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ABSTRACT

Over the centuries humans have impacted many streams and rivers in Florida causing
many of them to become polluted. Fecal coliform bacteria, which live in the guts of warm
blooded animals, are common in polluted streams and rivers and are currently used as indicators
of the presence of human pathogenic microorganisms. There are over 100 tributarites that flow
into the Saint Johns River in Jacksonville Florida that are monitored for fecal coliform bacteria.
According to the Florida Department of Environmental Protection (FDEP) if there are more than
800 fecal coliform colony forming units (CFUs) per 100mL, the water is deemed not safe for

human recreation. This paper focuses on descriptive and comparative research at six sites
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Fecal coliform bacteria are part of the gut flora of warm blooded animals and are
commonly used as indicators of the presence of fecal material and sewage contamination
(Toothman et. al. 2009). Water that contains contaminants from fecal material from warm
blooded animals is likely to have human pathogenic microorganisms (Messyasz et al. 2010).
Fecal coliform pathogens can become problematic if the water is unfiltered and used for
recreational activities, shellfish harvesting, irrigation, and drinking water production (Servais et
al. 2009).

It has been proposed that fecal bacteria concentrations are enhanced by increased
phosphorus concentrations. Burkholder et al. (2007) and Mallin et al. (2009) suggested that there
IS a positive correlation between fecal bacteria and nutrient concentrations due to either a
common source or a random arrival of nutrients and fecal bacteria in one region. However,
Sheheta et al. (1971) found that in areas with low nutrient concentrations fecal coliform bacteria,
specifically E. coli, were dependent on phosphorus concentrations. Researchers from the
University of North Carolina Wilmington continuously monitored water from the Bradley Creek
watershed for 11 years; during a time of continuously high fecal coliform concentrations, urban
storm water runoff was identified as the major contributor of fecal coliform bacteria to the

watershed (Toothman et. al. 2009).
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83% of the intestinal enterococci were resistant to at least one antimicrobial agent (Servais et al.
2009). In fact, most E. coli are resistant to multiple antimicrobial agents due to the pumps in their
outer membrane (Musgrove et al. 2006).

Fecal coliform bacteria are found in the Saint Johns River and its surrounding tributaries
because of failing septic tanks, wastewater treatment plants, broken sewer lines, and animal
waste (St. Johns River Keeper 2011). The Saint Johns River is a diverse ecosystem with slowly
moving water that historically has had a lot of pollution problems; however, since the mid 1970°s
and the creation of the clean water act of 1972, community efforts and initiatives addressing the

bacterial sources have improved the overall quality of the river (Hollingsworth 2007). T
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levels, fecal coliform bacteria concentrations, and other standards of water quality. According to
Florida State standards, if a body of water contains 800 or more fecal coliform colony forming
units (CFUs) per 100mL, then the water is deemed not safe for human recreational activities like
fishing, and swimming (Tributary program 2011).

This paper describes descriptive and comparative research on total bacteria and fecal
coliform bacteria concentrations in tributaries that flow into the St. Johns River at or within a
close vicinity of Jacksonville University. Fecal coliform bacteria CFUs were measured at four
sites currently being measured by the city of Jacksonville (COJ) and at two other sites on the
Jacksonville University Campus that were not previously monitored. Dissolved oxygen, pH,
salinity, and water temperature were measured at all sites during both sample collections. The
resulting data was compared to fecal coliform CFUs for both collections at all the sample sites in

search of potential relationships.

METHODS

Six sampling locations at Jacksonville University in Jacksonville, FL or within a few
miles of the university were monitored (figurel). All water samples were collected from either
the Saint Johns River or surrounding tributaries. Four of the six samples (LB1, DR1, ALR7,

ARL3) were tributary sites already being monitored quarterly by the city of Jacksonville and two
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Figure 1: Locations of Sample sites. COJ does not monitor JU1 and JU2.
http://www.coj.net/NR/rdonlyres/ejld2jez3myhqoq3712wi4c2rsf2paanfw5s4tqsadzygdws2wkrhy
géw5sbmj27lvb7aihpyupfxmvebkd3om3yslkc/Fecal+map+1st+quarter+2004.pdf

At each sample site,
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573,300
941 + *
LB1 |1/29/2011 | TS |18.0|6.81| 0.80 | 6.32 81 197,300
124 +
LB1 |3/12/2011 | TS |12.4|5.80 | 4.85 [ 3.24| 143 -
LB1 2/3/2009 | COJ [ 139 | - | 0.65 | 6.54 | 480 -
1,873,300
282 + *
DR1 |1/29/2011 | TS |18.6 |6.74| 0.79 | 6.79 53 315,300
DR1 |3/12/2011 | TS |11.6 |6.30 | 0.97 | 2.26 | 43+29 -
DR1 2/3/2009 | COJ [ 139 | - | 054 | 2.52 | 440 -
140,000
JU2 1/29/2011 | TS |159[7.60| 7.84 | 9.05|34+12 | +10,000
10.0
JU2 | 3/12/2011 | TS |145[632| + |459] 12 -
2,596,700
1,067 + *
JU1 1/29/2011 | TS |[17.8|6.67 | 0.21 | 7.29 53 158,200
JU1l [3/12/2011 | TS |12.1|6.34| 0.22 | 3.83 | 99 +81 -
724 + | 1,086,700
ARL7 | 1/29/2011 | TS | 25.0 | 7.07 | 3.42 | 7.40 71 + 75,700
ARL7 | 3/12/2011 | TS |12.9|6.19| 481 |3.63| 4+4 -
ARL7 | 2/9/2011 | COJ |17.2| - | 0.15 [8.12| 380 -
140+ | 195,000
ARL3 | 1/29/2011 | TS |19.1 |6.76 | 0.28 | 6.58 10 + 35,400
ARL3 | 3/12/2011 | TS |17.8|6.41| 0.33 | 1.82 | 36 £47 -
ARL3 | 2/9/2011 | COJ|17.2| - | 022 [7.01| 160 -
KEY

TS = Data from this study
COJ= Data from the City of Jacksonville Tributary Monitoring Program
- = Data is unknown or unavailable
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Table 1: Measured and COJ Fecal coliform CFUs, water temperature, Salinity, Dissolved
oxygen, and bacterial CFUs for all water samples. COJ does not monitor JU1 and JU2 so no
previous values are available.
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Figure 2: Comparison of fecal coliform CFUs data from this study to COJ data. Comparing first
collection fecal coliform CFUs per 100mL to second collection fecal coliform CFUs and City of
Jacksonville Tributary Monitoring Program fecal coliform CFUs data from 2/2009 collection.
According to the FDEP extreme levels of fecal coliform bacteria is 800+ displayed in red,
moderate levels is 200 to 799 displayed in yellow, and low levels is 0 to 199 displayed in green.
CHEMICAL AND PHYSICAL COMPONENTS

Fecal coliform bacteria CFUs/100mL for each sample site were compared with the
dissolved oxygen (DO), salinity, water temperature, and pH measurements to determine whether
or not these measurements affect fecal coliform bacteria concentrations. Sample data from
collection one (1/29/11) and collection two (3/12/11) were used for analysis along with COJ data
and trends for comparison. After analysis of the data, no correlations between these factors and
the fecal coliform bacteria CFUs per 100mL were found, as indicated by the low R? values for all

of the graphs (figure 3). More sampling from each site would need to be completed in order to

accurately determine if changes of pH, DO, salinity, or water temperature affect fecal coliform
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bacteria concentrations. Also, each site would need to be analyzed separately because different
sites naturally have different concentrations of fecal coliform bacteria to begin with, thus not

allowing for an accurate comparison.
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Figure 3: Comparison of physical and chemical components and fecal coliform bacteria CFUs
from data collected in this study on 1/29/11 and 3/12/11. A: Comparison of fecal coliform CFUs
and water temperature. B: Comparison of fecal coliform CFUs and pH. C: Comparison of fecal
coliform CFUs and salinity. D: Comparison of fecal coliform CFUs and dissolved oxygen levels.
E: Comparison of fecal coliform CFUs and total bacterial CFUs.

TOTAL BACTERIAL COUNTS
When comparing fecal coliform bacteria CFUs per 100mL with the total bacterial CFUs per
100mL there is no indication that samples with high concentrations of fecal coliform bacteria

also had high concentrations of total bacteria (figure 3E). Fecal coliform CFUs are typically used
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as indicators of the potential presence of disease causing organisms and counted for the purpose
of alerting the person responsible for the water to take precautionary action
(Total, Fecal & E. coli Bacteria in Groundwater 2007).
IDENTIFICATION OF FECAL COLIFORM BACTERIA

An attempt was made to identify three different fecal coliform bacteria from each sample
site. Bergey’s Manual of Determinative Bacteriology was used to decide which tests to use to
differentiate each genus of fecal coliform bacteria, and then to help identify individual species.
The genera for sixteen of the eighteen bacteria were identified. Each bacteria’s test results are
compared to the closest of the four (Citrobacter, Enterobacter, Escherichia, Klebsiella) fecal

coliform bacteria genera (Table 2). A complete list of test results is available in the appendix.

Escherichia
or
Citrobacter | Escherichia | Klebsiella | Enterobacter | Klebsiella

LB1 X X
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Figure 4: Micrograph of Escherichia found in sample LBL1.

CONCLUSION

Fecal coliform bacteria originate in the guts of warm blooded animals and are found in
various tributaries for multiple reasons including failing septic tanks, wastewater treatment
plants, broken sewer lines, and animal waste (St. Johns River Keeper 2011 2010). The highest
fecal coliform CFUs were found during the 1/29/11 collection and at the site JU1 with the
concentration of 1,067 CFUs/100mL. When analyzing the fecal coliform bacteria standards in
regards to the state of Florida standards only samples LB1 and JU1from the 1/29/11 collection
exceeded the state limit of 800 CFUs/100mL. More research needs to be done to distinguish
whether fecal coliform bacteria concentrations are affected by pH, dissolved oxygen, salinity, or
water temperature. Fecal coliform bacteria were identified that belong to the genera Escherichia,

Klebsiella, and Citrobacter at all sites in this study.
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LB1 ARL7 ARL3 ARL3
SAMPLE / BACTERIA | BACTERIA | BACTERIA | BACTERIA
GENUS 4 2 1 2 Klebsiella
0.71+/-0.16 | 0.78 +/-0.16 | 0.942 +/- 0.79 +/- 0.17
x 0.41 +/- x 0.36 +/- 0.33x0.38 x 0.30 +/- 6.0-0.6 x
SIZE (um) 0.032 0.070 +/- 0.092 0.00 1.0-0.3
rod-
MORPHOLOGY | Coccobacillus | Coccobacillus | Coccobacillus | Coccobacillus | shaped
GRAM Negative Negative Negative Negative Negative
CAPSULES + + + + +
EMB GROWTH | + + + + UNK
EMB COLOR
OBSERVATION Pink, Purple Pink and Pink and
23:30 Pink outside Raised Raised N/A
EMB COLOR
OBSERVATION Pink and Pink and
49:30 Pink Pink Raised Raised N/A
MR w/ (T) - - - - +-
VP w/ (T) + - + + +/-
Indole - - + - [-]

Citrate
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LB1 ARL7
SAMPLE / BACTERIA | BACTERIA
GENUS 2 3 Escherichia | Klebsiella
1.062 +/- 0.87 +/-0.22
0.14x0.37 | x0.35 +/- 6.0-2.0 x 6.0-0.6 x
SIZE (um) +/- 0.048 0.053 1.5-1.0 1.0-0.3
rod-
MORPHOLOGY | Bacillus Coccobacillus | Bacillus shaped
GRAM Negative Negative Negative Negative
CAPSULES + + + +
EMB GROWTH | + + UNK UNK
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