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Abstract

Quantification of bacterial pathogens and chemical concentrations are necessary
to provide an accurate assessment of a water systems’ health. The Fairview
Environmental Park was constructed to aesthetically improve the surrounding area and
to assist in reducing contamination into Catoma Creek from Genetta Stream
(Montgomery Parks and Recreation). Monthly samples were taken from Fairview
Environmental Park in Montgomery, AL from the in-flow and out-flow points to
determine the water’s quality and to determine if the current structure was satisfactory
for reducing pathogen load and chemical buildup. After sampling once per month over
a 4-month time period, it was determined that pathogen load was not consistently
decreased between in-flow and out-flow points and it is recommended that the Fairview
Environmental Park should be reconstructed to become more efficacious at reducing
pathogen load. Chemical analysis indicated that there were no heavy metals or toxic
components in the water and no chemical remediation is necessary with respect to

chemicals analyzed.

Introduction

Water is a vital compound that is necessary for human life and its quality can
promote a healthier lifestyle. Water serves as a medium that is both non-volatile for
most chemicals and it acts as a refuge for numerous bacteria and parasites to survive,

grow, and proliferate. Water is also conducive to the breakdown and elimination of



wastes by acting as a solvent, serving to assist in releasing unneeded heat, and acting as
a metabolite in photosynthesis and aerobic respiration (Gould 2011 and USGS 2016).
Clean water is considered water that is free from harmful pathogens, chemicals, and
debris and has a direct correlation with promoting human health.

Bacterial contamination of water has been well documented to produce disease
in humans with symptoms including gastroenteritis, diarrhea, vomiting, and abdominal
pain (Arnold et al. 2016, Hodge et al. 2016, and Khan et al. 2013). Health issues have
also been observed with consumption of chemicals and other heavy metals that may
lead to permanent organ damage or death (Cerveny et al. 2016 and Khan et al. 2013).
Removal of harmful bacteria and chemicals must remain a priority and more efficacious
tests should continue to be researched to properly characterize a water system’s health
as quickly and efficiently as possible.

Bacterial coliforms and bacterial fecal coliforms are commonly used as water
guality indicators and their presence in large numbers is indicative of contaminated
water (Galfi et al. 2016, Partyka et al. 2016, and Tong et al. 2016). Testing for coliforms
and fecal coliforms has become routine and cost-effective over previous methods when
scientists had to run numerous chemical and biologic tests to determine bacterial
properties. Bacterial coliforms are Gram negative rod-shaped, non-sporing forming,
oxidase negative, aerobic or facultative anaerobes that can usually ferment lactose with
the production of gas when incubated at 35°C within 48 hours (Baron and BioLumix).
Coliforms include organisms from the genus Pseudomonas, Klebsiella, Escherichia,

Citrobacter, and Enterobacter. Fecal coliforms are bacterial species who come from



animal or human feces and have different growth properties then coliforms but have
the same rod-shaped morphology. Fecal coliforms have the ability to ferment lactose
between 44.5°C-45.5°C. These organisms include organisms from genus Pseudomonas,
Escherichia, Citrobacter, Enterobacter, Citrobacter, and Klebsiella. Their presence in
drinking water contributes to gastrointestinal complications and disease and may lead
to chronic gastrointestinal complications (Hodge et al. 2016 and Seyfried et al. 1985).
Although coliforms are ubiquitous in nature and have even known to reside in plants, an
increase in fecal coliforms in water indicates that is a potential source of fecal pollution
nearby. Quantification of bacterial numbers can be performed through most probable
number (MPN) using defined substrate technology. To improve water quality and
reduce disease, identification and removal of coliforms and fecal coliforms must
continue to be a priority.

Common methods for bacterial identification in water include multi-plex real-
time PCR, DNA probes, or biochemical assessment of cultures (Minogue 2013, Santiago
2015, Yipin 2011, and Zimmer-Faust 2016). These technologies have the ability to
produce rapid, accurate results, but generally are expensive to own and operate.
Performing PCR gives one the ability to generate large amounts of genetic material to
analyze the genome for identification. DNA probes are used to hybridize to portions of
complementary DNA for identification, but these probes can have errors due to
detection limits (Bonvicini et al. 2015 and Kuritza et al. 1986). PCR in conjunction with
DNA probes has the ability to produce enough genetical material to hybridize DNA

probes to satisfy detection limits. This technology can also identify numerous bacteria



by using different primers and probes and has been shown to detect Brucella species in
10 minutes (Sikarwar et al. 2017). Biochemical assessments have the advantage of
being inexpensive and identification of particular nutrients or by-products that are made
can be identified visually.

HEA was used as the first method of selective and differential selection in
identification of unknown microorganisms. This media contains ten times the amount
of lactose compared to the other sugars of glucose and sucrose (HEA-QC). Colonies that
ferment lactose are generally orange in color and colonies that ferment sucrose or
salicin can be white-, blue-, or green-colored. HEA is also specific for most enteric, Gram
negative bacteria and the media limits proliferation of Gram positive organisms through
the incorporation of bile salts.

The objective of the experiment was to assess the water quality of Fairview
Environmental Park through bacterial enumeration, identification, and chemical
analyses. | hypothesized that water samples collected from the out-flow will have a
decreased number of chemicals and pathogens when compared to the in-flow due to

aerobic conditions and biotic foliage in the Park.

Materials and Methods

a) Monitored site

The Fairview Environmental Park, now referred to as the Park, in Montgomery, AL
was chosen as the chemical and microbial assessment sampling site. This Park was

chosen because of its location to Auburn University at Montgomery and because | have



conducted past water collection at this site. Located at 32.35228°, -86.31911°, the Park
was completed in 2015 and constructed to aesthetically improve the surrounding area,
to remove contaminated soil from ground sources, and to improve the quality of water
that runs from Genetta Stream to the Catoma Creek (see Figure 8) (Montgomery Parks
and Recreation). The Catoma Creek flows into the Alabama River which is a recreational
site used by many Alabama residents. The Park’s construction also included the
removal of contaminated soils that had been polluted by excess trash buildup and
dumping of materials by a glass company that resided on the current lot. The Park’s
new construction was also aimed at increasing the filtration of storm water runoff with
the use of local plants and trees.

Since 1998, Catoma Creek has been placed on the state’s §303(d) river and
stream list for pathogens, storm sewers, urban runoff, and pasture grazing (ADEM).
Upstream to Catoma Creek is Ramer Creek and downstream of Catoma Creek is the
Alabama River. The impaired section had a length of approximately 21.3 miles (TMDL).
In 2016, Catoma Creek was not listed as a §303(d) river and stream, but rather had
sections that were Category 2B which is interpreted as low priority for remediation
based upon funds due to the existence other more polluted waters. In fact, many
sections of Catoma Creek are classified as Category 4A waters meaning they the total
maximum daily load has been established and are meeting expectations as required by
the EPA. The re-categorization of Catoma Creek cannot be attributed to the Park alone,
but improving water quality standards can begin in even the smallest watersheds. The

Park is considered riparian area because of the interaction between water and land.



Although the Park has a small surface area, it can be considered vital for plant and
animal growth and development.

The Park construction project was completed in three separate phases. Phase
One was funded through ADEM’s Section 319 grant program, a loan from Alabama’s
EPA-funded Brownfields Revolving Loan Fund, and a HUD Community Development
Block Grant (CDBG). The city of Montgomery matched federal dollars for this project.
2D Studio LLC was contracted for creative design and construction of certain portions of
the Park including horticulture for remediation of storm water. Phase Two of Park
construction focused on green infrastructure additions to the Park. This green
infrastructure design added a permeable surface so that runoff is allowed to naturally
permeate the ground and to add seating, walking paths and lighting. This phase was
funded through EPA’s Clean Water State Revolving Loan Fund and HUD CDBG funds.
The Third Phase of the Park project has yet to be completed and is awaiting additional
funding. The Third Phase proposes to restore % mile of culverted stream that is located
south of the Park. This restoration would lessen the impact between the modified
stream and the concrete ditch between the Park and Catoma Creek. The proposed
changes seek to connect the stream with the floodplain located downstream and reduce

flood risk and create a more natural ecosystem (Urban Waters Partnership).

b) Field sampling procedures

Over a 4-month period, a total of 4 samples were collected from both in-flow and

the out-flow sections of the Park. For simplicity, samplings are labeled according to



sampling day (D1, D2, D3, or D4) and were noted if they were in-flow or out-flow
samples. Samples were collected to identify if there was a change in microbial and
chemical activity. Out-flow grab samples were conducted first to remove potential for
contamination from in-flow, grab-sample disturbances. Temperature measurements
were obtained by lowering an Onset HOBO Pendant Logger, created by MicroDAQ, into
the water and retrieving Pendant Logger after collection and dissolved oxygen test is
complete. D1 temperature recordings were set to catch at 10 seconds, but battery life
would soon become an issue. D2, D3, and D4 temperature recordings were captured
every 30 seconds to save battery life. PVC Biobailers provided by Solinst were used to
retrieve water from an elevated height of approximately 15 feet. Three new 500mL
HDPE bottles from VWR were used to collect and store water collected from the out-
flow. After collection of water, LaMotte TesTab dissolved oxygen tabs were used to
guantify the dissolved oxygen content. A separate tube was filled and stored away for
five days at room temperature in the dark to determine BOD content. After water was
retrieved, turbidity and odor were observed and recorded. After out-flow samples were
retrieved, in-flow water was collected and temperature and dissolved oxygen were
measured in an identical fashion to out-flow samples. Outside temperature was
gathered via AccuWeather (AccuWeather). All in-flow and out-flow samples were

transported to AUM laboratory for further processing.

c) Water quality assessment test selection and procedures



Testing a water’s quality can be expensive and time consuming; therefore, testing
supplies, procedures, and objectives should be carefully planned prior to field work
being performed.

IDEXX Quanti-tray technology has proven efficacious and cost-effective in
determining MPN microbial counts in water samples (Bain et al. 2015 and Bram et al.
2011). IDEXX utilizes defined substrate technology to both detect and quantify
individual bacterial species. In-flow and out-flow samples were diluted, sealed, and
incubated according to the temperature requirements of the test. The sample water,
nuclease free water, and Colilert packet was mixed together in a sterile flask. Mixing
was accomplished by gently rotating the flask until the sample was homogenous.
Samples were then placed in a quanti-tray 2000 containter (96 wells), labelled to ensure
accuracy, and transferred to the Quanti-tray Sealer to thermally seal the Quanti-tray
2000 packet. Sample containers mixed with Colilert were incubated at 35°C +/- 0.5°C
for 24 hours and evaluated for both color change (for coliforms) and fluorescence under
UV light (for E. coli). Sample containers mixed with Enterolert were incubated at 41°C
+/- 0.5°C for 24 hours and evaluated for fluorescence under UV light (for Enterococci).
Sample containers mixed with Pseudalert were incubated at 38°C +/- 0.5°C for 24 hours
and evaluated for fluorescence under UV light (for Pseudomonas aeruginosa).

Coliscan Plus Easygel was used for quantification of E. coli organisms and to compare
with results from IDEXX Colilert. Samples were first shaken to disturb particulates in the
water, then 1mL of in-flow water was placed into the Coliscan Plus Easygel bottle,

vortexed, and poured into aseptically designated Coliscan Plus Easygel plate. In another



plate, 2mL of in-flow sample water was added to another Coliscan Plus Easygel bottle,
vortexed, and poured into a petri dish. These two steps were repeated again for out-
flow samples. Plates were left to sit and solidify at room temperature for 10 minutes
then transferred to an incubator at 35°C +/- 0.5°C for 24 hour.

In-flow and out-flow water samples were serially diluted under a biological safety I
cabinet to 10'and 102 and spread on Hektoen Enteric Agar (HEA) using an Lazy L
spreader, and incubated at 35°C +/- 0.5°C for 24 hours. Growth for each plate was
observed and individual isolates were chosen for biochemical assessment to determine
genus or species name. Isolates were labeled and were inoculated into sterile 5mL
Tryptic Soy Broth tubes (TSB). After 24 hours incubation at 35°C +/- 0.5°C, isolates were
observed for growth and growth patterns were noted.

TSB subcultures of isolates were then used to inoculate Tryptic Soy agar slant (TSA),
Triple Sugar Iron slant agar (TSI), Lysine Iron Agar slant (LIA), Oxidative Fermentation
Basal Medium agar deep w/ mineral oil (OF w/), Oxidative Fermentation Basal Medium
agar deep w/o mineral oil (OF w/0), Bile Esculin Agar slant (BEA), Potato Dextrose Agar
(PDA), Motility Indole Ornithine agar deep (MIO) Simmons Citrate agar slant (CIT),
Phenylethyl Alcohol Blood agar plate (PEA), Eosin Methylene Blue agar plate (EMB),
Chocolate Agar plate (Chocolate), Brilliant Green agar plate (BGA), and MacConkey agar
plate (MAC). All inoculations occurred under a biological safety Il cabinet. Aerobic
conditions were simulated for TSI, TSA, TSB, BEA, OF w/, OF w/o, MIO, PDA, CIT, PEA,
EMB, Chocolate, BGA, and MAC inoculations. Anaerobic conditions were simulated for

EMB, MAC, BGA, and PEA plates.



In addition to using liquid media for microbial growth and quantification, dry
compact media was utilized for total colony counts for D3 and D4 samples for bacteria
and fungi respectively. Hardy Diagnostics has created general purpose, selective, and
differential media for microbial quantification. This media is advantageous in terms of
storage and interpretation. Plates come joined together and can be stacked to save
space or kept together to for easy serial dilution colony count assessment. Dilutions of
in-flow and out-flow water include 101, 102, 103, 104, 10, 10, and 10”. 1mL of
diluted in-flow water was pipetted directly into the middle of the dry compact media
where diffusion occurred. Out-flow water was also pipetted into 10"* — 10”7 dilution. All
plates were inverted and placed in incubator for 48 hours at 35°C +/- 0.5°C.

Chemical analyses of water was performed using API Freshwater Master Test Kit to
evaluate pH, nitrates (NO*), nitrites (NO?), ammonia (NH3/NH**), general hardness
(GH), and carbonate hardness (KH). Tests were performed according to API instruction
manual. Copper (Cu) and lead (Pb) were analyzed using the PurTest Lead test kit.
Arsenic (As3*) was analyzed using Freshwater Systems Arsenic quick check test kit. Iron
(Fe) and Chlorine (Cl) were analyzed using Insta-test strips. 5mL samples of in-flow
water was used for each test except the test for arsenic. Water results were visually
inspected, compared to reference instruction guide, and recorded. Three water
samples were collected from D2 in-flow water and sent to Gulf Coast LabNet for analysis
of trichloroethene (TCE). Analysis of TCE included matrix spiked samples and laboratory

control samples to ensure accuracy of results.



For viewing bacteria, samples must be fixed to a microscope slide. Isolates were
heat fixed onto a microscope slide from TSB subculture and stained with Crystal Violet
stain for 1 minute. The slides were washed with deionized water and Gram’s lodine
Mordant stain was applied for 1 minute. The slides were washed briefly with a 50%
ethyl alcohol/50% acetone Gram decolorizer solution and then rinsed with water.
Safranin was then applied to the slide and let sit for 1 minute and then rinsed off with
water. The slides were dried using Bibulous paper and microscopic examination
occurred using an Olympus CX31 under 100X oil immersion. Color, size, and
morphology of bacteria was characterized and used as evidence for bacterial unknown

identification.

Calculations

a) IDEXX Quanti-tray (Colilert, Enterolert, Pseudalert)

Analysis and enumeration of microbial numbers has been simplified using the
IDEXX Quanti-tray system and MPN chart (see Table 2 and Table 3). Rapid identification
of coliforms, Enterococci, E. coli, and P. aeruginosa can be performed and accurately
assessed within 24 hours. Results from all four sampling procedures are as follows. For
diluted samples, multiplication of IDEXX MPN final number by a dilution factor is needed
for MPN calculation. For 1:0 dilution, no dilution factor was needed. For a 1:1 dilution,

a dilution factor of 2 was applied. For a 1:2 dilution, a dilution factor of 3 was applied.



For a 1:3 dilution, a dilution factor of 4 was applied. For a 1:4 dilution, a dilution factor

of 5 was applied.

b) Coliscan Plus Easygel

Quantification of E. coli was determined according to Micrology Laboratory’s colony
count method per 100mL (Micrology Laboratories). Coliscan Plus Easygel technology
provides researchers the ability to distinctly identify E. coli based upon both purple color
and fluorescence under UV light.

This formula is: a) divide 100 by the number of mL used for sample

b) multiply the count on plate by result obtained

c) disregard light blue, blue-green or white colonies
Analysis of standard deviation could not be conducted since there were different
amounts of sample in each bottle for D1, D2, and D3 and only 1 plate was poured for
each specific sample volume. For D4 sample analysis, five plates were poured and the

average of the five was recorded.

c) Colony forming units/mL

Total colony counts were performed using Hardy Diagnostics Compact Dry
media. Calculation of totally colony count was performed by using the formula
described in the Environmental Laboratory Manual (Pepper and Gerba 2004). This

formula for colony forming units on a plate is:



(# of colonies x inverse dilution) + amount of sample pipetted (mL)
(e.g., 10 = 10°)

Quality Control

Quality control (QC) tests were performed to ensure that media was functioning
properly. Due to expensive costs of new media, expired media was used for some tests.
Media that did not meet QC criteria cannot be considered for this project and cannot be
included in results. The only media that did not meet QC requirement was MacConkey
agar. All KwikStik QC organisms were purchased from VWR. All plates and tubes were
incubated aerobically at 35°C +/- 0.5°C for 24 hours and checked for growth and a visual
change in media.

Escherichia coli ATCC 25922 was used as the QC organism for TSI, EMB, and MAC
agar. After E. coli inoculation on Difco TSI, there was a change in media to an alkaline
(yellow)/alkaline (yellow) color. Additionally, signs of gas production were present with
no hydrogen sulfide production. This follows proper QC characteristics of the media for
E. coli (TSI-QC). E. coli growth on Levine-EMB was successful and produced a large, blue-
black, green metallic sheen (EMB-QC). When E. coli was inoculated onto Remel
MacConkey agar, only 1 purple colored colony was seen. QC results should have seen
no growth inhibition and colonies that were pink to red (MAC-QC). When inoculated in
an MIO deep, growth was observed that was both motile and positive for ornithine
decarboxylase. With addition of Kovac’s reagent, a pink colored was produced showing

that the organism could produce indole (MIO-QC).



Streptococcus pyogenes ATCC 19615 was used as the QC organism for BEA and PEA
plates. On BEA, no growth was observed and the media did not have any characteristic
blackening. This is the expected growth pattern of S. pyogenes on BEA (BEA-QC). On
PEA, no growth was observed. Growth of S. pyogenes on PEA should be observable and
not inhibited (PEA-QC). This constitutes a failure for the media, but another inoculation
was performed using Enterococcus faecalis ATCC 29212.

Enterococcus faecalis ATCC 29212 was used as the QC organism for BEA and PEA.
After 24 hours on BEA, positive growth and blackening of the media was observed. This
result is positive for hydrogen sulfide production which is a typical for this media (BEA-
QC). On PEA, growth was observed and colonies were colorless. This is the expected
growth pattern (PEA-QC).

Salmonella enterica subsp. enterica serotype Typhimurium ATCC 14028 was used as
the QC organism for BGA and HEA agar. When grown on BGA agar, clear-colored
growth was observed and the media turned bright pink. This is indicative of a lowering
of the pH and is indicative of a positive control (BGA-QC). When inoculated on HEA,
positive growth occurred and colonies exhibited typical green/blue color with black
centers, indicative of hydrogen sulfide production (HEA-QC). When S. enterica was
inoculated onto LIA, a black precipitate was formed and the butt and slant remained
purple. This is indicative of hydrogen sulfide production and lysine decarboxylation
which is typical for this organism (LIA-QC).

Klebsiella pneumoniae ATCC 33495 was used to inoculate CIT and EMB. When grown

on CIT, a blue color was observed at top of slant which is indicative of sodium citrate use



as carbon source and ammonium dihydrogen phosphate as source of nitrogen. This is a
positive QC result for this media (CIT-QC). When K. pneumoniae was grown on EMB,
growth was observed and colonies were purple colored. This indicates a positive result
(EmMB-QC).

Pseudomonas aeruginosa ATCC 27853 was used for inoculation of OF w/ mineral oil.
Growth was observed and there was no color change in media. This is indicative of no
fermentation occurring and is consistent with OF inoculated with P. aeruginosa (OF-QC).

A QC check was successful for the following media: HEA, BGA, PEA, TSI, BEA, MIO, LIA,

PEA, OF, EMB and CIT. MAC agar failed the QC test.

Results and Discussion

After analyzing samples from both in-flow and out-flow grab samples, there does
not appear to be any evidence that the Fairview Environmental Park is consistently
increasing water quality with regards to Enterococci between the in-flow and out-flow
points. Out-flow samples from D1 showed a decrease in Enterococci when compared to
the in-flow (435.6/100mL and 845.0/100mL respectively for D1) and D4 samples also
showed a decrease in Enterococci between the in-flow and the out-flow (6016.5/100mL
and >12,098/100mL respectively for D4) (see Figure 3 and Table 1). But samples from
D2 and D3 grabs show that bacterial numbers are increasing between the in-flow and
out-flow. D2 grab samples showed an increase of 1139.6 Enterococci/100mL between

the in-flow and out-flow and D3 samples showed an increase of 6025.2



Enterococci/100mL between the in-flow and out-flow samples. D4 samples for
Enterococci were run in duplicates due to availability of IDEXX materials and showed
that there was a significant decrease in Enterococci concentration between the in-flow
and out-flow points. The discrepancies may be attributed to samples not being mixed
enough prior to dilution or due to temperature differences between the two sampling
sites. Although there was minimal temperature difference between in-flow and out-
flow points (x=4 °F), this temperature difference could affect the number of Enterococci
present. This error could be fixed by running multiple samples on the same dilution,
taking the average, and determining standard deviation between samples for a more
accurate assessment.

As temperatures increased, microbial numbers increased in all samples with the
exception of D4 outflow for Enterococci (46.0/100mL at 78.1 °F) (see Figure 3). This
increase in numbers can be attributed to an increase in metabolic activity and nutrient
acquisition. It would be difficult to graph changes in microbial numbers by temperature
since all temperatures were different in each grab sample and for different time
periods. There is no direct correlation between temperature and microbial growth
between the D1, D2, D3, and D4. It was observed that at the highest recorded
temperature of 78.1 °F for D4 out-flow there were less Enterococci/100mL than at the
lower temperature of 65.1 °F for D3 out-flow (see Table 1). This is a 13 °F difference
between the two grab samples and recordings indicate that there were 1242 less
Enterococci when the temperature was raised by 13 °F. This could be attributed to

fauna being more numerous and efficient at higher temperature in reducing pathogen



concentration. The highest recorded concentration of Enterococci in out-flow
measurements was 7258.8/100mL at 65.1 °F during D3 grab sample. The highest
recorded concentration of Enterococci in in-flow measurements was >12098/100mL at
74.1°F during D4 grab sample. There does not appear to be a direct correlation
between temperature and Enterococci concentration as can be seen in Figure 4.

Coliforms were tested for all four grab samples and for in-flow and out-flow
using IDEXX Colilert. There was an overall increase in coliforms when compared to
temperature (see Figure 5). In each sample collected, the maximum concentration
detected was found. This does not allow for a comparison between in-flow and out-
flow sites. To alleviate this problem in the future, multiple higher dilutions are needed
and these can be run in triplets as well. Without understanding the microbial
community interaction, the increase in coliforms cannot be attributed to an increase in
temperature alone and it is likely that multiple variables are involved.

E. coli concentrations were analyzed for in-flow and out-flow samples and it was
observed that E. coli concentrations were increasing in all samples between the in-flow
and out-flow (see Figure 6). Two measurements were taken for D4 samples and the
average was recorded and incorporated into the graph. The highest recorded
concentration for E. coli was found in out-flow grab samples from D3 in which the
concentration was 4659.3/100mL at a temperature of 65.1 °F. It is obvious that there is
an increase in pathogen load between the in-flow and the out-flow regions of the Park
and this may be attributed to excess trash build-up in the Park that is not being cleaned

up effectively (see Figure 11 and Figure 12). As can be seen in Figure 13, there does not



appear to be a direct correlation between temperature and E. coli concentration. The
highest recorded concentration of E. coli was 4,659.3/100mL that was observed at a
temperature of 65.1°F. The highest temperature recorded was 78.1 °F with an E. coli
concentration of 2,393.0/100mL. These observations do not show that temperature
alone is the driving force behind increasing microbial numbers.

Concentrations of P. aeruginosa were observed to increase in D1, D2, and D3
samples between the in-flow and the out-flow samples and D4 grab samples showed a
decrease between the in-flow and the out-flow points (see Figure 7). The largest
difference between the in-flow and out-flow points was observed during D3 samples in
which there was an increase of 97.4/100mL. D4 samples of in-flow and out-flow
showed a decrease in P. aeruginosa by 12.2/100mL and this may be due to a
temperature threshold. The highest observed concentration of P. aeruginosa was at
temperature of 65.1 °F in D3 out-flow sample. It is unlikely that temperature is the
driving force for growth for this microorganism and that excess debris and improper
fauna is the leading causative factor for increased concentration. There does not
appear to be any correlation between temperature and P. ageruginosa concentration.
The highest recorded concentration of P. aeruginosa from all samples occurred at a
temperature of 65.1 °F with a concentration of 145/100mL. The highest temperature
recorded was 78.1 °F and only had a concentration of 46.0/100mL. This implies that
temperature cannot be the sole variable for microbial numbers of P. aeruginosa.

A comparison between Coliscan Easy Plus Gel and IDEXX Colilert was performed

to determine if these two technologies could be used interchangeably to accurately



assess E. coli concentration in water (see Figure 2). With the exception of D1 and D2 in-
flow samples, there were large fluctuations in numbers of reported E. coli
concentrations within the sample grab sample. This highest difference between the two
tests was observed during the D3 out-flow grab sample with a difference of 4540.7 E.
coli per 100mL. This implies that one of the methods is more accurate in assessing E.
coli concentrations than the other. In IDEXX's defined substrate technology has proven
efficacious in numerous studies and should be viewed as the more accurate approach.
Chemical analyses of in-flow and out-flow water samples showed that
composition of water remains fairly constant between in-flow and out-flow sites (see
Table 1). Trichloroethylene was undetectable at 0.00050mg/L during the D2 and all
tests were negative for lead (Pb), chlorine (Cl), and arsenic (As3*). Nitrates (NO?)
remained at 5ppm for both in- and out-flow samples for each sampling day. There were
no nitrites detected in either in- or out-flow samples. Minimal amounts of copper (0-
1.3ppm) were detected in D1 samples and no copper (Cu) was detected in any other
sample. The detection of copper in D1 sample may have been a misinterpretation error
due to the difficulty in reading test strip. Iron (Fe) was identified in both in- and out-
flow samples from D1, D2, and D4 samples and was observed to be 0.3ppm. The pH of
in flow and out-flow water remained between 7-8 for each sampling and does not
appear to have a correlation with temperature or any other factor. The stability of pH
is a good sign that the water is stable in terms of normal pH. The process of testing
water for pH was not time-consuming nor expensive for NOs’, NO2", GH, KH, or pH, but

interpretation was tedious. When estimating concentration of a specific element or



compound, one must use a color coded chart that can be misinterpreted easily due to
only slight color variations.

It is interesting to note that when compared to the Alabama Department of
Environmental Managements results for E. coli concentration, there were largely
significant reported amounts. Although the same methods were used by ADEM and me
for quantification of E. coli (IDEXX Colilert), there were large discrepancies in reported
concentrations between February 2, 2017 and February 3, 2017. ADEM contracts
laboratory work to Environmental Services Laboratory, Inc. and reports findings back to
ADEM. It was observed by ADEM that the concentration of E. coli in in-flow sample for
February 2, 2017 was 86.2/100mL (see Table 4). This is in contrast to my reported
findings of 237.4 E.coli per 100mL on February 3, 2017 (see Table 1). With out-flow E.
coli concentrations, ADEM reports concentrations of 397/100mL on February 2, 2017
(see Table 5). Thisis in contrast to my observed findings of 660.0 E. coli per 100mL on
February 3, 2017 (see Table 1). The discrepancy may be attributed to a more
concentrated sample that | obtained and not the result of a duplicate sample being
taken. It is unlikely that there was a significant change in environmental conditions, but
since these samples were taken 1 day apart, it is impossible to say due to confounding
variables. One variable that could not be accurately assessed was rainfall. When
viewing rainfall data, it does not give precipitation rates for specific areas. Rainfall data
is on a large scale and includes the entire city of Montgomery. Data indicates that there

is also an increase in E. coli concentrations from in-flow to out-flow points which



corresponds to the data that | observed. This is an indication that there is indeed
increased pathogen loading between the in-flow and out-flow points.

Bacterial total colony counts were performed using Hardy Diagnostics Dry
Compact Media. This media is advantageous because it is uniquely suited for colony
counting due to its diffusion properties and the gridlines that are built into the plate.
Due to cost, only grab samples from in-flow and out-flow samples from D3 were used.
The purpose of this portion of the experiment was inspect how this media functioned
and to add to existing data for the Park. It was observed that there were lower
concentrations of total bacterial numbers between the in-flow and out-flow points
when all data was averaged (see Table 6). It was observed that there were
approximately 83,000/100mL in the in-flow samples and approximately 80,000/mL in
the out-flow samples. It must be noted there at a dilution of 10~ only out-flow samples
contained bacteria. This implies that there are actually more bacteria in the out-flow
when compared to the in-flow. If more samples had been acquired, a more accurate
representation of bacterial numbers could be formed. | would not use this set of data as
soleevidence that there are lower numbers of bacterial numbers in the out-flow when
compared to the in-flow.

Fungal total colony counts were also performed using Hardy Diagnostics Dry
Compact media. This media was specific for fungi and does not cater to any specific
type of fungus. As can be seen in Table 7, there were on average more fungi in the out-
flow than the in-flow for D4 grab-samples. Sample dilutions were taken in duplicates

and the average of the two was reported. It can be seen that for the in-flow, there were



on average 186.67 fungi per 100mL and in the out-flow there were on average 206.83
fungi per 100mL for D4 grab-samples. There were variations in the number of fungi for
each dilution; therefore, this media can only be used as an estimate. It was odd to
observe that there was only 1 fungus/mLin 10! dilution and that there was also 1
fungus that was present in the 103 sample in the D4 in-flow sample. If there was only 1
fungus/mL it would difficult to find any in subsequent dilutions. It also must be noted
that some of the media was covered in color and only a few fungi may have been
present. This is indicative of spreading (which is normal for hyphae) but this may affect
accurate reporting numbers due to competition within the media. More experiments
would need to be run to determine the validity of using this media when examining
water samples.

If Environmental Services Laboratory, Inc. only performs double experiments on
10% of their samples as indicated by NEMI Quality Control requirements (NEMI), this
implies that triplet experiments are never performed. After calling Environmental
Services Laboratory, Inc., it was determined that they would not have run a duplicate
sample from grab samples by ADEM and the value from one sample would have been
reported. This implies that ADEM could be under-reporting or over-reporting values,
based on the one sample collected. To alleviate the discrepancy, samples from the
same day would need to be tested by another independent laboratory to verify results.

The calculation of biological oxygen demand was calculated using LaMotte
TesTabs and required the ascertainment of the dissolved oxygen concentration from the

initial sample and the dissolved oxygen after 5 days. This was extremely difficult due to



interpretation issues with the reference color chart given. The reference chart only gave
color indications for Oppm, 4ppm, and 8ppm. 4ppm and 8ppm were difficult to
interpret since both were shades of pink/red. Results of dissolved oxygen and biological
oxygen demand are visible in Table 1 and do not give an accurate representation of
actual dissolved oxygen in the water. After researching calculation methods, it was
determined that LaMotte TesTabs are not able to calculate biological oxygen demand
effectively. It was observed that the highest biological oxygen demand occurred with
D1 out-flow samples with a BOD of =6. This implies that there should have been more
bacterial numbers in this water sample, but this is not accurate when compared to
specific bacteria that were measured. This could mean that there were more bacteria
present in the water sample during that time period, but since bacterial enumeration
was only performed on a specific number of microorganisms it is difficult to find the true
cause for such a high BOD.

There was difficulty in attempting to identify unknown microorganisms due to
lack of experience and improper equipment. An attempt was made to identify
microorganisms based upon biochemical features using media that is specific for
Enterobactericeae. The assumption that one can identify water microbes using this
information is true only if one has the correct media. Important media that would have
been used for identification of E. coli include Methyl Red and Voges Proskauer. | did not
have this media due to cost and this would have been a useful test. Another difficulty
was the assumption that you could simply streak organisms onto a media plate and

determine results. Due to the large number of tests that | was running, | made the



mistake of not streaking for colony isolation. Media is created to determine how an
individual colony reacts and can give useful information. Since | did not streak plate the
majority of the media plates (i.e., EMB, SBA, PEA, MAC), identification could not be

ascertained accurately.

Conclusion

In order to accurately determine unknown organism identification, PCR analysis
would need to be conducted or shotgun sequencing of community microbiota.
Biochemical tests performed were not specific enough to determine the identity of any
cultured microorganisms. Clinical microbes are more easily identifiable and there are
many resources available to assist in this identification but sources for non-pathogenic
environmental organisms are not as numerous. Environmental organisms form complex
communities based upon specific nutrient availability, climate, and geographic location.
Certain media tests were not completed correctly; therefore, no specific identification
was possible.

Overall, data suggests that there appears to be an increase in pathogenic
microorganisms between the in-flow and out-flow sections of Fairview Environmental
Park. No suggestions are made about possible remediation since the Park, not a
recreational water, falls under acceptable standards at current time. There may be
multiple factors influencing pathogen proliferation including but not limited to: excess
trash and debris located in the Park, improper plant fauna, or a low water flow rate.

Future methods can be employed to reduce the microbial numbers entering Catoma



Creek and can include a shotgun analysis of organisms present in the Park, analysis of
plant fauna, and a metagenomic analysis of soil microbiota to identify community
microbiological interaction. Triplet experiments would be valuable when running
environmental samples for accuracy. It is difficult to determine a correlation with
limited samples due to confounding variables that may include a high bacterial
concentration in an individual sample. This will skew MPN calculations and cause and

inaccurate result and individual samples should be avoided.
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Table 1 Comprehensive chemical and microbial analysis of in-flow and out-flow water by sampling date. Data
measurements include: temperature, pH, dissolved oxygen, BOD, NOs’, NOz,NH4*, GH, KH, Cu, Fe, Cl, Pb, Enterococci,

coliforms, E. coli, P. aeruginosa, trichloroethylene, and arsenic (As**).
D1{2/3/17)

D2 (3/3/17)

D4 (05/10/17)

(IDEXX 2nd sample)

n Out n Out

Temperature 58.3 of 56.4 of 61.2 oF 58.1cF
pH 3 8 7.6 7.2
Dissolved Oxygen . 4 4 4
(ppm)
BOD (5-day] (ppm)
NO3- (ppm) 5 5 5 5
NO2- (ppm) 0 0 0 0
NH4+ (ppm) 2 0.25 0.25 0.25
GH (general z o 4 4
hardness)
KH [carbonate z 5 z z
hardness)
Cu (ppm) 0-1.3 0-1.3 0 0
Fe (ppm) 0.3 0.3 0.3 0.3
Cl (ppm) 0 0
Pb ({ppm) negative negative negative negative
Enterccocci/100mL 845.0 435.6 5688.2 1827.8
Coliforms/100mL 4839.2 48392 7257 .0 7257 .0
E.coli 2374]  se00 6572 10323
(IDEXX )/ 100mL
P.

102 286 2432 49.0)
aeruginosa,/100mL
E. coli (Micrology) 3 ) 3 3
0.5mL/ 100mL
E. coll (Micrology) a000| 2000 500.0 3400.0
1ml/ 100mL
E. coli (Micrology) _ _ _ _
1.5mL/ 100mL
E coli {Micrology} 1500| 3000 750.0 3750.0
2mL/ 100mL
Tricholorethylene |- - Undetect-able a]-
Arsenic {mg/L) 0.0| 0.0 0.0 0.0

D3 (4/7/17)
n Out

68.1 oF |B5.1cF
7.8 7.6
4 4
5 5
0 0
0 0.25
7 4
& 7
0 0
0 0
0 0
negative |negative
1503.6| 72588
7257.0] 7257.0|
1738.2| 46593
47 6 145.0|
4200.0] 9200.0
1500.0] 9000.0|
3666.7] 6799.0|
6050.0] 5050.0|
0.0 0.0|

n Out n Cut
74.10F |78.10F
7.4 7.4
4 4
0 0
5 5
0 0
0.25 0.5
4 4
8 10
0 0
0.3 0.3
0 0
negative |negative
>12,098 6016.5| 12098.0] 34335
12098.0 12098.0|>12,098 |>12,098 | E coli (Coliscan 1mL)
17240 23930| 1155.0] 34335
In Out
542 46.0] 700.0, 51000
i i i i in out
600.0) 4500.0 500.0| 3900.0 700.0, 3900.0
) ) ) ) In out
= = = = 1800.0| 44000
0.0 0.0




# Large IDEXX Quanti- Tray®f2000 MPN Table { per 100mi)

Wells # Small Wells Positive
Positive 0 1 2 3 4 5 § 7 g 3 10 11 12 13 14 15 18 17 18 19 20 21 2 23 24
0 <1 1.0 Z0 30 40 50 60 7.0 2.0 T T R X B Y s R 7N B T N T- T RN 26 NN T B T~ R - - B - - R ™ ¥
1 1.0 20 2.0 40 50 60 7.1 2.1 g1 101 111 121 132 142 152 182 173 183 103 204 214 224 235 245 258
2 20 a0 4.1 5.1 6.1 7.1 8.1 g2 102 112 122 133 143 154 184 174 185 195 206 216 227 237 248 268 260
3 31 41 51 6.1 72 g2 @2 103 113 124 134 145 155 165 176 188 197 208 218 228 238 250 281 271 282
4 4.1 52 8.2 7.2 83 93 104 14 125 135 148 158 187 17E 188 198 210 220 231 2432 253 283 274 285 208
5 52 8.3 73 8.4 84 105 115 128 137 447 158 168 178 1890 201 212 222 233 244 I55 2WE 277 288 200 3D
& 53 T4 B4 o5 1068 118 127 138 148 160 17.0 181 182 203 214 225 236 247 068 268 280 281 302 313 324
T 75 a5 06 107 118 1z8 13@ 150 181 172 183 194 205 216 227 238 240 260 271 283 204 305 316 328 330
8 58 87 108 118 130 141 182 183 174 485 198 207 28 228 241 252 263 T4 2\E 207 308 320 331 M3 354
3 o8 108 120 131 142 153 184 17T@ 187 {98 208 220 232 243 254 288 277 288 300 312 323 335 348 358 370
10 110 121 132 144 155 166 177 188 200 211 223 234 248 257 2648 280 202 303 35 327 338 I/O 362 IT4 88
11 i22 134 145 168 168 178 181 202 214 225 237 24& 280 272 283 285 307 318 330 342 354 366 378 300 402
12 135 148 158 168 181 193 204 216 228 238 251 263 275 286 208 310 322 334 346 358 370 3|2 305 407 419
13 148 180 171 183 185 206 218 230 242 254 266 278 200 302 314 326 338 350 362 375 3BT 300 412 424 438
14 181 173 185 187 208 221 233 245 267 286 281 203 305 317 330 342 354 38T 370 391 404 416 420 442 454
15 175 187 189 211 223 235 247 258 272 284 206 300 321 333 346 358 3T 384 306 400 422 434 447 460 473
16 188 201 213 228 238 250 282 275 287 300 312 325 337 350 383 375 388 401 414 427 440 453 468 478 482
17 203 218 228 241 253 288 278 204 303 318 329 341 354 367  3M0 303 408 410 432 445 459 472 485 408 512
18 218 231 243 256 2690 281 204 307 32D 333 36 350 372 385 308 411 424 438 451 465 478 492 505 519 532
13 233 248 258 272 2BA 298 311 324 337 350 383 376 300 403 418 430 443 457 471 484 408 512 528 540 554
20 240 282 275 2B aD1 315 32§ 341 354 388 381 305 408 422 436 440 463 477 401 505 519 533 547 581 578
1 285 278 282 305 318 332 345 358 373 388 400 414 428 441 455 468 464 498 512 526 541 G655 568 G564 50O
22 282 205 308 323 338 350 384 37T 381 405 419 433 448 462 476 400 505 518 534 B4E 563 67E 503 @08 @23
23 200 3.3 327 M1 355 3\E 383 307 411 425 430 454 488 483 407 512 527 B42 558 G671 588 602 617 @32 847
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FT3 1063 1088 1134 1172 1210 1250 1281 1333 1378 1421 1487 1515 1585 1618 187.0 1725 1762 1842 1004 1088 2035 2105 2178 2254 2333
47 1143 1183 1224 1266 1308 1354 1401 1450 1500 1553 1807 1684 1723 1785 1850 1918 1080 2064 2142 2224 230 2400 2405 2505 2700
48 123.0 1284 1331 1370 1430 1483 1530 1507 158 1722 1780 1880 1035 2014 2008 2187 2282 2382 2480 2003 2723 2851 2087 3130 3282
49 1355 1408 1484 1523 1585 4650 1720 1783 1872 1058 O2046 2143 2247 2350 2481 2813 2755 2008 3076 3255 3448 3854 3873 4106 4352

09-83235-01

Table 1 IDEXX Quanti-Tray calculation table for 96-well trays. Small wells 0-24.



# Large IDEXX Quanti-Tray®/2000 MPN Table (per 100m
Wells # Small Wells Positive
Positive | 25 26 27 28 ] 30 3 az a3 34 a5 36 a7 38 33 40 # a2 a3 a4 a5 48 a7 48
0 263 204 274 284 205 305 315 326 330 3T 357 308 378 388 400 41D 4nr 431 maZ a3 303 o ara o aEs @
1 288 277 287 208 308 319 329 340 350 361 372 382 303 404 414 425 438 447 457 488 478 480 501 512
2 276 200 300 3.1 322 332 343 354 3|5 375 388 307 408 418 430 440 451 482 473 484 495 508 517 528
3 203 304 314 325 336 MT 358 3|8 37O W0 401 412 423 434 445 458 467 478 488 500 512 523 534 545
4 307 318 328 330 350 381 372 383 394 405 418 428 4390 450 481 472 483 405 506 517 528 540 551 563
5 321 332 M43 354 385 376 38T 388 410 421 432 444 455 468 477 488 500 512 523 535 548 558 560 561
3 335 347 358 360 380 302 403 414 428 437 448 460 471 483 404 508 517 528 541 652 GB4 576 587 500
7 350 382 373 384 396 407 419 430 442 453 465 477 488 500 512 523 535 547 558 571 583 584 6068 618
8 386 377 389 400 412 423 435 447 450 470 482 404 506 518 530 541 553 565 677 580 602 614 628 638
9 381 303 405 418 428 440 452 484 478 488 500 512 524 538 548 560D 572 564 507 608 621 634 648 658
10 387 408 421 433 445 457 488 481 483 508 518 530 542 555 537 578 582 604 617 628 642 654 687 678
T 414 428 438 450 483 475 487 488 512 524 537 548 5641 574 588 508 ©12 624 637 650 663 675 688 701
12 431 443 456 488 481 4903 506 518 531 543 558 588 581 504 6807 620 832 ©45 858 671 634 697 TI0 724
13 440 481 474 486 499 512 525 537 550 563 578 588 602 615 628 641 @54 667 B80 6893 TOT 720 733 747
14 487 480 493 505 518 531 544 557 570 583 508 609 623 636 649 663 676 @88 703 716 TAD 744 TET 77
15 488 498 512 525 538 551 564 578 581 6804 @618 631 645 658 672 605 ©08 713 726 74D 754 T8 782 708
16 505 518 632 545 558 672 585 508 612 628 640 653 667 681 605 708 723 737 751 785 778 793 808 822
17 526 530 552 5668 580 593 607 621 635 640 663 677 601 705 718 733 748 782 776 791 BOS 820 835 840
18 548 580 574 588 802 616 630 644 658 672 668 7FO1 715 730 744 7508 773 788 803 818 833 848 E63 578
19 588 582 596 810 6824 639 653 688 682 807 711 728 741 755 770 785 800 815 831 B46 BE1 676 802 @07
20 580 604 618 B33 648 6883 677 682 707 722 737 752 BT 782 798 B13 @28 844 858 875 BR1 607 @22 938
21 613 628 643 ©58 673 688 703 718 733 748 764 778 785 B1.1 628 642 @58 @8r4 890 806 922 ©3.8 054  ©O7.1
22 638 653 @88 BB3 @08 Ti4 720 745 781 778 72 808 824 B840 858 672 880 905 921 038 055 OF1 0938 1005
23 683 678 694 710 725 741 757 773 788 805 822 838 854 B71 887 604 @21 938 955 972 089 1008 1024 1041
24 688 705 721 737 753 770 786 803 819 836 852 868 886 903 g20 938 955 972 990 1007 1025 1043 1081 1078
25 717 733 750 7668 TB3 800 617 833 851 868 865 902 920 937 955 673 904 1008 1027 1045 1063 1082 1100 1118
26 748 78.3 780 787 814 831 B48 886 834 ©01 018 037 055 @73 @02 101.0 1028 1047 1068 1085 1104 1123 1142 1182
27 778 784 811 E20 846 884 882 900 910 937 955 O74 993 1012 1031 1050 1069 1088 1108 1127 1147 1167 1187 1207
28 808 826 B44 B63 881 899 918 937 958 975 904 1013 1033 1052 1072 1002 1112 1132 1152 1173 1183 1214 1235 1258
29 842 881 879 808 917 937 956 975 985 15 1035 1055 1075 1085 1118 1137 157 178 1200 1221 1242 1264 1288 1308
30 878 #97 817 @36 956 676 996 1018 1037 1057 1078 1089 1120 1142 1183 1185 1208 1228 1251 1273 1285 1318 1341 1384
31 918 @38 056 G7.7 097 1018 1038 1080 1082 1103 1125 1147 1168 1181 1214 1236 1258 1282 1306 1328 1353 1377 1401 1425
32 957 o768 099 1020 1042 1083 1085 1107 1130 1152 175 1188 1221 1245 1288 1202 1318 1340 1365 1300 1415 1440 1488 1401
33 100.0 1022 1044 1066 1088 1112 1135 1158 1182 1205 1228 1254 1278 1303 1328 1353 13768 1404 1430 1458 1483 1508 1537 1564
34 1047 1070 1083 1117 1140 1184 1188 1213 1238 1283 1288 1314 1340 1386 1382 1418 1446 1474 15041 1528 1557 1588 1815 1644
35 1007 1122 1148 1171 1186 1222 1247 1273 1208 1326 1353 1380 1408 1436 1464 1492 1521 1550 1580 1610 1840 1871 1702 1733
36 1152 1178 1204 1230 1257 1284 1311 1330 1367 1305 1424 1453 1483 1513 1543 1573 1605 1636 10668 1700 1733 1768 1790 1833
a7 1213 1240 1268 1296 1324 1353 1382 1412 1442 1473 1503 1535 1587 1509 1831 1665 1808 1732 1767 1802 1837 1873 1910 1847
a8 127.6 1306 1338 1388 1398 1430 1462 1484 1528 15598 1582 1828 168.1 1686 1732 1768 1804 1842 1880 1818 1857 1987 2037 2077
a9 1353 1385 1417 1450 1483 1517 1551 1588 1821 1857 1864 1731 178.9 1807 1847 1887 1927 1868 2010 2053 2088 2140 2185 2230
40 1437 1471 1508 1542 1578 1615 1653 1801 1730 1770 1811 1852 1804 1837 1981 2025 2071 2117 2164 2311 2280 2310 2360 2411
a1 163.2 1570 160.0 1848 1888 1730 177.2 1815 1858 1903 194.8 1085 2042 2001 2140 2191 2242 2204 2348 2402 2458 2615 2572 2831
42 1843 1886 1720 1773 1819 1885 1813 1861 2011 2082 2114 2187 2222 32977 2334 2302 2452 2513 2575 2638 2703 2780 2838 2005
43 177.5 1823 1873 1824 1976 2020 2084 2140 2198 2258 2318 2381 2445 2510 2577 2648 2717 2788 2863 2038 3015 3094 3174 3257
44 1938 1883 2051 2110 2172 2235 2300 2367 2438 2508 2581 2858 2733 26812 2804 2978 3083 3151 3241 3333 3428 3524 3823 3724
45 2141 2708 2279 2352 2427 2504 92584 2867 2753 2841 2033 3028 3123 3223 3325 3430 3538 3640 3762 3870 3008 4120 4245 4374
48 2415 2500 2588 2882 2778 2878 D081 3088 3100 3314 3433 3555 3681 3811 3045 4083 4225 4371 4520 4674 4833 4008 6163 5335
47 280.8 2024 3044 31680 3300 M3IG 3578 3725 3877 4034 4198 4386 4541 4721 4007 5009 5208 5504 5717 5638 G167 6405 6653 6810
48 3441 3809 3704 3968 4160 4380 4560 4788 5012 5247 5403 5748 6015 6204 6506 6803 7215 7556 7015 8207 0704 9138 9808 10112
49 4811 4884 5172 5475 5794 6131 6488 6867 7270 7701 6164 8684 9208 9604 10482 11199 12033 12087 14138 15531 17320 18863 2419.6 =24188
09-63235-01

Table 2 IDEXX Quanti-Tray calculation table for 96-well trays. Small wells 25-48.



Environmental Services Laboratory

6000 Richard E. Hanan Drive  Montgomery, Alabama 36108 Phone 206-1701

Ist Quarter Results
Lab ID# 30220

rt Date: 0310317

% IM' """I:';:’:i’ Analyte Name Result MRL  Unit J:::tl';:;

Collection Date: U2/0217

AMD43S] Cienetta Stream at Catona Creek
21THT (il & Grease <5 5 mg/l. EPA 16648
2027 Mitrate <MHEL 1.00 mgL EPA 300.0
21217 Nitrite “MRL 0100 mg'L EFA 300.0
2137 E. Coli 192 i, #100 mL 20 8M 9223B-0QT
2217 Turbidity 145 0.10 NTU 205M 2130 B
2217 Total Suspended Solids 24 1 mgL. 20 5M 2540 D
2THT Bicchemical Oxyvgen Demand 2 1 mg/l. 20 8M 5210 B
2817 Total Kjeldahi Mitrogen <MRL 0.50 mg'L. EPA 3512
2817 Tatal Phoaphorus <MRL 0.5 mg'L EPA 3653

Collection Date: 020217

AMO435T  Genetta Stream Inflow
2MTHT Oil & Grease <5 5 'L EPA 1664
2T Nitrate 1.1 1.00 mi'L EPA 300.0
2217 Nitrite <MRL 0.100 gL EPA 100.0
20417 E. Coli B2 A #100 ml, 20 SM 9223B-0T
2217 Turbidity EA K 010 NTU MEM 2130 B
20217 Total Suspended Solids | 1 g/l 205N 2540 1
2T Biochemical Oxygen Demand 2 1 mgl. 205M 52108
2917 Total Kjeldahl Mitrogen “MHL 0.50 mg/L EPA3512
28T Tatal Phasphorus <MRL 0.5 mg'L EPA 365.3

Table 4 Environmental Service Laboratory Testing results for Fairview Environmental Park
(Genetta Stream) in-flow for February 2, 2017.



Environmental Services Laboratory

6000 Richard E. Hanan Drive  Montgomery, Alabama 36108 Phone 206-1701
1st Quarter Results
Lab ID# 30220

SL]EE [5‘ ple ATAIS Amalyte Name Result MRL  Unit e

Collection Date: 02/02/17

AMO3EI3 Genetia Stream Ouiflow
21T 0il & Grease <5 5 mg/L. EPA 16648
2217 Mitrate 1.0 1.00 gL EPA 3040.0
20217 Mitrite <MRL 0.100 mg/l. EPA 300.0
21317 E. Coli 397 MNIA #1100 mL 20 SM 9223B-0QT
20217 Turbidity 30,0 0.10 NTU 205M 21308
20217 Total Suspended Solids 59 1 mg'L 20 8M 2540 D
2T Biochemical Oxygen Demand 7 1 mg/L 20 5M 5210 B
219117 Total Kjeldahl Nitrogen 3.52 0.50 mg/L EPA351.2
21917 Total Phosphorus 1.11 0.5 mg'L EPA 365.3

CP - Coliform Present
CA- Coliform Absent

MEL - Minimum Reporting Limit
All samples are analyzed by standard USEPA protocols. All resulis are validated against laboratory control standards. 1If
you have any questions regarding these analyses or procedures, please contact:

Akl e

Environmental Services Laboratory

Table 5 Environmental Service Laboratory Testing results for Fairview Environmental Park
(Genetta Stream) out-flow for February 2, 2017.



Hardy Diagnostics Dry Compact
Total Bacterial Colony Count D3

In-flow Out-flow Dilution
TMTC TMTC 1072
106000/mL | 50000/mL 103
60000/mL | 90000/mL 10*
100000/mL 10°
AVG = AVG =
83000 80000

TMTC =too many to count

Table 6 Calculation of total bacterial colonies using Hardy Diagnostic Dry Compact Media for
D4 grab samples. Calculation of averages of in-flow and out-flow fungi/mL were based upon
average of two samples.

Hardy Diagnostics Dry Compact
Total Fungal Colony Count D4
In-flow (1) In-flow (2) | Out-flow (1) Out-flow (2) | Dilution
10/mL 10/mL 250/mL 160/mL 10
100/mL 0/mL 200/mL 0/mL 102
1000/mL 0/mL 1000/mL 0/mL 103
AVG = 186.67 AVG =234.17

Table 7 Calculation of total fungal colonies using Hardy Diagnostic Dry Compact Media for D4
grab samples. Calculation of averages of in-flow and out-flow fungi/mL were based upon
average of two samples.



IDEXX MPN/100mL for E. coli, Enterococci, and P,
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Figure 1 Comparison of MPN calculations of E. coli, Enterococci, and P. aeruginosa from in-flow
and out-flow samples in Fairview Environmental park from D1, D2, D3, and D4 grab samples.

Coliscan Easy Plus Gel/100mL v. IDEXX Colilert/100mL E.
coli comparison
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Figure 2 Comparison between Coliscan Easy Plus Gel and IDEXX Colilert for
detection of E. coli in in-flow and out-flow samples from Fairview Environmental
Park.



Enterococci/100mL
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Figure 3 Comparison of in-flow and out-flow Enterococci MPN calculations using IDEXX Enterolert.

Temperature and Enterococci concentration/100mL
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Figure 4 Comparison of Enterococci concentration to temperature for all D1, D2, D3,
and D4 samples for in-flow and out-flow.



Coliforms dectected by IDEXX Colilert/100mL
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Figure 5 Coliform concentration for in-flow and out-flow samples using IDEXX Colilert. All
concentration values the maximum for particular dilution.
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Figure 6 E. coli concentration for in-flow and out-flow samples using IDEXX Colilert.



P. aeruginosa concentration/100mL
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Figure 7 Comparison of P. aeruginosa concentrations between in-flow and out-flow
grab samples.

Eigure 8 Fairview Envronmntal Park. Photo taken March 3,2017.
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Figure 10 Fairview Environmental Park out-flow. Photo taken March 3, 2017.
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Figure 11 Out-flow trash debris located in Faer|ew Environmental Park
Photo taken February 2, 2017.

Figure 12 In-flow trash debris located in Fairview Environmental Park.
Photo taken February 2, 2017.



Temperature and E. coli concentration/100mL
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Figure 13 Comparison of E. coli concentration to temperature for all D1, D2, D3, and D4
samples for in-flow and out-flow.
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Figure 14 Comparison of E. coli concentration to temperature for all D1, D2, D3, and D4
samples for in-flow and out-flow.
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