The Oklahoma water quality standard (OWRB, 2007) as shown in Tdbles
200 Colony Forming Units (CFU)/100 ml for fecal coliform, 126 CFU/100 mEfaoli
and 33 CFU/100 niEnterococci. No single sample fdE. coli should exceed 406
CFU/100 ml at a confidence level of 90%. [Emterococci, no samples should exceed
106 CFU/100 ml with a confidence level (C.L.) of 90%. Any single sample for feca
coliform should not exceed 400 CFU/100ml during a thirty day period.

For scenic rivers and lakes, the regulations are more stringent. No smgle sa
should exceed 61CFU/100ml in lakes and high use waterbodiEsténococci at a 75%
confidence level. FdE. coli, no single sample shall exceed 23CFU/100ml at a 75%
confidence level (ODEQ, 2006). Waters that do not exceed these standards are

considered suitable for fishing, swimming and for a healthy ecosystem.



Table 1-1: Oklahoma Recommended Bacterial Standards

Geometric Means Single Sample Single Sample
Indicator Organisms (CFU/100ml) 75% C. L. 90% C. L.
(CFU/100ml) (CFU/ 100 ml)
Fecal Coliform 200 400 400
E. Coli 126 235 406
Enterococci 33 61 106

Economic | mpact

Placing a value on sickness is something that has been debated for quite some
time. Excessive amounts of pathogen in streams can cause severe heathwskss
economic losses including large medical cost and loss of productivity. The number of
illnesses each year from contaminated water could result in millions afslollcost
(CDC, 2005). For instance, a Milwaukee outbreak of Cryptosporidiosis resulted in nearly
$100 million in medical and productivity cost (Corso, 2003).

Microbial contamination of recreational waters can be very expensive, @gpeci
in coastal regions where there is lots of tourism. Many beaches are mitedd due to
fecal contamination when waters don’t meet EPA standards. The economic coshof bea
closing each year may be in the billions (McLellan, 2003). Monitoring these pathogens
may also become expensive because it takes lots of labor and time to moniitor feca

indicators. Tracking contamination back to the source can also be costly.

Recreational Waters

Recreational waters around the United States are affected byeelésals of
fecal contamination. Recreational waters comprise ponds, streams,ancelakes.
There is a variety of opportunities for recreation in water for individwdigh includes

swimming, rafting, canoeing, and surfing.



There are more than fifty state parks and resorts throughout the state ludréla
that provides recreation opportunities for residents and tourists. Oklahoma also provides
an assortment of different areas for outdoor recreation in the water in thé mwer and
lakes. There are 500 rivers and streams that span over 5,519 miles in the state of
Oklahoma (Wikle, 1991). Oklahoma also has scenic rivers that provide an opportunity
for recreation. For instance, the lllinois River receives approximately @50gers a
year and nearly 2,400 people a weekend floating the river during summer months
(Haraughty, 1999).

The lakes in Oklahoma are all man-made. Majority of these lakes aréoused
recreation, agriculture and municipal water supply. These areas coverliore mi
surface acres with approximately 2,000 miles of shorelines (Wikle, 1991). TioadNa
Recreation Commission estimates nearly 18,718,000 visits to recreatiosahlake
Oklahoma annually.

As stated in Statewide Comprehensive Outdoor Recreation Plan (SCORP) 2007,
the demand for outdoor recreation exceeds the available supply in many areas in
Oklahoma during the summer months (Caneday., 2007). The National Recreation
Survey and the Environment (NRSE, 2007) states that 13. 3 % of individuals in the
United States participated in water-related activities such asnsiwgnboating,
kayaking and surfing. This trend is considered to be similar in the states of O&lahom
(Canedayet al., 2007). The majority of the individuals participating in these activities
was women (63%) and/or white (79.3%) (NRSE, 2007).

Recreational waters should not contain any contaminant that may caugpeny t

of illness. Primary body contact allows the possibility of ingestion. Ini@kle, the



primary body contact standard is usually applied during the recreation period df tela
September 30. In 2006, the Oklahoma Water Resources board reported that 82 percent of
streams in Oklahoma did not meet primary body contact standards (Stubblefield, 2007).
The secondary body contacts are not as strict as primary body contact. Uideeeas
are in effect for the remainder of the year. The secondary guidelinesaee when
ingestion of water is not probable. These include such activities as wadinuyg tsia
boating (USEPA, 2004).

In addition, the National Water Quality Inventory (USEPA, 2004) specified that
agricultural operations were often the main contributor to fecal pollution in streams
Other common water pollutants include wastewater and storm water runot. i laer

average of 13 outbreaks of waterborne disease annually from recreational water

Health Effects

The Centers for Disease Control estimate worldwide that each yedrahmil
people die from coming into contact with contaminated water. The majority oé#lesd
are among infants or young children. There is a wide range of syndromes yhataua
from coming into contact with contaminated wafd#tese may include cholera,
dehydrating diarrhea, and abdominal pains. The most common etiologic agkris inc
salmonella, shigella, E.coli and campylobacter. There are usually only a small number of
outbreaks reported throughout the United States but often they may not be sevgre (CD

2005).



Potential Sourcesin the Current Study

The city of Stillwater is located in Payne County in Oklahoma. The population of
Stillwater is approximately 41,320 people (U.S. Census, 2000). The Stillwates area i
diverse in land uses including agricultural, urban, and several areas &ati@trNear
Stillwater there is a variety of different types of livestock fagmiwhich includes cattle,
swine, and equine. The potential sources of contamination in the Stillwatevaarkeia

have to come from either human, wildlife or livestock origins.

Objectives of Study

The primary objective of this thesis is to characterize the distributiomim&ator
bacteria as affected by urban and rural land uses during high and low flow perisds. Thi
was accomplished by monitoring two streams in the Stillwater area. Thigwe
managers an idea how potential sources of contamination affect the varoogtaié
indicators. The second objective is to determine the distribution of indicator hacteri
between sediments and water column samples.

Generally speaking, regulations are geared more toward monitoring wate
columns at low flow, but sediments may be resuspended in many cases and cause
problems. Statistical analysis was used to determine the significkamedies of

indicator organisms under different land uses and flow regimes.



2. LITERATURE REVIEW
Water Pollution

The pollution of water can be dangerous and have detrimental effects on people or
animals that come into contact with it. Polluted water is water that comamsity,
making the water unsuitable for its intended use (Wright, 2004). Pollution in water
includes pathogens, inorganic, and organic pollutants.

Microbial pathogens include bacteria, viruses, protozoa, and other organisms. The
origins of these pathogens are from confined animal feeding operation, sejsicatiad
sewage discharge. Other pollutants in water are inorganic and organimioamiz
(Aull, 2005).

Organic pollutants include materials such as bacteria, insecticidedrigmdus
solvents, and petroleum products. The use of insecticides, pesticides, and harbicides
residential areas also contributes to pollution in streams and other bodies dfAuljer
2005). Increased nutrient loading in bodies of water leads to euthrophication. Inorganic
pollutants usually originate from a natural source. These contaminants ihelade

metals, acids, and other chemicals (Tretedd., 2004).

Point Source Pollution

“Point source pollution is any discernible, confined, and discrete conveyance,
including but not limited to, any pipe, ditch, channel, tunnel, conduit, well, discrete

fissure, container, rolling stock concentrated animal feeding operation (CARllla



leachate collection system, vessel or other floating craft from which paludee or may
be discharged. This term does not include return flows from irrigated agrecolt
agricultural stormwater runoff” (USEPA, 2004).

Point source pollution refers to pollutants that issue from a pipe or manmade
conveyance that can be tracked back to a single source. Point source pollution includes
discharge from industrial facilities, publicly owned treatment works and utimef r
(USEPA, 2007a). Since point source pollutants can be tracked back to their origin they

can be regulated (Aull, 2005).

Non-point Source Pollution

Non-point source pollution is pollution that is not discharged from pipes or other
man-made structures. The problem with non-point source pollution is that there is not one
single area that the contaminant comes from. There may be multiple areashrhelse
pollutants are released. It is difficult to track the source of the pollutdrgsé
substances have traveled a long way before they are discharged into streeens.or r
Since there are no specific points from which these pollutants come, it is difficult
determine who is to blame for the degradation of a certain stream or river.

According to the 2002 national water quality inventory approximately 45 percent
of streams were impaired. Forty-seven percent of lakes did not support thanatkssig
beneficial uses. The main cause of impairment to these streams and laltiowgh
runoff from agriculture, industrial and other non-point sources (USEPA, 2007a).

The State of Oklahoma 2004 Water Quality Assessment Integrated report showed

the presence of indicator organisms throughout the state of Oklahoma. There ahs a tot



of 5,125 miles of streams and rivers impaired \kitier ococcus. Streams and rivers
impaired withE. coli covered 3,333 miles. Fecal coliform have the lowest with 2,699
miles. Potential sources from unknown sources covered 7,361miles of streams and rivers

Agricultural potential sources covered 3,085 miles of streams and riversJ(IDB4).

National Pollutant Discharge Elimination System (NPDES)

Title IV of the Federal Water Pollution Control Act (PL 92-500), now known as
the Clean Water Act, created the system for permitting or regulatingsitieadge of
wastewater; this was known as the National Pollution Discharge Eliminatstens
(NPDES). In this program facilities that discharge pollutants into bodmestef from
point sources must obtain permits for the amount of pollution they can discharge. This
program has reduced the illicit discharge of pollutants into many bodiesafavaund
the country. As a result, approximately two-thirds of the United Statessvweatesafe for
recreational use (USEPA, 2004),(Aull, 2005).

There are two types of NPDES permits, a technology-based limit andra wate
guality-based limit. Technology-based permits are based on treatment ogghnol
employed to reduce contaminants. Water quality based permits are used ifagghnol

based permits provide inadequate protection of various bodies of water (USEPA, 2007Db).

Phase | Stormwater

This program relies on the NPDES to regulate stormwater runoff. Phase |
promulgated in 1990 and took effect in 1992 focusing on industrial facilities and
Municipal Separate Storm Sewer Systems (MS4s) for cities with a populetateng

than 100,000. Phase | required these entities to obtain a permit for the distharge

10



pollutants. MS4s are defined as a conveyance or system of conveyances (irrdadag
with drainage systems, municipal streets, catch basins, curbs, gutters, dit@hesade
channels, or storm drains). MS4s must be owned and operated by a state, city, town,
borough, county, parish, district, association, or other public body. Phase | wasdiesigne
for collecting stormwater which are not part of public owned treatment we@®$\(V)
(USEPA, 2000).

Phase | requires MS4s and industrial facilities with population greater tha

100,000 and construction activities disturbing 5 acres or more to obtain permits.

Phase Il Stormwater

The stormwater Phase 1l was promulgated in 2000 and implemented in 2003 to
further improve water quality and aquatic habitats affected by stoenwatoff. Phase II
regulates small MS4s and smaller construction areas. These awrasitieletermine if
MS4s in urbanizing areas with populations under 10,000 individuals and population
densities greater than 1,000 square miles be included in phase Il regulatioa. Thes
requirements are controlled by the states under their NPDES perraiitimgyity.

The small MS4 management program includes six mandatory control measures.
These six control measures are: public education and outreach, public involvemignt, illic
discharge detection and elimination, construction runoff controls, post construction
runoff controls, and pollution prevention (USEPA, 2000).

Phase | and Il programs focus on discharge from urbanized areas and construction
sites. Such locations contribute high concentrations of pollution due to the amount of

impervious surfaces in these areas. Contaminants in urbanized areas inclotiepesti

11



fertilizers, animal waste and sediments. Sanitary systems capdrgpathogens into
stormwater systems through cross connections, combined sewers, and ovhetanesyt
cause pathogens to enter streams or rivers. This may cause potentiatdlpabte

health, recreation, and the aesthetics to a stream (USEPA, 2000).

Land Uses

Contamination of streams and rivers is widespread in urban and rural
environments. The main sources of contaminants are from nonpoint sources (Jeong,
2003). Stormwater runoff carries particulate matter to streams that maygéaimental
effects on the stream. The majority of areas in an urban region arecovith
impervious surfaces that transport of contaminants efficiently into urbamsares
rivers. These surfaces do not allow water to infiltrate into the soil andloatetto
ground water. The type of land use and cover has an effect on the transportation of

contaminants into streams (Basngiadl., 1999).

Rural Land Uses

Rural areas have been shown to contribute great amounts of pollutants that
degrade nearby bodies of water (Grastesd., 2002). Agricultural activities such as
livestock operations and crop production may be the biggest contributors of pollutant in
these bodies of water. Often contaminants from agriculture lands araltliffitrack
back to their origins. The locality of agricultural land to bodies of water has beed f
to affect the quality of water (Basnyaital., 1999). Large application of fertilizers and

chicken litter have caused elevated nutrient in many streams (Vieux and Moreda, 2003)

12



The observation of indicator organisms in a watershed may vary depending on the
land use. A study performed by Grawksal (2002) monitored fecal coliform and
Enterococci in a rural stream in Virginia. The area was considered to be a popular place
for fishing and swimming. This study found the 37 of 117 samples had fecal coliform
exceeding recreational water standards for the state of Virginia. &itpajf the
samples during the summer and fall exceeded fecal coliform standards for the
recreational waters when most people were recreating. Concentratibinghvast during
low flow and warm months (Gravesal., 2002). The average density of indicator
bacteria during cool seasons and high flows was below the recreatioaabwality
standard.Enterococci were also found at high concentration at a majority of the sites
sampled during warm weather and low flow. The potential cause of having greater
concentration of fecal indicator bacteria was thought to be due to dilution factors

pertaining to low levels of water or from the activity of wildlife duringrmer months.

Urban Land Uses

A study performed by Jergj al. (2005) on the impact of urban stormwater found
high geometric means & coli, Enterococci and fecal coliform in a Lake Pontchartrain
estuary. In the areas studied, some recreational activities have baetecedtie to
pollution from storm water runoff. Samples in this study were taken duringhdryet
weather periods. This study found that during two dry periods indicator bacterial
densities were elevated. There were also high densities in sedsapmites. This study

also indicated, during wet periods, indicator bacteria had the highest densities.

13



Urbanized areas in coastal regions usually have seasonal tourist aAtstiigly
conducted by Reevesal. (2004) had high geometric means of fecal indicator bacteria in
dry weather urban runoff. In this study, urban areas were designatetiastrals
industrial and parks. This study also found fecal indicator bacteria highestientesd
areas rather than commercial, agricultural or industrial areas. Thecardributor of
fecal contamination in these areas may have been from regrowth in sedimfrem
waterfowl. Over the course of studies all indicator bacteria increaseckelrays while
the concentration of indicators remained constant at the outlet of wet detention ponds.
This study collected samples during baseflow, trace rain, and during rais.evigfest
concentration of fecal indicator bacteria was observed during rain fallseBarhples
were collected upstream and downstream. There were significaneddés between
upstream and downstream with respect to total coliform and fecal coliforiiss |
study, urban runoff was known to cause a considerable amount of indicator bacteria into
bodies of waters (Reevesal., 2004).

The amount of impervious surface has been shown to have adverse effects on the
amount of indicators that enters nearby bodies of water. Tufford and Marshall (2002)
found the greatest amount of fecal coliform downstream from large comheeaa and
mixed urban land uses rather than more rural land uses.

Additional studies have shown increased indicator bacteria in urban areas. A
study by Young and Thackston (1999) showed high concentration of E. coli, fecal
coliform and Fecal Streptococci in sewered basins in urban areas. Thialsuéiyund
higher concentrations of indicator organisms after rainfall events amd tmunts of

bacteria during dry periods. Non-sewered areas or areas using septiassiyat! lower

14



concentrations of fecal indicator organisms. This study also found higher caticentr

of these indicator organisms during summer, which corresponds with people recreating
Samples from residential lawns showed high concentrations of fecal bactghby. Hi

used or populated areas are more susceptible to these types of contaminants (Young

1999).

Pathogens Found in Water

There are many different pathogens found in streams that contribute to illness
such as viruses, bacteria, and protozoa. Bacteria include a variety of different
prokaryotes. All known disease causing bacteria are prokaryotes (Madigan, 2006).
Bacteria may be found in the soil or water. They are also found in and on plants and
animals. Pathogenic bacterial species inclhaleonella, Escherichia coli O157:H7,

Chlamydia, Legionella, Campylobacter, and Yersinia (Younoset al., 2007).

Viruses are the smallest of all pathogens. These organisms are grtagef
submicroscopic infectious agents that must have a host to survive. These pathogens are
the most durable and require fewer units to infect a host. They may range from 30 to 200
nanometers (nm) in size (Fuhrmaatral., 2005).

Protozoa are unicellular organisms that lack cell walls. They are thetlgrgep
of pathogens, includinGiardia andCryptosporidium. They range from 6 to 100
micrometer (um) in diameter. These organisms are eukaryotic and may benfound i
freshwater and marine environments. Many of these species are known to liie paras
other animals, besides humans. These organisms form cysts that allow thenveisurvi

the environment. Cysts have a chemically and physically resistant coitegare

15



found in the soil as well as in the air (Fuhrmahal., 2005). Many of these pathogens
are released into the environment at high concentration, and they may bewtairan

very low concentrations.

Survival of Pathogens

There are factors that limit the survival of pathogens in water. Acidierwall
cause rapid die-off of most pathogen species, although certain bacteria known as
acidophiles are capable of surviving under very acidic conditions. Some pathogéns ne
certain nutrients for growth and survival. These nutrients include orgatierrtaken by
a cell from the environment and used in catabolic or anabolic reactions (Fuletadnn
2005). Absence of such nutrients will not allow some pathogen to grow. Areas that
receive large amounts of sunlight can cause rapid die-off of pathogens.

Pathogens and other fecal contaminants can come from a variety of sources and
may survive in many environments. In animal waste pathogens may survive fystio da
many years depending on the environmental conditions. The release of thesengathoge
may be through a variety of different pathways such as runoff, infiltration iatongr
water, and the application of animal waste over cropland. The survival of pathogens i
water varies depending on water quality parameters such as turbidityraeumge
oxygen levels, presence of nutrients, pH, organic matter, and solar radiation. As
pathogens leave their host into the environment, they begin to adjust and adapt to their
surroundings. Some of these organisms can multiply outside the host under suitable

conditions. These organisms can also be resistant to antibiotics (USEPA, 2005).
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When livestock have access to water bodies, they can contribute a great amount of
contamination, and the sediments may become a reservoir for fecal baateria
pathogens. When stream beds dry out, bacteria become embedded in the sediment. Clay
and organic particles may protect the bacteria from unfavorable conditeg®virh of
some bacteria can occur when the sediment is rewetted. Microbes masttdsansl
accumulate at the bottom of rivers and lakes. When individuals are recreatingathey m
resuspend the bacteria and transport the organisms to other areas, becadoo¢hill or

(Hartelet. al., 2004).

Transport of Bacteria

There are several factors that are important in the transport of miansmga
These include advection, dispersion, adsorption, and decay or die off. Advection is a
process by which microorganisms are transported by the bulk motion of flowiag wa
Dispersion is the spreading out of microbes through diffusion or turbulence. Adsorption
is the removal of bacteria by adhesion to soil particles. Decay-die b# iadctivation
of microorganisms due to environmental stresses such as temperature omnlatcients
(Fallon and Perri, 1996).

Many scientists evaluate the transport of bacteria on two levels, tbested
level and the soil profile level (Coyme al., 2001). The watershed scale is much larger
than the soll profile scale, as bacteria travel over a large area beforedhbbytheir final
destination.

The soil profile scale looks at how the microbes move through the soil profile.

Saturated flow is a significant factor in the transportation of bacteaaghrsoil pores.
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The rapid movement of fecal bacteria through the soil can cause contaminagooraf
waters. The topography of a given area has a great effect on the movebeteah

through the soil column as well as the watershed (Coyne, 2001).

Review of Indicators
Testing a body of water for certain pathogens directly is expensive, dangerous

and complicated. Instead of monitoring pathogens in water samples, researnthe
environmental managers normally use indicator organisms as surrogatebdgepa in
water samples. These organisms are more easily measured than paffiogerdicators
most commonly used aEnterococci, E. coli and fecal coliform. If there are high
concentrations of any of these organisms in recreational water, theesasoa to
suspect fecal contamination. This poses a threat to swimmers and others \&ho com
contact with contaminated water. Bacterial indicators may remaintieansat levels
that are above the EPA standards even after a heavy rain. Fecal lzaietdaaved from
the human and animal intestine, where they help in the digestive process. These
organisms are used as indicators because they are found in large numbers in human and
warm-blooded animal feces. Often, using one indicator organism can be misleading
There are certain criteria for indicator organisms which include (Bi&005):

1. Resistance to environmental factors similar to pathogens;

2. Should not multiply in the environment and also be non-pathogenic;

3. Should be easy to detect in rapid and inexpensive ways;

4. Member of the intestinal microflora in humans and warm blooded

animals;
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5. Presence in high number in fecal matter.

Fecal Coliform Bacteria

These organisms are thermotolerant bacteria that can ferment lactos€at##%e are
facultative aerobic gram positive organism, rod shaped, non-spore formingebadtey
are enumerated in two ways, multiple tube fermentation technique and the membrane
filtration technique (Bitton, 2005). The organisms are often not reliable in indicating
viruses and protozoa.

Fecal coliforms live in the intestines of warm blooded animals such as human,
domesticated animals and wildlife and are found in feces. These bacterizlgeme
not harmful, but they are indicators of fecal contamination that may also ineudac

pathogens. Some of these diseases include typhoid, dysentery, hepatitis A, and cholera.

Escherichia coli (E. coli)

Escherichia coli is a subgroup of fecal coliform and the most common of the
group. Like other fecal colifornk. coli is aerobic and facultative anaerobic, gram
negative, and non-spore forming. They usually are rod-shaped, and they fernoset lact
with gas production. These organisms are also thermotolerant. In the gastinahte
tract, these organisms aid in the processing of vitamin K (Madigan, 2006). E. coli is
found in the intestines of birds and mammals. It is generally not found in groundwater or
streams and rivers unless contaminated by fecal matter. Membrat®filis one of the
methods used to enumer&ecoli from the natural environment. There are s&neoli

that are toxic and known to cause gastrointestinal illnesses. The presé&nceliois
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considered a better indicator of risk to bather in recreational watersttter fecal

coliforms (Leecastest al., 2003).

Enterococci

Enterococcus is a subgroup of the fecal streptococci bacteria. The orgaeigresrar
positive and facultative anaerobic. Althoughterococci are present in the feces of
animal and human, they are more human specificEhaoli or fecal coliform. There are
two types ofEnterococci which may cause disease within humans Hifiter ococcus

faecalis andEnterococcus faecium. These bacteria are also the most resistant to
antibiotics (ODEQ, 2006). They are used as indicators in marine waters, béwguse
have the ability to survive in salty water, at 6.5 % NaCl, high temperature and high pH
These organisms generally survive longer in the environment than other tdaadndi
bacteria (Bitton, 2005). They can also persist and regrow under mangmliffer
environmental conditions. Clay particles proteoterococci in the soil during adverse
conditions (Hartekt. a.l, 2004). These organisms can be detected by using membrane

filtration technique (Dufouet al., 1981) or the Enterolert method (IDEXX, 2007).

Microbial Source Tracking Techniques

A way of managing water quality in streams when it is attributed tooles is
by tracking the source of contamination. Tracking methods allows the maodiger t
the pollutant at its origin and control it at the source. When microbial source trackin
used to determine the source of fecal bacteria in the environment, it is cadledi&

Source Tracking (Marshall University forensic science center, 2005).
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Also, bacterial source tracking improves modeling and helps scientist getra bett
understanding of the fate of certain bacteria. “These bacteria camchkedtizack to urban
or farming sources he method for BST uses bacteria uniquely found in human and
animal excrement” (Marshall University forensic science center, 2005).

Techniques used to ID bacteria to track back their origin include ribotyping,
pulse-field gel electrophoresis (PFGE), denaturing-gradient get@dboresis (DGGE),
and antibiotic resistance analysis (ARA). Ribotyping, also known as maidicigar
printing is a method of identifying microbes by analyzing DNA fragmpriagluced from
restricted enzyme digestion of genes encoding in the 16s rRNA. This method provides a
fingerprint of the bacterial genome. The DNA for certain bacteria wolliiyce patterns
that are unique. This method may be effective in discriminating between human and
animal sources, but it is a very expensive method compared to some of the other types of
tracking methods (Meay al., 2004).

Pulse-field gel electrophoresis is a fingerprinting technique that nggmes that
are rare on the entire DNA genome. This genome is separated by subjdoting it
electrical pulses (Meay al., 2004).

Denaturing-gradient gel electrophoresis is another technique by whicartes g
are separated into segments that are similar in size but differenteisdmpgence. The
analysis is based on melting properties of the amplified DNA sequencaBy Fi
antibiotic resistance analysis is a method to detect those bacteria fraan hanchanimal
sources. The basis is that human fecal bacteria will have greataresigi certain

antibiotics, while livestock will have a greater resistance to other atnti This method
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is successful because humans and animals are generally exposed to diffeseot t

antibiotics (Meay=t al., 2004).

Other Techniques Relating to the Detection of Fecal Contamination

There are also other methods to differentiate between human and non-human
sources of fecal contamination in streams and rivers. Quantifying bdobenia given
source is one of the focal points of this investigation. These methods include using
bacteriophages, Fecal Coliform to Fecal Streptococci Ratio (FC/F§ detergents/
optical brighteners, and caffeine. Bacteriophages may be used to detérensiogirce of
fecal contamination. They also may be poor indicators of contamination from human
sources, but this method is a useful indicator of domestic farm animals. Much more
research is needed in this area.

The Fecal Coliform to Fecal Streptococci Ratio (FC/ FS) is an inexpensive
method. A ratio of four or greater is considered to be indicative of a human source. A
ratio of less than 0.7 is thought to indicate a non-human source. There is a major
weakness of the FC/FS ratio in that it does not take into account the die offeatdof
type of bacteria. Different die off rates can change the ratio (Sargent, 1999)

Optical brighteners are chemicals that have a high affinity for cottblenhese
are exposed to UV light, they emit a blue fluorescence. Optical brighteners leave be
used as indicators of septic tank or sewage discharge. This method is useful within a
watershed, but there can be high variation in natural background fluorescemeernbet

watersheds.
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Caffeine detection has also been suggested as an indicator of human fecal source
Caffeine has been detected in close proximity to combined sewer overflows\eat
been discharged. Caffeine levels must be high in order to quantify the amount of

contamination (Sargent, 1999).

Examples of Outbreaks of Water-borne Disease

The introduction of microbial pollution has caused an outbreak of disease in many
drinking and recreational waters. In 1998 nearly 729 beaches were closed due to high
level of bacteria (Rose and Grimes, 2001). EPA recommends that states useoEater
and E. coli as a criterion with illness no greater than 14 illnesses per 1000aisifor
fresh water and no greater than 19 ilinesses per 1000 swimmers for salt i&EeAU
2002a). There have been many incidents where fecal contamination from wilalifine
primary source.

Furthermore, more than100 million Americans rely on groundwater as thei
primary source of drinking water, that are not disinfected before they arduseeas
where livestock production is concentrated, many of these wells may gehouated
with fecal bacteria. If there are extreme amounts of nutrient withireanstor river, there
probably will be bacteria problems in that stream (USEPA, 2002a).
According to the Ambient Water Quality Criteria for Bacteria, in 1998 inndpi
Wyoming, nearly 157 people were infected from contaminated water supplies. In
Milwaukee, there was a Cryptosporidium outbreak which resulted in 403,000 illnesses
and roughly 100 deaths (USEPA, 2002a). The source of Cryptosporidium was suspected

to be agriculture runoff from neighboring dairy farms. The Environmental Rimtec
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Agency recommends that states adopt water quality criteria for laaictevater bodies
that designated primary contact recreation in order to ensure protection of hutttan hea

(USEPA, 2002a).

Effect of Fecal Contamination on Coastal Beaches

Fecal contamination poses a great threat for beach goers. In 2001, 13,410 beaches
were closed due to poor coastal water quality near beaches in the United States
(McLellan, 2003). This was due to the fact that indicator organisms werergreate
standards set for primary contact by the United States Environmentaltidrofsgency.
On the other hand, these indicators do not always correspond to the presence of pathogen
within a body of water.

In coastal areas, contaminants may come from a variety of sourceofvamgh
are difficult to determine. Humans may contribute large amounts of contamination fr
sources such as sewage overflow and improper sewage systems. Impervames surf
such as streets, parking lots and buildings have caused these indicator organisms
off into the coastal areas. This contributes to high levels of fecal contamimatoastal
areas around the country. Wildlife and livestock can contribute to contamination in
coastal areas as well. Birds that are near coastal area can cordrigetguantities of
contamination, especially when these birds are in large flocks. Sand in eoa@asacan
shelter fecal bacteria that have runoff from human sources or deposited I wildilis
IS a very serious issue considering the number of people who visit and rattesaehes

every year (McLellan, 2003).

24



Fecal contamination is a problem in other countries as well as the Unitesl State
Two urban beaches in Proto, a city in Portugal, were monitored for contamination in
2001 (Bordalo, 2003). This is an area that tourists visit frequently and water guality i
important to the tourism and the economy of this area. These areas wereldamjfe
days consecutively collecting samples three times a day. Due to sub-gtsaage
systems, this area has high fecal contamination in the coastal zones, whicleitheher
majority of the population of Proto lives. After analysis of the data, researcherd
fecal coliform to be abundant in both beaches. The average amount of contamination was
well above European Union standards. This study also found that more contamination
was found during the early morning, with the number of contaminants dropping during
the afternoon. This also showed that the time of the day may affect the amount of fecal
contamination in the water due to solar radiation, pH and temperature. This further
displays the need for managers across the world to combat the problem of fecal

contamination in the world water (Bordalo, 2003).

Reducing Contaminantsin Water

In order for managers to reduce fecal contamination of water bodies, watershed
managers must first identify the potential sources of contamination. lreplemm best
management practices can greatly reduce the amount of fecal conamimatreams
and rivers (USEPA, 2005). There are many methods that may be used to help reduce
fecal bacteria in streams and rivers. One way involves using a vegdtatier along
rivers and streams. This helps to filter the surface-runoff that may coetainbfacteria.

Septic systems are in compliance and functioning properly are important because
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effluents from septic tanks contain a variety of substances includingibattgsroperly
functioning septic systems allow wastewater to leach directly into tumdwater or rise
to the surface (Haraughty, 1999 ).

Another way to prevent livestock or domestic animals from having access to
streams is by providing barriers or fences (Collins, 2003). However, wilthii also be
a big problem when trying to reduce fecal contamination from stream ansl tiieest
management practices are implemented to reduce human and domesticatedremma
wildlife may contribute most of the contamination to a stream. Establishipgran
zone may help reduce contaminants in streams, but could increase contribution from
wildlife by providing habitat near the stream. This may be difficult tonede

(Haraughty, 1999).

Literature Review Conclusion

This literature review shows that pathogens are a significant causpafment
in rivers and streams. In urban and rural areas, runoff is the primary souticeseof
pathogens. The aim of this study was to aid in selecting the best indicidogantrol of
pathogens. Monitoring streams and river for pathogens or fecal contamination can be
difficult and expensive. Fecal indicator bacteria are used for detection afiplhye
infectious pathogens in water because they are known to be high in number in animal and
human feces. The indicator organisms monitored in this studyfveo#, Enterococci,
and fecal coliform which are the most commonly used indicators.

This paper has reviewed the literature on the impacts and the potential threats of

contamination. This literature review concludes that monitoring indicatorespisci
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important for the health of the public. The findings suggest that this issuelafiaat

and rural areas which are monitored in this study. The material givetea bet
understanding of methods and processes that we may used to determine the pfesenc
pathogen.

Research for this thesis addresses the distribution and occurrence of indicator
bacteria associated with different land uses, flow regimes and sedimest®s column
because these parameters can affect the concentrations of contaminant in healies of
The following chapter describes the methods use to meet this purpose.

There are a number of techniques available for enumerating the presesua of f
contamination in water (as discussed in the literature review), and it is anpturt
develop low-cost simple methods to monitor them. The focal point is the selection of the
best indicator(s) for protection of public health and safety of individuals patingpa
water related activities. Often one indicator may violate standards ather does not.
Additional research is needed in this area to find the best indicator to evaluadk tfe r
pathogens in a body of water. There is also more research needed to find less expensive

ways to track these bacteria back to their sources.
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3. METHODS
Overview

Bacteriological tests in water are used to evaluate the quality of avate
determine the potential health risk from waterborne diseases. In this stultiple
indicators includingEnterococci, E. coli and fecal coliform tests, were used to evaluate
or characterize contamination in the Stillwater area. These are theamoabaly used
indicators of bacterial contamination. The land uses were also determinethgudib

between urban and rural and differences in their impact.

Sampling Sites
Samples were taken from four locations in the Stillwater Creek watershad dur
the months of June 2007 through August 2007. Sampling sites includes Boomer Creek,

and Cow Creek. Figure 3-1 is an illustration of sampling locations.
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Figure 3-1: Sampling Sites on Boomer and Cow Creeks. B1 and B2 are upstream and
downstream of urban residential areas. C1 and C2 are upstream and downstream of a
rural agricultural area.
Sites Description

Sites located on Cow Creek were in heavily wooded areas. The first site, C1 is
located on Cow Creek at Lakeview Road just outside of Stillwater Citislifinere are a
few residential homes located upstream from this site. The majority ef hloeses use
septic systems. The area consists of farmland and pasture land. Fijisra 3-
photograph of the sampling location. The second location, C2 (Figure 3-3) is

downstream at Virginia St above a concrete crossing. Between C1 and C2 &wen@kla

State University Swine facilities, Equine center, and dairy farm. The di®&ns location
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is surrounded by pasture land as well as crop lands. There are livestodkgacilit
approximately 20 yards from the sampling location (Figure 3-4). Cow Creek is

surrounded by a majority of agricultural lands. All sites were located nelgeb for

greater accessibility.

Figure 3-2: Cow Creek Upstream Site, GAgure 3-3: Cow Creek Downstream Site, C2

Figure 3-4: Swine Facilities just above downstream location
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Boomer Creek flows directly through the city of Stillwater. The cree&ds f
directly from Boomer Lake. The first site, B1 is located on Boomer Creek jus
downstream from Boomer Lake at Franklin St (Figg4&. This site is adjacent to several
commercial businesses. The fourth site, B2 is located on Boomer Creek downstream,
after it passes through a residential area (1 Figure3-6). It is alsotcEammdrom

apartment buildings. Boomer Creek is predominantly surrounded by residentialghous

Figure 3-5: Boomer Creek Upstream Site, B1 Figure3-6: Boomek@ewnstream Site, B2

Samples were taken first from the sites that were upstream, then ceamms#l|
samples were taken as grab samples in sterile bottles facing upstrezachAdacation
sediment and water column samples were taken separately and labeled aigbyopri

Sediment samples were collected as grab samples from the streamiged us
sterile 150 ml nalgene bottles. The covered bottles were lowered into the bottom of the
stream, tops were removed to scoop sediment-water samples. There wergeduplica

taken at each location during sampling. Later samples were taken back to tawtgbor

31



and diluted at 18 using a graduated 10 ml pipette to transfer the sediment-water mixture.

Samples were processed using the IDEXX and EPA method 1604 (USEPA, 2002b).
High-flow samples were taken three days after a storm event duringveeatier

period. Low-flow samples were taken at least a week after a rain evenanipkes were

taken back to the laboratory and processed within 6 hrs after collection. Térera w

total of 64 samples taken during the study period. The rainfall record for the eriod i

shown in Appendix B.

Water Quality Parameter M ethods

pH was determined by using a Denver Instrument electronic pH meter in the
laboratory . Turbidity was measured in the laboratory using a Beckman DU 640B
Spectrophotometer as absorbance of samples at 595 nanometer (nm) using deionized

water as a blank. Temperatures were recorded at each site upon collectimplef s

Method for Bacterial Indicators

Enterococci

Enterococci were detected using the Enterolert method (IDEXX, 2007).
“Enterolert uses a defined substrate technology (DST) nutrient indicator tb dete
Enterococci. This method has been used successfully in testing marine and fresh water
samples. The nutrient indicator fluoresces when metaboliz&gteyococci. DST

improves accuracy and avoids the need for hazardous sodium azide suppressants used in
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traditional media” (IDEXX, 2007). This method provides a Most Probable Number based
on the number of wells showing presencé&iater ococci.

Results for Enterolert were obtained by collecting 100 ml water sampies usi
IDEXX 100 ml nalgene bottles. Water column samples were dilutécad sediment
samples were diluted at a1¥/V ratio. One package of powdered Enterolert reagents
was added to each sample. The samples were shaken vigorously and then poured into
Quanti-tray 2000. These trays were then sealed automatically usingn-tgayasealer
model 2X from Idexx. Trays were incubated for 24 h at 41° C + 0.5. Results were
measured by placing quanti-trays under long wave ultraviolet light. Weli$ltioresced
under UV light were known to be positive. Positive wells were counted and recorded.
Quanti-trays showing no florescence are considered to be negatimdiavcocci. The
number of large and small positive wells were counted and recorded. Most Portable
Numbers were determined by referring to the table provide by Idexx Labegatori

Enterococci were confirmed by plating aliquots from positive wells. The backs of
guanti-trays with positive wells were sterilized using 90% ethanol. &fepette tips
were used to pierce the back of each positive well. A 10 ul aliquot of each positive well
was streaked on plates containing enterococcosel agar. These platesxwsated for
48 h at 37° C. After 48 h, plates were examined for colonies surrounded by black halos,
which were considered to be confirmedeaserococci. The plates containing black color

were counted and recorded (Appendix B).
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E. coli and Fecal Coliform

Escherichia coli and fecal coliform were processed using the membrane filtration
technique. Sterile 0.45 um membrane filters were placed on a nalgene 115 mhitilter
Ten ml of sterile water was added into the funnel followed by 100 ml of the sarhple. T
vacuum was turned on until all the water had run through the filter. Usingdl&mceps,
the filters were gently placed on Ml agar plates. Filters were slisithe agar in a
rolling action to avoid air bubbles between filter and agar. Agar plates werd plaside
down in a Precision Economy incubator at 35 ° C for 24 h, according to the EPA Method
1604 (USEPA, 2002). After 24 h plates were exposed to long-wave ultraviolet light.
Colonies that fluoresced were counted as E. coli. Other colonies found on the plates wer
considered to be no-coli fecal coliform. Plates were counted and recorded. The total

number of colonies, fluorescent and non-fluorescent was recorded as totabliémahc

Data Analysis
The amount of enterococci in each sample was quantified by using the most
probable number technique. This technique uses a series of dilutions of a natural wate
sample to determine the highest dilution yielding growth (Madigan, 2006). 8ked
in positive and negative isolates from each quanti-tray. This is used to genaatesii
the population present in each sample. The number of positive isolates from qyanti-tr
was compared to the total number of isolates streaked on enterococcosel agar.
Enumeration okE. coli and fecal coliform was done by using the direct plate
count method (Madigan, 2006). Plates were counted for colonies. The ideal plate number

is between 20-80 colonies. Plates with more than 80 colonies were divided into quarters
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One section of the plate was counted, and the total was multiplied by four to get an
estimate of bacteria on the plate. The final calculation used the formatamamded by

EPA method 1604.

Statistical Analysis

The geometric means of sediment and water column samples were calailated t
compare indicator organisms under different land use and flow regimes. The geometr
mean calculates the nth root of the product of n samples. The geometric mean tends to
reduce the effect of very low or high values in a given sample size. This pm®cedur
involves a log transformation of the data collected (Freund, 2003). The geomeinc me
was calculated using Microsoft Excel version or SAS.

Analyses of Variance (ANOVA) were done to determine the differenceebatw
the geometric means of indicator species as affected by land use, flowsegample
types (sediment vs. water column), and location. This method tests the equality for a
given set of means in a data set to evaluate statistical significahSg (S

The ANOVA was performed on log transformed data to compare the interaction
of the sample type, land uses, stations and flow. The interactions are diffevences
inconsistencies of the main effect response for one factor across theofema¢sor more
of the other factors. This model is added when one or more variables depend on other
variables (Freund 2003). This analysis was done to compare the effect of land uses
stations, and flow on the indicator organisms. In interaction, if we reject the null
hypotheses, we compare factors at each and every level. If we do ootirejeull

hypothesis we look at the test for the main effects.
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Statistical significance for interactions between different condisoch as
sample type, land uses, station location, and flow was inferred for P=0.05. A non-
significance level would be P> 0.05. If the null hypothesis was rejected themallgsist
is considered to be statistically significant.

Correlation analysis was used to determine the relationship between indicator
organisms. The correlation was performed using SAS, which provided an r-value. A p-

value of 0.05 was used to determine statistical significant correlations.
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4. RESULTS

The samples were collected at four dates over a two month period from, June 12
to August 6, to determine microbiological water quality, and the effect ofetifféand
uses on two streams, Boomer and Cow creeks, in the Stillwater, Oklahoma area.
Analysis of indicator bacteria was performed on samples from sediment terd wa
column, as well as taking samples from low flow and high flow on two adjacent stream
representing urban and rural land uses. Downstream stations had more of theetkesignat
land use than upstream stations. The first two sampling dates, high flow samples had
nearly 0.5 inches of rainfall in the previous three days. The final two sampleg tatv
flow samples received no rain in the previous week. The rainfall record i sholne

Appendix C.

Water Quality Parameter Analysis

Cow Creek

Table 4-1 lists the physical and chemical characteristics of the vaatgtes
obtained from Cow Creek during the study period. Cow Creek temperatures were
relatively constant during the months sampled from, June to August. Temperaty@e ran
from 21° C to 25° C. As the summer progressed, stream temperature rose. The pH was

near neutral during sampling periods. There was little difference amonglpéi
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station to station or date to date (Table 4-1). High and low turbidity measuresnszats
observed at all locations throughout the sampling process. During high flow thetyurbidi
of samples was lower than samples taken during low flow. The turbidity of sangses
also greater upstream than in downstream samples. As shown in Table 4-1, €bw Cre
upstream samples displayed greater turbidity levels than downstreanesamplne and
July during high flow sampling events. The low flow samples in July and August also
had higher turbidity upstream. The highest turbidity was observed upstreamvaitltea

of 1.98 under low flow conditions on August 6, 2007. The turbidity downstream on that

date was 0.354.

Table 4-1: Cow Creek Water Quality parameters

Stations Date Temp°C pH Turbidity Flow
(O0.D.) Regimes

Cow Upstream 6/12/0721 7.75 0.406

Cow Downstream  6/12/0721 7.64 0.209 High

Cow Upstream 7/9/07 22 779 0.025 Flow

Cow Downstream  7/9/07 24 7.59 0.0242

Cow Upstream 7122/0725 7.75 1.82

Cow Downstream  7/22/0725 7.62 0.399 Low

Cow Upstream 8/6/07 22 7.65 1.98 Flow

Cow Downstream  8/6/07 25 7.87 .354

Boomer Creek

Temperatures in Boomer Creek were similar to temperatures in Cow Creek. The
pH values ranged from 7.12 to 8.02 (Table 4-2). For the most part, there were not large
differences in pH values. Boomer Creek had consistently lower turbiditygdiigh
flow than in low flow. There were few samples with high levels of turbidity. Sesnpl

downstream on July 22, 2007 indicated high levels of turbidity with a value of 1.37
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(Table 4-2). The highest values were observed on August 6, 2007. The upstream values

were 1.96 and downstream were values similar with 1.95 (Table 4-2).

Table 4-2: Boomer Creek Water Quality Parameter

Stations Date Temp°C pH Turbidity Flow
(O.D) Regimes

Boomer Upstream 6/12/0722 7.5 0.0627

Boomer Downstream  6/12/0721 7.12 0.0657 High

Boomer Upstream 7/9/07 25 7.96 0.236 Flow

Boomer Downstream 7/9/07 25 7.84 0.0458

Boomer Upstream 7122/0726 8.02 0.322

Boomer Downstream  7/22/0724 7.75 1.37 Low

Boomer Upstream 8/6/07 25 7.58 1.96 Flow

Boomer Downstream 8/6/07 23 795 1.95

Microbial Indicator Organisms

The three microbial indicators evaluated were fecal colifémoli and
Enterococci. Results for high flow are shown in Table 4-3. Cow Creek and Boomer
Creek showed high levels of microbial indicators at each location during bigh fl
There were usually higher levels of indicators found downstream than upstreaah a
stream. The sediment sample had high concentration for all indicator organisrost
observations. Many water column samples exceeded the single sample water qual

standards.

Boomer Creek High Flow

High flow represents storm water discharge into Boomer Creek. Microbidlogica
water quality on Boomer Creek was poor during high flow. All indicator orgarfisiths

higher geometric means upstream in the water column than in the sediments.
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DownstreamE. coli and fecal coliform had greater geometric means in the sediment
while Enterococci were greater in the water column.

Escherichia coli and fecal coliform had higher geometric mean upstream in the
water columnEnterococci had higher geometric means downstream in the water column.
All indicator organisms had higher geometric means downstream in theesgslifdoth
upstream and downstream samples in the water column for indicator organisnaeéxcee

water quality standards.

Cow Creek High Flow

On Cow Creek high flow, both. coli and fecal coliform concentrations were
higher in sediment samples than in the water column. Enterococci were found to have
higher geometric means in the water in both the upstream and downstream locéitions. A
indicator organisms had higher geometric means downstream than in upstrgdes sam
(Table 4-3) DownstrearB. coli exceeded the USEPA recommended standards. The
geometric mean for fecal coliform in the water column met water qusditydard.
Enterococci in the water column for both downstream and upstream exceeded the
recommended standards (Table 4-3).

Table 4-3:Geometric Means of Indicator Bacteria during High Flow(2cedpk, 2 dates)

Stations E. coli Fecal Coliform Enterococci
Water Sediment Water Sediment Water Sediment
column column column

Boomer Up 1630 118 697 204 108 21

Boomer Down 370 22400 240 1760 145 46

Cow Up 52 3447 86 92 92 33

Cow Down 830 48440 180 9360 460 124

* Units in CFU

*fecal coliform exclude&. coli
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Boomer Creek vs. Cow Creek High Flow (Urban vs. Rural)

Escherichia coli geometric means were higher at Boomer Creek in the water
column upstream under high-flow conditions, while Cow Creek was higher tteams
In sediment samples, Cow Creek had higher geometric means than in Boesier Cr

As shown in Table 4-3, Boomer Creek in the water column had higher geometric
means for fecal coliform than in Cow Creek. Sediment samples had higher caiaestr
upstream on Boomer Creek, but Cow Creek had higher concentrations downstream
(Table 4-3).

In the case oEnterococci in the water column, upstream geometric means were
higher at Boomer, while the geometric means were higher downstream on GkwIGre

the sediments, the geometric means were higher on Cow Creek (Table 4-3).

Boomer Creek Low Flow

Geometric means of indicator bacteria in the water column during low flow were
lower than corresponding samples taken during high flow. Sediment samples far both
coli and fecal coliform were greater than water column samipihear.ococci, however,
were slightly higher in the water column than in the sediments.

Escherichia coli and fecal coliform had higher concentrations downstream in the
water column than upstream. On the other hand, sediment samples were higher upstream.
Enterococci had similar values in water column, but the downstream location was higher
in the sediments. As shown in Table 4-4, most water column samples met watgr qualit

standard with the exception Bf coli downstream.
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Cow Creek Low Flow

In Cow Creek, indicator organisms were also lower during low flow. Fecal
coliform andE. coli had higher geometric means in the sediments than in the water
column.Enterococci had higher geometric mean in the sediments upstream and similar
values downstream (Table 4-4).

In the water columrE. coli were higher geometric means upstream, but sediment
samples were higher downstream. Fecal coliforms were higher in both thetrdawwns
Enterococci had higher geometric means downstream in the water column but in the
sediment there were higher concentrations upstream.

Escherichia coli exceeded water quality standard upstream in the water column,
as shown in Table 4-4. Fecal coliforms met water quality stanBatet.ococci violated

the U.S. EPA recommended standard downstream in the water column.

Boomer Creek vs. Cow Creek Low Flow

In low-flow samples foE. coli, Boomer Creek had higher geometric mean
downstream in the water column than Cow Creek (Table 4-4). As shown in Table 4-4,
upstream Cow Creek geometric means were slightly greater than BGoeadr
upstream. In the sediment, upstream samples were similar at eagnlotiae sediment
downstream had higher geometric mean in Cow Creek (Table 4-4).

Fecal coliform had higher geometric means on Boomer Creek upstream in the
water column. Downstream, the geometric means for Cow Creek was Sijogeter

than Boomer Creek (Table 4-4). Fecal coliform geometric means for sadimere
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greater downstream in Boomer Creek than in Cow CiEmatkrococci had greater

concentration in both the water column and sediment on Cow Creek (Table 4-4).

Table 4-4: Geometric mean of Indicator Bacteria during Low Flow (2cael, 2 dates)

Stations E. coli Fecal Coliform Enterococci
Water Sediment Water Sediment Water Sediment
column column column

Boomer Up 124 24490 58 4920 24 15

Boomer Down 239 21245 28 14230 24 23

Cow Up 166 23830 40 10020 32 96

Cow Down 113 91640 42 10590 62 60

* Units in CFU

*fecal coliform exclude£. coli
Comparison between Indicators during High and L ow Flow

The data described patterns within the individual creeks with the lowest geomet
mean of indicator bacteria during low flow and highest during high flow (Table
4-3)(Table 4-4). Results from high flow events indicated increased concamsrafi
indicator organisms. The geometric meank.afoli were higher concentration during
high flows at each location except for Cow Creek upstream. However, low flow
geometric means showed excessive amouhbt cdli. As shown in Table 4-3 and Table
4-4, fecal coliform andnterococci were greatly affected by the amount of precipitation.
During low flow both indicator organisms were below the U.S. EPA recommended
standard in most casdsscherichia coli was noticeably higher than other indicators
during low flow (Table 4-4). During high flovg. coli were once again more prevalent
than other indicator bacteria (Table 4-4). Indicator organisms were tantlisietected
in sediment sample during low and high flows. High flow samples exhibited poor
microbiological water quality for all indicator organisms at both creekselas a

connection between stream flow and the amount of indicator bacteria presentirs strea

43



5. DISCUSSION
Overview
The research for this thesis focuses on the distribution and occurrence of indicator
organisms in two streams. This section provides discussion of the results shown in the
preceding chapter. The conclusions are derived from statistical analiaisl afses, flow

regimes, and sample types.

Correlations

Correlations were analyzed (Table 5-1) to determine the relationships ameong t
indicator organisms total fecal coliforrg.(coli and fecal coliform)E. coli, fecal
coliform, andEnterococci. The correlation betwedn coli and total fecal coliform had
an r of 0.941 with a p-value of <.0001 which is highly significant. This strong correlation
demonstrates th&t coli may be used as the indicator because these organisms
consistently predict each other. The correlation of fecal coliform to tatal €oliform
was also highly significant with p-value of <.0001 and an r of 0.677. These results are
expected since both fecal coliform aBdcoli are measurements and subgroups of total
fecal coliform. Total fecal coliform is a good predicator of each of thegm@mms. The
correlation betweek. coli and fecal coliform was significant (r=0.387, p=0.0285) as
well. This correlation is also projected becaHlseoli is a subgroup of fecal coliform. On
the other handgnterococcus is not significantly correlated with any of the coliforrs,

coli, fecal coliform or Total fecal coliform. These correlations show th#éh@eof these
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organisms was able to predkatterococci. These correlations may suggest that multiple

indicator may be important when monitoring for pathogens.

Table 5-1: Pearson Correlation Coefficients, N=32 Prob > |r| under HO: Rho=0

E. coli Fecal Enterococci Total fecal coliform
coliform
E. coli 1.00000
Fecal 0.38734 1.00000
Coliform 0.0285
Enterococci 0.27148 0.12660 1.00000
0.1328 0.4899
Total fecal 0.94055 0.67697 0.26478 1.00000
coliform <.0001 <.0001 0.1430

*fecal coliform exclude£. coli

Analysis of Variance

Geometric means were compared thru ANOVA. Means were considered to be
statistically significant at approximatelg ©.05. Comparison of means with p-values
near, but higher than 0.05 were reported with their p-value and considered ihargina
significant. The effects and interactions of variables for sample wgter column or
sediment), flow (high or low flow), land use (urban or rural), and location (upstream or
downstream) were examined for each bacterial indicator, Total fedalrogliFecal
coliform, E. coli, and Enterococci.

E. coli was the only indicator even marginally significant for four-way augon
(p=.0534.) This interaction suggests that the concentratinoofi was affected by one
or more variables, specifically sample type, flow, land use, and stream location.

Further analyses tested effect slices in which each test variabléxed. Effect

slices show within which measurement occasions there were differetneesibe
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experimental groups. The test of effect slices for stream locationdapstrs.
downstream) weren't significant at any level. The effect of sample(sgazkment vs.
water column) was statistically significant at all levels (Figen® with sediments

always significantly higher than water column.

I= Comparison of E. coli in the water Column and
S Sediments
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Figure 5-1:E. coli Water Column vs. Sediments at Boomer and Cow Creeks, up and

downstream stations, under high and low flow regimes.

Fecal coliform four-way interactions, three-way interactions, andwep-

interactions weren’t significant. Only the main effect of sample typéif&ant vs. Water

column) was significant with p-values of <.0001(Figure 5-2). Other mainteféeich as

location, land use and flow regime weren’t significant.
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Comparison of Indicator Organism in Water Column and
Sediment
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Figure 5-2: Indicator Organism Water Column vs. Sediments (fecal eoldgcludes E.
coli)

The four-way interaction and three-way interaction weren't signifiGappendix
D). The two-way interactions for enterococci weren'’t significant, ak Weis says that
the other variables didn’t have significant, consistent, effects on the conicentrfat
Enterococci. There were no significant interactions and the other main effects weren’t

statistically significant.

Sample Types (Sediment vs. Water column)
Sediment and water column samples taken at both creeks showed the presence of
fecal indicator bacteria. Sample type plays an important role in the caatoenof
indicator bacteria in a given sample. Quantifying the bacterial conttentrdetween
the different samples types allow a better understanding of the occurrence and

distribution of indicator bacteria.
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The bacteria in sediment samples were noticeably higher than watencolum
samples with the exception Bhterococci during high flow in the unprocessed data. This
was expected due to the fact that sediment settles to the bottom of stream beds and
bacteria may accumulate in the sediment where they may survive (blagtzlet al .,

2004). There are no standards for the maximum acceptable concentrations tdrindica
organisms in sediment.

Water column samples were generally lower than sediment sampléstidac
found in the water column could be resuspended from the sediments or bacteria in the
water column could be underestimated because the bacteria could fall out of suspensi
(Davis and Barr, 2006). Water column sampling alone may not accurately tledlec
presence of bacteria in the sediments.

In some cases, geometric means were high for all indicator organisms in both the
sediments and water column with respect to standards. For indEateecoccus was
found to have high geometric means in the water column indicating the likely geesfen
human fecal matterEnterococcus was also less in sediment than in water column on
both creeks. There was not a significant difference between the watencaam
sediments. As indicated previoushy,coli and fecal coliform were significant for sample
types. In most cases, the concentrations of E. coli and fecal coliform wieeboxe
recommended standards for both water column and sediment samples. The high
concentrations of indicator bacteria in both the water column and sediment during low
flow suggest that the source of bacteria does not rely on precipitation events totenter
the streams. The potential sources may be from failing septic systents|eseitate, or

animals in the creek.
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Flow Regimes

The study supported the hypothesis that precipitation had an effect on the
concentration of indicator organisms present in the strdamsli varied significantly
with flow in the water column at Boomer Creek upstream and Cow Creek downstream
with p-value of .0351 and .0444 respectively (Figure 5-3). The test of flow for fecal
coliform was highly significant with p-values of <0.0001. The test of flow for

Enterococci were significant with p-value of 0.04 (Figure 5-4).

Comparison of E. Coli during High and low Flow
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Figure 5-3: Comparison of E. coli during High Flow and Low Flow by location
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Comparison of Indicator Bacteria during High and
Low Flow
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Figure 5-4: Comparison of Indicators during High and Low Flows (feddbom
excludes E. coli), all locations combined

In urban areas, higher geometric means for all indicator organisms veeny e
during the high flow period as shown in Figure 5-5. In the rural areas, all indicator
organisms had higher geometric means during high flow as well. In additicolj and
Enterococci exceeded water quality standards during both high and low flows. Total
Fecal coliform exceeded U.S. EPA standards during high flow (Figure 5-6). Irbtoe u
areas, bottk. coli and Total fecal coliform exceeded USEPA recommended standards
during both low and high flowgnterococci and fecal coliform violated water quality

standards only during high flow.
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£ Urban High Flow vs. Low Flow
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Figure 5-5: Urban High vs. Low Flow (fecal coliform excludes E. coli)
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Figure 5-6: Rural High vs. Low Flow (fecal coliform excludes E. coli)
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Land Uses

The sites sampled on Cow Creek are more rural than Boomer Creek. Both areas
showed high levels of indicator organisms from time to time. However, there was not a
consistent tendency for Cow Creek to be higher than Boomer Creek as hypothesized. The
indicator organisms registered variations from date to date and amongrec&ow
Creek would be likely to receive contamination from livestock or farmingites,
particularly downstream. The highest concentrations of indicator bactemafeund
downstream from the Oklahoma State University Swine facility, EquameC and Dairy
facilities. There were also swine located less than 50 yards above thdrdawns
sampling location. In most cases, fecal indicator bacteria were hiapesstream in the
water column during high flow, which is much more affected by precipitation. Thesarea i
not highly developed, so wildlife and livestock may contribute to the fecal lzacter

Boomer Creek is located in a more developed area. The majority of the creek is
surrounded by residential and commercial buildings. The majority of samples taken on
Boomer Creek during high flow had high numbers of all indicator organisms, especially
upstream. This may be due to the effects of Boomer Lake, a recreationhlatrea
individuals use for walking pets. There is also an abundance of geese and other water
fowl. Pets along with other urban wildlife are likely the contributors of batte
pollution. If animals are the main contaminant source, it is important for @trasnitor
animal waste (livestock and wildlife).

Total fecal coliformE. coli and fecal coliform were generally higher in the urban
areas rather than the rural areas. However, the test of land use on féaah eehsn’t

significant with a p-value of 0.2&nterococci had p-value of 0.06 for the test of land
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uses, with rural higher than urban which is considered marginally significgatré¢Fi
5-7). Nearly all indicator organisms in the urban and rural areas exceededdpedative

water quality standards on average.

Comparison of Indicator bacteria in Urban and
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Figure 5-7: Comparison of Indicator organisms between Urban and Ruedlddditorm
excludes E. coli)

FC/EC Ratio

The FC/EC ratios for water column samples were calculated by dividing Tota
fecal coliform byEnterococci for evidence that samples were from more of a human or
non-human origin. A ratio greater than 4 is considered to be from a human source
(Sargent 1999). Non-human sources should exhibit ratios less than 0.7. On June 12, 2007,
Boomer Creek had high FC/EC ratio in both upstream and downstream locations. This
was presumed to be from human origins. On Cow Creek, the upstream had a high ratio,
but downstream had an FC/EC ratio lower than 0.07, which is considered to be more

from an animal source (Table 5-2).
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On July 9, 2007, FC/EC ratios were low at both upstream and downstream
location at Boomer Creek as shown in Table 5-2. Cow Creek also had low FC/EG@ ratio i
both locations. Samples from Boomer Creek on July 22, 2007 had higher FC/EC
upstream. Both upstream and downstream were presumed to be of animal origin (Table
5-2). Cow Creek had similar values at both the upstream and downstream sites. On
August 6, 2007, Boomer Creek had high FC/EC concentration in both upstream and
downstream. These were presumed likely to be of human origin. At Cow Creek, both

locations had low FC/EC ratios (Table 5-2).

Table 5-2: FC/EC ratio for Water Column Samples

Stations High Flow Low Flow
Dates  6/12/07 7/10/07 7122107 8/6/07
Boomer up 199 H 0.669 N 1.25 458 H
Boomer Down 5.08 H 0.788 0.154 N 9.06 H
Cow up 11.8 H 0.704 1.92 0.827
Cow Down 1.322 0.355N 0.371 N 1.29

*H= presumed human source
*N= presumed non-human source

Conclusion

This study analyzed the distribution and occurrende obli, Enterococci and
fecal coliform as affected by land use, sample type and flow. At all fogr aite
indicator organisms were detected at high density more often during high flwiwgD
low flow, E. coli showed more of a consistent tendency of exceeding water quality
standards. Water quality standards are geared more toward monitoringabaen and
low flow. E. coli and fecal coliform were found to be highly correlated, but there was not
a significant correlation between eithercoli or fecal coliform andenterococci. The
correlation of E. coli and Total fecal coliform was significant. Therefmeasuring

either concentration should allow for reliable prediction of the other.
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The main objective of this study was to determine the concentration of indicator
bacteria in the water column and sediments under different land uses and floesreg
All sites sampled during wet weather in urban and rural areas displayeadeel
concentration of indicator bacteria for both water column and sediment samp#esligen
exceeding low-flow water quality standards. During the sampling periodwasra
significant amount of rain received as shown in Appendix C. Indicator bacteria were
highest under high flow at all location with the exceptio&mterococci. During dry
weather conditions indicator bacteria were below the water qualityssthfat primary
body contact in both urban and rural areas.

The aim of this study was to help find more effective indicator for detection of a
risk of pathogens in water. There was a greater consisteayaevbcocci and E. coli to
violate EPA recommended standards. Due to short term and limited scope of the study,
however we were unable to determine which indicator organism is the best for
monitoring urban and rural land uses. There is a strong correlation bdiwetinand
fecal coliform. | recommend that E. coli be used as an indicator instead lotdéfmam,
becausé. coli is considered a better indicator of possible illness to swimmers. | also
recommendenterococci as an indicator because these organisms are known to be more
human specific. Especially in marine water these organisms should be usee lleepus
are able to survive in salty water. No single organism is expected to maihito
pathogens in waters. | suggest a combinatida ¢bli andEnterococci to monitor
pathogen in streams. Both organisms are can be enumerated by the IDEXX method and
membrane filtration technique. Testing for these organisms may be tirsencmg and

often difficult. Methodology should be chosen depending on budget and intended use.
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Recommendation for Future Research

There is need for a simple single standard method for fast detection of disease
causing pathogens in recreational waters. This method must be simple andrdomsiste
less time consuming for obtaining results. Rapid detection of fecal bactkremain a
crucial issue for public health of people participating in water-relatzdagonal
activities.

These research results showed that both urban and rural landscapes had elevated
concentration of indicator organisms from time to time within the study sitessdurces
of microbial contamination were not pinpointed to an exact source. Future studies are
needed to determine the exact sources of these indicator organisms.

Additional research is needed to evaluate other land uses such as industrial,
agricultural, and commercial as they may be detrimental to the qualitytef. wa
recommend that more sampling dates be analyzed to get a greater rawigEatdr
bacteria concentrations. This study was only done during the summer months. | also
recommend that samples be taken during all seasons to determine the coocerftiiae
indicator organisms during different season.

Much more research is needed to completely address the issues involving our
contaminated recreational waters. Progress has been made in public educhation a
monitoring programs addressing fecal bacteria in contamination wateraphbeiis

needed to improve public health and the wellbeing of people in recreational waters.
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7. Appendix

Appendix A Indicator Organisms Sampling Data

High flow
Water Column
Station Date E. coli Fecal coliform Entercocci
6/12/07 R1 R2 R1 R2 R1 R2
Boomer up 2280 1400 900 1700 21.3 18.3
Boomer Down 200 500 400 100 66.3 49.6
Cow up 130 0 780 0 17.1 29.8
Cow Down 2700 2000 90 120 83.6 689.3
Station Date E. coli Fecal coliform Entercocci
7/10/07 R1 R2 R1 R2 R1 R2
Boomer up 920 2440 360 430 360.9 960.6
Boomer Down 430 450 340 250 549.3 248.9
Cow up 450 121 230 310 157.6 913.9
Cow Down 430 200 560 180 960.6 829.7

*Fecal coliform excludes E. coli

Low flow
Station Date E. coli Fecal coliform Entercocci
7122107 R1 R2 R1 R2 R1 R2
Boomer up 100 180 40 30 34.5 22.3
Boomer Down 370 280 0 40 35 48
Cow up 200 290 40 110 32.3 36.8
Cow Down 50 20 10 30 55.4 39.3
Station Date E. coli Fecal coliform Entercocci
8/6/07 R1 R2 R1 R2 R1 R2
Boomer up 70 190 70 140 23 20.3
Boomer Down 210 150 120 140 13.2 15.5
Cow up 120 110 20 30 22.8 38.4
Cow Down 630 260 140 80 73.8 90.8

*Fecal coliform excludes E. coli

62



Sediment

High flow
Station Date E. coli Fecal coliform Entercocci
6/12/07 R1 R2 R1 R2 R1 R2
Boomer up 16000 12400 48000 36000 16 10.9
Boomer 4000 32000 3000 0 11 5.2
Down
Cow up 0 56000 0 0 14.6 7.4
Cow Down 54000 20000 3000 4000 51.2 74.3
Station Date E. coli Fecal coliform Entercocci
7/10/07 R1 R2 R1 R2 R1 R2
Boomer up 0 0 0 0 17.1 68.7
Boomer Down 20000 9900010000 80000 133.4 629.4
Cow up 90000 28000 3000 24000 106.3 100.8
Cow Down 91000 56000 20000 32000 90.8 689.3
*Fecal coliform excludes E. coli
Low flow
Station Date E. coli Fecal coliform Entercocci
7122107 R1 R2 R1 R2 R1 R2
Boomer up 40000 27000 1000 13000 2 14.6
Boomer 33000 21000 5000 7000 67.7 22.8
Down
Cow up 40000 84000 30000 48000 10.7 107.1
Cow Down 56000 40000 35000 10000 43.5 67
Station Date E. coli Fecal coliform Entercocci
8/6/07 R1 R2 R1 R2 R1 R2
Boomer up 9000 37000 3000 15000 68.3 29.8
Boomer 6000 49000 45000 26000 12.2 13.5
Down
Cow up 4000 24000 7000 1000 629.4 120.1
Cow Down 67000 47000 2000 18000 113.7 40.8

*Fecal coliform excludes E. coli
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Appendix B Conformation of Enterococci

Enterococci Confirmation for Cow Creek

Number of Isolate

Number confirmed

6/12/07 102
2/9/07 103
7122/07 118
8/6/07 105

91
115
97
112

Enterococci Confirmation for Boomer Creek

Number of Isolate

Number confirmed

6/12/07 74
2/9/07 99
7/22/07 70
8/6/07 74

65
81
63
70
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Appendix C Rainfall Data

June’07 Rain July’ Rain August  Rain
(in) 07 (in.) ‘07 (in)
1 5.32 1 0.37 1 0
2 0 2 0.05 2 0
3 0 3 0.08 3 0
4 0 4 0.04 4 0
5 0 5 0.35 5 0
6 0 6 0 6 0
7 0 7 0 7 0
8 0 8 0 8 0
9 0.01 9 0.68 9 0
10 0.39 10 0 10 0
11 0.00* 11 0 11 0
12 0.01 12 1.38 12 0
13 1.34 13 2.86 13 0
14 0.73 14 0 14 0
15 0.1 15 0 15 0
16 0.02 16 0 16 0
17 0.66 17 0 17 0
18 0 18 0 18 0.28
19 0.75 19 0 19 0.51
20 0.58 20 0 20 0
21 0 21 0 21 0
22 0 22 0 22 0
23 0.8 23 0.69 23 0
24 0 24 0.04 24 0.49
25 0.03 25 0 25 0.03
26 2.34 26 0 26 0
27 0.67 27 0 27 0
28 2.25 28 0 28 0
29 0.73 29 0 29 0
30 0.01 30 0.47 30 0.00*
31 0 31 0
Total 16.74 Total 7.01 Total 1.31
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Appendix D Statistical Analysis

Analysis of Water Data.
Means and Standard Errors of E_coli and LN_E_coli by Type*Flow*Stream*laycati

Obs Type Flow Stream  Location MN_Hi cdSE_E_coli MN_log SE_log
1 Column High Boomer Down 395.00 66.65 5.9215 0.21011
2 Column High Boomer Up 1240.00 406.61 6.9217 0.39184
3 Column High Cow Down 1332.50 606.40 6.7160 0.62065
4 Column High Cow Up 233.67 108.20 5.2575 0.42637
5 Column Low Boomer Down 252.50 47.32 54765 0.19361
6 Column Low Boomer Up 135.00 29.58 48234 0.24051
7 Column Low Cow Down  240.00 140.53 4.7285 0.78052
8 Column Low Cow Up 180.00 41.83 5.1140 0.22741
9 Sediment High Boomer Down 280890 2 42901.04 10.5941 13859
10 Sediment High Boomer Up 14200.00 1800.00 9.5529  0.12745
11 Sediment High Cow Down 5250.00 14499.28 10.7880 .31093
12 Sediment High Cow Up 58000.00 17925.77 10.8602  0.33902

13 Sediment Low Boomer Down 2009 9113.86 9.9639 45862
14 Sediment Low Boomer Up 8220.00 6992.56 10.1060 0.34431
15 Sediment Low Cow Down 560.00 5838.09 10.8500 0.11123
16 Sediment Low Cow Up  38000.00 17009.80 10.0788 0.64811

Analysis of Water Data.
Means and Standard Errors of Fecal _Coliform and LN_Fecal for TYPE.

MN_Fecal SE_Fecal MN_LN_ SE _LN_
Obs Type Coliform Coliform Fecal Fecal
1 Column 259.67 64.06 4.87639 0.2237
2 Sediment 178.15 39284.76 9.65862 0.31779

Analysis of Water Data.
Means and Standard Errors of Fecal_Coliform and LN_Fecal for FLOW

MN_Fecal SE_Fecal MN_LN_ SE_LN_
Obs Flow Coliform Coliform Fecal Fecal
1 High 67028.85 41267.25 7.74566 0.52868
2 Low 8614.19 2494.25 6635 0.50833
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Analysis of Water Data.
Means and Standard Errors of Fecal _Coliform and LN_Fecal for STREAM.

MN_Fecal SE_Fecal MN_LN_ SE_LN_
Obs Stream Coliform Coliform Fecal Fecal
1 Boomer 61037.86 38439.66 7.38443 0.54284
2 Cow 10370.00 3005.45 6.9072 0.51266

Analysis of Water Data.
Means and Standard Errors of Fecal_Coliform and LN_Fecal for LOCATION.

MRecal SE_Fecal MN_LN_ SE_LN
Obs Location Coliform Coliform eEal Fecal
1 Down 43953.33 32820.76 24110 0.52471
2 Up 25599.63 17663.55 7.03117 0.53280

Analysis of Water Data.
Means and Standard Errors of Enterococci and LN_Enter for TYPE.

MN_Fecal  E $ecal MN LN_ SE LN_
Obs Type MN_é&micocci SE_Enterococci  Enter eEnt
1 Column 04244 55.5766 4.28743 0.24645
2 Sediment 05125 32.1917 3.71876 0.24533

Analysis of Water Data.
Means and Standard Errors of Enterococci and LN_Enter for FLOW.

MN_Fecal_ SE_Fecal MN_LN_ SE LN_
Obs Flow MNhtErococci SE_Enterococci Enter Enter
1 High 249.475 57.8509 44288 0.28751
2 Low 61.394 19.1289 3.56331 0.17607

Analysis of Water Data.
Means and Standard Errors of Enterococci and LN_Enter for STREAM.

MN_Fecal  SE_Fecal MN_LN_ SE_LN_
Obs Stream MNtdfacocci SE_Enterococci Enter Enter
1 Boomer 112.800 38.2903 30 0.24896
2 Cow 198.069 51.9594 40499 0.23182

67



Analysis of Water Data.
Means and Standard Errors of Enterococci and LN_Enter for LOCATION.

MN_ded SE_Fecal_ MN_LN_  SE_LN
Obs Location MN_Enterococci SE_Entecci Enter Enter
1 Down 184.816 48.4129 4.28926 0.24366
2 Up 126.053 43.4015 3.71694 0.2479

Analysis of Water Data.
Response variable is LN_E_coli.

Tests of Effect Slices

uid Den

Effect Type Flow Stream Location DF DF F Value Pr>

Type*Flow*Stre*Locat Column High Boomer 1 149 1.22 %38
Type*Flow*Stre*Locat Column High Cow 1 17 2.54 0.1293
Type*Flow*Stre*Locat Column Low Boomer 1 149 0.52 4818
Type*Flow*Stre*Locat Column Low Cow 1 149 0.18 .67B3
Type*Flow*Stre*Locat  Sediment High Boomer 1 149 0.88 623
Type*Flow*Stre*Locat  Sediment High Cow 1 17 0.01 0.9327
Type*Flow*Stre*Locat Sediment Low Boomer 1 14.9 0.02 84
Type*Flow*Stre*Locat Sediment Low Cow 1 149 0.73 0.4077
Type*Flow*Stre*Locat Column High Down 1 149 0.77 3¢1
Type*Flow*Stre*Locat Column High Up 1 17 3.28 0.0877
Type*Flow*Stre*Locat Column  Low Down 1 149 0.68 .47
Type*Flow*Stre*Locat Column  Low Up 1 149 0.10 0.7526
Type*Flow*Stre*Locat Sediment High Down 1 149 0.05 .83B3
Type*Flow*Stre*Locat  Sediment High Up 1 16.3 1.33 0.2652
Type*Flow*Stre*Locat Sediment Low Down 1 149 0.96 .34B3
Type*Flow*Stre*Locat Sediment Low Up 1 14.9 0.00 0.9764
Type*Flow*Stre*Locat  Column Boem Down 1 14.9 0.24 K()]%]
Type*Flow*Stre*Locat  Column Boem Up 1 149 5.37 0.0351
Type*Flow*Stre*Locat  Column Cow Down 1 149 482 .04
Type*Flow*Stre*Locat  Column Cow Up 1 17 0.01 0.9193
Type*Flow*Stre*Locat  Sediment Boem Down 1 149 0.48 Ta
Type*Flow*Stre*Locat  Sediment Boem Up 1 149 0.25 0.6252
Type*Flow*Stre*Locat  Sediment Cow Down 1 14.9 0.00 .9413
Type*Flow*Stre*Locat Sediment Cow Up 1 17 0.70 0.4142
Type*Flow*Stre*Locat High ddmer Down 1 149 26.64 .0001
Type*Flow*Stre*Locat High d®mer Up 1 149 5.63 0.0315
Type*Flow*Stre*Locat High oW/ Down 1 149 20.23 0.0004
Type*Flow*Stre*Locat High oW/ Up 1 191 33.26 <.0001
Type*Flow*Stre*Locat Low d®mer Down 1 149 2457 0002
Type*Flow*Stre*Locat Low d®dmer Up 1 149 34.05 <.0001
Type*Flow*Stre*Locat Low oW Down 1 149 4572 <.0001
Type*Flow*Stre*Locat Low o Up 1 149 30.08 <.0001
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Fecal Coliform

The four-way interaction term, Type*Flow*Stream*Location, is not
significant (& =0.05,F 15, = 0.08, p.value = 0.77,

The three-way interaction terms are also not significant:

Type*Flow*Stream (& = 0.05,F 15 = 0.76,p. value = 0.39
Type*Flow*Location (& = 0.05,F 4, = 0.05,p. value = 0.81
Type*Stream*Location (& = 0.05,F 435 = 0.03,p.value = 0.86
Flow*Stream*Location (@ = 0.05, F 4. = 0.23,p. value = 0.63.

The two-way interaction terms are not significant:

Type*Flow (& = 0.05, F 4z = 0.40, p. value = 0.53
Type*Stream (o = 0.05,F, 15 = 0.00, p. value = 0.9€
Type*Location (e = 0.05, F 475 = 0.06,p. value = 0.81
Flow*Stream (& = 0.05, F 4z » = 0.57,p. value = 0.46
Flow*Location (& = 0.05,F, 4z = 2.36, p. value = 0.14
Stream*Location (& = 0.05, F, 1z = 0.09, p. value = 0.7€.

The main effects Type and Flow are highly significant
[ = 0.05, F o35 = 149.25, p.value < 0.0 and
(& =005 F .5 - = 15.12,p.value = 0.00, respectively.

The other main effects are not significant:

-

Stream (& =0.05 F 13 = 137, p.value = 0.26
Location (& =0.05, F 1z = 0.41,p.value = 0.52.

Enter ococci

The four-way interaction term, Type*Flow*Stream*Location, is not
significant (& = 0.05,F 1, = 0.04,p. value = 0.84.

The three-way interaction terms are also not significant:

Type*Flow*Stream (& = 0.05,F 4- = 0.11,p. value = 0.74
Type*Flow*Location (@ = 0.05, F 4> = 0.07,p. value = 0.79
Type*Stream*Location [ar =0.05,F ;- = 0.38,p. value = 064

Flow*Stream*Location (@ = 0.05, f ;- = 0.30,p. value = 0.59.
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The two-way interaction terms are not significant:

Type*Flow (@ =0.05,F 4 = 2.77,p.value = 0.11
Type*Stream (o = 0.05,F, 5y = 0.35, p. value = 056
Type*Location (e = 0.05, F 5y = 0.03,p. value = 0.87
Flow*Stream (& = 0.05, F, ., = 0.22,p. value = 0.64
Flow*Location  {& = 0.05,F »; = 1.05, p. value = 0.31
Stream*Location (& = 0.05, F, .y = 0.25, p. value = 0.62.

The main effect, Flow, is significant (& = 0.05, £ .- = 4.49,p. value = 0.04,

The other main effects are not significant:

Type (& =0.05 F - = 1.88,p. value = 0.18
Stream (& =0.05, F, »- = 3.75,p. value = 0.06

-

Location (& =0.05 F ;- = 1.90,p. value = 0.17.
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