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Project title: Occurrence and antibiotic resistance in fecal indicator bacteria upstream 
and downstream of wastewater treatment plants in northwest Arkansas 

Statement of critical regional or state water problem
Oklahoma has taken legal action against Arkansas for polluting its scenic waterways and

drinking water sources. Some of the streams within the watersheds of concern, the Illinois,
Euchaw, and Spavinow watersheds, receive runoff from agricultural lands. Others receive point
sources of possible pollutants by receiving wastewater treatment effluent.  The lawsuits have
been concerned  with excess nutrients, but nutrient loads are not the only concern associated with
surface waters receiving runoff and wastewater effluent. Wastewater treatment plants are
designed to remove BOD, nutrients, and pathogens, but do so with varying levels of success. In
addition, wastewater treatment plants are not designed to remove many organic contaminants,
and removal may be occurring with varying levels of success.

As far as screening for the presence of pathogens it is accepted protocol to use bacterial
indicators. Ideally, indicators of fecal contamination should be organisms that are easily detected
and useful in all water types. Indicators should not grow in water, but should be abundant in
direct proportion to fecal contamination and should be present whenever a pathogen is present.
Both fecal coliforms and fecal enterococci are members of intestinal microflora of warm-blooded
animals. For freshwater systems, Escherichia coli is the accepted indicator species (U. S. EPA,
1986). The Arkansas Department of Environmental Quality requires that in primary contact
waters fecal coliforms be no greater than 200 CFU/100mL, with a monthly maximum of
400CFU/100ml (ADEQ, 2004). Alternatively, E. coli numbers must be no greater than 126
CFU/100mL, with a monthly maximum of 410 CFU/100ml in rivers and streams (ADEQ, 2004). 

The choice of indicator bacteria is not irrevocably established, however. Methods to
measure bacterial indicators are not perfect and the appropriate indicator to use for different
aquatic ecosystems may vary with local conditions. Fecal enterococci may be an appropriate
choice for some locations (U. S. EPA, 1986). Enterococcus faecalis has a host range limited to
humans and some wild birds (Wheeler et al., 2002). Unless the fecal loading rate from migratory
or resident wild birds is high, water samples collected during baseflow conditions with high
numbers of Ent. faecalis may indicate human fecal contamination (Kuntz et al., 2004). It is still
not well known which test method best determines water safety or to what extent different
indicators correlate with each other in different regions of the U.S.

The landscape, multiple sources of fecal contamination, and sediments may all contribute
to different and varying numbers of indicator bacteria in surface water. While waste microflora
may not be effective competitors in the environment, they may persist after entering the
environment.  For example, indicator organisms that enter surface waters can survive in
sediments and elevated numbers are measured after sediments are disturbed (Burton et al., 1987;
Hartel et al., 2004).  Indicators may therefore represent present or past contamination. The ability
to survive in sediments may pose an additional problem if the bacteria had developed antibiotic
resistance in the intestine or later in the environment, and possession of antibiotic resistance
genes continued to be of benefit under environmental conditions. 

Antibiotic resistance of intestinal microflora is prevalent. For example, up to 5% of
intestinal bacteria may carry the tetracycline resistance gene tetO (Aminov et al., 2001). Lateral
transfer of genetic elements, once considered to be a rare event, is now known to occur
frequently in bacteria. Genes conferring antibiotic resistance can be encoded on a variety of



mobile genetic elements and transferred to multiple and unrelated species through several
mechanisms including conjugation, transformation, and transduction. All appear to be facilitating
the rapid spread of antibiotic resistance in multiple bacterial lineages. For example, resistance to
tetracycline is encoded on genetic elements in plasmids (Smalla et al., 2000; Aminov et al., 2001)
and conjugative transposons (Salyers et al., 1995) that have facilitated the transfer of these genes
across species (Nikolich et al., 1994).

Because antibiotics can pass through the human body and be excreted in wastes, certain
amounts of antibiotics and intermediate break down products are transported to the wastewater
treatment plant, and finally into the effluent due to the lack of removal. The addition of
antibiotics and antibiotic residues to aquatic ecosystems can create both ecological and health
concerns due to the potential development of antibiotic resistance in microbial populations.
Recent studies have revealed the presence of antibiotics in streams receiving point sources of
wastewater (e.g. Kolpin et al., 2002). In addition, a United States Geological Survey (USGS)
study revealed the presence of low levels of antibiotics in northwest Arkansas streams, including
Mud Creek in Fayetteville and Spring Creek in Springdale (Galloway et al., 2005; Table 1). Both
Mud Creek and Spring Creek receive effluent from municipal wastewater treatment plants. Mud
Creek flows through residential areas, whereas downstream from the wastewater treatment plant
Spring Creek flows through a rural landscape  where cattle, wildlife and other recreational users
may be exposed to the surface waters.  These two streams are tributaries to the Illinois River.

Table 1. Antibiotics previously found in Mud Creek in August 2004 (data from Galloway et al.,
2005). 
Antibiotic (ppm) Mud Creek South

of Hwy. 451

Mud Creek at
Township

Mud Creek at
Old Wire Road

Erythromycin ND2 0.175 0.154
Trimethoprim ND 0.058 0.045
Tylosin ND 0.012 0.008
Ciprofloxican ND 0.039 0.027
Ofloxacin ND 0.109 0.094
Sulfadimethoxine ND 0.003 0.004
Sulfamethoxazole ND 0.196 0.302

1Upstream of the wastewater treatment plant.  
2Not detected, with a detection limit of 0.01 ppm for erythromycin and 0.005 ppm for the
remaining antibiotics.   

Natural resistance results from the production of antibiotics, such as streptomycin,
trimethoprim, and erythromycin, by bacteria in the environment (Mazel et al., 1999).  However,
the presence of additional and “foreign” antibiotics may increase antibiotic resistance in
pathogens, posing a threat to human health, and requires further investigation. Past studies have
revealed the presence of antibiotic resistance in Swedish sewage (Iversen et al., 2002) and in the
tributaries emptying into and inside Tillamook Bay, OR (Kelch and Lee, 1978). The addition of
effluent from wastewater treatment plants has been shown in the Arga River in Spain to increase
certain antibiotic resistance in strains of Enterobacteriaceae and Aeromonas downstream from
the discharge (Goni-Urriza et al., 2000).

Compounding the problem of increased antibiotic resistance is the prevalence of genetic



elements encoding multiple resistance or associated with resistance to other stresses such as the
presence of heavy metals. It remains unclear to what extent pressure to develop antibiotic
resistance affects environmental communities, especially when antibiotic concentrations are
found in very low levels. Higher levels of ampicillin resistant bacteria were isolated from stream
waters adjacent to a farm receiving treated sludge than samples collected upstream or
downstream from the farm (Selvaratnum and Kunberger, 2004). All ampicillin resistant isolates
were also found to be resistant to at least one other antibiotic (Selvaratnum and Kunberger,
2004).  Furthermore, antibiotic resistance analysis (ARA) to multiple antibiotics is a commonly
used method to differentiate sources of fecal contamination within a watershed (Meays et al.,
2004; Wiggins et al., 1999). 

If possession of resistance mechanisms does not confer a competitive advantage under
environmental conditions, genes encoding those mechanisms may not be retained or transferred
among environmental community members. Rates of transfer of mobile genetic elements may
decrease dramatically under (generally sub-optimal) environmental conditions, such as found
among strains of Enterococcus faecalis in sewage treatment activated sludge basins (Marcinek et
al., 1997). The presence of low levels of antibiotics in sewage did not increase transfer of
gentamicin resistance plasmids in Staphylococcus aureus (Ohlsen et al., 2003). Plasmids have
shown differing patterns of stability under non-selective conditions (Smalla et al., 2000). Such
studies evoke questions of the stability of antibiotic resistance under various and dynamic
environmental conditions. However, the influence of multiple stressors could mean that the
presence of low levels of antibiotics could have additive or multiplicative effects in the
environment. Even for discontinued antibiotics, resistance may be maintained if it is linked to
genes encoding resistance to other currently used antibiotics (Bischoff et al., 2005). Clarification
is still needed to understand the rate and extent of transfer and subsequent incorporation of
resistance genes under in-situ environmental conditions.

A limited experiment investigating levels of antibiotics resistance in local streams was
conducted during the summer of 2005 with high school students participating in the University of
Arkansas Gifted and Talented Summer Course “The Good, the Bad, and the Genetically
Engineered.” Bacteria were enumerated using the Colilert defined substrate technology (IDEXX
Laboratories, Westbrook, ME). Most probable numbers of E. coli in the presence and absence of
tetracycline showed a decreased, but measurable number of E. coli growing in the presence of
tetracycline in water collected from Mud Creek at Township (Fig. 1). The number of tetracycline
resistant E. coli were about 40% of total E. coli counted in the absence of antibiotics. In contrast
to these results, a stream running through an animal farm and a small area draining runoff from a
residence showed that 15% and <1% of E. coli, respectively, were tetracycline resistant. If
expression of antibiotic resistance among indicator bacteria is found to increase in streams
receiving treated wastewater effluent, this suggests a potential for antibiotic resistance to increase
in pathogens, which could have serious implications for treating diseases.

Statement of results and benefits
Government regulatory agencies need scientific data to make appropriate and sound

decisions to protect water quality and human health. Understanding the occurrence and
distribution of  indicators of fecal contamination as recommended by U. S. EPA is essential to
microbial source tracking and identification of public health risk. Additionally, to identify if
streams receiving effluent from a point source are increasing in antibiotic resistance downstream



from that point source will enable regulators to develop preventive strategies to protect water
quality in streams receiving wastewater discharge. 

There is a wide variety of different phenotypic (based on characteristics expressed by the
bacterium, such as ARA), genotypic (based on DNA), and chemical (based on chemicals
associated with humans) methods to characterize bacteria and track their sources. If bacteria are
acquiring resistance to antibiotics in the environment because of low levels of antibiotics being
introduced with treated wastewater effluent, rather than through pressure in the intestine of
various host animals, the basis of using ARA will be nullified.  The information generated in this
project, in conjunction with a parallel project conducted in the Stillwater creek watershed with
our collaborator Shiping Deng at Oklahoma State University, will provide much needed
information about potential microbial indicator organisms and levels of antibiotic resistance in
streams receiving effluent that flow through both urban residential areas and agricultural
production systems.

Fig. 1. Most probable numbers (MPN) of total coliforms and Escherichia coli were determined in
surface waters in Fayetteville in the presence of tetracycline (A+ = antibiotic resistant MPN of
bacteria) and without addition of tetracycline (A- = MPN with no antibiotics present, personal
communication, M. Savin, 2005).   
   
Nature, scope, and objectives 

The goal of this project is to enumerate and compare distributions of Enterococcus
faecalis and total coliform bacteria, Escherichia coli in particular, as indicators of fecal
contamination. MPN will be determined for water and sediment bacteria. The exposure of
bacteria in the environment to low levels of antibiotics from anthropogenic sources may lead to
an increase in antibiotic resistance above natural levels. Therefore, E. coli MPN will be
determined in the presence and absence of antibiotics. Mud Creek and Spring Creek were
selected for testing because they receive effluent from wastewater treatment plants and were
previously analyzed for the presence of antibiotics (Galloway et al., 2005).  The presence of low



levels of seven antibiotics (Table 1) was found in August 2004 at sites downstream of the
treatment plant in Mud Creek, after detection limits were improved ten-fold from previous
detection limits utilized earlier in 2004.  In order to test for the possibility of multiple antibiotic
resistance, water and sediment samples will be exposed to five antibiotics, including antibiotics
of two classes of antibiotics not previously detected in Mud Creek. We are including sediments
as well as water samples in this experiment because sediments may serve as a reservoir for fecal
indicator bacteria (Burton et al., 1987; Hartel et al., 2004). Samples will be taken during
baseflow conditions because of the increased amount of bacteria introduced into the stream by
runoff events and disturbance of sediments. Baseflow will be considered to be at least five days
after a rain.      

The methods proposed are based on cultivation. Cultivation techniques are known to be
limited in the numbers and diversity of organisms grown. They provide a limited environment for
growth that is not representative of water column conditions or the sediment.  However, these
techniques are commonly used and do provide a measure of indicator bacteria levels. Bacteria
that grow in the presence of antibiotics must be resistant to the antibiotic present at that
concentration. Thus, this method will give us a comparison of the level of resistance among
different antibiotics for bacteria from the same source. We will isolate bacteria and preserve
isolates in glycerol, so that population diversity and identity can be tested in future studies to
differentiate fecal sources.

An inexpensive phenotypic method of bacterial source tracking is to determine the
percentage of Enterococcus faecalis isolates. If Oklahoma changes regulations to enumerate Ent.
faecalis and finds its streams out of compliance, there could be political and legal ramifications
for Arkansas. Therefore, we will collaborate with Dr. Shiping Deng from Oklahoma State
University to conduct parallel studies in each state to assess occurrence of both fecal coliforms
and enterococci indicator bacteria. 

We must also collect more data on the occurrence of indicators in streams. For standards
to function as intended and represent current contamination, we need to know what background
population levels are. Because there is more than one indicator species, the absolute and relative
abundance of indicator organisms must be determined. Although the U.S. EPA has made
recommendations of which bacteria to use as indicators, there is a lack of research of background
levels of different bacteria in streams in northwest Arkansas. Additionally, since there apparently
are resident populations in the environment, it is important to know if indicators are increasing in
resistance.

Objective 1:  To determine numbers of E. coli and Ent. faecalis in two Arkansas streams
upstream and downstream of wastewater treatment plants. 

Null Hypothesis 1: There will be no difference in absolute numbers or relationships
between numbers of E. coli and Ent. faecalis. 

Objective 2:  To determine antibiotic resistance of E. coli in the water and sediment for five
different antibiotics.

Null Hypothesis 2:  The numbers of antibiotic resistant bacteria in the water and
sediment will not be higher downstream from wastewater treatment plants in Mud Creek
and Spring Creek, which receive effluent discharge and where low levels of antibiotics
and antibiotic residues have been found. 



Null Hypothesis 3:  If resistant bacterial numbers are not higher downstream of the
wastewater treatment plants, there will be no increase in antibiotic resistance to either
antibiotics which have been found in the stream or antibiotics that were not detected in
the stream. (Higher resistance to both antibiotics found in the streams and those not
detected in the streams would suggest that bacteria that are antibiotic resistant carry genes
encoding resistance to multiple antibiotics.)

                                                           
Methods, procedures, and facilities

Experimental approach:  In order to determine the occurrence and distribution of
indicator bacteria, each creek will be sampled upstream from the wastewater treatment plant and
at two sites downstream from the wastewater treatment plant. Most probable numbers (MPN)
will be calculated for total coliforms and E. coli using the Colilert® reagent and for fecal
enterococci using Enterolert™ Systems (IDEXX Laboratories, Westbrook, ME). In addition, the
MPN of E. coli will be determined both with and without the addition of an antibiotic (for a total
of five antibiotics).

Sampling:  At each sampling point, the location coordinates will be taken with a GPS
device. Each location will be sampled aseptically in the spring, summer, and fall. Samples will be
collected from the water column and sediments at the same time upstream and at two locations
downstream from the waste treatment facility.  Water samples will be collected aseptically in
sterile, glass vials. Four grab samples will be collected from surface sediments, combined and
stored in sterile WhirlPak bags. All samples will be kept on ice in the field and during transport
to the laboratory and will be stored at 4oC in the laboratory. During sample collection the water at
each site will be measured for temperature, pH, dissolved oxygen, and conductivity. Turbidity
will be determined immediately in the laboratory following sampling (absorbance at 595 nm). 

Both water and sediment samples will be serially diluted with sterile distilled water to 
10-1, 10-2, and 10-3 within six hours of collection and processed with the Colilert® and
Enterolert™ Systems (IDEXX Laboratories, Westbrook, ME).

Enumeration of total coliforms and E. coli:  Quantitative analysis of both total coliforms
and E. coli will be determined using IDEXX Colilert® reagent immediately after sampling.  Three
repetitions of three dilutions will be incubated at 35/C for 24 hours and MPN will be determined
based on the dilution factor and manufacturer-supplied MPN tables.  The Colilert® reagent
contains a nutrient-indicator that can be metabolized by the coliform enzyme $-galactosidase that
results in a change from colorless to yellow, and a product that fluoresces under long-wave
ultraviolet light (366 nm) following metabolism of the E. coli enzyme $-glucuronidase.

Enumeration of fecal enterococci: A package of powdered Enterolert reagent will also be
added to three replications of each dilution.  After the reagent is dissolved in the sample, the
contents of each bottle will be added to a Quanti-tray, a sterile disposable panel containing 97
wells.  Each Quanti-tray will be mechanically sealed.  The sealing distributes the sample
uniformly into the wells.  Each Quanti-tray will be incubated for 24 h at 41/C.  Fluorescing
(positive) wells will be counted under UV light.  The number of positive wells will be converted
to a Most Probable Number (MPN) value based on the dilution factor and manufacturer-supplied
MPN tables.  

MPN will be “confirmed” by isolating the contents of positive (fluorescing) Quanti-tray
wells and testing for the presence of fecal enterococci.  To obtain these isolates, positive Quanti-
tray wells will be labeled with an acetate marker.  The back of the Quanti-tray will be surface-



disinfected with 70% ethanol, and wells will be punctured with a separate sterile pipette tip.  A
10-:L aliquot will be removed from a well with the pipetter, and the aliquot will be spotted into
one well of a 96-well microtiter plate containing Enterococcosel agar (Becton Dickinson, Sparks,
MD).  The plates will be incubated for 24 hours at 35/C.  Wells positive for esculin hydrolysis
(black color) will be struck onto 5-cm plates containing brain heart infusion agar with 6.5%
NaCl.  Plates will then be incubated in Ziploc bags (DowBrands, Indianapolis, IN) at 35/C.  After
48 hours, colonies on the plates (positive growth) will be subjected to a catalase test with 8.82 M
H2O2 to ensure that each isolate is catalase negative.  Quanti-tray wells containing bacteria that
conform to this definition of fecal enterococci (hydrolyze esculin, grow on brain heart infusion
agar with 6.5 % NaCl, and are catalase negative) will be recorded as positive for fecal
enterococci, and the wells will be counted to determine the MPN. 

Determination of antibiotic resistance:  Each sample will also be placed in five more sets
of nine Colilert® tubes as described above; however, tubes will also contain one of five
antibiotics. Selected antibiotics will include a representative of five classes of antibiotics:
macrolides (erythromycin), quinolones (ofloxacin), sulfonamides (sulfamethoxazole), $-lactams
(ampicillin), and tetracyclines (tetracycline). Three of the antibiotics, the macrolide, quinolone,
and sulfonamide, have been detected previously in Mud Creek, one of the streams being tested in
this study. National Committee for Clinical Laboratory Standards (NCCLS) breakpoints, where
available,  will be used to guide initial concentrations of antibiotics to be tested. Results of initial
screenings will be used to adjust antibiotic concentrations as needed, with initial antibiotic
concentrations ranging up to 8 :g/ml for ofloxacin, 80 :g/ml for sulfamethoxazole, and 50 :g/ml
for erythromycin, ampicillin, and tetracycline.

Positive tubes will be plated on agar plates to isolate colonies for future identification of
bacterial strains and diversity. 

Facilities
The facilities and instrumentation needed for both objectives are available in Dr. Savin’s

laboratory located in Agriculture Building or Dr. Haggard’s laboratory in the Engineering
Building on the University of Arkansas campus in Fayetteville, with the exception of the
Enterolert Quanti-tray sealer.

Timeline
 Mar   Apr   May   Jun   Jul   Aug   Sept   Oct   Nov   Dec   Jan   Feb  Mar (Apr)

Prepare for Study  I----------I
Sample Collection         I-------------I     I--------------I       I-------------I   
Data Analysis I-----------------------------------------------------I
Paper Writing  I-----------------------------------------I
Presentations I---I      I---I   I-----I

Related Research
Previous research on isolates of the general bacterial community in soils and runoff from

grass plots receiving poultry litter were inconclusive. The effect of repeated annual land
applications of untreated and alum-treated poultry litter treatments varied with sampling time and
antibiotic tested (Tomlinson and Savin, 2004). In addition, antibiotic resistance could be
relatively high in control soil, which received no poultry litter. Plots were small, so litter may



have cross-contaminated plots, but we do not believe this to be the case because there were
significant differences in biochemical and chemical properties among plots of different
treatments. Because of the difficulty in obtaining information on what is fed to poultry, we may
have chosen poorly in regard to the antibiotics tested. However, again, we do not believe this to
be true because we had published and unpublished data on the antibiotics of choice in poultry
rearing. Resistance in our previous work was most strongly related to antibiotic choice. One
antibiotic that was tested did not target bacteria (monensin), another targeted gram-positive
bacteria (bacitracin), and the third targeted all bacteria (tetracycline). As would be expected,
resistance to antibiotics decreased in that order, respectively. Most likely the choice to investigate
antibiotic resistance in isolates cultivated from the “entire” or general community may not have
been selective enough to see differences among poultry litter treatments. Microbial communities
change temporally, resulting in community shifts among cultivated bacteria as well. Bacteria that
are active at one point in time may express differential levels of resistance than the community
isolated at another sampling time. Hence, the seemingly different temporal response in
expression of antibiotic resistance among treatments may be explained by changes in cultivated
communities. 

In this study, we will focus on bacterial indicators because they have been chosen as the
organisms to indicate the presence of fecal contamination, and the possible presence of
pathogens. We also have data for a number of antibiotics that have been detected and antibiotics
that were not detected in the streams that we will sample. We have evidence of the absence of
detectable levels of antibiotics upstream and the presence of detectable levels of antibiotics
downstream of wastewater treatment plants (Galloway et al., 2005). Dr. Haggard participated in
previous research where antibiotics and break down products were measured downstream of the
treatment plants on Mud Creek and Spring Creek. The collaboration between Dr. Brian Haggard,
a hydrologist with USDA-ARS in Fayetteville, and Dr. Savin should serve to ensure that high
quality science of microbiology of surface waters is conducted.
   Because of the profound implications for water quality, and because of the tenuous legal
issues between Arkansas and Oklahoma, we are also collaborating with Dr. Shiping Deng of
Oklahoma State University to compare results across state lines. Dr. Deng has collaborated with
Dr. Peter Hartel at University of Georgia on a microbial source tracking project (unfunded) and
practiced determining survival of enterococci in Boomer Lake. Both Dr. Savin and Dr. Deng are
participants in the Cooperative Multistate Project S-1022 Basic and Applied Aspects of Bacterial
Source Tracking.
 
Training potential

A portion of this project (antibiotic resistance in E. coli to three antibiotics in Mud Creek)
is serving as the honors thesis research for an environmental, soil, and water science
undergraduate student. The remainder of the research will constitute the focus of the research
thesis of a graduate student (candidate for a M.S.) or, if a suitable M.S. student is not found, will
be divided among undergraduate students pursuing independent research projects. 
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