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Upper Fish River Bacterial Source Tracking Project 
Final Report 

 
Introduction 
 

Fish River in the Weeks Bay watershed, Baldwin County, Alabama is included on the 
Clean Water Act §303(d) list for pathogen contamination.  The upper reaches of the 
Fish River (HUC 031602050201) watershed were identified by the Mobile Bay 
National Estuary Program (MBNEP) as a priority area.  The land use is mixed and 
includes urban development, agriculture, pasture and forests (Figure 1).  Even though a 
mixture of uses is present, the dominate use in the upper Fish River remains agriculture 
(NRCS).  Also, Fish River is one of the two main tributaries to Weeks Bay, a 
designated “Outstanding National Resource Water.”  Pathogen contamination in the 
river and the potential human health threat associated with these bacteria are identified 
as an environmental problems in the Weeks Bay Watershed Management Plan.  
Typically, potential sources of pathogen contamination have not been identified, only 
simply recognized; e.g. there are cows in the stream, cattle are known sources of fecal 
bacteria; therefore if the cows are removed, the pathogen source will be removed.  
Efforts in the past have done just that; cattle fenced out, provided an alternative 
watering source and provided a hard-bottom crossing.  Yet in many cases, pathogen 
counts have remained high.  As for Fish River, this is the reality. The Weeks Bay 
Foundation (Foundation) has funded bacterial monitoring in cooperation with the 
volunteer water monitoring group, Weeks Bay Water Watch.  In addition, the 
Foundation has partnered and funded joint pathogen monitoring efforts with Weeks 
Bay Reserve, a partnership between the Alabama Department of Conservation and 
Natural Resources, State Lands Division (ADCNR/SLD) and the National Estuarine 
Research Reserve System of the National Oceanic and Atmospheric Administration. 
 
Current fecal coliform monitoring includes locations spanning much of the accessible 
reaches of Fish River and several tributaries.  Counts of bacteria in the upper Fish River 
remain periodically high and exceed the limits of its water use classifications, 
Swimming and Fish and Wildlife, as established by the Alabama Department of 
Environmental Management (ADEM).  High counts typically follow rain events.  Even 
though pathogens in Fish River are actively enumerated, there have been no detailed 
studies examining the source(s) of contamination at the cellular level.  As stated, high 
counts typically occur during high water events.  A clear need existed to better identify 
sources so that better management programs may be developed to address the water 
quality problem.  Potential sources like pasture grazing remain, but with continuing 
development occurring in the upper Fish River watershed additional sources like failing 
septic systems, sewer line malfunction, discharge from wastewater treatment plants and 
urban stormwater runoff become more prevalent.  Knowing the sources and how they 
are (or are not) affected by rainfall events will aid in making better management 
decisions and ultimately reduce pathogen pollution. 
 
In this study, two well-tested source tracking methods were used to examine the origins 
of bacteria in the upper reaches of Fish River.  The study area started just upstream of 
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the confluence with Polecat Creek near Silverhill, AL northward to the source.  The 
comparison of growth patterns of pathogens in the presence of a variety of antibiotics 
has been used in watersheds in Alabama as a source identification tool.  Antibiotic 
resistance testing was used in this study as one technique for source identification.  E. 
coli was used as the indicator bacteria for this investigation.  Cells from known sources 
(human, cow and horse) were grown in the presence of several antibiotics and their 
growth patterns were statistically analyzed to discriminate between the sources.  The 
growth patterns of E. coli collected from Fish River water were compared to the 
patterns of the known sources.  Discriminant analysis, a statistical method, was used to 
separate growth patterns into classifications.  The cells collected in Fish River were 
classified into human, cow or horse patterns.  The next technique involved the use of 
unique DNA sequences to identify the source of bacteria that are strong indicators of 
the presence of pathogenic strains.  The DNA-based source detection methods selected 
for this study are reliable and available at several commercial laboratories.  These 
methods rely on amplification or increasing the number of DNA sequences (markers) 
unique to specific warm-blooded animals including humans. 
 
This report includes historical information about E. coli counts at the downstream-most 
Fish River sampling site in the study - Woodhaven Dairy Road.  A detailed 
examination of the increases in E. coli counts in response to rainfall events is also 
included.  Throughout the study, volunteers faithfully documented rainfall amounts and 
reported qualifying storm events for water collection.  Building in the preparatory data 
and rainfall monitoring, two bacterial source tracking methods were used to identify 
sources of bacterial contamination.  As part of the project, a student in the International 
Baccalaureate program at Fairhope High School was able to complete a significant part 
of his study, the Extended Essay, while working on this project.  In addition, 
undergraduate students at the University of West Alabama were able to advance their 
knowledge of laboratory work and microbiology while conducting antibiotic resistance 
analysis.  Finally, this study could be reproduced in other watersheds including those in 
middle and lower Fish River to identify contamination source.  Management measures 
can be enhanced by the results of this study to reduce or eliminate bacterial pollution in 
the Fish River. 

 
Materials and Methods 
 

Rainfall Monitoring 
 

Volunteers were recruited to monitor rainfall and be sentinels for rain events that would 
trigger river water sampling.  Monitors were selected for their locations along the reach 
of Fish River within the upper portion of the watershed.  All lived in close proximity to 
the sampling sites (Figure 2).  Oregon Scientific™ Model RGR682 (Cannon Beach, 
OR) electronic rain gauges were installed at each location.  The electronic gauge 
consists of an outdoor self-tipping bucket with built in sending unit and an indoor 
receiver.  The receiver tracked both daily and cumulative rainfall.  A nine-day memory 
was maintained by the unit. Daily rainfall was reset to zero at midnight on each 
evening, so daily rainfall was collected from midnight to midnight as a 24-hour cycle.  
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The total rainfall was collected over time providing a long-term assessment of rain 
amounts over the monitoring period.  Volunteers were provided monthly rainfall data 
sheets and instructions for recognizing gauge problems.  The units were purposely 
selected for their ease of operation.  Volunteers were instructed to diagnose problems 
and immediately contact project manager for maintenance or repair.  Once installed, the 
outside unit needed to remain level to function correctly, so all troubleshooting was left 
to the project manager. 
 
Volunteers were instructed to check rainfall monitor and record data at 1900 hours (or 
7:00pm) each day or as close to that time as is practicle. When a DAILY total of 0.1 
inches or greater was recorded, volunteers were instructed to contact the project 
manager by phone or email to report qualifying rainfall event.  Summary of rainfall 
data is depicted in Figure 3. 
 
E. coli Collection 
 
E. coli were collected using Coliscan Easygel (Micrology Laboratories, Goshen, IN).  
Fish River water samples were taken from a flowing portion of the waterway in sterile 
plastic bottles.  Details of Easygel method are described in Appendix A.  Locations of 
water sampling sites are identified on Figure 4.  Water samples were collected during 
both high water events resulting from rainfall and baseflow conditions.  E. coli from 
known sources (human, bovine and equine) were collected at several sites inside and 
outside the Fish River watershed (Figure 5).  Human E coli were collected from 
centralized wastewater treatment facilities in Loxley, Foley, Fairhope and Daphne.  
Treatment plant influent was collected in sterile bottles, diluted using commercially 
available bottled water and planted to achieve 12-25 E. coli colonies per plate.  The 
exact number of colonies per 100 ml was not enumerated.  Fecal material from cows 
(bovines) and horses (equines) was collected at several sites both inside and outside the 
watershed of Fish River (Figure 5). Fecal material was collected in plastic bags.  The 
solid material was diluted using commercially available bottled water and plated to 
achieve a 12-25 E. coli colonies  per plate.  The exact number of colonies per 100 ml 
was not enumerated. Sample plates were incubated at 36-37 ̊ C for 24-48 hrs.  
Description of collection is summarized in the extended essay written a Fairhope High 
School student as part of the International Baccalaureate course requirements 
(Appendix B).  Plates were shipped unchilled and overnight to University of West 
Alabama for antibiotic resistance analysis. 
 
Antibiotic Resistance Analysis 
 
Antibiotic resistance analysis was used to identify the likely source(s) of the bacteria.  
Antibiotic resistance patterns were performed according to Burnes B.S. (2003) 
Antibiotic Resistance Analysis of Fecal Coliforms to Determine Fecal Pollution 
Sources in a Mixed-Use Watershed, Environmental Monitoring and Assessment, 
Volume 85, Number 1, pp. 87-98(12) and Wiggins, B.A. et.al. (1999) Use of Antibiotic 
Resistance Analysis to Identify Nonpoint Sources of Fecal Pollution, Applied and 
Environmental Microbiology 65:3483-3486.  Discriminant analysis was performed 
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according to Burnes B.S. (2003) Antibiotic Resistance Analysis of Fecal Coliforms 
to Determine Fecal Pollution Sources in a Mixed-Use Watershed, Environmental 
Monitoring and Assessment, Volume 85, Number 1, pp. 87-98(12);Wiggins, B.A. 
et.al.(1999) Use of Antibiotic Resistance Analysis to Identify Nonpoint Sources of 
Fecal Pollution, Applied and Environmental Microbiology 65:3483-3486 and Wiggins, 
B.A., (1996), Discriminant Analysis of Antibiotic Resistance Patterns in Fecal 
Streptococci, a Method to Differentiate Human and Animal Sources of Fecal 
Pollution in Natural Waters, Applied and Environmental Microbiology 62:3997-
4002. 
 
Samples were also collected from probable sources of pathogen contamination in the 
Fish River watershed.  These samples were from a municipal waste water treatment 
plant (for human E. coli), pasture-kept cattle (for bovine E. coli), and pasture-kept 
horses (for equine E. coli).  In order to isolate E. coli, each sample was serially-diluted 
and inoculated into Coliscan Easygel plates according per the manufacturer 
instructions.  A total of 860 E. coli isolates were collected throughout the study period, 
including 651 E. coli isolates from river water samples and 209 E. coli isolates from 
known sources.  A reference strain, E. coli no. 11775 (American Type Culture 
Collection, Rockville, MD), was included as a positive control.   
 All E. coli were purified and assayed for growth in the presence of 13 commonly-
used antibiotics (Table 1).  Each isolate was given a unique sample number, sample 
date and E. coli strain designation.  Resistance was scored in growth assays. These 
results were then compared to identify patterns that linked E. coli from the Fish River 
to E. coli that were human, bovine, or equine in origin.  The method used to identify the 
patterns is discriminant function analysis, a type of multivariate statistical analysis 
designed to recognize patterns and classify unknown cases into known groups.  The 
inclusion of three distinct source groups in this study allowed the generation of two 
discriminant functions.  The equations for the discriminant functions are:  
 

DF1 = -3.249 +0.136Amp +0.074Cip +0.094Ery +0.207Naa +0.458Str 
DF2 = -5.249 +0.133Amp +0.242Cip +0.179Ery +0.417Naa +0.355Str 

 
The two discriminant functions were applied to the growth assay results of every E. coli 
isolate, resulting in two discriminant function scores for every isolate.  The origin, 
discriminant function scores, classification, probability, and distances from the group 
center of all E. coli isolates are listed in Appendix C. 
 
DNA-based Source Identification Testing 
 
Samples for DNA-based source identification testing were collected in sterile plastic 
bottles and chilled on ice.  The laboratory tested each sample for the indicator bacteria 
prior to DNA amplification, so enumeration of E. coli in the river sample was not 
conducted on each sample.  Bottles containing river water for testing were placed in 
plastic zipper-seal bag and packed on ice in a rigid cooler.  Coolers were shipped 
overnight to Source Molecular Corporation for appropriate testing.  Details of testing 
methods are contained in Appendix D. 
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Results 
 

Examination of the E. coli counts in Fish River in response to rainfall events. 
 
Prior to the testing accompanying this project, enumeration of E. coli was carried out 
by a volunteer participating in the Alabama Water Watch program in the watershed of 
Weeks Bay.  The site on Fish River located north of the confluence with Polecat Creek 
on Woodhaven Dairy Rd. was included as a source tracking site because of the long 
data history.  In addition, the volunteer has collected precipitation at the sampling 
location for several months prior to initiation of this project.  In addition, precipitation 
and river discharge data is available from the U. S. Geological Survey gage station on 
Fish River at Alabama Highway 104.  The river gage is located about four miles north 
of the Woodhaven Dairy Rd.  Historically, E. coli counts increase in response to rainfall 
events (Table 2).   Typical E. coli counts at the site range from 20-80 colonies per 100 
ml.  On 1/27/08 and with a total amount of 2.53 in. accumulating in the previous three 
day, a count of 1,833 colonies per 100 ml was recorded.  A similar result was recorded 
on 2/15/09.  On other dates with increased rain amounts on or leading up to the sample 
date like 7/14/07, 5/18/08, 6/15/08 and 11/30/08, bacteria counts were elevated, but not 
above 1,000 colonies per 100ml.  Bacteria counts seemed to show little or no increase 
resulted from increased rainfall on 7/14/07 and 9/21/08. 
 
Since project initiation, E. coli counts in Fish River at the Woodhaven Dairy Rd. 
location were enumerated in response to selected rain events (Table 3).  E. coli 
sampling events were triggered by a 0.1 in rainfall event provided that no rain was 
recorded in the previous 72 hr.  Water samples were taken for E. coli enumeration twice 
daily for five events in 2008.  In the first sampling in response to only 0.15 in. of 
precipitation (10/18/08), E. coli counts remained at typical concentrations.  One week 
later in response to a 2.5 in rain event (10/24/08), E. coli counts ramped up quickly and 
diminished back to typical levels within about two days.  A modest increase in E. coli 
counts occurred in November sampling events when 0.69 in (11/8/08) and 0.32 in 
(11/25/08) were recorded.  Four days following the 11/25/08 testing, an additional 1.8 
in rain fell at the sample site resulting in an increase in counts (11/29-30/08).  All the 
sampling events in 2009 revealed similar results (Table 2).  E. coli counts increased 
rapidly to 1600-2200 colonies per 100ml.  Counts decreased rapidly also.  In April 
2009, counts spiked to 2722 colonies per 100 ml after a rainfall event of 0.78 in.  
Rainfall data reveal the need to sample the river early in the rainfall event to maximize 
the chance of capturing the increased counts.  Counts in the river increase rapidly and 
decrease nearly as rapidly. 
 
 
Rainfall Monitoring 
 
Volunteers responded to the search for sentinels to monitor rainfall events and contact 
the Project Manager to collect water samples.  The more ambitious plan to train 
volunteers to collect water samples was discontinued based upon the safety issue of 
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sampling during times of high water.  Six monitoring stations were established at 
locations near the water sampling stations (Figures 2 and 4).  Both daily and cumulative 
rainfall data was collected each day.  Monitors at locations near the US 90, CR 54 and 
Woodhaven Dairy Rd submitted data with most regular frequency and for the longest 
duration of time (Figure 3).  Also, these volunteer monitors consistently reported 
qualifying storm events.  In combination with gage height and discharge data available 
from the USGS gauge station on Fish River (USGS 02378500 FISH RIVER NEAR 
SILVER HILL AL), the volunteers collected data, and their willingness to report 
rainfall events facilitated water sample collection. 
  
Sampling E. coli for Antibiotic Resistance Analysis 
 
E. coli was enumerated at both low water (dry) and high water (rain) conditions at six 
locations along the upper reaches of Fish River (Figure 4).  High water sampling was 
conducted in response to selected rainfall events of 0.1 in or greater.  Sampling was 
conducted by the project manager. Only five E. coli colonies were detected in the 
January 2009 low water sampling (Table 6).  Despite the low numbers, plates were 
shipped overnight to the University of West Alabama for antibiotic resistance analysis.  
The winter high water sampling event was performed February 2009, accompanying an 
over two inch rainfall event.  Water samples were plated using three dilutions (Table 3).  
E. coli counts were elevated at each of the sites compared to the winter dry sampling.  
The fewest cells were enumerated at Fish River at Interstate 10, 199 colonies per 
100ml.  The highest concentration of E. coli was enumerated at Fish River at CR54, 
1,555 colonies per 100ml.  Again, plates were shipped overnight to the University of 
West Alabama for testing. 
 
With less than 0.2 in rain recorded over two weeks by volunteers and USGS Gage 
Station on Fish River, the spring low water sampling was conducted in April 2009 
(Table 4).  Counts were low at each of the six Fish River sites.  Five replicates were 
plated for each Fish River site.  The highest concentration of E. coli at any site was 30 
colonies per 100ml.  The spring high water sampling event was completed in May 
2009.  Over three inches of rain was recorded by volunteer monitors.  As in previous 
high water events, E. coli counts were high (Table 5).  The highest counts were 
recorded at the CR48 site.  Lowest counts were recorded on Fish River at Interstate 10.  
The rain event in May 2009 was the first significant amount of rain since mid-April.  
The build up of cells on the landscape without a flushing rain event likely contributed 
to the high counts.  The remaining counts for E. coli submitted for antibiotic resistance 
testing are listed in Table 6.  As in all other sampling events, plates containing E. coli 
colonies were shipped to the University of West Alabama for testing. 
 
Sampling for known sources of E. coli was conducted at several sites within and 
outside the upper Fish River watershed (Figure 5).  The antibiotic resistance growth 
patterns of the known sources were compared to the unknowns collected from Fish 
River.  Human cells were isolated from influent water entering four local wastewater 
treatment plants: Baldwin County Sewer Service Plantation Hills, City of Loxley, City 
of Fairhope and Riviera Utilities, Foley.  Influent water was selected as a source of E. 
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coli because untreated wastewater arriving at each of the plant is almost exclusively 
from residential sources implying human sources.  Cells for bovine and equine sources 
were collected from manure samples.  In the case of all known E. coli sources, source 
material (treatment plant influent or manure) was diluted to achieve coverage on the 
plates of 15-25 colonies.  Two rounds of sampling for known E. coli sources were 
conducted: May 2009 and August 2010.  Counts for each sample were not enumerated.  
For final antibiotic resistance growth testing and discriminant function analysis, sample 
size was about 90 isolates for bovine, 65 for equine and 52 for humans. 
 
Gibbs Pearson, an International Baccalaureate student at Fairhope High School, 
assisted with the summer 2010 sampling of E. coli of known sources.  As part of his 
International Baccalaureate study, Gibbs was required to conduct a research project and 
compose an extended essay summarizing the experience.  The student was involved in 
both sample collection and isolation of E. coli samples.  Gibbs’ Extended Essay is 
contained in Appendix B. 
 
Antibiotic Resistance Analysis  
 
The two discriminant functions were applied to the growth assay results of every E. coli 
isolate, resulting in two discriminant function scores for every isolate.  The origin, 
discriminant function scores, classification, probability, and distances from the group 
center of all E. coli isolates are listed in Appendix C. 
 The discriminant function scores of the reference E. coli isolates (human, bovine, 
and equine) were plotted with the DF1 score on the x-axis and the DF2 score on the y-
axis (Figure 6).  A territory map was delineated along the discriminant function minima 
at the lines defining each group.  The accuracy of Figure 6 is assessed by calculating 
the percent of the known source E. coli isolates which are correctly classified into their 
groups of origin.  The isolates in this study have an average correct classification rate of 
61.9%.  These results are significant, in that any classification rate above 33% is 
considered better than random.  There is significant overlap in the discriminant scores 
of bovine and equine E. coli, which reduces the accuracy of differentiating between the 
two groups.  The relative similarity of non-human discriminant function scores is 
consistent with previous studies and has been the basis for structuring other study 
comparisons as human versus non-human.  The classification rates for each reference 
group and both sampling dates are shaded in Table 7. 
 Once the territory map was delineated, the E. coli collected from the Fish River 
were plotted in an identical manner to the known-source E. coli (Figure 7).  The 
distribution of the probable sources of E. coli is weighted by the number of E. coli/ml 
determined from each sample.  The total distribution of E. coli found in the Upper Fish 
River is: 

16.4% of the E. coli were of human origin, 
    52.8% of the E. coli were of bovine origin, and 
    30.9% of the E. coli were of equine origin. 
 
Individual discriminant score plots of all samples are available but not included in this 
report due to the 87-page length of the figure.  The E. coli classifications from all 
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samples from the Fish River are listed in Table 8 and separated by sampling event in 
Figure 8.  Variability in the source of E. coli is evident.  No one source is consistently 
more abundant at any particular site.  The low water samples taken in March 2009 
contain a mix of source classification except for water taken at the CR 64 site.  The CR 
64 site contain no human derived cells.  At the January 2009 high water sampling 
event, the human derived cells were detected in abundance at CR 64.  Bovine and 
equine derived cells are abundant at all sites from January 2011, yet in the January 
2009 sampling event, which showed similar overall E. coli counts to the 2011 event, 
there are sites with high numbers of human derived cells.  Again, no clear pattern of 
dominance by one source or another is evident.  When the results of high overall cell 
counts, like in the April 2009, May 2009 and Nov 2010 (1st Sampling) events, are 
examined, there are sites, I-10, CR64, CR48 and US90 with high bovine derived cells.  
The pattern does not remain consistent.   
 
DNA-based Source Identification Results 
 
To add further weight to determination of sources for E. coli in Fish River, DNA-based 
source identification testing was conducted on water collected at Woodhaven Dairy Rd, 
CR54 and US90.  Human and bovine markers from two classes of indicator bacteria, 
Enterococcus and Bacteroidetes, were used to probe bacteria found in water from Fish 
River.  Equine markers for Bacteroidetes were available to probe water samples.  The 
number of sample sites was reduced to three, due to the cost of testing.   As with water 
samples collected for antibiotic resistance testing, river conditions of both baseflow 
(dry weather) and high (rain conditions) water were sampled.  Equine markers were 
used to probe on water samples collected under rainfall conditions.  The DNA-based 
tests were more sensitive and reflected accurately the source of indicator bacteria even 
though few cells existed.  Also, prior to each analysis, water samples were tested for a 
minimum number of cells for each bacteria class, Enterococcus and Bacteroidetes.   
The results of the tests were detected or not detected indicating only the presence or 
absence and not relative abundance. 
 
Human markers for neither indicator bacteria were detected under low water conditions 
in the single sampling event in April 2010 (Table 9).  Human Enterococcus markers 
were detected under the two high water events sampled but on at the same location.  In 
May 2010, the marker was detected at Woodhaven Dairy Rd, but in January 2011, it 
was detected at CR54.  Human Bacteroidetes markers were detected in the high water 
samples collected at each of the three sites in January 2011 but not in the high water 
sample collected in May 2010 or the baseflow sample taken in April 2010.  Bovine 
markers for Enterococcus were detected at two of the three sites tested in April 2010: 
CR54 and Woodhaven Dairy Rd.  Bovine Bacteroidetes markers were not detected at 
any of the three sites under either baseflow or high water conditions (Table 10).  No 
bovine Bacteroidetes markers were identified in any sample collected.  Under the high 
water conditions, no markers from either indicator bacteria were detected at any of the 
three sites.  Enterococcus markers were not available for any equine samples so only 
Bacteroidetes markers were used to probe Fish River samples.  Only high water 
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conditions were tested.  Markers were detected at all three locations in February 2011 
and at CR54 in March 2011 (Table 11). 
 

Conclusions 
 

The watershed surrounding the upper reaches of Fish River contains a variety of uses, 
all of which have the potential to contribute E. coli and other pathogens to the river.  
Currently two wastewater treatment facilities discharge directly into the river.  Both 
plants have remained in compliance with their discharge limits, yet centralized 
treatment works like these and the pipes and lift stations that are part of the system have 
the potential to fail or leak.  Residential areas can contribute harmful bacteria through 
failing septic tanks and pet waste.  Pasture grazing by cattle and the manure they leave 
behind can contribute pathogens to Fish River and its tributaries.  Even though various 
wildlife populations have not been enumerated in the upper Fish River watershed, there 
is a high likelihood that the forested area in the landscape should support large 
populations of various species.   In this study, the sources of pathogens in the Fish 
River were examined.  E. coli of unknown sources isolated from the waters of the upper 
reaches of Fish River were compared to three from the most likely known sources: 
human, cattle and horses.      
 
It has been established through historical testing and in work conducted as part of this 
study that rainfall has a dramatic effect on the numbers of E. coli in the river.  The 
concentrations of bacteria jump from nearly zero to several thousand per ml? in 
response to rainfall events.  Examination of the numbers of cells in response to different 
rain events reveals the need to sample the river early in the rainfall event to maximize 
the chance of capturing the increased counts.  Counts in the river increase rapidly and 
decrease nearly as rapidly, suggesting that the source of the E. coli is surface runoff.  If 
sources were predominately in the groundwater, counts would not react as quickly to 
rain events.  Understanding that the sources likely contributed through surface runoff is 
important.  This fact will help educate future planning and management decisions. 
 
Two methods were used in this study to identify sources of the E. coli.  Both methods 
have been used successfully in other watersheds.  The first method was multiple 
antibiotic resistance analysis.  This method exposes E. coli to a variety of antibiotics, 
and subsequent growth patterns are examined.  Growth patterns of known sources of E. 
coli were compared to growth patterns of cells of unknown sources collected from Fish 
River.  The comparison is made using a statistical application called discriminant 
analysis.  Because the high number of cell examined in this study and the separation 
afforded by analysis of the growth patterns of E. coli from know sources, confidence in 
the statistical results was high.   Results showed that 16.4% of the E. coli cells were of 
human origin, 52.8% of the E. coli cells were of bovine origin, and 30.9% of the E. coli 
cells were of equine origin.  Conventional wisdom would support the results for human 
and bovine.  The upper Fish River area has been developing over the last two decades.  
Onsite sewage treatment persists.  Increases in domestic sources of pathogens are 
likely.  As stated earlier, two centralized domestic wastewater treatment plants are 
located in the upper watershed.  Their buried lines enervate the area and their treated 
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water is discharged into the upper Fish River.  Even though, no violations of discharge 
limits for either facility have been recorded recently, the plants remain potential 
pathogen sources.  Cattle have been a mainstay of agriculture in the upper watershed.  
Grazing cattle are  a prominent feature of the landscape.  According to the Alabama 
Agricultural Statistics Service, Baldwin County produced about 23,500 head of cattle in 
2011, yet those numbers have been declining.  In 1995, total Baldwin County cattle 
production was 42,500 animals.  The watershed surrounding the upper Fish River 
remains agricultural.  Combining the residential development with the remaining large-
scale presence of cattle grazing activities support the results produced by the antibiotic 
resistance testing: nearly 70% of the E. coli examined were from human or bovine 
sources.   The more unexpected result of the testing was the almost 31% of the E. coli 
derived from equine sources.  Horses have not been considered a significant source in 
the past, yet any future pathogen management plans must consider horses as a 
significant source.  Overall, discriminant analysis does not show any consistent pattern 
based on season, month or rain event.  The results support the idea of a watershed of 
mixed use contributing E. coli from a variety of sources.   
 
The DNA-based testing carried out to confirm results of the antibiotic resistance work 
verify the presence of human, cattle and equine sources.  Two indicator bacteria 
markers for human and bovine sources were used.  Only one indicator was currently 
available for detection of bacteria from horses.  The tests are presence-absence tests, yet 
both are sensitive to low concentrations of cells present in the water.  Horse (equine) 
markers were detected in water from at least one location sampled in response to a rain 
event.  The CR54 site showed the presence of horse markers at both testing events.  
Human markers were detected in only the high water samples taken.  Even though the 
methods used to search for bovine markers are sensitive, no E. coli markers from 
bovine sources were detected in the high water samples.  Only bovine Enterococcus 
was detected at all and only at the low water sampling event.  This result is at odd with 
results seen in the antibiotic resistance testing, yet the presence of cattle markers at low 
water does still support the notion that cattle remain a significant source of bacteria.  
The cost of the DNA-based testing did force a reduction in the number of sites tested 
and the number of sampling events.  The conclusion reached as a result of the two 
source tracking methods is all the sources examined remain serious potential sources in 
the upper watershed of Fish River.  Human and equine sources seem a more significant 
threat following rainfall events.  As in the past, management considerations for all three 
sources will have to be made in order to reduce pathogen number in Fish River. 
 
Contributions from wildlife remain undertermined.  Development of a classification 
system for the wide variety of animals that could contribute fecal material to the upper 
Fish River area was time- and cost-prohibitive.  Statistical analysis used in this study 
could have classified E. coli cells into the three known categories examined.  
Examination of the classification data does indicate that some isolates weakly classified 
into each category.  These cells could be from unknown origin but due to the 
classification statistics landed in a known category.  Further collection of fecal material 
for wildlife and additional antibiotic resistance analysis could distinguish those E. coli 
isolates classifying more strongly into a separate wildlife category.   
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Results of this study can be used to educate future management decisions that will be 
made to address pathogen issues in the upper Fish River.  A TMDL study by ADEM is 
not scheduled until 2013 (2010 303(d) List).  The information could also be used to aid 
the Gulf of Mexico Initiative being conducted by NRCS in the upper Fish River 
watershed.  The watershed was identified as a priority.  Reduction of pathogens is one 
of the outcomes NRCS hopes to achieve.  Identification of cattle or horse operations 
that could quality for USDA or NRCS cost-share programs would be an initial step in 
addressing pathogens inputs.  Working with livestock owners to implement practices 
that reduce grazing activities close to intermittent or perennial streams or watering in 
the creeks around Fish River will contribute to reduction of pathogen inputs.  There is a 
history in the Fish River watershed of practices intended to reduce pathogens and 
resulting in the removal of Caney Creek from the impaired waters list.  A cattle owner 
on the creek worked with the Weeks Bay Watershed Project, NRCS and ADEM to 
fence cattle from the water and install a hard-bottom cattle crossing.  Pathogen counts 
were reduced and the creek was removed from the 303(d) list.  The U. S. 
Environmental Protection Agency recognized the effort in December 2007 (EPA 841-
F-07-001EE).  The cooperation afforded by the wastewater treatment plant operations 
could continue with the identification of training needs and other practices that could 
prevent or reduce upsets or overflows that result in sewage spills.  Grease education 
programs have been successful in Daphne, AL and could be replicated.  Engaging the 
Alabama Public Health Service and ADEM to identify areas where septic tanks exist 
could yield reduction in pathogen inputs.  The Clean Water Partnership and MBNEP 
have cooperated on Juniper Creek and Eight Mile Creek in Mobile to address septic 
tank issues.  Additional funding will be needed to support further pathogen reduction 
efforts.  

 
News Coverage of Upper Fish River Source Tracking Project 

 
The Upper Fish River Source Tracking Project received media attention in February 
2009 with two newspaper articles.  The first appeared on February 8, 2009 in the 
Baldwin County section of the Press-Register (Mobile, AL) written by staff reporter 
Ryan Dezember.  The second appeared on February 16, 2009 in the Baldwin County 
regional paper, The Fairhope Courier, written by Curt Chapman.  Both articles were 
informative and captured complex subject matter in a way that a general audience could 
understand.  The Project Coordinator received many contacts as a result of the articles.  
A copy of the Fairhope Courier article was included in the letter sent to Fish River 
residents to recruit potential rainfall monitors.  Copies of the articles are included in the 
Appendix F.  
 

Scientific Presentations 
 
Presentation of preliminary results was conducted at two scientific meetings while the 
research was being conducted.  In 2010, a poster entitled: Identifying Sources of 
Pathogen Contamination in Upper Fish River was presented by University of West 
Alabama professor and project collaborator Dr. Brian Burnes at the Alabama Water 
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Resources Conference in Orange Beach, AL.  At the same conference in 2011, an oral 
presentation: Identifying Sources of Pathogen Contamination in Upper Fish River, 
Baldwin County, Alabama containing information on the current state of the project 
was given by Dr. Burnes.  As reported to the project manager by Dr. Burnes, the 2011 
presentation was well received and other potential collaborations were cultivated. 



Upper Fish River Source Tracking Project: 
Tables

15 



Table 1. Antibiotics used in E. coli growth assays. 
 
 

Antibiotic  Acronym  Concentration (ug/ml) 

Ampicilin  AMP  10 

Amoxicillin  AMC  30 

Chloramphenicol  CHL  30 

Ciprofloxacin  CIP  5 

Erythromycin  ERY  15 

Gentamycin  GEN  10 

Sulfisoxazole  GM  2 

Neomycin  NEO  30 

Nalidixic Acid  NAA  30 

Streptomycin  STR  10 

Spectinomycin  SPT  100 

Oxytetracycline  OXY  30 

Tetracycline  TET  30 
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Table 2. Historic E. coli counts and USGS precipitation data for Fish River at 
Woodhaven Dairy Rd. 

 
Sample E.coli/100ml USGS1 USGS1 3-Day USGS1,2 3-Day USGS1,2

Date MEAN Discharge (cfs) Rainfall (in) Discharge (cfs) Rainfall (in)
2007
1/27 22 72 A 0.65 A 87 A 0.06 A

2/25 0 60 A 0.15 A 63 A 0.00 A

3/25 33 48 A 0.00 A 49 A 0.00 A

4/22 33 44 A 0.00 A 50 A 0.00 A

5/20 22 40 A 0.00 A 40 A 0.00 A

6/17 78 49 A 0.00 A 50 A 0.00 A

7/14 33 47 A 0.11 A 51 A 1.29 A

8/11 56 43 A 0.00 A 45 A 0.03 A

9/8 33 53 A 0.00 A 56 A 0.28 A

10/7 33 42 A 0.01 A 41 A 0.16 A

11/3 56 43 A 0.00 A 45 A 0.00 A

2008
1/27 1833 136 A 0.00 A 136 A 2.53 e A

2/29 222 66 A 0.00 A 88 A 0.16 A

3/22 22 64 A 0.00 A 69 A 0.40 A

4/22 22 68 A 0.00 A 88 A 0.36 A

5/18 178 95 A 0.00 A 398 A 1.88 A

6/15 156 94 A 0.00 A 94 A 3.87 A

7/13 67 113 A No Data 113 A No Data
8/24 0 70 A 0.40 A 70 A 0.21 A

9/21 44 87 A 0.00 A 89 A 1.41 A

10/5 56 70 P 0.00 P 70 P 0.00 P

11/30 256 147 P 0.15 P 147 P 1.70 P

12/28 33 73 P 0.00 P 90 P 0.04 P

2009
1/8 400 94 P 0.00 P 124 P 1.01 P

1/18 0 70 P 0.15 P 70 P 0.00 P

2/15 1300 217 P 0.02 P 333 P 4.64 P

4/11 33 84 P 0.00 P 90 P 0.00 P

5/10 11 71 P 0.00 P 83 P 0.00 P

1 Explanation

  A Approved for publication -- Processing and review completed.

  P Provisional data subject to revision.

  e Value has been estimated.
2 USGS disharge maximum and accumulated precipitation w ithin 3 days prior to sampling date.
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Table 3.  E. coli counts in Fish River in response to selected rainfall events. 
 

Sample Sample E.coli/100ml Rain Volunteer
 Date  Time MEAN Date Precipitation (in)
2008

10/17 0
10/18 8:45 11 10/18 0.15
10/18 17:45 22
10/19 8:45 0 10/19 0
10/19 17:45 11
10/20 9:15 11 10/20 0
10/20 18:15 0
10/21 8:15 0 10/21 0
10/21 17:45 44
10/22 8:30 78 10/22 0
10/22 19:15 33 Total Rain=0.15

10/23 0
10/24 8:45 400 10/24 2.5
10/24 17:45 689
10/25 7:45 422 10/25 0.03
10/25 17:45 200
10/26 8:15 33 10/26 0
10/26 18:15 11
10/27 8:45 33 10/27 0
10/27 17:45 22
10/28 9:15 0 10/28 0
10/28 18:30 0 Total Rain=2.53

11/7 0
11/8 9:15 122 11/8 0.69
11/8 17:15 44
11/9 8:45 56 11/9 0
11/9 18:15 22

11/10 9:15 0 11/10 No Data
11/10 18:15 22
11/11 9:15 0 11/11 0
11/11 16:30 11
11/12 9:00 0 11/12 0
11/12 15:45 178 Total Rain=0.69

11/24 0
11/25 8:30 56 11/25 0.32
11/25 17:30 11
11/26 8:30 11 11/26 0.02
11/26 16:00 11
11/27 7:45 0 11/27 Trace
11/27 0:00 22
11/28 8:30 0 11/28 0.02
11/28 17:00 44
11/29 8:45 11 11/29 0.26
11/29 16:00 0
11/30 7:30 156 11/30 1.6
11/30 14:30 11 Total Rain=2.22  
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Table 2 (Continued).  E. coli counts in Fish River in response to selected rainfall events. 
 

Sample Sample E.coli/100ml Rain Volunteer
 Date  Time MEAN Date Precipitation (in)
2008

 12/3 0
12/4 11:00 22 12/4 0.02
12/4 18:00 22
12/5 8:30 22 12/5 0.32
12/5 16:30 33
12/6 8:00 22 12/6 0
12/6 16:00 22
12/7 8:45 0 12/7 0
12/7 16:30 11
12/8 8:30 0 12/8 0
12/8 17:00 0 Total Rain=0.34
2009

3/14 0
3/15 8:30 22 3/15 1.1
3/16 8:30 1667 3/16 2.55
3/17 8:30 1389 3/17 0.85
3/18 8:30 67 3/18 0.02
3/19 8:30 33 3/19 Trace

Total Rain=4.52
4/12 0

4/13 8:30 78 4/13 0.04
4/14 8:30 2722 4/14 0.78
4/15 8:30 311 4/15 0.02
4/16 8:30 0 4/16 0
4/17 8:30 0 4/17 0

4/18 0
Total Rain=0.84

5/3 0
5/4 0.08

5/5 8:30 2256 5/5
5/6 8:30 133 5/6 0
5/7 8:30 89 5/7 Trace
5/8 8:30 44 5/8 0
5/9 8:30 11 5/9 0

Total Rain=4.48

4.4
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Table 3.  E. coli counts at Fish River sites: Winter high water sampling event. 
         

Location Date Time

Sample 
Amount 

(ml)

E coli 
colonies/ 
Sample 
Amount

E coli/ 
100ml

Geomean/ 
100ml

Woodhaven 
Dairy Road 2/14/2009 0905 1 15 1500 1482

1 13 1300
2 32 1600
2 31 1550
3 44 1496
3 43 1462

CR48/ 
Bohemain 
Park 2/14/2009 0845 1 10 1000 1350

1 9 900
2 28 1400
2 37 1850
3 44 1496
3 51 1734

CR54 2/14/2009 0820 1 19 1900 1555
1 18 1800
2 30 1500
2 23 1150
3 45 1530
3 46 1564

CR64, 30m 
downstream 2/14/2009 0800 1 3 300 327

1 1 100
2 9 450
2 6 300
3 26 884
3 10 340

US90 2/14/2009 0744 1 5 500 635
1 4 400
2 18 900
2 10 500
3 21 714
3 30 1020

Interstate 10 2/14/2009 0730 1 1 100 199
1 2 200
2 3 150
2 5 250
3 6 204
3 12 408  
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Table 4.  E. coli counts at Fish River sites: Spring low water sampling event. 
 

Location Date Time

Sample 
Amount 

(ml)

E coli 
colonies/ 
Sample 
Amount

E coli/ 
100ml

Mean1/ 
100ml

Woodhaven 
Dairy Road 4/27/2009 0740 4 1 25 10

4 0 0
4 1 25
4 0 0
4 0 0

CR48/ 
Bohemain 
Park 4/27/2009 0730 4 1 25 30

4 2 50
4 1 25
4 2 50
4 0 0

CR54 4/27/2009 0800 4 2 50 20
4 0 0
4 0 0
4 2 50
4 0 0

CR64, 30m 
downstream 4/27/2009 0825 4 0 0 30

4 1 25
4 0 0
4 3 75
4 2 50

US90 4/27/2009 0839 4 0 0 15
4 0 0
4 2 50
4 1 25
4 0 0

Interstate 10 4/27/2009 0855 4 0 0 15
4 1 25
4 1 25
4 1 25
4 0 0

1 Geometric Mean fails to calculate a number when zeros present in series.   
Arithmetic Mean calculated.  
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Table 5.  E. coli counts at Fish River sites: Spring high water sampling event. 
 

Location Date Time

Sample 
Amount 

(ml)

E coli 
colonies/ 
Sample 
Amount

E coli/ 
100ml

Geomean/ 
100ml

Mean/ 
100ml

Woodhaven 
Dairy Road

5/4/2009 1759 2 49 2450 2447 2450
2 52 2600
2 46 2300

CR48/ 
Bohemain 
Park 5/4/2009 1750 2 124 6200 5878 5883

2 117 5850
2 112 5600

CR54 5/4/2009 1735 2 115 5750 5201 5217
2 95 4750
2 103 5150

CR64, 30m 
downstream 5/4/2009 1715 2 58 2900 3015 3017

2 63 3150
2 60 3000

US90 5/4/2009 1705 2 117 5850 5698 5700
2 115 5750
2 110 5500

Interstate 10 5/4/2009 0654 2 16 800 1132 1167
2 29 1450
2 25 1250  
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Table 6. E. coli counts for samplings events submitted for antibiotic resistance analysis 
 
 

Interstate 10 US 90 CR 64 CR 54
CR 48 

Bohemian 
Park

Woodhaven 
Dairy Road

Date Condition

1/4/2009 Rain 97 380 125 490 129 310

1/28/2009 Dry 0 22 0 12 12 12

3/1/2009 Rain 1833 2600 3833 3533 3333 3433

11/4/2010 Rain 1733 1600 1266 1800 2733 1500

11/18/2010 Rain 766 1200 1033 1000 1100 1366

1/1/2011 Rain 169 261 269 169 269 69

1 Arithmatic mean calculated for each data set.
2 Only five E. coli colonies were detected; the number reflects total colonies not E. coli/100ml

Sampling Locations

E. coli/100ml1
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Table 7.  Classification of E. coli from known sources in the Upper Fish River 
watershed. 
 

  Source  
Date Classification Human % Bovine % Equine % Total

05/01/09 Human 22 
 

71.0 11 19.3 5 16.7 38 
 Bovine 5 16.1 34 59.6 4 13.3 43 
 Equine 4 12.9 12 21.1 21 70.0 37 
 Total 31 100 57 100 30 100 11
        

08/19/10 Human 11 

8 
 

52.4 8 23.5 2 5.7 21 
 Bovine 9 42.9 17 50.0 9 25.7 35 
 Equine 1 4.8 9 26.5 24 68.6 34 
 Total 21 100 34 100 35 100 90 
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Table 8.  Classification of E. coli from the Upper Fish Rivera. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Sample   

Date Class I-10 % US 90 % 
CR 
64 % 

CR 
54 % 

CR 
48 % WHD % Totals % 

Jan 2009 Bovine 0.0 0.0 253.3 66.7 0.0 0.0 98.0 20.0 0.0 0.0 62.0 20.0 500.0 24.6 

 Equine 97.0 100.0 126.7 33.3 0.0 0.0 359.3 73.3 64.5 50.0 186.0 60.0 1090.2 53.7 

 Human 0.0 0.0 0.0 0.0 125.0 100.0 32.7 6.7 64.5 50.0 62.0 20.0 440.8 21.7 

Feb 2009 Bovine 33.7 16.7 467.5 69.6 351.1 88.9 1070.3 68.0 271.4 19.4 325.8 22.0 2782.3 44.7 

 Equine 168.3 83.3 146.1 21.7 43.9 11.1 314.8 20.0 1047.0 75.0 832.5 56.1 2763.8 44.4 

 Human 0.0 0.0 58.4 8.7 0.0 0.0 188.9 12.0 77.6 5.6 325.8 22.0 676.9 10.9 

Mar 2009 Bovine 6.4 42.9 8.8 56.0 15.0 33.3 6.7 33.3 10.0 33.3 3.3 33.3 249.0 39.2 

 Equine 7.5 50.0 4.4 28.0 30.0 66.7 6.7 33.3 10.0 33.3 3.3 33.3 273.2 43.0 

 Human 1.1 7.1 2.5 16.0 0.0 0.0 6.7 33.3 10.0 33.3 3.3 33.3 113.4 17.8 

Apr 2009 Bovine 1833.0 100.0 866.7 33.3 3833.0 100.0 0.0 0.0 3333.0 100.0 1144.3 33.3 11343.4 59.5 

 Equine 0.0 0.0 866.7 33.3 0.0 0.0 3533.0 100.0 0.0 0.0 1144.3 33.3 5677.4 29.8 

 Human 0.0 0.0 866.7 33.3 0.0 0.0 0.0 0.0 0.0 0.0 1144.3 33.3 2044.4 10.7 

May 2009 Bovine 233.4 20.0 5700.0 100.0 1580.3 52.4 3581.9 68.8 918.8 20.0 918.8 37.5 13194.2 58.3 

 Equine 933.6 80.0 0.0 0.0 862.0 28.6 651.3 12.5 2206.1 48.0 1531.3 62.5 6353.3 28.1 

 Human 0.0 0.0 0.0 0.0 574.7 19.0 976.9 18.8 1470.8 32.0 0.0 0.0 3092.1 13.7 

1 Nov2010 Bovine 666.5 38.5 492.3 30.8 670.2 52.9 942.9 52.4 1366.5 50.0 500.0 33.3 4863.0 43.7 

 Equine 666.5 38.5 492.3 30.8 223.4 17.6 600.0 33.3 455.5 16.7 500.0 33.3 3074.6 27.6 

 Human 399.9 23.1 615.4 38.5 372.4 29.4 257.1 14.3 911.0 33.3 500.0 33.3 3194.4 28.7 

2 Nov2010 Bovine 255.3 33.3 400.0 33.3 344.3 33.3 333.3 33.3 651.9 59.3 739.9 54.2 2917.4 41.9 

 Equine 255.3 33.3 400.0 33.3 344.3 33.3 333.3 33.3 0.0 0.0 455.3 33.3 1921.7 27.6 

 Human 255.3 33.3 400.0 33.3 344.3 33.3 333.3 33.3 448.1 40.7 170.8 12.5 2126.0 30.5 

Jan 2011 Bovine 123.5 73.1 155.4 59.5 112.6 41.9 68.9 40.7 93.8 34.9 37.2 53.8 841.4 49.3 

 Equine 45.5 26.9 99.4 38.1 150.1 55.8 100.1 59.3 175.2 65.1 31.8 46.2 847.4 49.7 

 Human 0.0 0.0 6.2 2.4 6.3 2.3 0.0 0.0 0.0 0.0 0.0 0.0 17.2 1.0 

 
a Numbers in italics are extrapolated from very limited data and should be regarded as such 
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Table 9. Results from Human Enterococcus and Bacteroidetes testing on Fish River 
water samples collected at US 90, CR54 and Woodhaven Dairy Rd. 

Human Enterococcus US 90 CR 54 Woodhaven 
Dairy Rd

Date Sampled Condition
4/7/2010 Baseflow X X X

5/17/2010 Rain X X

1/1/2011 Rain X X

Human Bacteroidetes

Date Sampled Condition
4/7/2010 Baseflow X X X

5/17/2010 Rain X X X

1/1/2011 Rain

Sampling Locations

Detected ( ) or Not Detected (X)

Detected ( ) or Not Detected (X)
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Table 10. Results from Bovine Enterococcus and Bacteroidetes testing on Fish River 
water samples collected at US 90, CR54 and Woodhaven Dairy Rd. 

Bovine Enterococcus US 90 CR 54 Woodhaven 
Dairy Rd

Date Sampled Condition
4/7/2010 Baseflow X

5/17/2010 Rain X X X

1/1/2011 Rain X X X

Bovine Bacteroidetes

Date Sampled Condition
4/7/2010 Baseflow X X X

5/17/2010 Rain X X X

1/1/2011 Rain X X X

Detected ( ) or Not Detected (X)

Sampling Locations

Detected ( ) or Not Detected (X)
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Table 11. Results from Equine Bacteroidetes testing on Fish River water samples 
collected at US 90, CR54 and Woodhaven Dairy Rd. 
 
 

Equine Bacteroidetes US 90 CR 54 Woodhaven 
Dairy Rd

Date Sampled Condition
2/5/2011 Rain

3/30/2011 Rain X X

Sampling Locations

Detected ( ) or Not Detected (X)
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Upper Fish River Source Tracking Project: 
Figures

29 



Figure 1.  Land use of the upper Fish River (Baldwin County Commission, 2005) 

The watersheds of Cowpen Creek and Polecat Creek are not included in the study area. 

30 



Figure 2.  Proximity of rainfall monitor location to Fish River water sampling site. 
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Fish River @ 
Interstate 10

29450 Jenkins Farm Rd
Loxley, AL 

Fish River @ US90

28100 Gus Moore Rd
Loxley, AL 



Figure 2 (continued).  Proximity of rainfall monitor location to Fish River water 
sampling site. 

Fish River @ 
CR64

11661 Co Rd 64
Daphne, AL 
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23290 River Road South
Daphne, AL 

Fish River @ 
CR54



Figure 2 (continued).  Proximity of rainfall monitor location to Fish River water 
sampling site. 
  

Fish River @ 
CR48/Bohemian 

Park

19010 Rio Vista Dr
Fairhope, AL

12849 Woodhaven Dairy 
Road Silverhill, AL

Fish River @ 
Woodhaven Dairy 

Rd
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Figure 3.  Daily rainfall amounts collected by volunteer monitors  
  

Daily Rainfall: Woodhaven Dairy Rd
March 27, 2009 - December 31, 2010
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Daily Rainfall: CR48/Bohemian Park
March 27, 2009 - December 31, 2009

0.00

1.00

2.00

3.00

4.00

5.00

3/
25

/2
00

9

4/
8/

20
09

4/
22

/2
00

9

5/
6/

20
09

5/
20

/2
00

9

6/
3/

20
09

6/
17

/2
00

9

7/
1/

20
09

7/
15

/2
00

9

7/
29

/2
00

9

8/
12

/2
00

9

8/
26

/2
00

9

9/
9/

20
09

9/
23

/2
00

9

10
/7

/2
00

9

10
/2

1/
20

09

11
/4

/2
00

9

11
/1

8/
20

09

12
/2

/2
00

9

12
/1

6/
20

09

12
/3

0/
20

09

Inches

 34



Figure 3 (Continued).  Daily rainfall amounts collected by volunteer monitors  
 

Daily Rainfall: CR54
March 29, 2009 - May 31, 2010
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Daily Rainfall: CR64
April 7, 2009 - September 30, 2010
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Figure 3 (Continued).  Daily rainfall amounts collected by volunteer monitors  

Daily Rainfall: US90
March 18, 2009 - February 28, 2011
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Figure 4. Upper Fish River sampling sites including latitude and longitude 
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Figure 5. Sampling sites for known E. coli sources: Human, Bovine and Equine 
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Figure 6.  Discriminant Function Scores and Territory Map of E. coli from known 
sources in the Fish River watershed.  Each point represents one E. coli isolate.  The 
points are shaded by group: the lightest shading indicates human E. coli, the medium 
shading indicates bovine E. coli, and the darkest shading indicates equine E. coli. 
 
 

 39



 
 
Figure 7.  Discriminant Function Scores and Territory Map of E. coli from the Fish 
River.  Each point represents one E. coli isolate.  The points are shaded by group: the 
lightest shading indicates human E. coli, the medium shading indicates bovine E. coli, 
and the darkest shading indicates equine E. coli.   
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Figure 8. Classification of E. coli isolated from Fish River at each sampling event. 
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Figure 8 (continued). Classification of E. coli isolated from Fish River at each sampling 
event. 
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Figure 8 (continued). Classification of E. coli isolated from Fish River at each sampling 
event. 
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Final Budget Information and Expenditures
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Appendix A 
Coliscan Easygel Method Details
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Coliscan Easygel 
by Micrology Laboratories, Goshen, IN 

 
Coliform bacteria are members of the family Enterobacteriaceae and are defined as gram 
negative, non-spore-forming rods which ferment the sugar lactose with the evolution of 
gas and acids. Many coliforms are normally found in soil and water and do not 
necessarily indicate the presence of fecal contamination, but Escherichia coli (E. coli) is 
a primary bacterium in the human and animal intestinal tract and its presence in food or 
water indicates fecal contamination. Therefore, E. coli is the coliform that is used as an 
indicator for fecal contamination. Other coliform genera include Citrobacter, 
Enterobacter and Klebsiella. The USEPA acknowledges that E. coli is the best indicator 
of health risk in fresh water and is currently recommending testing for E. coli instead of 
fecal coliforms. The term "fecal coliform" indicates coliforms which will grow at a 
temperature of 44.5 ̊ C. This is not an accurate designation as there are coliforms of non-
fecal origin that will grow at 44.5 ̊ C and there are strains of E. coli that will not grow at 
44.5 ̊ C. Traditional tests for coliforms and E. coli or fecal coliforms require the 
inoculation of media containing lactose, incubation under carefully controlled 
temperatures, and examination for the presence of gas from lactose fermentation. 
Additional special media must then be inoculated and incubated at elevated, carefully 
controlled temperatures to confirm the presence of E. coli or fecal coliforms. All these 
require extra equipment and careful regulation of time and temperature. This approach is 
not only expensive and time consuming, but can be less than precise in indicating the 
numbers of specific organisms present.  
 
As a result of the difficulties and lack of precision inherent in the older technology, new 
approaches have been developed and are being used very successfully. One of the best 
approaches is based on the fact that in order for coliforms to ferment lactose, they must 
produce certain enzymes which can be identified and used to verify the presence of the 
coliforms. General coliforms produce the enzyme galactosidase in lactose fermentation 
and E. coli produces the enzyme glucuronidase in addition to galactosidase.  
Coliscan takes advantage of these facts to give you a simple, accurate and quantitative 
way to identify and differentiate coliforms and E. coli (true fecal coliform) from other 
bacteria in water or other types of samples. This patented method incorporates two 
special chromogenic substrates which are acted upon by the presence of the enzymes 
galactosidase and glucuronidase to produce pigments of contrasting colors. All that is 
needed to identify the presence and numbers of coliforms and E. coli is to add a test 
sample to the medium, pour it into a petri dish and incubate it at room temperature or at a 
higher controlled temperature (35 ̊ C is suggested). General coliforms will produce the 
enzyme galactosidase and the colonies that grow in the medium will be a pink color. E. 
coli will produce both galactosidase and glucuronidase and will therefore grow as dark 
blue to purple colonies in the medium. It is simple to count the blue/purple colonies (E. 
coli) which indicate the number of E. coli per sample. The pink colonies indicate the 
number of general coliforms per sample. The combined general coliform and E. coli 
number equals the total coliform number. Any non-colored colonies which grow in the 
medium are not coliforms, but may be members of the family Enterobacteriaceae. Since 
the Coliscan contains inhibitors, most other bacterial types will not grow. It is best for the 
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Coliscan to be incubated at a temperature higher than room temperature so that the 
organisms will grow faster. The suggested temperature range is between 30-37 ̊ C (85-99 ̊ 
F). The coliform/E. coli organisms will grow faster at this temperature range than at room 
temperature, so that results can be counted at 24-48 hours incubation time instead of 
about 24 hours later if incubated at room temperature, 22-27 ̊ C (72-80 ̊ F). Micrology 
Laboratories can provide information on home made or inexpensive commercial 
incubators.  
 
The beauty of the Coliscan method is that it uses proven and accepted technology to 
allow anyone to do effective coliform/E. coli testing. For water testing, you can add up to 
a 5 mL sample of water to the bottle of medium that makes one petri plate. This will 
detect as small a number of coliforms or E. coli as one living bacterium in five milliliters 
of water. The method is also easily adapted for large samples with membrane filter use. 
Beware of copycat methods by other manufacturers who claim similar red and blue 
colors for coliforms and fecal coliforms, but whose results are unreliable due to inferior 
technology. They cannot legally copy the patented Coliscan technology. Coliscan has a 
shelf life of 1 year and should be kept frozen until used. You may refrigerate for up to 2 
weeks, but freezing is best in order to maintain color intensity throughout the 1 year 
period. 



Appendix B 
International Baccalaureate Extended Essay 

By Gibbs Pearson, Fairhope High School
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 One does not have to be able to analyze water, have a degree in biology, read the 
Alabama Water Watch booklet, watch the news, or even pick up a newspaper to know the 
fact that Fish River is a contaminated water source, for this is something well known by 
the residents of Baldwin County. For years the fish caught out of this river have been 
inedible due to this contamination, though most people associated the fish with high 
mercury levels which also remains a problem in Fish River.  The severity of this 
contamination, unfortunately, is either unknown or not understood by the citizens of the 
area. While some people may believe the river to be slightly polluted, it is actually one of 
the ten most endangered places in the South (according to Southern Environmental Law 
Center). Fish River is included on the 303(d) list, a section of the Clean Water Act that 
requires states to list the waters that do not meet the preset water quality standards. This 
list includes contaminated waters from across the state and tells the reason for the water 
being on the list. On the list Fish River is said to be contaminated by both metals 
(mercury) and pathogens (E-coli), and also reports that the source of this contamination is 
unknown or possibly pasture grazing. The level of importance of this contamination is 
increased by the fact that Fist River is one of the two main tributaries to Weeks Bay, 
causing the pollution to expand into a larger body of water. Weeks Bay is just a small 
segment of Mobile Bay which also connects to the Gulf of Mexico, Both Mobile Bay and 
the Gulf of Mexico are on the 303(d) list with the causes being the same as Fish River, 
mercury and pathogens. There is no doubt that Fish River in some part is a cause of 
contamination of these two larger bodies of water.  

When people Travel to Fish River pollution is not what comes to mind, for to the 
naked eye the river is reasonably clean with a very small amount of waste visible. This 
causes many residents to wonder, what is causing this river to be considered 
contaminated? The pollution of Fish River is not a visible thing, but is rather a pollution 
of the actual water in the form of bacteria, E-coli in particular. E-coli or Escherichia coli 
is a type of Bacteria Found in the wastes and Digestive Systems of most mammals. This 
type of bacteria can exist in over 700 different forms, and though the vast majority of 
these forms are completely harmless there are some forms that are highly pathogenic. A 
pathogenic Organism is one that causes diseases and these organisms happen to be 
abundant in Fish River.  These harmful bacteria in this river cause damage to Humans, 
Fish, Birds, and Mammals, mostly anything that comes into contact with them. 
Swimming in the river brings a person’s skin into direct contact with the pathogens which 
can cause skin problems, and swallowing the water can make one sick. These bacteria not 
only have the ability to make a person or animal slightly ill, they are able to cause crop 
disease, food poisoning, tooth decay, lock jaw and other various diseases. Often these 
bacteria are able affect seafood and the animals or people that consume this tainted food 
source.  

The next question one should ask is where are these bacteria coming from? Like 
stated before the bacteria come into the environment through wastes, and this can be 
waste from most animals and every mammal. In the past studies have been done to prove 
that Human waste, cattle waste, and wildlife waste all contain E-coli. In Baldwin County 
and the Fish River watershed in particular there is an abundant supply of all three of these 
sources, each one being a possibility for the majority of the E-coli.  
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How does enough waste from any of these possible sources get into Fish River to 
cause it to be considered dangerous? Depending on the source there are different 
possibilities of how this bacterium enters the river. For the wildlife source, any amount of 
rain will carry the waste of wild animals into the river as runoff. Seeing as E-coli levels in 
the river are always high but are increased after a rain fall the possibility of this being the 
correct source increases. Fortunately the extremely high pathogen levels seem to be too 
great for the wild life to be the major cause, though it may be a minor one, and therefore 
it was not extensively studied as a threat of being a possible source. Cattle, similar to 
wildlife, enter the river through water runoff. This is a greater possibility that wildlife due 
to the abundance of cattle in the Fish River watershed. Most cattle reside near the river 
and some owners participate in pasture grazing strategies making the cattle a very 
possible source, and the source that “the powers that be” in the state department believe 
to be the cause of the pathogens in Fish River. Cattle grazing strategies can cause an 
increase in the amount of waste added to the river by cattle, and the most commonly used 
in the Fish River watershed is Rotational grazing, where cattle spend a specific amount of 
time in a closed off area before being moved to a different section of a field. This 
becomes a problem for the grass in that specific area becomes much less thick causing 
there to be a great difference in the filtration of water runoff as it passes through the 
vegetation. The increased pathogen numbers after rainfall also point to this being the 
source. The last possible source is humans and this also has a good chance of being major 
problem. Possibilities such as: failing septic systems, more sewer lines increasing the 
likelihood of leaks, waste water treatment plants discharging into Fish River, and the 
possibility of urban storm water runoff cause the human source option to be very 
probable as well. The man I worked on this project with is named Mike Shelton, who is 
the Watershed Coordinator at the Weeks Bay Fish and Wildlife Reserve, and after a 
career of working in the field of biology, in particular with fish and wildlife, his 
professional opinion of the situation is that the source is originating from Humans. He 
feels that there are not enough head of cattle in the watershed to cause the level of 
contamination seen in Fish River, especially sense the river has stopped being the 
primary water source for cattle and owners recently been required to fence off the river 
no longer allowing access for the cattle wither to drink or lower their body temperature. 
This exclusion of cattle directly from the river has caused owners to provide an 
alternative water source for the livestock, but has not greatly influenced the levels of 
pathogens in the river. The lack of a drastic change following the exclusion of cattle from 
the river leads Mr. Shelton to believe the source is elsewhere.   

How does one go about determining which source is causing the majority of Fish 
River’s pollution problem? This is where Mr. Shelton and I come in. The project I 
accomplished was not finding the source of E-coli in Fish River, but rather a subsection 
of the experiment. The project I undertook was to gather, dilute, and plate known sources 
of E-coli from the Fish River watershed. Once this section of the overall experiment was 
completed our results as well as water samples collected from different sections of the 
river at diverse water levels were to be sent to the University of West Alabama where, 
using a more extensive laboratory, they were to pinpoint the source of E-coli in Fish 
River. Once this project is completed the source of the pathogens plaguing Fish River 
will be exposed, therefore allowing actions to be made in order to control the exposure of 
E-coli to the surrounding environment of Fish River. 
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As stated earlier I assisted the Weeks Bay Watershed Coordinator, Mike Shelton, 
in gathering and plating known sources of E-coli. During this experiment we, Mr. Shelton 
and I, were assisted by representatives of local Waste Water Treatment Plants, and local 
owners of cattle. Our primary objective in this experiment was to successfully culture E-
coli colonies on bacteria cultivating plates, and have a decent number of colonies from 
both human and cattle waste to send to the University of West Alabama for testing.  

This experiment in completion took about a week of work, and was done at the 
Weeks Bay Reserve in the laboratory that is there. The experiment first began with me 
calling Mike Shelton, the Watershed Coordinator at the Weeks Bay Reserve, about the 
project and his accepting me as a coworker on the experiment. The first day consisted 
mostly of planning. We had to plan how to get waste from cows and people from 
different places within a day of each other, though it would be preferred to gather it all on 
the same day. We discussed possible areas to gather cow and human waste and how to go 
about gathering those. We then planned to meet in about three days and I went home with 
the task of contacting friends or relatives with livestock.  

When I returned to the wildlife center I had one definite place to gather the cow 
waste, though we needed about two or three to ensure that a range of livestock waste 
from around the Fish River watershed was used in the experiment. This need of diversity 
helps to eliminate or mask possible malfunctions with the cells in the waste that could be 
due to a particular fertilizer or insecticide used around one specific heard of cattle. We 
then began to contact local Waste Water Treatment Plants for their permission to take 
some of their effluent. We were able to gather consent from Charlie Baumhauer, Public 
Relations at the Plantation Hills Waste Water Treatment Plant, Bobby Wood, the 
Superintendent at the city of Loxley’s Waste Water Treatment Plant, and Dan McCrory, 
the superintendent at the city of Fairhope’s Waste Water Treatment Plant. Both plants 
with a city in its name are owned by that respective city. Only the Plantation Hills plant is 
a privately owned plant and is situated at the northern end of Daphne. The reason these 
three Waste Water Treatment Plants were chosen because they all three reside within the 
Fish River watershed and they all three dump their “clean” product into the river. Once 
we attempted to find other sources of cattle fecal matter and were unsuccessful, the 
decision was made that we would have to resort to knocking on the doors of homes 
asking to have some of the waste from their livestock.  

I returned four days later having collected the cow feces from the relation I had 
mentioned earlier that week as being an assured place to gather cattle manure from. Once 
I arrived we placed the manure I had already gathered and prepared to go collect the other 
samples we needed. We first went to the Plantation Hills Waste Water Treatment Plant to 
gather effluent. When we arrived we were shown to a place where we could use a dipper, 
a measuring cup attached to a rod, to easily scoop some of the Waste Water Treatment 
Plant’s effluent, prior to being treated, and poor it into a plastic jar that we brought with 
us. While there I was taught how the waste water was treated at the plant using aeration 
treatment, or the adding of oxygen to the water causing the bacteria to become excited 
and destroy most of the waters contamination, and also using extremely powerful ultra 
violet lights to kill the bacteria before exiting the plant. This brief lecture on the inner 
working of a Waste Water Treatment Plant shows that what the plants purposefully put 
out into the environment is clear of harmful bacteria, and in turn saying that if the source 
is human it is either from septic tank failures or the sewage lines leaking before reaching 
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the plant. Once we gathered the effluent from the Plantation Hills Waste Water Treatment 
Plant the three human samples, including the samples from the Fairhope and Loxley 
Waste Water Treatment Plants that Mr. Shelton had gathered earlier that day, were 
enough to continue the experiment following the acquiring more cow manure. We then 
began working our way back south towards the wildlife center stopping and asking for 
cow waste on our way. We were able to gather two more samples from different pastures 
to add to the one I brought that morning, and with three cow samples and three human 
samples we returned to the lab to begin the next stage of the experiment. Once we 
returned to the laboratory we began the process of plating our samples which begins with 
dilutions. For the dilutions we used pre sterilized 1ml droppers, 100ml graduated 
cylinders, and distilled, sterilized water. We began with the human effluents and, using 
the graduated cylinder, measured out 50ml of each effluent, and I then combined them by 
placing all 150ml of effluent into a plastic container and vigorously shaking the mixture 
until the three mixtures were equally dispersed between each other. The reason for 
combining the three is to mix the different cells from different locations to help to avoid 
the possibility of gathering only the contaminated sample and then having to redo the 
entire process. After the mixture settled, using a sterile dropper and a graduated cylinder, 
I added 1ml of the effluents to 1000ml of water to create a ratio of 1:1000 effluents to 
water, and with the use of parafilm I was able to mix the dilution without taking it out of 
the graduated cylinder. With the standard dilution thoroughly mixed we began to create 
the dilutions to be plated, for the 1:1000 dilution could not be used because according to 
Mr. Shelton the colonies on the plate would be too numerous to count and would even be 
hard to separate from one another due to the over abundance of E-coli that would be 
present. To dilute the solution even farther we took 10ml of the 1:1000 standard mixture 
and added it to 100ml of distilled water to create a ratio of 1:10,000 effluent to water. The 
next dilution was to be a ratio of 1:100,000. I did this by taking 1ml of the standard 
dilution and then adding it to 100ml of water before mixing the contents thoroughly. For 
the final dilution, again 1ml was taken from the original dilution only this time it was 
added to 1000ml of water to create an effluent to water ratio of 1:1,000,000. Once these 
three dilutions were created we began this process with the cow waste. The cow manure 
dilutions began by taking approximately 1g of each of the samples and adding this to 
3000ml of water to create the initial 1:1000 ratio of waste to water. Once this was 
thoroughly homogenized it was further diluted. By using 10ml of the original dilution and 
100ml of water the 1:10,000 waste to water dilution was created. For the next two 
dilutions only 1ml each of the primary solution was needed. To create the 1:100,000 
waste to water dilution the initial mixture was added to 100ml of water, and for the 
1:1,000,000 waste to water dilution the original mixture was added to 1000ml of water. 
When we finally finished the diluting process the next step of plating the dilutions began. 
In order to be sure of our results we decided to plate each dilution twice, for this would 
allow us to see a drastic difference in the number of colonies for the same dilution and 
suspect contamination. To plate these dilutions and have them grow colonies they had to 
be first mixed with a media, and the media Mr. Shelton ordered was specially designed to 
culture coli bacteria. This media comes frozen in small bottles and includes sterile petri 
dishes. Once thawed I added 1ml of each dilution to a bottle and then mixed the new 
solutions, and I then repeated the process to have two of each different dilution of both 
human samples and cow samples. We also created a media mixed only with the distilled 
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water to use as a control and to check for contamination. Once mixed the newly made 
solutions were poured into petri dished and placed into the incubator to cultivate bacteria. 

When I returned the next day to check the petri dishes the results were not up to 
expectations. The human dilutions showed very little E-coli on plates above the 1:10,000 
dilutions, not enough to be counted and sent to the University of West Alabama for 
testing. Using the effluent that was made the day before, which had been kept chilled for 
the possibility of these kinds of results, Mr. Shelton and I created new waste to water 
dilutions of 1:5000 and 1:1000 to plate and reenter into the incubator. These less dilute 
mixtures were made to increase the number of E-coli colonies on the plates making them 
easier to isolate. The 1:10,000 human dilutions produced a good number of E-coli 
colonies and were placed into the refrigerator to slow the colonies growth until they could 
be counted and shipped with the other plates. The cow plates produced even less 
efficiently than the human plates, having little to no signs of E-coli colonies on the plates. 
In order to redo these plates new dilutions would need to be made but seeing as the cow 
manure was not chilled new samples had to be gathered. 

Returning two days later I first examined the newly made human plates, which 
Mr. Shelton told me had produced well enough to be sent off. The first thing that we did 
was examine the human plates and count the E-coli colonies. The counting was fairly 
simple seeing that E-coli colonies appear a dark blue where as other bacteria appear red. 
The dilutions produced seventy five total colonies for six plates; the 1:10,000 plates 
produced eighteen colonies, the 1:5000 plates produced twenty-six colonies, and the 
1:1000 plates produced thirty-one colonies. All of these plates were then placed in the 
refrigerator for the purpose of slowing the colony growth and to keep the plates fresh. 
The next step in the process was again gathering cow manure, which we did from the 
same locations as the first time. We began the second dilution process differently from 
the first, taking 2g of each waste sample and adding it to 200ml of water. Once properly 
mixed 1ml per plate was used to create three plates of 1:33 ratio of waste to water. Then 
10ml of the 1:33 dilution was added to 100ml of water and then to 1000ml of water to 
make dilutions of 1:330 and 1:3300 respectively. These other dilutions were plated three 
times by taking 1ml amounts of the dilutions and adding them to the media, and then 
from the media bottles to the plates to be incubated. 

When I returned the next day the results were still not as I had hoped for, but this 
time there were enough cells to be shipped off to be tested at the University of West 
Alabama. In total these plates produced 431 cell colonies even though the 1:3300 was the 
only one that was able to be used, for the other dilutions produced too many colonies to 
count.  

Once Mr. Shelton and I had gathered enough E-coli colonies from the two major 
sources there were expressed shipped to the University of West Alabama for Multiple 
Antibiotic Resistance Testing. This testing is how the sources or E-coli in Fish River 
would be pinpointed, either to humans of cattle. This testing is an extensive process that 
uses natural antibiotic resistance, as well as medically formed resistances found in 
humans, to determine the source of pathogens in Fish River. This process works by 
creating patterns that coexist in both the Fish River water and either cattle of human 
waste. The process consists of taking colonies of E-coli from cattle and then exposing 
these colonies to multiple antibiotics, recording which antibiotics the E-coli resisted and 
which it didn’t. The next step of this process is to repeat the first step with the E-coli 
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colonies from human waste, again recording the results of different antibiotics. 
Depending on the number of water samples gained from Fish River, this process will be 
repeated for every water sample available. Once all of the samples have been exposed to 
numerous antibiotics the results will be compared. If the E-coli in Fish River is resistant 
to the same things as the human waste one can conclude that the source of E-coli in the 
river is humans. If the human waste does not match but the cattle manure does then the 
conclusion with be drawn that cattle are the source of E-coli in Fish River. If neither of 
these sources match, the experiment must begin a new looking for different possible 
sources in the river.  
Upon determining that the source is either cattle of humans the process to control the 
escape of E-coli into the environment can begin. If the source turns out to be cattle the 
ability of owners to allow their livestock to graze freely would be terminated. The use of 
Fish River as a water source would be terminated and harsher laws preventing owners 
from allowing their cattle into the river would be passed. Most likely a law creating a 
distance that call cattle must be kept from the river would be introduced and management 
of pasture graving would come into effect. The purpose of these new regulations would 
be to keep cattle and in particular cattle waste as far from Fish River as possible. If the 
source proves to be from human waste different actions will be taken. The first action 
with be the testing of sewage lines for leaks and cracks in the piping. Many communal 
septic tanks would be checked for failure or leaks and a strong suggestion to private 
owners of septic tanks to have their tanks examined as well. If the source turns out to be 
neither of these and ends up being wildlife actions to prevent the E-coli produced by 
these animals entering Fish River will also be made.



Appendix C 
Origin, discriminant function scores, classification, probability, and distances from the 

group center of all E. coli isolates

56 



 
 
 

57 



 

 58



 

 59



 

 60



 

 61



 

 62



 

 63



 

 64



 

 65



 

 66



 

 67



 

 68



 

 69



 

 70



 

 71



 

 72



 

 73



 74



Appendix D 
Source Molecular Corporation 

Human and Bovine Enterococcus and  
Human and Bovine and Equine Bacteroidetes Methods
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Human Enterococcus DNA Analytical Method 
 

For each sample, 100 ml of water was filtered through a 0.45 micron membrane filter and 
placed on mEI agar. The samples were incubated for 24 hours. Each filter was removed, 
placed in a buffer and vortexed vigorously. Once the buffer was spun to pellet the 
bacteria, the supernatant was removed and the pellet was resuspended in a small volume 
of water. DNA extraction was prepared using the Qiagen DNA extraction kit, as per 
manufacturer's instructions. Five micro-liter aliquots of purified DNA extraction were 
used directly as template for subsequent PCR reactions. Amplification of PCR primers 
were carried out using HotStarTaq polymerase (Qiagen, Inc.) and master mix, which 
contained a final concentration of 1.5 mM MgCl2, 150 mM dNTP, and 0.3 mM of each 
primer. An Eppendorf Gradient Thermocycler was used with the following cycling 
parameters: 95oC for 15 minutes (to lyse cells and activate polymerase), followed by 35 
cycles of 94oC for 1 minute, 55oC for 1 minute, and 72oC for 1 minute and a final 
extension at 72oC for 5 minutes. PCR products were electrophoresed on 2% agarose gels, 
stained with GelStar nucleic acid stain (Cambrex, Inc.) and visualized under UV light.  

 
Enterococci are a subgroup of Fecal Streptococci and are characterized by their ability to 
grow in 6.5% sodium chloride, at low and elevated temperatures (10oC and 45oC), and at 
elevated pH (9.5). These microorganisms have been used as indicators of fecal pollution 
for many years and have been especially valuable in the marine environment and 
recreational waters as indicators of potential health risks and swimming-related 
gastroenteritis.1 Enterococci are benign bacteria when they reside in their normal habitat 
such as the gastrointestinal tracts of human or animals. Outside of their normal habitat, 
Enterococci are pathogenic causing urinary tract and wound infections, and life-
threatening diseases such as bacteraemia, endocarditis, and meningitis. Enterococci easily 
colonize open wounds and skin ulcers. Compounding their pathogenesis, Enterococci are 
also some of the most antibiotic resistant bacteria, particularly from human sources. 
Studies have shown that certain strains of Enterococci are resistant to expensive and 
potent antibiotics such as vancomycin. This is particularly worrisome for the medical 
community since these antibiotics are given as a last resort to fight severe bacterial 
infections. Several intrinsic features of the Enterococcus genus allow it to survive for 
extended periods of time, leading to its extended survivability and diffusion. For 
example, Enterococci have been shown to survive for 30 minutes at 60°C and persist in 
the presence of detergents. As such, the inherent ruggedness of Enterococcus confers it a 
strong tolerance to many classes of antibiotics. The Human Enterococcus IDTM service is 
designed around the principle that certain strains of the Enterococcus genus are specific 
to humans.2,3,4 These Enterococci can be used as indicators of human fecal 
contamination. Strains of Enterococcus faecium, Enterococcus faecalis and yellow-
pigmented Enterococci have been shown to be from human sources.2,3,4 Within these 
Enterococcus spp. are genes associated with Enterococci that are specific to humans.5 
The Human Enterococcus IDTM service targets the esp human gene biomarker in 
Enterococcus faecium.6 One of the advantages of the Human Enterococcus IDTM service 
is that the entire population of Enterococci of the selected portion of the water sample is 
screened. As such, this method avoids the randomness effect of selecting isolates off a 
petri dish. This is a particular advantage for highly contaminated water systems with 
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potential multiple sources of fecal contamination. Accuracy of the results is possible 
because the method uses PCR DNA technology. PCR allows quantities of DNA to be 
amplified into large number of small copies of DNA sequences. This is accomplished 
with small pieces of DNA called primers that are complementary and specific to the 
genomes to be detected. Through a heating process called thermal cycling, the double 
stranded DNA is denatured and inserted with complementary primers to create exact 
copies of the DNA fragment desired. This process is repeated rapidly many times 
ensuring an exponential progression in the number of copied DNA. If the primers are 
successful in finding a site on the DNA fragment that is specific to the genome to be 
studied, then billions of copies of the DNA fragment will be available for detection by gel 
electrophoresis. The gel electrophoresis apparatus uses an electrical field to distinguish 
different DNA fragments according to their molecular weights. Lighter DNA fragments 
will move farther along the gel than their heavier counterparts. At the end of the 
procedure different bands of accumulated DNA fragments will aggregate at different 
parts of the gel. It is this accumulation of DNA fragments that creates a band on the gel. 
Researchers use these bands to distinguish certain genomes such as the human gene 
biomarker from Enterococcus faecium. These banding patterns confirm or negate the 
presence of the Enterococci human gene biomarker. As such, the banding patterns 
provide a reliable indicator of human fecal contamination. To strengthen the validity of 
the results, the Human Enterococcus IDTM service should be combined with other DNA 
analytical services such as the Human Bacteroidetes IDTM and Human Fecal Virus IDTM 
services. 
 
1 Scott, Troy M., Rose, Joan B., Jenkins, Tracie M., Farrah, Samuel R., Lukasik, Jerzy 
Microbial Source Tracking: Current Methodology and Future Directions. Appl. 
Environ. Microbiol. (2002) 68: 5796-5803. 
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Microbiol 44:1066-1071. 
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faecium Strains from Different Sources and with Different Antibiotic Resistance 
Profiles Evaluated by Restriction Endonuclease Analysis of Total Chromosomal 
DNA Using EcoRI and PvuII. Appl. Environ. Microbiol. 1999 65: 1777-1780. 
5 Hammerum, A.M., and L.B. Jensen. 2002. Prevalence of esp, encoding the 
enterococcal surface protein, in Enterococcus faecalis and Enterococcus faecium 
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Tracking Appl. Environ. Microbiol. 2006 72: 1843-1851. 
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Bovine Enterococcus DNA Analytical Method 
 
For each sample, 150 ml of water was filtered through a 0.45 micron membrane filter and 
placed on mEI agar. The samples were incubated for 24 hours. Each filter was removed, 
placed in a buffer and vortexed vigorously. Once the buffer was spun to pellet the 
bacteria, the supernatant was removed and the pellet was resuspended in a small volume 
of water. DNA extraction was prepared using the Qiagen DNA extraction kit, as per 
manufacturer's instructions. Five micro-liter aliquots of purified DNA extraction were 
used directly as template for subsequent PCR reactions. Amplification of PCR primers 
were carried out using HotStarTaq polymerase (Qiagen, Inc.) and master mix, which 
contained a final concentration of 1.5 mM MgCl2, 150 mM dNTP, and 0.3 mM of each 
primer. An Eppendorf Gradient Thermocycler was used with the following cycling 
parameters: 95oC for 15 minutes (to lyse cells and activate polymerase), followed by 35 
cycles of 94oC for 1 minute, 55oC for 1 minute, and 72oC for 1 minute and a final 
extension at 72oC for 5 minutes. PCR products were electrophoresed on 2% agarose gels, 
stained with GelStar nucleic acid stain (Cambrex, Inc.) and visualized under UV light. 

 
Enterococci are a subgroup of Fecal Streptococci and are characterized by their ability to 
grow in 6.5% sodium chloride, at low and elevated temperatures (10oC and 45oC), and at 
elevated pH (9.5). These microorganisms have been used as indicators of fecal pollution 
for many years and have been especially valuable in the marine environment and 
recreational waters as indicators of potential health risks andswimming-related 
gastroenteritis.1,2,3 Enterococci are benign bacteria when they reside in their normal 
habitat such as the gastrointestinal tracts of human or animals. Outside of their normal 
habitat, Enterococci are pathogenic causing urinary tract and wound infections, and life-
threatening diseases such as bacteraemia, endocarditis, and meningitis. Enterococci easily 
colonize open wounds and skin ulcers. Compounding their pathogenesis, Enterococci are 
also some of the most antibiotic resistant bacteria.4,5 Studies have shown that certain 
strains of Enterococci are resistant to expensive and potent antibiotics such as 
vancomycin. This is particularly worrisome for the medical community since these 
antibiotics are given as a last resort to fight severe bacterial infections. Several intrinsic 
features of the Enterococcus genus allow it to survive for extended periods of time, 
leading to its extended survivability and diffusion. For example, Enterococci have been 
shown to survive for 30 minutes at 60°C and persist in the presence of detergents. As 
such, the inherent ruggedness of Enterococcus confers it a strong tolerance to many 
classes of antibiotics. The Cow Enterococcus IDTM service is designed around the 
principle that certain DNA sequences contained within strains of the Enterococcus genus 
are specific to cattle. These Enterococci sequences can be used as indicators of cattle 
fecal contamination. 6 Strains of Enterococcus hirae and Enterococcus mundtii have 
been shown to be from cattle and other ruminant sources.6 The Cow Enterococcus IDTM 
service targets the cattle gene biomarker in Enterococcus hirae. One of the advantages of 
the Cow Enterococcus IDTM service is that the entire population of Enterococci of the 
selected portion of the water sample is screened. As such, this method avoids the 
randomness effect of selecting isolates off a petri dish. Accuracy of the results is possible 
because the method uses PCR DNA technology. PCR allows quantities of DNA to be 
amplified into large number of small copies of DNA sequences. This is accomplished 
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with small pieces of DNA called primers that are complementary and specific to the 
genomes to be detected. Through a heating process called thermal cycling, the double 
stranded DNA is denatured and inserted with complementary primers to create exact 
copies of the DNA fragment desired. This process is repeated rapidly many times 
ensuring an exponential progression in the number of copied DNA. If the primers are 
successful in finding a site on the DNA fragment that is specific to the genome to be 
studied, then billions of copies of the DNA fragment will be available for detection by gel 
electrophoresis. The gel electrophoresis apparatus uses an electrical field to distinguish 
different DNA fragments according to their molecular weights. Lighter DNA fragments 
will move farther along the gel than their heavier counterparts. At the end of the 
procedure different bands of accumulated DNA fragments will aggregate at different 
parts of the gel. It is this accumulation of DNA fragments that creates a band on the gel. 
Researchers use these bands to distinguish certain genomes such as the cattle gene 
biomarker from Enterococcus hirae. These banding patterns confirm or negate the 
presence of the Enterococci cattle gene biomarker. As such, the banding patterns provide 
a reliable indicator of cattle fecal contamination. To strengthen the validity of the results, 
the Cow Enterococcus IDTM service should be combined with other DNA analytical 
services such as the Cow Bacteroidetes IDTM and Cow Fecal Virus IDTM services. 
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Human Bacteroidetes DNA Analytical Method 
 
The water samples were filtered through 0.45 micron membrane filters. The filters were 
placed in separate 15-ml disposable centrifuge tubes containing 2 ml of lysis buffer. DNA 
extraction was prepared using a Qiagen DNA extraction kit, as per manufacturer's 
instructions. Two micro-liter aliquots of purified DNA extraction were used directly as 
template for subsequent PCR reactions. Amplification of PCR primers were carried out 
using HotStarTaq polymerase (Qiagen, Inc.) and master mix, which contained a final 
concentration of 1.5 mM MgCl2, 150 mM dNTP, and 0.3 mM of each primer. 
An Eppendorf Gradient Thermocycler was used with the following cycling parameters: 
25 cycles of 94°C for 30 s, appropriate annealing temperature for 30 s, and 72°C for 1 
min followed by a final 6-min extension at 72°C. PCR products were electrophoresed on 
2% agarose gels, stained with GelStar nucleic acid stain (Biowhittaker, Inc.) and 
visualized under UV light. 
 
The phylum Bacteroidetes is composed of three large groups of bacteria with the best-
known category being Bacteroidaceae. This family of gram-negative bacteria is found 
primarily in the intestinal tracts and mucous membranes of warm-blooded animals and is 
sometimes considered pathogenic. Comprising Bacteroidaceae are the genus Bacteroides 
and Prevotella. The latter genus was originally classified within the former (i.e. 
Bacteroides), but since the 1990’s it has been classified in a separate genus because of 
new chemical and biochemical findings. Bacteroides and Prevotella are gram-negative, 
anaerobic, rod-shaped bacteria that inhabitant of the oral, respiratory, intestinal, and 
urogenital cavities of humans, animals, and insects. They are sometimes pathogenic. 
Fecal Bacteroidetes are considered for several reasons an interesting alternative to more 
traditional indicator organisms such as E. coli and Enterococci.1 Since they are strict 
anaerobes, they are indicative of recent fecal contamination when found in water systems. 
This is a particularly strong reference point when trying to determine recent outbreaks in 
fecal pollution. They are also more abundant in feces of warm-blooded animals than E. 
coli and Enterococci. Furthermore, these latter two organisms are facultative anaerobes 
and as such they can be problematic for monitoring purposes since it has been shown that 
they are able to proliferate in soil, sand and sediments. The Human Bacteroidetes IDTM 
service is designed around the principle that fecal Bacteroidetes are found in large 
quantities in feces of warm-blooded animals.2,3,4,5,6 Furthermore, certain categories of 
Bacteroidetes have been shown to be predominately found in humans. Within these 
Bacteroidetes, certain strains of the Bacteroides and Prevotella genus have been found to 
be specific to humans.2,3 As such, these bacterial strains can be used as indicators of 
human fecal contamination. One of the advantages of the Human Bacteroidetes IDTM 
service is that the entire water is sampled and filtered for fecal Bacteroidetes. As such, 
this method avoids the randomness effect of culturing and selecting bacterial isolates off 
a petri dish. This is a particular advantage for highly contaminated water systems with 
potential multiple sources of fecal contamination. Accuracy of the results is possible 
because the method uses PCR DNA technology. PCR allows quantities of DNA to be 
amplified into large number of small copies of DNA sequences. This is accomplished 
with small pieces of DNA called primers that are complementary and specific to the 
genomes to be detected. 
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Through a heating process called thermal cycling, the double stranded DNA is denatured 
and inserted with complementary primers to create exact copies of the DNA fragment 
desired. This process is repeated rapidly many times ensuring an exponential progression 
in the number of copied DNA. If the primers are successful in finding a site on the DNA 
fragment that is specific to the genome to be studied, then billions of copies of the DNA 
fragment will be available for detection by gel electrophoresis. The gel electrophoresis 
apparatus uses an electrical field to distinguish different DNA fragments according to 
their molecular weights. Lighter DNA fragments will move farther along the gel than 
their heavier counterparts. At the end of the procedure different bands of accumulated 
DNA fragments will aggregate at different parts of the gel. It is this accumulation of 
DNA fragments that creates a band on the gel. Researchers use these bands to distinguish 
certain genomes such as the human gene biomarker from the Bacteroides and Prevotella 
genus. These banding patterns confirm or negate the presence of the fecal Bacteroidetes 
human gene biomarker. As such, the banding patterns provide a reliable indicator of 
human fecal contamination. To strengthen the validity of the results, the Human 
Bacteroidetes IDTM service should be combined with other DNA analytical services 
such as the Human Enterococcus IDTM and Human Fecal Virus IDTM services. 
 
1 Scott, Troy M., Rose, Joan B., Jenkins, Tracie M., Farrah, Samuel R., Lukasik, Jerzy 
Microbial Source Tracking: Current Methodology and Future Directions. Appl. 
Environ. Microbiol. (2002) 68: 5796-5803. 
2 Bernhard, A.E., and K.G. Field (2000a). Identification of nonpoint sources of fecal 
pollution in coastal waters by using host-specific 16S ribosomal DNA genetic 
markers from fecal anaerobes. Applied and Environmental Microbiology, 66: 1,587-
1,594. 
3 Bernhard, A.E., and K.G. Field (2000b). A PCR assay to discriminate human and 
ruminant feces on the basis of host differences in Bacteroides-Prevotella genes 
encoding 16S rRNA. Applied and Environmental Microbiology, 66: 4,571-4,574. 
4 Kreader, C.A. (1995). Design and evaluation of Bacteroides DNA probes for the 
specific detection of human fecal pollution. Applied and Environmental Microbiology, 
61: 1,171-1,179. 
5 Kreader, C.A. (1998). Persistence of PCR-detectable Bacteroides distasonis from 
human feces in river water. Applied and Environmental Microbiology, 64: 4,103-4,105. 
6 Dick, Linda K., Field, Katharine G.Rapid Estimation of Numbers of Fecal 
Bacteroidetes by Use of a Quantitative PCR Assay for 16S rRNA Genes. Appl. 
Environ. Microbiol. 2004 70: 5695-5697. 
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Bovine Bacteroidetes DNA Analytical Method 
 
The water samples were filtered through 0.45 micron membrane filters. The filters were 
placed in separate 15-ml disposable centrifuge tubes containing 2 ml of lysis buffer. DNA 
extraction was prepared using a Qiagen DNA extraction kit, as per manufacturer's 
instructions. Two micro-liter aliquots of purified DNA extraction were used directly as 
template for subsequent PCR reactions. Amplification of PCR primers were carried out 
using HotStarTaq polymerase (Qiagen, Inc.) and master mix, which contained a final 
concentration of 1.5 mM MgCl2, 150 mM dNTP, and 0.3 mM of each primer. 
An Eppendorf Gradient Thermocycler was used with the following cycling parameters: 
25 cycles of 94°C for 30 s, appropriate annealing temperature for 30 s, and 72°C for 1 
min followed by a final 6-min extension at 72°C. PCR products were electrophoresed on 
2% agarose gels, stained with GelStar nucleic acid stain (Biowhittaker, Inc.) and 
visualized under UV light. 
 
The phylum Bacteroidetes is composed of three large groups of bacteria with the best-
known category being Bacteroidaceae. This family of gram-negative bacteria is found 
primarily in the intestinal tracts and mucous membranes of warm-blooded animals and is 
sometimes considered pathogenic. Comprising Bacteroidaceae are the genus Bacteroides 
and Prevotella. The latter genus was originally classified within the former (i.e. 
Bacteroides), but since the 1990’s it has been classified in a separate genus because of 
new chemical and biochemical findings. Bacteroides and Prevotella are gram-negative, 
anaerobic, rod-shaped bacteria that inhabitant of the oral, respiratory, intestinal, and 
urogenital cavities of humans, animals, and insects. They are sometimes pathogenic. 
Fecal Bacteroidetes are considered for several reasons an interesting alternative to more 
traditional indicator organisms such as E. coli and Enterococci.1 Since they are strict 
anaerobes, they are indicative of recent fecal contamination when found in water systems. 
This is a particularly strong reference point when trying to determine recent outbreaks in 
fecal pollution. They are also more abundant in feces of warm-blooded animals than E. 
coli and Enterococci. Furthermore, these latter two organisms are facultative anaerobes 
and as such they can be problematic for monitoring purposes since it has been shown that 
they are able to proliferate in soil, sand and sediments. The Cow Bacteroidetes IDTM 
service is designed around the principle that fecal Bacteroidetes are found in large 
quantities in feces of warm-blooded animals.2,3,4,5,6 Furthermore, certain categories of 
Bacteroidetes have been shown to be predominately detected in cattle. Within these 
Bacteroidetes, certain strains of the Bacteroides and Prevotella genus have been found in 
cattle.2,3,5 As such, these bacterial strains can be used as indicators of cattle fecal 
contamination. One of the advantages of the Cow Bacteroidetes IDTM service is that the 
entire water is sampled and filtered for fecal Bacteroidetes. As such, this method avoids 
the randomness effect of culturing and selecting bacterial isolates off a petri dish. This is 
a particular advantage for highly contaminated water systems with potential multiple 
sources of fecal contamination. Accuracy of the results is possible because the method 
uses PCR DNA technology. PCR allows quantities of DNA to be amplified into large 
number of small copies of DNA sequences. This is accomplished with small pieces of 
DNA called primers that are complementary and specific to the genomes to be detected. 
Through a heating process called thermal cycling, the double stranded DNA is denatured 
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and inserted with complementary primers to create exact copies of the DNA fragment 
desired. This process is repeated rapidly many times ensuring an exponential progression 
in the number of copied DNA. If the primers are successful in finding a site on the DNA 
fragment that is specific to the genome to be studied, then billions of copies of the DNA 
fragment will be available for detection by gel electrophoresis. The gel electrophoresis 
apparatus uses an electrical field to distinguish different DNA fragments according to 
their molecular weights. Lighter DNA fragments will move farther along the gel than 
their heavier counterparts. At the end of the procedure different bands of accumulated 
DNA fragments will aggregate at different parts of the gel. It is this accumulation of 
DNA fragments that creates a band on the gel. Researchers use these bands to distinguish 
certain genomes such as the cattle gene biomarker from the Bacteroides and Prevotella 
genus. These banding patterns confirm or negate the presence of the fecal Bacteroidetes 
cattle gene biomarker. As such, the banding patterns can be a good indicator of cattle 
fecal contamination. Nonetheless, in order to strengthen the validity of the results, the 
Cow Bacteroidetes IDTM service should be combined with other DNA analytical tests 
such as the Cow Enterococcus IDTM and Cow Fecal Virus IDTM services to further 
confirm the results.  
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markers from fecal anaerobes. Applied and Environmental Microbiology, 66: 1,587-
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Equine Bacteroidetes DNA Analytical Method 

 
The water samples were filtered through 0.45 micron membrane filters. The filters were 
placed in separate 15-ml disposable centrifuge tubes containing 2 ml of lysis buffer. DNA 
extraction was prepared using a Qiagen DNA extraction kit, as per manufacturer's 
instructions. Two micro-liter aliquots of purified DNA extraction were used directly as 
template for subsequent PCR reactions. Amplification of PCR primers were carried out 
using HotStarTaq polymerase (Qiagen, Inc.) and master mix, which contained a final 
concentration of 1.5 mM MgCl2, 150 mM dNTP, and 0.3 mM of each primer. 
An Eppendorf Gradient Thermocycler was used with the following cycling parameters: 
25 cycles of 94°C for 30 s, appropriate annealing temperature for 30 s, and 72°C for 1 
min followed by a final 6-min extension at 72°C. PCR products were electrophoresed on 
2% agarose gels, stained with GelStar nucleic acid stain (Biowhittaker, Inc.) and 
visualized under UV light. 
 
The phylum Bacteroidetes is composed of three large groups of bacteria with the best-
known category being Bacteroidaceae. This family of gram-negative bacteria is found 
primarily in the intestinal tracts and mucous membranes of warm-blooded animals and is 
sometimes considered pathogenic. Comprising Bacteroidaceae are the genus Bacteroides 
and Prevotella. The latter genus was originally classified within the former (i.e. 
Bacteroides), but since the 1990’s it has been classified in a separate genus because of 
new chemical and biochemical findings. Bacteroides and Prevotella are gram-negative, 
anaerobic, rod-shaped bacteria that inhabitant of the oral, respiratory, intestinal, and 
urogenital cavities of humans, animals, and insects. They are sometimes pathogenic. 
Fecal Bacteroidetes are considered for several reasons an interesting alternative to more 
traditional indicator organisms such as E. coli and Enterococci.1 Since they are strict 
anaerobes, they are indicative of recent fecal contamination when found in water systems. 
This is a particularly strong reference point when trying to determine recent outbreaks in 
fecal pollution. They are also more abundant in feces of warm-blooded animals than E. 
coli and Enterococci. Furthermore, these latter two organisms are facultative anaerobes 
and as such they can be problematic for monitoring purposes since it has been shown that 
they are able to proliferate in soil, sand and sediments. The Horse Bacteroidetes IDTM 
service is designed around the principle that fecal Bacteroidetes are found in large 
quantities in feces of warm-blooded animals.2,3,4,5,6 Furthermore, certain categories of 
Bacteroidetes have been shown to be predominately detected in horse. Within these 
Bacteroidetes, certain strains of the Bacteroides and Prevotella genus have been found in 
horse.2,3,5,6 As such, these bacterial strains can be used as indicators of horse fecal 
contamination. One of the advantages of the Horse Bacteroidetes IDTM service is that the 
entire water is sampled and filtered for fecal Bacteroidetes. As such, this method avoids 
the randomness effect of culturing and selecting bacterial isolates off a petri dish. This is 
a particular advantage for highly contaminated water systems with potential multiple 
sources of fecal contamination. Accuracy of the results is possible because the method 
uses PCR DNA technology. PCR allows quantities of DNA to be amplified into large 
number of small copies of DNA sequences. This is accomplished with small pieces of 
DNA called primers that are complementary and specific to the genomes to be detected. 
Through a heating process called thermal cycling, the double stranded DNA is denatured 
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and inserted with complementary primers to create exact copies of the DNA fragment 
desired. This process is repeated rapidly many times ensuring an exponential progression 
in the number of copied DNA. If the primers are successful in finding a site on the DNA 
fragment that is specific to the genome to be studied, then billions of copies of the 
DNA fragment will be available for detection by gel electrophoresis. The gel 
electrophoresis apparatus uses an electrical field to distinguish different DNA fragments 
according to their molecular weights. Lighter DNA fragments will move farther along the 
gel than their heavier counterparts. At the end of the procedure different bands of 
accumulated DNA fragments will aggregate at different parts of the gel. It is this 
accumulation of DNA fragments that creates a band on the gel. Researchers use these 
bands to distinguish certain genomes such as the horse gene biomarker from the 
Bacteroides and Prevotella genus. These banding patterns confirm or negate the presence 
of the fecal Bacteroidetes horse gene biomarker. As such, the banding patterns can be a 
good indicator of horse fecal contamination. Nonetheless, in order to strengthen the 
validity of the results, the Horse Bacteroidetes IDTM service should be combined with 
other DNA analytical services such as the E. coli IDTM service. 
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Quality Assurance Plan: 
Upper Fish River Bacterial Source Tracking Project 

 
1.0 E. coli Sampling  
Data collected as part of the project follows the standard Alabama Water Watch (AWW) 
standard operating procedures and the sampling quality assurance plan as adopted in 
1999.  The Project Coordinator and volunteer E. coli monitor are certified bacteria 
monitor as specified by the AWW standard operating procedures and the sampling 
quality assurance plan.  The AWW Bacteria Sampling Quality Assurance Plan is 
approved by the US Environmental Protection Agency and copies of the plan are 
available from the AWW office at Auburn University or at the AWW website. 
 
2.0 E. coli Media 
2.1 Coliscan Easygel®. E. coli monitoring supplies are purchased directly from 
Micrology Laboratories, LLC (Goshen, IL) and are stored and used according to 
manufacturing guidelines.  Examples of Micrology Labs quality checks of Coliscan 
Easygel® media are included in Appendix A.  Performance of the media is indirectly 
checked using sterile sample water.  With each media lot, media is incubated without 
addition of sample water.  Also, an aliquot of sample water is sterilized and plated 
alongside original sample water.  Growth conditions are recorded.  No E. coli test strains 
are used on media batches but batch quality information is available at request from the 
manuafacturer (Appendix A).   
2.2 Mueller-Hinton Media. Preparation requirements are established by the 
manufacturer, Becton-Dickinson (Franklin Lakes, NJ), and followed.  Manufacturer’s 
specifications are included in Appendix D.  Performance is monitored using commercial 
strains purchased from the media manufacturer and recorded.   
 
3.0 Temperature 
3.1 Thermometers.  In each incubator, temperature is determined by a LaMotte 
(Chestertown, MD) precision, NON-MERCURY thermometer with engraved 
graduations over the full range of -5° to 45°C in 0.5° increments.  Accuracy of LaMotte 
thermometer is determined annually using a traceable digital thermometer. 
3.2 Traceable Thermometer.  Accuracy of regular thermometers is determined using a 
Fisher Brand traceable digital thermometer.  Digital thermometer is returned to 
manufacturer for annual calibration check.  Calibration checks are maintained on file. 
3.3 Incubation Temperature: Coliscan Easygel®.  Incubation requirements listed in 
the AWW Bacteria Sampling Quality Assurance Plan are met by all incubations carried 
out as part of this project.  The Coliscan Easygel® growth media used  in this project 
does not require tightly controlled temperature tolerances (30-37°C according to 
manufacturers guidelines) to effectively express the color indicator produced by E. coli 
growth. 
3.4 Incubation Temperature: Mueller-Hinton Media.  Incubation requirements are 
established by the manufacturer, Becton-Dickinson (Franklin Lakes, NJ), and followed.  
Manufacturer’s specifications are included in Appendix D.  Incubation temperature is 
monitored by National Institutes of Standards-traceable thermometer.      
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4.0 Sterilization 
4.1. Coliscan Easygel®.  Sterility of media lots is monitored by incubating 
uninoculated media under the same conditions as inoculated media.  Also, media is 
inoculated with sterilized sample water and no growth monitored. 
4.2 Mueller-Hinton.  Sterility of media and utensils is achieved with a steam sterilizer 
operating at 121 degrees celsius and 15 psi.  Sterility is monitored by checking sterilized 
media for contamination and by using sterile technique in handling bacteria. 
 
 
5.0 Rainfall Monitoring 
5.1 Electronic Rain Gauges. The electronic rain gauges are Oregon Scientific™ Model 
RGR682.  Both the outside bucket and inside receiving units is powered by batteries.  
Installation, operation and maintenance are performed according to manufacturer’s 
specifications. Specification for gauges and instruction sheets provided to each volunteer 
rainfall monitor are included in Appendix B and C, respectively.  
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Appendix A. 
Certificate of Quality Control for Coliscan Easygel® provided by 

Micrology Laboratories, LLC.  
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Appendix B. 

Oregon Scientific™ Model RGR682 Electronic Rain Gauge Specification Sheet 
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Appendix C. 
Instruction Sheets Provided to Volunteer Rainfall 

Monitors
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Appendix D. 
Mueller-Hinton Media Specifications, Becton-Dickinson (Franklin Lakes, 

NJ)
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Appendix F 
Media Coverage of Upper Fish River Project
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