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APPENDIX 2: MATERIALS & METHODS

A2.1 PREPARATION FOR EXPERIMENT

A2.1.1 Column Construction

The four watertight columns used in this study can be constructed for less than $250, as

outlined in Table A1. The column components in Table A1 are numbered, with values

corresponding to labels in Figure A1, to aid in replication of these columns in other labs. For

additional questions regarding column construction, please contact the author of this thesis.

Table A1: Column Constructions Materials & Costs

Units
Vendor & for Total
No. Product Name Link Price |Units [Exp. [Cost
1 [4in.x2 ft. PVC DWV Sch. 40 DWV Pipe  |Home Depot [$17.86 [2-ft |4 $71.44
2 |8 oz. Purple CPVC and PVC Primer and
Regular Clear PVC Cement Combo Pack Home Depot |$10.94 [unit |1 $10.94
3 |4 in. Galvanized 2-Hole Pipe Hanger Strap |Home Depot |$5.20 |unit |4 $20.80
4 |2 in. Galvanized 2-Hole Pipe Hanger Strap  |Home Depot [$1.12 |unit |4 $4.48
5 12in. x 2 ft. PVC DWYV Schedule 40 Pipe Home Depot [$6.56 [2-ft |1 $6.56
6 |4 in. Round Snap-In White PVC Shower
Drain Home Depot [$3.60 |unit |4 $14.40
7 |2 in. x 4 in. PVC DWV Hub x Hub
Increaser/Reducer Coupling Home Depot [$12.55 junit |4 $50.20
8 |0.5 cu. ft. Bagged Pea Gravel Pebble 0.5
Landscape Rock Home Depot |$11.82 |cu. ft. |1 $11.82
9 |2 in. PVC Sch. 40 Solvent x Solvent Ball
Valve Home Depot [$13.86 [unit |4 $55.44
10 |LTKJ 304 Stainless Steel Woven Wire 200
Mesh 75 Micron Fine Screen Mesh, 11.8 x
23.6 Inch Amazon $6.99 |unit |1 $6.99

$246.08



https://www.homedepot.com/p/Charlotte-Pipe-4-in-x-2-ft-PVC-DWV-Sch-40-Pipe-PVC074000200HA/100566597
https://www.homedepot.com/p/Oatey-8-oz-Purple-CPVC-and-PVC-Primer-and-Regular-Clear-PVC-Cement-Combo-Pack-302483/100151579
https://www.homedepot.com/p/Oatey-4-in-Galvanized-2-Hole-Pipe-Hanger-Strap-33576/303434712
https://www.homedepot.com/p/Oatey-2-in-Galvanized-2-Hole-Pipe-Hanger-Strap-33501/303434698
https://www.homedepot.com/p/Charlotte-Pipe-2-in-x-2-ft-PVC-DWV-Schedule-40-Pipe-PVC072000200HA/100585960
https://www.homedepot.com/p/Oatey-4-in-Round-Snap-In-White-PVC-Shower-Drain-435692/100122758
https://www.homedepot.com/p/Charlotte-Pipe-2-in-x-4-in-PVC-DWV-Hub-x-Hub-Increaser-Reducer-Coupling-PVC001021200HD/203391389#overlay
https://www.homedepot.com/p/Vigoro-0-5-cu-ft-Bagged-Pea-Gravel-Pebble-Landscape-Rock-54255/202523000
https://www.homedepot.com/p/Everbilt-2-in-PVC-Sch-40-Solvent-x-Solvent-Ball-Valve-107-638EB/319340954
https://www.amazon.com/LTKJ-Micron-Stainless-Pollen-Filtration/dp/B07XGFQLV2/ref=sr_1_3?crid=OE7UHGC2P60U&dib=eyJ2IjoiMSJ9.6ewOGCK-hf_TDSWKzn_HxbmPHK3syEG8mznzlfgL8XRb3BkzZ9PDfuNIcNe_WgBdzBcwMynp3DAs0LPLabDr3raaUUePpqEci4s-P-lI06UfvRRf6fs3K4Ua6uokoE-r7oWUZHJKPBSW6kLhX8wxDtL3r66fGZ30puWl9rSbJDKcJPFp0yNGnjvmAuR_siyPs2wAip4T8cWsp8FXwG-x_6AlEsdf6CG0Ydw5YRVTty8.7Lw39FSQq9ChIe23SX4AG6pjkGzD-QWXnaD9gdInG1c&dib_tag=se&keywords=75+micron+mesh+stainless+steel&qid=1726677913&sprefix=75+micron+mesh+stainless+steel%2Caps%2C54&sr=8-3

Figure Al: Photographs explaining column assembly

A2.1.2 Media Preparation

As described in the main body of the thesis, sand used in this study was obtained from
Harwood Sand & Gravel for free. It was classified as Concrete Sand and came with a
specification sheet that had a sieve analysis. In the lab, sand was washed and sieved, removing
fines (particles smaller than 75-um) and gravel (particles larger than 2-mm). Although the
received sand had less than 5% of fines (according to the provided analysis), a notable amount of
colloids were washed from the sand during the washing and sieving procedure, as shown in
Figure A2(a-b). The washing procedure caused a shift in the particle size analysis. The values

provided by Harwood and Gravel were adjusted to consider the removal of gravel and fines. This



data is shown in Table A2 and Figure A3. The sieve analysis was used to determine the effective
particle size (dio) and uniformity coefficient (Cuy) of the sand for comparison to COMAR
specifications. COMAR specifications are primarily concerned with ensuring the sand filter will
not clog and thus fail prematurely; they are not designed to optimize bacterial removal.

The dio of the media used in this study, 0.2-mm, falls within the lower end of the
acceptable range (0.15 to 0.5 mm); this is notable as the media used in this study is generally
considered to be too large to effectively remove E. coli via filtration. For media with dio between
0.25 and 0.5 mm, any uniformity coefficient less than 3.5 is considered acceptable. However, for
media with dio between 0.15 and 0.3 mm, the uniformity coefficient must be between 4 and 6.
With a Cy of 2.6, this media technically does not meet the criteria. However, the decision to
increase the uniformity of the media to this degree was necessary to improve the homogenization
of the column media and thus theoretically decrease the baseline variation in E. coli removal,
allowing for greater opportunity to identify statistically significant changes induced by the flood
simulations and biofilm growth. Again, it is worth noting that the higher uniformity coefficient
required by COMAR is incentivizing the incorporation of larger particles into the media, which
is understood to increase pore size and thus decrease bacterial filtration. With this understanding,
it may be assumed that this simplified sand filter modeled in this experiment is performing
similar to or better than the average, newly installed sand mound will that conforms to COMAR

regulations.



Figure A2: No. 200 sieve and water used to rinse colloids and fines out of sand

Table A2: Particle size distribution chart

Particle Size (mm)

Initial % Passing

Final % Passing

9.5
4.75
2.36
1.18

0.6

0.3
0.15

0.075

100.00%
97.00%
86.00%
75.00%
57.00%
17.00%

3.00%
0.80%

100.00%
100.00%
100.00%
87.09%
65.96%
19.01%
2.58%
0.00%
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Figure A3: Particle size distribution plot of column media, before and after processing

A2.1.3 Model Pathogen Selection & Characterization
A2.1.3.1 E. coli Growth Curve

As described in the main body of the thesis, a growth curve was conducted for E. coli K-
12 under ideal conditions to aid in its characterization. This was completed using the procedure
detailed below. Additionally, the calculation is provided for how the generation time was
calculated using the data obtained from the growth curve experiment.

A starter liquid culture was grown by inoculating 10-mL LB Broth in a sterile 50-mL
centrifuge tube with a plated E. coli K-12 colony. After growth overnight to an absorbance
(OD600) of 1.8, 50-uL of the starter culture was added to 100-mL sterile LB Broth in a 250-mL
bottle. The optical density of the culture was measured every 30 minutes. The first significant
growth (OD600 > 0.01) was observed after 180 minutes (3 hours). At 4-hours, the OD600

indicated that the culture was leaving the lag phase and approaching the exponential growth



phase, as the OD600 value nearly doubled, rising from 0.03 to 0.05 over 30 minutes. Thus at 4.5
hours, the first sample was plated to determine the bacterial concentration. From 4.5 to 7 hours,
the culture was plated and the OD600 was measured every 30 minutes. The E. coli
concentrations measured during this time period are displayed in the main body of the text.
Generation Time Calculation:
Number of Generations = log> ( NrmaL / NINITIAL )
log> (108.127/107.816 ) = 1.98 generations
Incubation Time = trmisH - tSTART
390 min - 330 min = 60 minutes
Generation Time = Incubation Time / Number of Generations
Generation time = 60 minutes / 1.98 generations
Generation time = 30 minutes

A2.1.3.2 Determining the Population Capacity of E. coli K12 in STE

As briefly mentioned in the main body of the thesis, designing this experiment required
determination of the carrying capacity of E. coli K-12 in my synthetic septic tank effluent (STE)
solution. Additionally, it had to be determined how long the carrying capacity could be sustained.
Given a reasonable concentration of E. coli could be sustained for at least two days, the
experiment could progress as planned in preliminary designs. To do this, a series of experiments
were completed in which E. coli K-12 cultures were grown and sustained in syn. STE solutions,
as detailed below.

An initial experiment involved inoculating three 5-mL aliquots of syn. STE with a plated
E. coli K-12 colony. Cultures were incubated for 17 hours at 30C and 60RPM. This yielded logio

concentrations of 8.2 +/- 0.2. This indicated that a sufficient bacterial population could be



obtained through simple inoculation of liquid cultures, without a need for concentrating via
centrifuge and pelleting.

Next, the stability of the E. coli population in a syn. STE solution was evaluated, to
determine if the same culture could be used as influent over a 48-hour period without causing too
significant of variation in the influent culture concentration. Triplicate cultures of 10-mL syn.
STE with E. coli K-12 were incubated at 37C, 120 RPM. After 48 hours of incubation, the
triplicate cultures yielded logio concentrations of 7.9 +/- 0.0. After 72 hours of incubation,
triplicate cultures yielded logio concentrations of 7.8 +/- 0.1. This variation in logio
concentrations was deemed to not be significant enough to need further action. If significant
growth had been observed, steps could have been taken such as adding sodium azide to stop
bacterial growth or cooling the solution to decrease the growth rate. If significant death had been
observed, the synthetic STE recipe could have been altered to promote microbial growth. Issues
of excessive growth and death also could have been addressed by more frequent changing of the
influent solution. However, this experiment indicated that the population of E. coli K-12 was
sufficient for this experiment.

A2.1.3.3 Salt Sensitivity

E. coli K-12 is a slightly halophilic bacterium, with the ability to withstand low levels of
salinity. However, it is not viable in high salt concentration waters, limiting the salt concentration
that could be used for this experiment. Consideration was given to the use of Enterococcus, the
bacterium used to regulate non-fresh surface waters in Maryland, given its viability at high salt
concentrations, however no biosafety level 1 (BSL-1) Enterococcus species are available. Given
the size and duration of the column study, it was necessary to limit the model bacterium options
to BSL-1 bacterium, leaving E. coli as the next best option for a model bacterium. To avoid

introducing the additional variable of salt-induced bacteria die-off into the mass balance



calculations of this study, the highest concentration of salt that £. coli K-12 could tolerate
without accelerated die-off had to be determined. To do this, the following procedure was used.
The results are presented in the main body of the thesis.

Six 250-mL glass bottles containing 100-mL of sterile syn. STE were inoculated with 10-
mL of an overnight E. coli K-12 culture, also grown in syn. STE. After overnight incubation, the
four cultures with the most similar OD600 values (0.087 +/- 0.003) were selected for the
experiment. These initial cultures (pre-salt) had a log10 E. coli concentration of 8.01 +/- 0.02. A
concentrated salt solution was prepared such that the addition of 1-mL of the concentrated salt
solution to a sample culture yielded a salt concentration of 18 parts per thousand (ppt). Smaller
volumes of the concentrated salt solution were added to obtain concentrations of 12 ppt and 6
ppt. No salt was added to the positive control, leaving a salt concentration of 0 ppt. Sterile STE
was added to the 0 ppt, 6 ppt, and 12 ppt cultures as needed to bring the total added volume to 1-
mL for all cultures. After the addition of salt, cultures resumed incubation. The concentration of
viable E. coli in each sample was measured after 24 (post-salt, day 1) and 48 hours (post-salt,
day 2). The results are presented in the main body of the thesis. They informed the decision to
use a brackish flood solution with a salt concentration of § ppt.

A2.1.4 Batch Adsorption & Desorption Experiments
A2.1.4.1 Laboratory Method

Prior to the adsorption experiment, media was washed and sterilized using the same
procedure utilized to prepare abiotic column media. Clean, sterile sand was separated into 5-
gram replicates. Half of the replicates (n=7) were saturated with sterile synthetic wastewater; the
remaining half (n=7) were saturated with sterile brackish (8 ppt) water. To bring the sand to

equilibrium with their respective solutions, saturated sand was placed on an orbital shaker for 24



hours. Equilibrated sand was dried in the oven and then placed in a sterile centrifuge tube. The
mass of the empty centrifuge tube and centrifuge tube with dry sand were recorded.

During the adsorption experiment, 10-mL of synthetic wastewater containing E. coli K-
12 at a concentration of 108 CFU/mL was added to six sand samples that had been equilibrated
with wastewater, six sand samples that had been equilibrated with brackish water, and one empty
sterile centrifuge tube which was used to control for E. coli growth. To control for potential
contamination of sand, 10-mL of sterile synthetic wastewater was added to one sand sample that
had been equilibrated with wastewater and one sand sample that had been equilibrated with
brackish water. Finally, 10-mL of sterile synthetic wastewater was added to an empty centrifuge
tube to control for potential contamination of the tubes. The mass of all samples, after the
addition of solution, was recorded to allow for exact tracking of volumes added and enable more
accurate mass balance calculations.

All samples were placed on an orbital shaker at 140 RPM for 60 minutes to promote
adsorption. Samples were then transferred into the biosafety cabinet where all microbiological
analysis occurred. After a 30-minute settling period, the supernatant of each sample was
decanted into a sterile centrifuge tube. The concentration of E. coli in the supernatant was
quantified using serial dilution and plating on LB agar. The mass of sand samples after removing
the supernatant was recorded. This revealed that, on average, only 84% of the 10-mL culture was
recovered during decanting, leaving approximately 1.6-mL of culture in the saturated sand pores.
Mathematical adjustments were made when quantifying desorption to account for this remaining
volume, as described in greater detail in the following section.

With supernatant removed, sand from the adsorption experiment was prepared for the

desorption experiment. Of the six sand samples which were originally equilibrated with synthetic



10

wastewater, half were saturated with 10-mL of sterile synthetic wastewater and the other half
were saturated with 10-mL of brackish water. The was also done for the six sand samples
originally equilibrated with brackish water, creating four treatment conditions, each with three
replicates. Both control samples containing sand were saturated with 10-mL of sterile synthetic
wastewater. The control culture and sterile control were not changed. The mass of all samples
was recorded to allow for exact tracking of volumes added.

Samples were replaced on the orbital shaker at 140 RPM for 60 minutes to promote
desorption. Samples were then transferred into the biosafety cabinet. After a 30-minute settling
period, the supernatant of each sample was decanted into a sterile centrifuge tube. The
concentration of E. coli in the supernatant was quantified using serial dilution and plating on LB
agar. The mass of sand samples after removing the supernatant was recorded. Samples were
placed in the oven to remove all liquid, and then reweighed to confirm that no significant masses
of sand were lost during the experiment.

A2.1.4.2 Data Analysis

For the adsorption and desorption experiments, volumes added and removed from
samples were measured precisely using weight. The mass of bacteria (in CFU) added to each
sample (M) was calculated by multiplying the concentration of E. coli measured in the control
culture (1.09 x 108 CFU/mL) by the volume of culture added to each sample (Vin).

M,y = V,y * (1.09 x 108)
The mass of bacteria in the supernatant (Msuper,aps) from the adsorption experiment was
calculated by multiplying the concentration of E. coli measured in the supernatant (Csupgr,ADs)

by the volume of supernatant removed (Vsuper,aDs).

MSUPER,ADS = CSUPER,ADS * VSUPER,ADS
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On average, only 86% of the initial added culture volume was removed as supernatant, leaving
approximately 1.6-mL of culture in the sand’s saturated pores (Vremain). The mass of bacteria
remaining suspended in that volume (Mremain) was calculated by multiplying the concentration
of E. coli measured in the supernatant (Csuper,aps) by the volume remaining in the sand pores
(VREMAIN).
Mgemain = Csuper,aps * VREmaIn

To calculate the mass of bacteria adsorbed to sand (Maps), the mass of bacteria remaining
suspended in the saturated sand pores and mass of bacteria removed in the supernatant was
subtracted from the mass of bacteria initially added.

Maps = My — Msypgr,aps — Mremain
Finally, the percent of bacteria adsorbed (% Adsorbed) was calculated by dividing the adsorbed
bacterial mass by the total, initial bacterial mass.

M
% Adsorbed = ADS

* 100%
IN

At the end of the desorption experiment, the mass of bacteria in the supernatant (Msupkr,pEs) Was
calculated by multiplying the concentration of bacteria in the supernatant (Csuper,pes) by the
total volume in the desorption solution, including that which remained in saturated soil pores
after decanting (Vpks).

Msyper,pEs = Csuper,pEs * VpEs
While a portion of the mass in the supernatant (Msuper,pEs) 1s desorbed bacteria (Mpks), a
portion of the mass is that which remained from the adsorption experiment (MrgmaIN).

Mpgs = Msyper,pEs — MreMaIN
Finally, the percent of bacteria desorbed (% Desorbed) was calculated by dividing the desorbed

bacterial mass by the adsorbed bacterial mass.
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M
% Desorbed = DES

* 100%
ADS

A2.2 EXPERIMENTAL METHODS
A2.2.2 Column Influent

Starting components of the column influent were prepared in three sections: 3-L sterile
deionized water, 500-mL sterile, concentrated (7x) synthetic septic tank effluent (syn. STE), and
the E. coli K-12 inoculum. Three liters of deionized water was autoclaved in 4-L polypropylene
copolymer (PPCO) Nalgene bottles and stored at room temperature until use. Sterile,
concentrated (7x) syn. STE was prepared in bulk, utilizing the recipe outlined in table X.
Aliquots of 500-mL of the concentrated syn. STE were put into 1-L glass Pyrex bottles and
autoclaved at 121C for 15 minutes. After cooling, the concentrated solutions were stored in the
refrigerator at 4C for up to two weeks prior to use.

The E. coli K-12 inoculum began from a plated culture, such as the one seen in Figure X.
A new plated culture was prepared every 1-2 weeks to ensure continued viability. A small portion
of an isolated colony from a streak plate was transferred into a 50-mL sterile centrifuge tube
containing 10-mL of sterile syn. STE. The cap was placed lightly on the tube, without screwing it
closed, and then the cap was secured into place with parafilm. This 10-mL starter culture was
paired with a 10-mL control culture, which went through the same handling processes, with the
exception of the inoculation step. Both cultures were incubated at 37C, 120RPM for 22-24

hours.
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Figure A4: Picture of E. coli K-12 streak plate used to create initial influent inoculum cultures

By 22 hours, the 10-mL E. coli K-12 culture consistently reached the stationary phase,
yielding absorbance values of 0.09 +/- 0.01 at a wavelength of 600-nm. Sub-samples of
approximately 1.5-mL were removed from the 10-mL cultures by pouring solution from the 10-
mL tube directly into a sterile 1.5-mL tube, in the biosafety cabinet. The remainder of the 10-mL
cultures were transferred to separate 250-mL glass bottles, each containing 100-mL of sterile syn.
STE, to produce a 100-mL inoculum solution and a 100-mL control solution. Caps were screwed
on slightly, still allowing for the passage of air, and then sealed with parafilm. Both cultures were
incubated at 37C, 120RPM for 22-24 hours.

By 22 hours, the 100-mL E. coli K-12 culture consistently reached the stationary phase,
yielding absorbance values of 0.8 +/- 0.1 at a wavelength of 600-nm. Sub-samples of
approximately 1.5-mL were removed by pouring solution from the 100-mL bottles directly into a
sterile 1.5-mL tube, in the biosafety cabinet. The remainder of the 100-mL inoculum culture was
combined with 3000-L sterile DI water and 500-mL concentrated (7x) sterile syn. STE to prepare

a 3600-mL influent starter solution. The lid was placed on the 4-L bottles and screwed Y4 of a
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turn, still allowing for the passage of air, and then sealed with parafilm. The influent solution was
then incubated at 37C, 120RPM, for 22-24 hours.

After 22 hours, the 3600-mL influent culture consistently reached the stationary phase,
yielding absorbance values of 0.07 +/- 0.01 at a wavelength of 600-nm. Sub-samples of
approximately 30-mL were removed by pouring solution from the 3600-mL solution into a 50-
mL sterile centrifuge tube, in the biosafety cabinet. From the 30-mL sample, a secondary 1.5-mL
sample was collected in a sterile microcentrifuge tube and left in the biosafety cabinet to be used
for serial dilution and plating to determine the E. coli concentration. The remainder of the sample
was used for non-sterile tests including pH, EC, and OD600.

After 48 hours of sitting at room temperature on a stir plate with solution being removed
and added to the columns, the absorbance values had generally increased, with an average
absorbance of 0.08 +/- 0.02. This increase is assumed to be reflective of dead E. coli contributing
to absorbance values, as the populations indicated by serial dilution and plating did not increase
in correlation with final absorbance values. This is expected as the stationary phase of a culture
represents a period in which death and growth are balanced, not a phase in which death and
growth have stopped.

After the influent culture was finished being used, a 30-mL sample was collected in a
sterile 50-mL centrifuge tube. From the 30-mL sample, a secondary 1.5-mL sample was collected
in a sterile centrifuge tube and used for serial dilution and plating to determine the concentration
of viable colony forming units. The remainder of the sample was used for non-sterile tests
including pH, EC, and OD600. The final volume of the remaining influent culture was also

measured.
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A2.2.3 Effluent Sample Collection
Pooled samples were (typically) collected Monday (1 day), Wednesday (2 days), Friday
(2 days), and Sunday (2 days) using sterile mason jars, as seen in Figure 5. The volume, pH, and

EC was measured for pooled samples.

F igufé A5: C on of pooled samples in sterile mason jars
Grab samples were collected Monday, Wednesday, and Friday using a sterile funnel set-
up and sterile 50-mL tubes, as seen in Figure 6. The pH, EC, OD600, and E. coli concentration

(Cout) was measured for grab samples.
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Figure A6: Collection of grab samples in sterile éentrife tube, usin a sterile funnel set-up

During the release of simulated floods, additional samples were collected. Pooled
samples with volumes of approximately 300-mL were collected in sterile mason jars, as
discussed previously. One grab sample with a volume of approximately 40-mL was collected
using a sterile funnel set-up and sterile 50-mL tubes, as discussed previously. The volume, pH,
EC, OD600, and E. coli concentration (Cout) was measured for all samples collected during the
release of flood waters.

A2.2.4 Influent & Effluent Sample Analysis

The EPA does have standard methods specifically for the quantification of E. coli in
water and wastewater, none of which are serial dilution and plating. Many of these methods
utilize additional chemicals to select and/or differentiate E. coli from other microbes present in a

sample. Due to the use of a pure influent E. coli culture and the distinct morphology of E. coli on
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LB Broth agar plates, the basic heterotrophic plate count method could be used while still
confidently quantifying only E. coli.

In addition to being largely unnecessary, the EPA methods were generally not feasible for
this experiment. For drinking water and recreational waters, all methods require membrane
filtration. While this is necessary to detect the low concentrations at which E. coli is regulated in
drinking and recreational waters, it is not appropriate for the high E. coli concentrations observed
in this experiment. While the standard methods available for quantification of E. coli in
wastewater are more appropriate for the concentrations observed in this experiment, they either
are cost-prohibitive or lack the precision required to quantify the low E. coli removal observed in
this study. For example, the multiple tube fermentation technique does not yield specific
concentrations, instead determining the most probable magnitude of the growth. The multiple
tube/multiple well approach provides greater precision but is cost prohibitive, requiring the

purchase of IDEXX test trays and specific equipment to read the trays.

A2.3 END OF EXPERIMENT SAND ANALYSIS

A2.3.1 Column Deconstruction

for storage



A2.4 DATA ANALYSIS

A2.4.1 E. coli Removal Equations

Table A3: Representative Volumes Used for Mass Balance Calculations

18

+ Friday AM

Relevant Period(s) | Effluent Sample with Representative Volume Approximate
CFU/mL Measured Volume
Normalization & Monday Grab Friday PM + Saturday + 1050-mL
Recovery Sunday + Monday AM
Wednesday Grab Monday PM + Tuesday + 700-mL
Wednesday AM
Friday Grab Wednesday PM + Thursday | 700-mL
+ Friday AM
Flood Simulation | Monday Grab Friday AM + Saturday + 1200-mL
Sunday + Monday +
Tuesday AM
Wednesday Pooled #1 | Pooled Flood Effluent #1 300-mL
Wednesday Pooled #2 | Pooled Flood Effluent #2 300-mL
Wednesday Grab Grab Flood Effluent 40-mL
Wednesday Pooled #3 | Pooled Flood Effluent #3 300-mL
Friday Grab Wednesday PM + Thursday | 300-mL
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Due to variation in influent rates (based on tubing, pumps, and potential positioning
errors), and poor recording of pauses of influent solution (during swaps of influent), effluent
volumes were used to estimate the influent volume of each column. Influent volumes were
assumed to equal effluent volume. During the flood simulations, for experimental columns the
Influent STE volume was assumed to equal total effluent volume minus the volume of salt
solution added (starting with Wednesday pooled #1 sample).

To approximate the variance for a f{(MLRVN, MLRVx) with independent uncertainties,

the following equation can be used:

2

85 AMLRV\? 8§ AMLRV\?
) s+ (smar,)

Var(AMLRVy ) = (5 MLRVy 5 MLRV,,

For this equation, the derivatives of the function relative to each variable must be calculated. We

can rearrange the above expression to simplify the derivation.

MLRVy

AMLRVX’N = MLRVN

Now we can take the derivative with respect to each variable.

SAMLRVyy 1
8§ MLRVy — MLRV,
§ AMLRVyy  MLRVy
8§ MLRVy ~ (MLRVy)?

Plugging the derivatives into the variance equation yields:

2

2 ( MLRVy, )2
SN

1
Var(AMLRVy y) = (—) Hl—
ar ) MLRVy) ¥ (MLRVy)?
The variance equation can be simplified and the square root taken to yield the final equation for

the approximated standard deviation corresponding to AMLRV.
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APPENDIX 3. RESULTS

A3.2 BASELINE PERFORMANCE
Table A4. Steady-State Influent & Effluent Parameters (Weeks 3-5)

pH EC (uS/cm) logi0(C) Weekly M-LRV

Influent 7.29 +/-0.17 328 +/- 18 7.99 +/- 0.07 -

Ctrl-Al 7.65 +/-0.17 438 +/- 72 7.57 +/-0.18 0.40 +/- 0.18
Ctrl-B1 7.81 +/-0.15 475 +/- 36 7.76 +/- 0.08 0.25 +/- 0.06
Ctrl-B2 7.51+/-0.14 457 +/- 30 7.74 +/- 0.06 0.28 +/- 0.10
Exp-Al 7.52 +/-0.17 470 +/- 221 7.53 +/-0.23 0.43 +/-0.21
Exp-A2 7.80 +/- 0.12 456 +/- 71 6.09 +/- 0.59 1.78 +/- 0.33
Exp-B1 7.51 +/-0.15 488 +/- 48 7.69 +/- 0.08 0.32 +/- 0.02
Exp-B2 7.50 +/- 0.12 485 +/-23 6.95 +/- 0.40 1.01 +/-0.43
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Table A5: Steady-State Influent & Effluent Parameters (Weeks 10-11)
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logi1o(CFU/mL)

Weekly M-LRV

Baseline Recovery % Change Baseline Recovery % Change

Influent | 7.99 +/- 0.07 | 7.99 +/- 0.07 - - - -
Ctrl-A1 | 7.57+/-0.18 | 7.08 +/-0.12 | -6.5% | 0.40+/-0.18 | 0.89 +/- 0.09 120 %
Ctrl-B1 | 7.76 +/-0.08 | 7.24+/-0.12 | -6.7% | 0.25+4/-0.06 | 0.72 +/- 0.03 190 %
Ctrl-B2 | 7.74 +/- 0.06 | 6.52 +/- 0.25 -16 % 0.28 +/-0.10 | 1.36 +/-0.19 390 %
Exp-Al | 7.53+/-0.23 | 7.30+/-0.20 | -3.1% | 0.43+/-0.21 | 0.67 +/-0.13 56 %
Exp-A2 | 6.09 +/-0.59 | 5.12 +/- 0.44 -16 % 1.78 +/-0.33 | 2.74+/-0.19 54 %
Exp-B1 | 7.69 +/-0.08 | 7.59+/-0.17 | -13% | 0.32+/-0.02 [ 0.32+/-0.13 0.0 %
Exp-B2 | 6.95+/-0.40 | 7.10 +/- 0.52 22% 1.01 +/-0.43 | 0.83+/-0.51 | -17.8%




Abiotic Normalization Period: pH & EC
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Figure A8: pH and EC of abiotic columns during weeks 1-5
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Figure A9: pH and EC of biofilm columns during weeks 1-5
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A3.3 IMPACT OF FLOOD SIMULATIONS
Table A6.: Percent change in average weekly M-LRV, during weeks 10-11, relative to baseline

% Change in
Column
Weekly M-LRV

Ctrl-A1 120%
Ctrl-B1 190%
Exp-Al 56%
Exp-A2 54%
Exp-Bl1 0%

Table A7: Results from two-way T-test, Comparing Column #I (left-most column) with Column
#2 (top-most row) normalized effluent E. coli concentrations (pcriicat = 0.05) prior to flood
simulations

Ctrl-B1
Ctrl-Al 0.195
Cul-B1 |-
Cul-B2 | -
Exp-Al | -
Exp-A2 | -
Exp-B1 | -




A3.4 MEDIA ANALYSIS

Media pH
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Figure A10: pH of sand at various depths, separated by treatment group
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Figure Al11: Abundance of E. coli adsorbed to sand particles at various depths, separated by

treatment group
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Contamination, potentially
Staphylococcus aureus
Y ¥

WD = 52 mm EHT = 1.00 k¥

MSU-ICAL File Name = B1

Figure A12: Example of wanted and unwanted microbial biofilm growth observed on a sand
particle from the Exp-B2 column's top layer (0-57)

Adsorbed E. coli
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5,00 pm MSU-ICAL File Name = A1C4_07 tif

Figure A13: SEM image of adsorbed E. coli and potential contamination on a sand pZz;"ticle from
the top layer (0-5”) of Exp-2 column
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Figure A14: SEM image of E. coli preferentially adsorbing near other adsorbed microbial
growth; from the top layer (0-57) of Ctrl-Al column
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