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ABSTRACT
Clarification ofRecreational PodlVaterusing Biological Additives Prodwed by
BiOWiSH™

Reese Mthanielwilson

Effects of commercially available bacterigroductswere investigatedn two common
recreational pootontaminantssunscreen and cyanuric a¢{dYA). Microbial products
developedy BiOWIiSH Technologies, Inc. wetestedor enhancingnechanicafiltration
and water clarification in benchscale bioreactorswith conditions mimicking those of
recreational pool waterBacterial consortia includegroprietary mixes of Bacillus
Lactobacillusand Pseudomonasand other genera of bacteria. BIOWiSidroductsare
either fermentedn asolid substrate consisting of rice bran and soy meal, oraregnixed
with a soluble diluentTwenty-nine BIOWISH products were tested throughdotty

experiments.

Experiments werearriedout to determine both the efficacy of BIOWiISH produicis
turbidity reduction and the mechanism by whiBfOWiSH removessunscreen from
solution.In trials without mechanical filtration, the only product which showed a reduction
in turbidity relative tathe control albeit inconsistentlywas thesolid substrate version of
BiOWIiSH Aqua FOGM (Thai FOG) Experimentson BiOWiSH coupled witmechanical
filtration showeda 79% average reduction of turbidity in the first & BiOWIiSH
products containingasid substrate, both active and abiotic, showed an average turbidity

reduction of 90% in the first 2Ars. In the same timeframeglgble BIOWiSH products
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showed a 79% average reduction in turbidifjus, the solid substrateprovided an
additional 11% redumn in turbidity over soluble products and-amendednechanical
filtration. Throughexperimentation andcanningelectronmicroscopy,it was concluded

that the primary mechanism of clarification by the solid substrate is adsorption of sunscreen

to the sbstrate surface.

Further experimentaereperformed in anaerobic and aerobic environments to determine
whether BIOWIiSH products can remove cyanuric acid from solution through adsorption
or biodegradationTwo measurement methodstbidimetric and HPLEhigh performance

liquid chromatographyyere used tsndependentlyguantifyCYA. A reversephase HPLC
method was developed which utilizes a phosphate buffer and methanol for the separation
of cyanuric acid from nitrate and other chemical spedibssolid BIOWiSH Aqua FOG
product (prod. in Thailand)interfered with the turbidimetric analysis, showing false
decreases in CYA. Using HPLC, themasno measureable biodegradation or adsorption

of CYA by BiOWIiSH products inhesebenchscale testsSignificant ystematic error in

the HPLC analysis prevented conclusive findings; therefore, the ability of BIOWIiSH

products to reduce CYA from solution remains inconclusive.

Keywords:Bioremediation, BiOWiSH Technologies Inc., Recreational Pool, Swimming

Pool, Chlorire, Sunscreen, Turbidity, Cyanuric Acid, HPLC
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CHAPTER 11 INTRODUCTION

The purpose of this research isingestigatethe removalof sunscreen and cyanuric acid
from swimming pool water by commercially available microbiological products
BiOWIiSH Technolgies, Inc.providedall bacterial consortia used in these experiments
Based in Cincinnati, Ohi@iOWIiSH is a company dedicated to developing, researching,
and manufacturing innovative biological solutions to issues in wastewater, solid waste,
agriculture aquaculture, and recreational pools. Within the recreational pool industry,
BiOWIiSH products have been uséat water clarification and are reported to reduce

cyanuric acidevels

A sufficient chlorine concentration (at leas? Ing/L Chor equivalet) must be maintained

in recreational pools to ensure sufficient inhibition of bacteria and protozoa. Hypochlorite
(OCI) is unstable under UV radiation and must be added in the form of chlorinated
isocyanurates. After reacting with oxidizable materialpghated isocyanurates release
CYA as a stable byproduct. As chlorine is expended ambsed, CYA accumulates in
swimming pools. While CYAenhances the longevity oésidualchlorine, it inhibits the
bactericidal effects of chlorine at high concentradigShields et al. 2009). Additionally,

the only current method for removal of CYA from swimming pools is through draining
and dilution with clean water (Pennsylvania Dept. of Public Health 2015). Biodegradation

of CYA has been studied extensively, althloungt in the context of recreational pools.



Leading up to the onset of this research, a thady pool operatoset up a rudimentary

test investigatinghe clarification of sunscreeby the BIOWiISH Aqua FOG produst an

aquarium An observeddrop in urbidity led investigatorso begin using the product in
routinepool maintenance. This reseaxghs startedalidateBi OWi SH product so
to clarify swimming pool water. As preliminary research was carried out, the scope and
aims of the project e\wed into a robust investigation of water clarification. Thepse of

work wasset out as follows:

Specific Tasks

Task IT Determination of Clarification Mechanism
Task IIT Efficacy of BIOWiSHProductClarifying Swimming Pools
Task IlIT Isolation and.D. of Microbes Which Survive in Chlorinated Environments

Task IVT Investigation oBiodegradation of Cyanuric Acid

The first task, Task lsought to determine the mechanism by which BiOWiSH products

clarify turbidity from swimming pools. Nine experimés were carried out using heated

10-gallon aquaria filled with chlorinated tap water and fitted with filtration systems to

mimic conditions in recreational pooSunscreen was used as the sole source of turbidity,

as it provided an easily replicable esiah of oils and carbonaceous matedalide array

of BIOWISH products were testeth these aquariaagainst uramended mechanical
filtration. Different combinations of the |

substrate products, soluble puatk, isolateanicroorganismsand abiotic solid substrates.



Task Il sought tquantifytheabilitiesof various BIOWIiSH products at reducing turbidity
from chlorinated and neahlorinated environments without the assistance of mechanical
filtration. Nine experiments were carried out to investig#te effects ofBiOWiSH
products on mechanical filtration of turbiditgxperimentsincluded a UV absorbance
calibration curve for sunscreen, determining éx¢ent of chlorine scouringaused by
various growth radia, determining the rates of chlorine scouring by each BiIOWiSH
product, testing the influence adtding on turbidity reductiorandinvestigatinghe effects

of BIOWIiSH products on turbidity using dextrose versus sunscreen as carbon sources.

Task lllinvestigate the typesand quantityof bacteria presemt BiOWiSH productsafter

use in clarification experiments. Samples were plated to investigatenost probable
number of Colony Forming Unit€CFU), as well azolony morphologyand to isolate
individual bacterial species for staining and classification. Due to time constraints, only
two experiments were run under this task. One of the experiments became contaminated,

leaving just one viablset of data

Task IVinvestigated the effects of BiOWiSbtoducts on CYA. This task proved tothe
most extensive and challengirdue to highly varied results of CYA measurement from
different methodsThe first experimentailed due to repeate@spirometemalfunctions
and has been omitte@he second thugh seventh experiments under this task utilaed
turbidimetric methodf CYA analysis and afalse reduction of CYA was seedue to
suspected interference on measurement by solid sulstoaliects An HPLC methodvas

developed and refined, over sevenths,to resolve CYApeaksrom those ofitrateand
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other chemicalsusing a phosphate buffer andhethanol HPLC analysis showed no
reduction in CYA by any means, including experiments which had previously shown a

reduction in CYAthroughturbidimetric angysis.



CHAPTER 2 BACKGROUND

2.1 Swimming Pools and Contaminants

There are 14.4 million residential swimming pools and hot tubs and 309,000 public
recreational pools in the United States, reported by the CDC in 2013 (CDC 2014, P.K.
Data, Inc 2013). Addibnally, swimming is the fourth most popular recreational sport, with
over 300 million visits to swimming venues nationwide in 2009. There are many health
benefits associated with swimming, such as-impact cardiovascular exercise which is
not aggravatig to joints, and activity that engages almost every muscle in the body. In
order to maintain a healthy environment for swimmers, municipalities have enacted

recreational water quality regulations.

Recreational pool water quality is regulated in Califatoy Title 22 Standard€alifornia

Code of Regulations 20L5Water clarity is an important indicator of the cleanliness of a
recreational pool. Regulated contaminants of swimming pools include dirt, debris, scum,
oils, organic and inorganic material (WHID06). Almost all recreational pools are fitted

with filtration systems which provide predominantly mechanical removal of the above
mentioned contaminants (Linhart 2014). Microbial growth in recreational pool water is
slowed by chlorination, preventinggsificant growth. Microorganisms in the pool water

are captured in the filtration system and can potentially biodegrade regulated contaminants

within the pool.

In addition to mechanical filtration, chemical control of bacterial contaminants is important

for maintaining clear pool water and preventing infection in{jusers. The most common
5



method of bacterial inhibition in recreational pools is chlorination. Chlorine, when added
in the forms of chlorine gas (&) hypochlorite (OC), or chlorine dioxid€CIO,), readily

oxidizes organic and inorganic contaminants (Cooke 2000).

In California, public swimming pools are governed by Title 22 standards within the
California Code of Regulations. Pool operators are required to maintain conditions in
which the lottom of the deepest area of the pool can be clearly seen from the pool deck
(California Code of RegulatiorZ)15. Public pools must also maintain pH levels between
7.2 and 7.8. Regulated contaminants of swimming pools include dirt, debris, scum, ails,
organic and inorganic materiaMHO 2006. Heterotrophic bacterial Standard Plate Count

is limited to 200Colony Forming Units (CFUper mL, and Total Coliform are limited to

2.2 CFU per 100 mlDisinfectants and their byproducts ateoregulated by Titl&2.

In the 2008 report on swimming pool water quality compiled by thet€'s forDisease

Control (CDC) violations were categorized as Serious, Water Quality, or Policy and
Management. Disinfectant level violations were given their owrcsiiagory undewater

guality. Cyanurate violations were compiled with algae and bacterial quality among others
under AOther Water Chemistry. o Of tlhye 121,
the CDC 10.7% were in violation. Of the 99,000 pools sampled for Qtfeger Chemistry

issues, 12.5% were in violatio€DC 2010Q. Since the Other Water Chemistry issues
category only required one of nine criteria to fall, it is impossible to discern the prevalence

of cyanuraterelated violations.



One major contaminant in gwming pools is sunscreen, which is commonly used to
protect against skin cancer caused by UV radiation during outdoor activity. Sunscreen is
ubiquitous in outdoor swimming pools, and contains many oils anldtkers which
contribute to water turbidityThe inactive ingredients in sunscreens contribute a large
amount of oils to recreational pools, in the forms of ethylhexyl palmigiteStearyl
Ethylenediamine/Neopentyl Glycol/Stearyl Hydrogenated Dimer Dilinoleate Copolymer,

retinyl palmitate, and othdatty acids(DailyMed 2012)

2.1.1Cyanuric Acid

Cyanuric Acid (CYA CsH303N3), a common chlorine stabilizer against ultraviolet (UV)
degradation, isa byproduct which entersutdoor swimming pools in the form of
chlorinated isocyanurates. Stabilized chieri can be obtained in three forms:
monochloroisocyanuric acid (monochlesdriazinetrione acid), dichloroisocyanuric acid
(dichloro-s-triazinetrione acid), and trichloroisocyanuric acid (trichlettiazinetrione).
Chlorinated isocyanurates have a higlsistance to UV degradation, because their UV
wavelength absorbance maxima are below 220 nm, and any UV radiation below 290 nm is
absorbed by the atmosphere. Hypochlorite has an absorbance maximum of 290 nm with a
spectrum that extends out to around 35Q fierefore, hypochlorite is unstable in the
presence of UV light, and the introduction of cyanuric acid enhances the longevity of

outdoor poolsd chlorine residual s.

Although it is an ineffective bactericide, the monochloroisocyanurate ion is benedicial t

disinfection. It acts as a reservoir of hypochlorite which can add hypochlorous acid to the
7



system ordemand(Wojtowicz 2001) It is generally agreed that -3® mg/L CYA is
required before proper chlorine stabilization is achieved. Alternately, thenpeesé
cyanuric acid has been shown to inhibit the bactericidal effec&atowicz also noted
that thee is a strong positive correlation between the concentration ratio of total cyanuric

acid to total free available chlorine and the kill time of 99% pbpulation of5. faecalis.

t. (PH 7 and 20°C) = 0.119 + 0.0516434;, - = 0.98

At 50 mg/L CYA, hyperchlorination with 20 mg/mL free Cl proved insufficient at
obtaining 3log removal of oocysts in fecabntaminated swimming pools. After 10 hsur
of hyperchlorination in the presence of CYA, only -bd0 removal of oocysts was
achieved, compared to the 30g10 removal without CYA Ehields et al. 2009 From a

disinfection standpoint, the need to manage CYA levels in swimming pools is apparent.

As chlorinated isocyanurates reaath biological and other pool contaminants, cyanuric

acid is left behind as a very stable byproduct. Title 22 standards call for no moi@®@han
mg/lLcyanuric acid in pools and (CdlifarniaGodee wat €
of Regulations 2015pecause cyanuric acid contributes adversely to turbidity. Every mole

of dichloroisocyanuric acid in a pool liberatase mole otyanurate ions when theleased
hypochloriteions reactvith contaminats. Assuming aaily dose of Ing/L hypochlorite,

in the form of dichloroisocyanuric agidnd assuming no degradation of cyanuric acid,

every swimming pool using dichloroisocyanuric acid will be in violatd the standard

after 15 weeks of chlorination. The only viablmethod of reducing cyanuric acid
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concentration is to dump pool water and dilute with clean w&enr{sylvania Dept. of

Public Health 201p whichis wasteful and costly tdomestic and professionaperators.

Cyanuric acid, a white odorless solid, iactive within the human body passing through

the renal system of swimmers without loss of concentr@immeneret al. 2007)Concern

has arisen regarding the nephrotoxi¢kiginey toxicity)of cyanuric acid and melamine (a
precursor to cyanuric acid synthesis) in combination. When ingested together, cyanuric
acid and melamine form kidney stones of melamine cyanurate crystals, which can lead to
renal failure. In 2007, a crisis emerged in the pet food industry, when a producer added
melamine to dog andat food. Melamine raises the apparent protein content of food
samples during analysis, due to its high nitrogen content. Contamination of the melamine
with cyanuric acid led to renal failure and the death of up to 36,000 dogs and cats in the

United State. The contamination led to the largest FDA recall to daw®1ter2008).

2.1.2Clarification Mechanisms

The two main possible pathways of swimming pool clarification are mechanical and
biological. Mechanical filtration denotes the filtration mechanism of cal pand

incorporates physical separation techniques. Biological filtration includes microbial
conversion of contaminants to biomass via metabolism and extracellular enzymatic

activity.



2.1.2.1Mechanical Clarification

There are three main types of pool filtesand, cartridge, andiatomaceous earth (DE).

Sand filters are the cheapest and easiest filters to maintain; however, sand provides the
least filtration of water, only reaving particles larger than 3Am (Linhart 2014.
Cartridge filters provide good watquality, exalding particles as small as fith (Linhart

2014. They require minimal maintenance and no backwashing, but filter cartridges must
be changed out periodically (on the order <& §ears). DE filters, provide the best water
quality, removiig particles as small as to3Bum (Linhart 2014). DE filters require the

highest capital investment of the three options, and are the mosirigdwsive to maintain.

2.1.2.2Biological Clarification

Due to the complex composition of commercial sunscreens, #rer@gnany possible
biodegradation pathways. Inactive ingredients such as sorbitol are readily degraded by
many microorganismsOaspiet al. 2014). The biological degradation of UV blockers in
sunscreen is most feasible by fungi such as the white rot fuhguseces versicolor

(BadiaFabregatt al. 2012).

Many papers studying the biodegradation of tieazine ring, and CYA, have been
published, due to thprevalence of cyclic-fiazinein pesticidesCyanuric acid is a key
intermediate between cyclietsazine pesticides and ammonia. CYA is biodegraded via
hydrolysis, ultimately producing G@nd ammonia. The degradation of CYA produces no
primary BOD; however nitrogenous BOD is added in the form of ammonia. Each mole of
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metabolized CYA liberates 3 ned of ammonia, by the pathway showrfigure 2-1. It
was widely accepted that urea was an intermediate CYA metabolite; however, an
extensiv&study determined that common analytical methods forced allophanate to

decarboxylate into urea which was not pré$eym metabolismCheng et al 200%.

H JH,0  HCO, H,0  NH, H;,O 2NH,

anurlc aci Biuret Allophanate
_ cyanuric acid [Bured] hiUYET hydrn\ase allophanate hydrolase)
hyrdolase

Figure2-1: Cyanuric AC|d Degradation Mechanigikotharu2014)

Biodegradation of cyanuric acid in aqueous systenpossible especially at low or no
dissolved oxyge. While bacteria which degrade CYA proliferate in both aerobic and
anaerobic environments, CYA degradation itself only occurs in anaerobic environments
(Saldick1974). Cyanuric acid removal can be obtained-8trhg/L of dissolved oxygen in
activated slude systems with a solids retention time of at least 6 hrs. Systems that have
high dissolved oxygen also show CYA reduction, but only in localized anaerobic zones
(Saldick1974). The greatest natural CYA removal occurs in activated sludge systems or
mud andmuddy creeks. Comparing results from lake water and water containing mud, it
is apparent that CYA degradation occurs in the soils and sediment, rather than the water
(Saldick1974). Degradation has also been demonstrated in solutions of 3.5% NaCl. Saldick
noted that the addition of glucose speeds up the degradation p@aielsskalso noted a

lag time of no more than a few minutes between a system turning anaerobic and the

resulting increase in biodegradation of CYA. Doubling the concentration of CYA
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deaeased the rate of degradation of tracer CYA, showing degradation as kinetatally

first-order.

2.1.3Types of BacteriaUsed

BiOWIiSH Technologies, Inc. produces bacterial consortia with compositoamsl in
Table 2-1. Many of the productare proprietaryand only the gnera of bacteria are

available for publication.

Table2-1: List of ProductsTested

Product Name Abbreviation Bacterial Species Composition
BioCure Microbial BMT WW Mix of 6-8 Bacillus Bacillusspores,
Technologies (BMT) (BMT WW1 and Soluble Diluent
Wastewater BMT WW?2 are

two different
batches of BMT

WWw)
BioCure Microbial BMT Remediate Mix of Undisclosed
Technologies (BMT) (BMT SS) Rhodococcuand
Remediate Arthobacter
BiOWIiSH Fruit and  Fruit Wash Mix of Bacillusand Bacillusspores,
Vegdable Wash Lactobacillus Lactobacillus,
Soluble Diluent

BiOWISH Lactic LCM Mix of Bacteria, Soluble
Mix 1 Lactobacillus Diluent
OBAAG-KLB 30 KLB SingleBacillus Bacillus spores,

species Diluent
Microbial Discovery MBWWT#1 Mix of Bacillus Salt,Bacillusspores

Group (MDG)Waste
Water Treatment

12



Product Name Abbreviation Bacterial Species Composition

Osprey Biotechnics OBWWT#1 Mix of Bacillus Undisclosed

Waste Water (Osprey WW)

Treatment

BiOWIiSH Aqua Thai Aqua Mix of Bacillusand Bacillusspores,

(Produced in Lactobacilus vegetative bacteria,

Thailand) Rice Bran and Soy
meal

BiOWIiSH Aqua Thai FOG Mix of Bacillusand Bacillusspores,

FOG (Produced in Lactobacillus vegetative bacteria,

Thailand) Rice Bran and Soy
meal

BiOWIiSH Aqua Irradiated Thai Mix of Bacillusand IrradiatedBacillus

FOG (Produced in
Thailand Irradated

Microbial Discovery
Group (MDG)
Hydrocarbon
Remediation Produc

Osprey Biotechnics
Hydrocarbon
Remediation Pduct

Osprey Biotechnics
Hydrocarbon
Remediation Rduct

BiOWIiSH Manure
and Odor Treatment
Swine

Microbial Discovery
Group Micronutrient
Mix

BIOWISH Aqua
(Produced in USA)

FOG,
(Thai Fog I,
IRTF)

MDG Petro

BPB-100

MPB-5
(Osprey L,
Osprey Liq)

Manure/Odor

MDG Micro-N

US Aqua

Lactobacillus
Inactivated by
Irradiation

Mix of Bacillusand
Pseudomonas

Pseudomonas

Mix of Bacillusand

Pseudomonas

Undisclosed

Abiotic

Mix of Bacillusand
Lactobacillis

13

spores, Irradiated
bacteria, Rice Bran
and Soy meal

Bacillusspores,
vegetative bacteria,
soluble diluent

Undisclosed

Bacillusspores,
vegetative bacteria,
soluble diluent

1-10% bacteria

Undisclosed

Bacillusspores,
vegetative cells,
soluble diluent



Product Name Abbreviation Bacterial Species Composition
BiOWIiSH Aqua- US FOG Mix of Bacillusand Bacillusspores,
Fats, Oils, and Lactobacillss vegetative cells,
Grease (Produced in soluble dibent,

USA) emulsifier

BioCure Mcrobial  AP0O01 Mix of Bacillus Bacillusspores, Rice
Technologies Bran and Soy Meal
Prototype Waste

Water Roduct 001

BioCure Microbial  AP002 Mix of Bacillus Bacillusspores, Rice
Technologies Bran and Soy Meal
Prototype Waste

Water Produc002

BioCure Microbial ~ AP003 Mix of Bacillus Bacillusspores, Rice
Technologies Bran and Soy Meal
Prototype Waste

Water Produc003

BioCure Microbial  AP004 Mix of Bacillus Bacillusspores, Rice

Technologies
Prototype Waste
Water Producb04

Biosource Prototype BS-AQ-001
Lactic Mix 001

Biosource Prototype BS-AQ-002
Lactic Mix 002

Biosource Prototype BS-AQ-003
Lactic Mix 003

BiOWIiSH Premix Premix
(Thailand)
BiOWIiSH Crop Crop

Mix of
Lactobacillusand
microbial
metabolites

Mix of
Lactobacillusand
microbial
metabolites

Mix of
Lactobacillusand
microbial
metabolites

Mix of
Lactobacills

Undisclosed
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Bran and Soy Meal

Vegetative cells,
metabolites, Rice
Bran and Soy Meal

Vegetative cells,
metabolites, Rice
Bran and Soy Meal

Vegetative cells,
metabolites, Rice
Bran and Soy Meal

Vegetative cells,
Rice Bran, Soy Meal

Undisclosed



Product Name Abbreviation Bacterial Species Composition

Rice Bran used in Thai Rice Bran Undefined Rice Bran

Thai FOG

Production

Riceland Rice Bran US Rice Bran Undefined Rice Bran
BiOWIiSH Cyanuric CAR Mix of Bacillusand Bacterial spores,
Acid Reducer Lactobacillus vegetative cells,

soluble diluent

2.2 Parameters Testedand Quantification Methods

Section 2.2 discusses specific parameters used in this study and the theory behind the

parametersd quantification.

2.2.1Turbidity

Turbidity is a measure of water clarity which denotes the amount of light occluded from
passing through a solution by suspended particulate matter. Tuniedguremendoes
notnecessarilyneasure the amount of solids in a solution. Particle sizes affeatndity

range from0.2 um to 1.0 mm EPA 2012. Thetwo most common units of turbidity are
Formazin Attenuation Units (FAU) or Nephelometric Turbidity Units (NTU), depending
on the angle at which the detector sits and the wavelength of the incidentNbE& s
measured perpendicular to the incident light angle with a white light source, whereas FAU
is measured Hiine with an infrared fht source. When compared to @azin standard

solution, NTU and FAU units are analogotsA\CH 2009.
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Broadspectrum sunscreens abdworultraviolet light from 298400 nm and higher
Sunscreen can be measurédarbidimetrially in aqueous samples without additional
sample preparation. No literature was found directly correlating sunscreen to turbidity, so
a standard curveas developed aspart ofthis study based on optical densityat 520

nm.

2.2.2CYA Analysis: Turbidimetric and HPLC

CYA can be tested througtrbidimetricand chromatographanalysis The most common

method for CYA analysidy recreational pool operators turbidimetric, as kits are

portable and cheap. Turbidity is induced in a sarfiple the addition of melamine and

the resultingorecipitation of melamine cyanuratd ACH 2009. Although it has an upper

testlimit of 200 mg/L, his method is inhibited byne solubility of melamine in water of

5-10 mg/L. Sincea small amount ofmelamine will remain in solution rather than bond

with CYA, analysis is preventeoelow 10mg/L and acaracyis limitedto +/~ 10 mg/L

|l nexpensive test Kk idtosnalydis,similaztethat ohaeSchiidisk, s a p p e
where a plunger is lowered into a sample, and the depth at which the plunger cannot be
seen corresponds to a concentration. This method is subject to high variability introduced

by user discretion.

More s@histicated turbidimetric methods, such as the one developed by HACH Company,
utilize IR absorbance for precise measurement of absorbance from CYA precipitation

reactions. HACH Method 8139 forY® utilizes a mixture of monobasic and dibasic
16



potassium phodmte, and sodium sulfite to create a white precipitate in the presence of
cyanuric acidHACH 2009) The method has a detection limit of 7.0 mg/L C¥Ad a

standard deviation of +1.2 mg/L was obtained by ot#ACH operator (HACH2009.

An even higherdvel of precision in CYA measurement can be achieved through High
Performance Liquid Chromatography (HPLC). HPLC utilizes selective adsorptive
chemistry coupled with UV absorbance to separate, identify, and quantify chemical
components within a liquid sangp Tran et al(2010)achievedeversegphaseseparation

of melamine and cyanuric acigsinga Dionex Acclaim Trinity PHPLC columnusing
methanol and ammonium acetate buffereluentsin method development for this thesis,
multiple iterations of ammanom acetate bufferand potassium phosphate buffers with
methanol were investigated method was adapted from a paper by Gabgl.(200)) in

which a porous graphitic carbon column was used with 50 mM dibasic potassium

phosphate and methanol to resdlve CYA peak from that of nitrate.

2.2.3Chlorine: Free vs Total Cl Colorimetric

Chlorine istypically measured in three forms in aqueous systems: free chlorine, combined
chlorine, and total chlorine. Free chlorine is a combined concentration of chlori{@&gas
hypochlorous acid (HOCI)and the hypochlorite anion (OG! Combined chlorine is
defined as the residual chlorine bound to organic amines and ammonia in the form of
chloramines. Combined chlorine is unavailable for disinfection. Total chlorihe isum

of free and combined chlorif€DC 2009.
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Chlorine was measured using a HACH DR/890 Colorimeter and HACH Method 10070.
AThe combined chlorine oxidizes i1odide in
DPD (N,N-diethylp-phenylenediamine) algnwith free chlorine present in the sample to

form a pink color which is proportional in intensity toettotal chlorine concentration

(HACH 2009.

2.2.4Surface Structure SEM

Scanning electron microscopy (SEM) phyr ovi de
by focusing a beam of electrons on the sample in a high vacuum system. SEM imaging can

attain resolution on the sutanometer scale, between 10x and 500,000x magnification.

Biological samplesare prepared via chemical fixation or freedeying, to pevent the
introduction of unwanted moisture to the SEM system. -Blamductive samples are
typically sputtercoated with a conductive material such as gold, gold/palladium alloy,
platinum, or others. Coating masks the immediate surface structure of a,samdpkenot
desirable when investigating delicate organic samples. An SEM can be run at a low vacuum
of 6-270 PaQuand Duan 2006 At low vacuum conditions, uncoated insulative materials
are able to discharge excess electrons to surrounding gas paprelenting undesirable

surface charging and scorching.
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CHAPTER 31 MATERIALS AND METHODS

3.1 Generalized Testsand Experimental Setup

Section 3.1 details the materials and methods for tests used across expenni@ats

study

3.1.1Experimental Setup

Bioreactor General Materials:
1 10-gallon Aquaria
1 Aquarium Filter (Tetra Whisper PF10, activated carbon removed)
1 Aquarium Thermometer Strips
1 Heating Elements
1 250 mL Screwlop Shaker Flasks
1 500 mL Screwlop Shaker Flasks
1 Shaker Flask Caps With Removable Septum
1 Shaker Flask Caps, Silicone, Breathable
1 Tap Water
1 DI Water With Squirt Nozzle
1 Sunscreen (Coppertone Sport SPF 30)
1 Bacterial Consortia
1 Glass Funnel

1 Magnetic Stir Bar
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1 Magnetic Stir Bar Remover

Growth Media Components:
1 Miracle Gr&® 20-20-20 Fertilizer
T KoeHPOs
1T KH2POy
1 Glucose/Dextrose
T KNOs
1 FeSQ
1 CaCb
1 MRS Broth

1 Potato Dextrose Broth (PDB)

Bioreactor Inoculation and Sampling:
1 1025 mL Serological Pipettes
1 Plastic WeighBoats
1 200pL Pipette Tips
9 1000pL Pipette Tips (1 per day of chlorination)
1 Clorox Concentreed Bleach
1 Electronic Balance
1 100-1000pL Autopipette
1 Light-Duty Chemistry Wipes

9 1000 mL Beaker For Liquid Waste
20



1 250 mL Beaker for Solid Waste

1 Laboratory Notebook

3.1.2Turbidity

Turbidity levels tested in this study were less than 200 NTU. This waisWithacceptable
range of 81000 NTU for HACH DR/890 Colorimetansing HACH method 8237No

dilution was necessary.

Turbidity Materials:
1 DR/890 Colorimeter (1)
1 10-25 mL cylindrical sample cell with cap (2)
1 Serological pipette (1 per sample)
1 DI Water
1 70% Ethaol in DI Water

1 Light-Duty chemistry wipes

Turbidity Procedures:

Before sampling, put on propeersonal Protective Equipment (PPEgludinglaboratory

glovesto prevent smudging of the sample cell

21



Zeroing the Instrument:

1
il

A clean sample cellas filed with a DIwaterblank (DI cell).

The DR/890 colorimeter was turned.on

The exterior of the DI celvas wiped clean with light duty wipeThe DI cellwas
loaded into the chamber of colorimeserd coveedwith the lid. The orientation of
the DI cell was noted

PGRM95 was atered

The ZERO button was pressed, zeroing the instrument, shawMgU before

continuing

Reading Turbidity:

1.

2.

9.

The nstrumentvas zeroedo a DI blank, as seen above.

The sampleell was filledwith 70% ethanol, cgged and shake vigorously.

If a yellow color washoted in the ethanol after shaking, skepas repeated

The sample cellwas filled with 5-25 mL of DI, capped and shake vigorously.
Wastewas discardeth a proper receptacle.

Step 4 wasepeatd 3 times.

The samgde cellwas filled with 525 mL of sampleswirledand discardd
Thesample cellvas then filledwith at least 5 mL of sampte be measured

A light-duty wipe was used to clean theteriorof the sample celllThe sample cell
was then loadenhto the chanber of colorimeter, and cowewith the lid.

The READ button was pressed and turbidity weorceedasNTU.

10. Contents of the sample cell were discarohtd a proper receptacle.
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11.Repeat Steps-20for each sample.

12. At the end of sampling, steps4d2vererepeated for cleanliness.

3.1.3Total Chlorine

The HACH DR/890 Colorimeter and HACH method 10070 were used to measure chlorine
levels.Total chlorine concentrations tested in this study usuallypétWeerD and 8mg/L;
however, some readings exceededupger limit of the test{10 mg/L) HACH methods

allow for dilution of samples, as long as proper concentration correction is made after
reading. All chlorine readings in this study weegreed out using a 1:1 dilution. This was
achieved by filling sample Vis with double the recommended amount of sample before
adding the reagent pack. All chlorine readings have been corrected in data talthes and

body of this document

Total Chlorine Materials:
1 DR/890 Colorimeter (1)
91 DPD Total Chlorine High Concentratisaagent pillow packs (1 per sample)
1 1025 mL cylindrical sample ceWith cap(1)
1 Serological pipette (1 per sample)
1 DI Water
1 70% Ethanol in DWater

1 Light-Duty chemistry wipes
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Total Chlorine Procedure:

Before sampling, put on proper PPE, including gioteeprevent smudging of sample cell

exterior.

1.

A sample cellwas filled with 70% ethanol, caed and shake vigorously.
Ethanolwas pourednto waste container.

If a yellow color was noted in the ethanol after shaking, step 2 was repeated.
The sample dewas filled with 525 mL of DI, cappegdand shaken vigorously.
Waste was discarded in a proper receptacle.

5-25 mL of samplevere added to the sample celirledand discardd

The sample cellwas filledwith 10 mL of samplgdouble the recommended 5
mL].

The DR/890 colorimetawras turned on

PGRM 12was etered

A light-duty wipe was used to clean the exterior of the sample cell. The sample
cell was then loaded into the chamber of colorimeter, and covered with the lid.
The instrument was zeroed by gsang the ZERO buttoBefore samplinghe

screenwouldread 0.0 mg/L Gl

10. Thesample celivas removed from the colorimetand add the contents of one

HACH DPD Total Chlorine High Range reagent pillow paeke added to the

cell.

11. A 3-mintue reaction timewas started

12.The samplewas swirledvigorously untilall reagentdissolved Undissolved

reagendoesnot interfere with the result of the test.

24



13. After the 3minute reaction period, the sample cglls loaded baclkto the
sample chamber with the same ataion as when it was zero€the sample
cell was tapped gently to ensuhat theravereno bubbles in the sample.

14.The READ button was rps®d and datawere recordedas mg/L Ci.
Note: True Chlorine concentratiorgsedouble that of what the machineads.

15. Wastewas discardethto a proper receptacle.

16. Steps 115 were repeatetbr each sample.

17. At the end of sampling, steps3lwere repeated for cleanliness.

3.1.4Cyanuric Acid Turbidimetric Measurement

The materials and methods foetturbidimetric analysiof CYA are outlined below. The

method consists dfample cell cleaning, precipitation reactiometween melamine and

cyanuric acid, and turbidimetric measurement using a HACH DR/890 Colorimeter.

Cyanuric Acid Materials:

il
il

DR/890 Colorimeter (1)

CyanuricAcid 2 Reagent Powder Pillow (1 per sample)
25 mL cylindrical sample cell with cap (1)

Serological pipette (1 per sample)

DI WATER

70% Ethanol in DWater

Light-Duty chemistry wipes
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Cyanuric Acid Procedure:

Experimenters used proper PREcluding glovesd prevent smudging of sample cell

exterior.

1.

A sample celivas filledwith 70% ethanol, cgped and shake vigorously.Ethanol

was pourednto awaste container.

If a color or cloudineswasnoted in the ethanol after shaking, stepak repeated

The sanple cellwas filled with 5-25 mL of DI, caped and shake vigorously.
Wastewas discardeth a proper receptacle. (repeat 3x)

Thesample celivas loadedvith 5-25 mL of sampleswirled,and discardd

A sample cellwas filled with 5-25 mL of sampleand diuted to 25 mL.Dilution
factors were recorde@Note: the range of the tast7-55mg/L.)

Thecolorimeter was turned on

PGRM24 was atered

A light-duty wipe was used to clean the exterior of the sample cell. The sample cell
was then loaded into thé@amber of colorimeter, and covered with the lid.

The instrument was zeroed by pressing the ZERO button. Before reading, the

screenwouldread 0 mg/L CYACD.

10.The sample celwas removedand the contents of one HAGElyanuric Acid 2

Reagent Powder Pillowereadded to the cell

11. A 3-minute reaction timewas started

12. Thesamplewas swirled vigorouslyntil all reagent dissolvedhenthe sample was

left to restfor the remainder of the timer.
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13. After the 3minute reaction period, the sample cell was loaded indckhe sample
chamber with the same orientation as when it was zeroed. The sample cell was
tapped gently to ensure that there were no bubbles in the sample.

14.The READ button was then pressed. Data were recorded (as mg/L CYA) and
adjustedor dilution.

15.Wade was discardednto a proper receptacleand the sample cell wagiickly
rinsed with DI water.

16.The interior of sample cellvas scrubbeavith a light-duty wipeif a white film
formed

17.Steps 116 were repeatetbr each sample.

18. At the end of samplinghe interiors of any usedsample cells were cleanedth

light-duty wipes and 70% ethanol followed by 3x DI rinse.

3.1.5HPLC Analysis of CYA

The HPLC system usdd measure CYA waan Agilent 1100 series with the components

listed inTable 3-1. Chemstation softwa was used for datallection ancanalysis.

Table3-1: HPLC Components

Component Model Number Serial Number
Vacuum Degasser G1322A JP63205331
Quaternary Pump G1311A US70601733
Autosampler G1313A US70205655
UV/Vis Detector G1314A JP64202932
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Two columns used were the Dionex Acclaim Trinity P1 HILIC column, and Waters

XBridge C18 column. Column details can be foundable 3-2.

Table3-2: HPLC Columns

Column Mode Particle Column pH Flow Max Suggested
Size Dimensions Range Rate Pressure Mobile
Phase

Acclaim Reversed 5pm 150mmx 2.5 0.31.5 400 bar NHsAC

Trinity  Phasé 3um 7.0 mL/min buffered
P1 HILIC AcN, or
KH2PQOy
buffered
water
Waters Reversed 5pm  100mmx 1-12 n/a 400bar KH2POy
XBridge Phase 3um buffered
C18 water and
methanol

The Waters XBridge C18 column was used in conjunction withcen2Waters XBridge
C18 guard columim the reversed phase mode. A method was devel@pbte 3-3, which

resolvesthe cyanuric acidpeakfrom other nitrogenous species, specifically nitrate and

nitrite.
Table3-3: HPLC Parameters
Parameter Value
Column Waters XBridge C18
Mobile Phase 1% methanol
69.5% 50 mM KHPQ; buffer (pH 5.70) in DI water
29.5% distilled water
Flow Rate 0.300 mL/min
Injection volume 1uL

28



Detection wavelength 213 nm
Temperature 18-20°C (ambient)
Sample Run Time 5 minutes

Since theHPLC system does not hawecolumn heater, elution tesandpeak areasre

subject tovariations inroomtemperature After discovery of this issyea fourpoint

calibration curve, including a DI blankiasincorporatedt the beginning of each sequence

of samples.

Sample Collection and PreparationMaterial s:

T
T

Serological pipette or graduated transfer pipette (1 per sample)

50 mL beaker (1 per samptel additional

3 mL syringe ()

Non-sterilesyringe filter, 13 mm diameter, Ou@n poresize PVDF or nylon(1 per
sample)

12x32 mm(2 mL), clear, crimptop vid (1 per sample)

11 mm aluminum seal withFE/rubber septum (1 per salep

GC/LC 11mm vial crimper

DI Water

70% Ethanol in DWater

Permanent Marker
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Syringe Cleaning Procedure:
1. A syringewas filledwith Alconox soap solutiorgnd theplungerwas depressd 3-
4 times oveawaste container.
2. The syringe was themnised with DI water 3x, depressing plunge#d3imes over
waste container.
3. The plunger was drawn back fully, aremaining watewas shaken out
4. Theplungerwas depressed once mamed bloteddry on a paper towel.

5. These methods were repeasdtér every unique sample

Sampling Preparation Procedure

1. Transferpipetteswererinsed with 70% ethanol and staten a beaker with tips
submerged in ethanol.

2. Atleastl.5 mL of samplewere pipetted into a®bmL beaker

3. A 0.22um syringe filterwas attachetb a cleaned syringe, arat least 0.5nL of
samplewere drawrthrough the filter.

4. Thefilter was remove@nd discarddinto awaste receptacle.

5. Filtered samplavas then loadenhto a2 mL crimptop vial.

6. The vial was thenapped crimped and labedd

Column Flush Procedure:
1. Column flushingwas performedbefore any set of samples wasn. Flushing
proceduravas also ruif pressurédegardrifting upwardsor if the baseline drifted

2. Eluent was set t6.7 mL/min; 95% methanol, 5% phosphate buffer for 15 minutes.
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3.

4.

Eluent was set t06.7 mL/min; 5% methanol, 95% phosphate buffer for 20 minutes.
Eluent was set t0.7 mL/min; desired operating mobile phdse 15 minutes, or

until steady baselinebsorbance wagached.

3.1.6Bacterial Plating

Section 3.1.5 details the materials and methods for bacterial plating and performing plate

counting. All bacterial plating was carried out using Plate Count Agar &C32ll

materials and instruments were autoclaved beforataismsure aseptic conditior@ince

bacterial typically attach to each other and germinate into one indistinguishable colony,

bacteria are typically enumerated as Colony Forming UHits.statistical significance of

a plate count is between 30 and 300JdBander012.

Bacterial Plating Materials:

T
il

Petridishes &bout50 dishes per 1 Liter of agar prepared)
Dry Agar Mix (quantity varies by type)

2 Liter Erlenmeyer Flask

Aluminum Foil

Autoclave Tape

Laboratory Labeling Tape

Autoclave Tape

DI Water

Electonic Balance
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1 Laminar Fow Hood (optional UV lamp)

1 Paraffin Wax

Bacterial Plating Procedures

1. Dry Plate Count Agawas measurednd add t@ 2L flask.

2. 1 Liter of DI waterwas addedo flaskand swirled talissolve media

3. The flask was thenowered with aluminum foil, and the foilvas tapednto place
(A gap was lefgas to escape during autoclaving.)

4. The media waswoclavel for 20 minutes at 12C and 1520 psig.

5. Petri dishes were placed in a laminar flow hood, and the UV lamp was turned on
for 15 minues.

6. The flask ofagarwas therplaced in a55°C bath platesvere ready to be poured

7. One Petri dish was partially uncoveréalavoid contamination, and ageeis gently
pouredinto the plate untitheentire bottom of the plat@ascovered in agar.

8. The phtewas cappedndgentlymoved to the side

9. Steps9 and 10were repeated until agar wespended.

10. Agarwas allowedo solidify in thePetridishes before plating bacteria.

11.1f any agar was spilled{ was allowedo solidify before wiping up with a paper
towel.

12.Unused platewere refrigeratednverted.
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Performing Bacterial Plate Count

1. A sterile serological pipette or transfer pipetis usedo transfer 1 mL of sample
to 9 mL of autoclaved DI watecreating a 19 dilution.

2. 1 mL of the 10 dilution was added to 9 mL of autoclaved water creating?a 10
dilution.

3. This methodwas repeatetb prepare dilutions down to 1®for strong bacterial
solutiors and 10" for weak solutios.

4. 2050 uL was pourednto a sterile agar plate (spkte preparatioinstructions
above)

5. 10-20 sterile glass spreading beakye also added to the plate

6. The plate was then covered aswlirled, sothatthe beads spread inoculum across
the entirety of the plateds surface.

7. The used beadsere poured offnto a 70% ethanolvaste container Note: some
sampleis removel on the surface of thieeads; however, this amountnsnimal
compared to the plated volume.)

8. The agar plate was theagpedand labetd wi t h researcher 6s na
type of agar, sample sourcedaexpected bacterial strain (if known).

9. Steps 48 were repeated for each dilution prepared.

10. Plateswere incubatednverted, for 48 burs at 35C.

11.Plateswere remove@nd CFUwere enumerateifl therewerebetween 30 and 300

individual colonies.
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3.1.7ScanningElectron Microscopy

The SEM used in this study is an SEM FEI Quanta 200, equipped with a Peltier cooling
stage, Electron Dispersive Spectroscopy (EDS), and Electron Backscatter Diffraction
(EBSD). The Peltier cooling stage prevents samples from beinggéahby the electron
beam. EDS provides analysis of heavier elements from Boron to Uranium. EBSD allows
for the mapping and microstructural analysis of crystalline samples. The EBSD function
was used in this study, as surface structure was the only dagtnibdte. For this study,

Dr. Trevor Harding, PhD., operated the SEM in order teeditp the collection of images.

SEM Sample Collection and Preparation

1. Samples were collecte(<0.5g)by scrapinga usedilter with pipettetip andloaded
into 1 mL cetrifuge tube.

2. Samples were freeze drietbr 24 hours atl00 umHg in plastic centrifuge tube
holder. (Note: Do not use cardboard or other natural/porous material, as it elongates
thefreeze drying process.)

3. Samples were mount@athe SEM stage by breakirgarticles up with forceps and
placing thenon adhesive surface of stage.

Table3-4: Scanning Electronic Microsco@peratingParameters

Parameter Value
Electron Beam Voltage 10 kV
Pressure 90 Pa
Spot Size 3.0
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3.1.8UV Absorbance Measurement

A spectrophotometer was used in experiméhtls and I1-1.1 to measure absorbance of
samplesat specificwavelengthsThese experiments were performed before the HACH

Colorimeterbecameavailable.

UV AbsorbanceMaterials:
1 Shimadzu UV¥1700 Pharmaspec
1 2 mL Rectangular Cuvette (1 per sample)
1 DI Water for Referenc€ell
1 5 mL Transfer Pipettes

1 Light-Duty Chemistry Wipes

UV AbsorbanceMethods:

1. Thespectrophotometavas turned orandthe UV lampwas allowedo warm up.

2. A sampk was collectedith 5 mL transfer pipetteandat least InL of samplevas
loadedinto a 2 mL cuvette.

3. Thedesiredmodeof measurememwas selecte@spectrum or single wavelength)

4. The DI reference celwas filled with DI water andloaded inb its proper
compartment

5. Thesamplecuvettewas loadednto the spectrophotometer

6. The machinavas then promptetb read absorbance

7. Absorbancevalues were recordedandthe sample cellvas removed
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8. Steps 5 through Were repeateds needed, for each sample.
9. The speabphotometewas turned offusing the command prompts, sanplythe

mechanical switch.

3.1.9Preparing CYA Solution

1. Cyanuric acidwas addedo DI water at a desired concentration of no more than
30/L.
2. The solution was heated &0°C and stired until all CYA dissolved (5 to 30

minutes, depending on concentration).

3.1.10Preparing Growth Media

1. Desired media constituentsere addedto DI water from highest to lowest
concentration

2. Media was then stirred to miand heatdif necessary.

3. Growth mediavas then coved with aluminum foil and weighed

4. The growth mediaand additional DI water in a separate container were then
autoclaved for 20 minutes 421°C.

5. Growth media was then «geighed andiny evaporategolumewas replenished

with autoclaved DI water.
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3.1.11Preparing HPLC Mobile Phase

1. 1L of DI Waterwas added to a volumetric flask along with a magregtidar.

2. Desired masses of buffer constituemtsre added, and thi¢gask was stirred to
dissolve.

3. Any residual buffer solution was discardenid the reagent b&gtwas rinsed with
a small volume of new buffer solution

4. Add new mobile phase teeagent bottle and flustne mobile phase through the

HPLC system for at least 20 column volumes.

3.1.12Dosing Chlorine

Experiments in this study were carried osing hoseholdbleach containing NaOCI. The
theoretical dose requirgd obtain the desirethass equivalenf chlorine, measureds

Cl,, can be calculated as follows:

Vileach= Cci2/ Cocl-* Vcontaine® MMoci/ MMciz
Where:
Vbeeach = Volume of bleach to be dosed [inL
Cei2 = Desired chlorine concentration as {Dhg/L]
Cocr = Concentration of OCIn the bleach used [nag./MLgieacH
Vcontainer = VOlume of the container being dosed with bleach [L]
MMocr = Molar massof OCI [g/mol]
MMcz = Molar massof Clz [g/mol]
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1. Desired volume of bleachas pipettednto destination containe¥Whendosing an
aquarium, bleaclvas addedo different areas of the tank, including the filter if
present.

2. Water within the container wagvsl edor stirredto mix.

3.1.13Dosing Sunscreen

1. Desired mass of sunscreamas weighednto a large plastic weigh boat.

2. Approximately5 mL of DI waterwas addedo the sunscreen

3. Sunscreen and water were mixedvigorouslystirring with a 200uL pipette tip to
fully homogenize sunscreen with water.

4. Steps 2 ad 3were repeatedith increasing volumes of watdwo to three times.

5. Diluted sunscreewas then pourehto thedesired container.

6. A serological pipettevas used to dramedia from the desired contairardrinse
residual sunscreen from the weigh bio& the container.

7. The container was then swirled or stirtednix.

3.1.14Inoculating Shaker Flasks

1. For liquid cultures, a sterile serological pipettas usedo collect desired volume
of inoculum.
2. For dry productsweighingpaper was used toeasure anddnsfer product

3. Products were then addeddesiredflask containinggrowth medium.
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4. Flasks were thenagpedand swiredto mix.

5. 70% ethanolvas then usetb sanitize workspace.

3.1.15Inoculating Aquaria

1. For liquid cultures, a sterile serological pipe#ttas usedo collect desired volume
of inoculum.

2. For dry productsaplastic weigh boatvas used to measure and transfer inoculums
20-50 mL of liquid from thedestination containewvere then usetb hydratethe
sample.

3. When using aquarium filteriydratedinoculumwas addedo the interior of the
filter, upstream of the filter media bag.

4. Whennot using aquarium filters, hydratémbculumwas addedo the aquarium
andaserological pipettavas usedo mix the solution

5. After addition of the inoculuma serobgical pipettewas usedo rinseresidual
inoculum from thaveigh boainto the aquarium, usingoculated growth media.

6. The entire volume of aquariumwas stirredusing a serological pipette.
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3.2Task | - Determination of Clarification Mechanism

3.2.1Experiment |-1 Effect of Thai FOG on Turbidity, with Mechanical Filtration

A 10-gallon aquarium was washed with bleach aidlried. The tank was then filled with
30 L of tap water. An aquariurfilter was washed with bleach and installed on the

aguarium, positionesdo that the filter spout was centeratthe long side of the tank.

The Tetra Whisper PF10 i | t er operates with a fibrous
carbon followed by an aeration media. Both the aeration media and the activated carbon
were remoed from the sysim, leaving just the filter bag, which more closely mimics pool

filter conditions.

A thermometer strip was installed on the
bleached, dried, installedndset to 30C. Temperature waallowedto stabilizeovernight,

before inoculation.

A 3.0-gramsampleof Thai FOGwasadded to the tanK.urbidity was measured using the
method outlined above3.0 grams of sunscreen were then added to theatznteding to
the metlod, as describedbove Chlorinewas dosedt 3-4 mg/L accordig to the method
outlined aboveTotal dilorine was measured usitite methoddetailedabove to confirm

chlorine residual levels.

40



Turbidity and total hlorine weremeasured dailyaccording to methoddescribed above
Chlorine was redosedat 34 mg/Laf t er e aneaburerdes yacc@ding to the

methods described abave

All components of the tank, heater, and filter were disassembled and washed in bleach and

soapwater. Equipment was allowed to air dry befoeaise.

3.2.2Experiment | -2 Effects of BIOWIiSH on Turbidity with Sodium Azide Control

Three10-gallon aquariawere set up identically to the methods of Experimehtwith
contentdetailedin Table 3-5. Sodium azide was added at 0.5% as a bacterial inhibitor.
The contrd treatment was not chlorinated, due to incompatibility between sodium azide

and chlorine.

Table3-5: Experiment 12 Experimental Setup

Treatment  Contents

Thai FOG 100 mg/LSunscreen, 100 mg/L Thai FOG
USFOG 100 mg/LSunscreen, 100 mg/L US FOG
Control 100 mg/L Sunscree,5%w/w Sodium Azide

Turbidity and Total Chlorine were measured daiing methodslescribed above, for
each Chlorine was relosedat 34 mg/L to the Thai FOG and US FO@nks daily.

Evaporative losses were mitigated by refilling each tank with tap water, daily.
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At the end of the experiment, therntrol tank contents and filter bag wedesposedf in a

hazardous waste containdue to its sodium azide content

3.2.3Experiment |-3 Effects of BIOWIiISH on Turbidity with Re-Dosed Sunscreen

Four aquaria were fild with 33 Liters of tap water. The additional water was adaed
order toprevent splashing of tank contents into other taRkters andheating elements
were installed identidly to Experiment {1. Table 3-6, below,detailsthe contents of each

tank

Table3-6: Experiment 43 Experimental Setup

Treatment Inoculum

US FOG 33mg/L US FOG

Thai FOG 100 mg/L Thai FOG
US Rice Bran 100 mg/L US Rice Bran
Control N/A

Tanks were inoculated with products according to the methods detbdgd. Tanks were
dosed with 100 mg/L of sunscreen at T=03T¥=7, T=10, and T=16 Dayaccording to
the mehods detailed abov&@he sunscreenodingschedule was chosen seambitrarily

based on thelarity of the control tank.

Similar to Experiment-R, turbidity and Total Chlorine levelsere measured each day,
and tanks were refilled and-ohlorinatedo 3-4 mg/L Cl, aftermeasurement. Tanks veer
notsampled, refilled, ore-chlorinatedon Dayl11, due to experimenter oversight. T=12
Days, the normal daily schedule was resumed.
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At the end of the experiment, filter bags were discarded. Tanks and components were

cleaned with bleach and soap water

3.2.4Experiment 1-4 Comparison of ReDosed US FOG to Single Dosed Products

Five aquaria were set up as in ExperimeBt with contents detailed imable 3-7. A

sample of Thai FO®vas inactivated by gamma irradiationain external laboratory.

Table3-7: Experiment 44 Experimental Setup

Treatment Inoculum

US FOG ReDose 5 mg/L US FOG with each
SunscreerRe-dose

US FOG 50 mg/L US FOG

Thai FOG 100 mg/L Thai FOG

Thai FOG Irradiated 100 mg/L Irradiated Thai®G

Control N/A

Treatments were dosed with 100 mg/L of sunscreen at T=0 Days and multiple times
thereafter. Due to experimenter oversight and clerical errors, the data tables containing the

exact dosing schedule and readings were lost.

Turbidity and Tdal Chlorine were measured, daily. After each sampling eveatnents

were dosed with-5 mg/L Total Chlorine and refilled with tap water.

43



3.2.5Experiment |-5 Effects of BIOWiSH Products on ReDosed Sunscreen

Six aquaria were filled with 33 Liters of tayater and set up identically to Experiment |

3. The contents of each treatment are listethible 3-8, below.

Table3-8: Experiment 45 Experimental Setup

Treatment Inoculum

US FOG 50mg/L US FOG

Mix #1 50mg/L US FOG, 100 mg/L ladiatedThai FOG
Mix #1 50 my/L US FOG, 100 mg/L Irradiatethai FOG
IR Thai FOG 100 mg/L Irradiated Thai FOG

Premix 100 mg/L Premix

BMT SS 100 mg/L BMT Remediate

Sunscreen was added to each aquarium accaalihg methoslaboveat T=0, T=2, T=8,
and T=16 DaysTreatments were chlorinatedhily,to 6-9 mg/L of Total Chlorine, because
residuals dropped to 0 mg/L overnigBetween T=16.1 and T=27 days, the aquaria were

not sampled from, chlorinated, or refilled.

3.2.6Experimentl-6 | nvestigation of Solid Substrate

Seven aquarievere set up identically tBxperiment 3 . Each tankds cont el

Table 3-9, below.

Table3-9: Experiment 16 Experimental Setup

Treatment Inoculum
Manure/Odor 50 mg/L Manure/Odor Control
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Premix 100 mg/L Premix
BS-AQ-001 100 mg/L BSAQ-001
BS-AQ-002 100 mg/L BSAQ-002
BS-AQ-003 100 mg/L BSAQ-003
Thai Rice Bran 100 mg/L Thai Rice Bran
US Rice Bran 100 mgL US Rice Bran

Sunscreen was dosed to each aquarium accotalitige methods aboyat T=0 and T=1
Days. Daily measuremenst chlorination, and refilling were carried oidentically to

Experiment 43.

3.2.7Experiment |-7 Effects of BIOWiSH Products on ReDosed Turbidity

Seven aquaria were set up identically to ExperimehtThe contents of each tank are
detailed below inTable 3-10. A sample of Thai Rice Bran wasactivated by gamma

irradiation in an external laboratory.

Table3-10: Experiment 47 Experimental Setup

Treatment Inoculum

Fruit Wash 50 mg/L Fruit Wash
Premix 100 mg/L Premix

AP 001 100 mg/L AP 001

AP 002 100 mg/L AP 002

AP 003 100 mg/L AP 003

Thai Rice Bran 100 mg/L Thai Rice Bran

Irradiated Thai Rice Bran 100 mg/L Irradiated Thai Rice Brar

Daily measurements, chlorination, and refilling were carried out identically to Experiment

[-3.
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3.2.8Experiment |-8 Effects of Thai BIOWiSH Products on ReDosed Turbidity

Seven auaria wereset up identally to Experiment-B. The contents of each aquarium
are detailed imable 3-11, below.

Table3-11: Experiment 18 Experimental Setup

Treatment Inoculum
Premix 1 100 mg/L Premix
Premix 2 100 mg/L Premix

Thai FOG 1 100 mg/L Thai FOG

Thai FOG 2 100 mg/L Thai FOG

IR Thai FOG 1 100 mg/L Irradiated Thai FOG
IR Thai FOG 2 100 mg/L Irradiated Thai FOG
Control N/A

Tanks were dosed with 100 mg/L of sunscreen at T=0, T=3, T=7, T=10, and T=16 Days,
according ® the methods detaileabove Daily measurementand tank refilling were
carried out identically to Experimen8Bl Tanks were chlorinated to at le&gng/L, daily,

perthe abovedetailed methods

At the end of the experiment, samples were taken fromiRré, Thai FOG 1, IR Thai
FOG 1, and the Contrdor bacterial plating in Experiment 8. Contents of each tank
were then discarded down the sink, and all aquaria and components were cleaned

identically to Experiment-8.

46



3.2.9Experiment 1-9 Experiment 1-9 Effects of Vegetative Bacterial Cultures on
Turbidity

Six aquaria were set up identically to Experime8t The contents of each aquarium are

detailed inTable 3-12, below.

Table3-12: Experiment 19 Expeimental Setup

Treatment Sunscreen, CYA Inoculum Chlorination
re-dosed

Tank 1 100 mg/L 100 mg/L Activated CAR None

Tank 2 100 mg/L  None Activated CAR 1-5 mg/L
Tank 3 100 mg/L 100 mg/L Activated CAR 1-5 mg/L
Tank 4 100 mg/L 100 mg/L Activated CAR 1-5mg/L
Tank 5 None 100 mg/L  Activated CAR None

Tank 6 100 mg/L 100 mg/L Biology from Used None

Filter Media

The Activated CAR product was prepared Ibycubating OBAAG-KLB, LCM,
OBWWT#1, and MBWWT#1 iffour separatlasks of modified growth media. LCMas
grown inDifco™ LactobacillusMRS Broth prepared according to the package labeling
OBAAG-KLB, OBWWT#1 and MBWWT#1 were grown iAotato Dextrose Broth (PDB)
prepared at half of the suggested concentratitim an additional 10 g/L of dextros€he

PDB was prepared at 12 g/L rather than 24 g/L to avoid a pH drop that would inhibit
bacterial growth and the dextrose was added to make up the deficiency in carbon
prepare the inoculum from a used recreational pool filter, A 18eigment was colleale

from a used pleated cartridge filter from a swimming pool and added to 1 L of 12 g/L
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PDB/dextrose growth medium, defined previously CYA stock solutions were prepared

according to the methods detailed above.

The AActivated CARgYpipetting iount of eaglastockcult@eaintce d b
an Erlenmeyer flask. Once the temperature of each aquarium had stabiliz&d, &t 30

of the AActivated CARO wuesingtheangtdod dutlinedin t a n k s
previous methods. Tank 6 was inocuthteith 4 mL of the used recreational pool filter

stock culture using the same dosing method.

Sunscreen was dosed to Tadk®, 3 and4 at T=0Days. The sunscreen dosing schedule
was changed at T=2ay to include dosing to Tank 6. Sunscreen was dostohks listed

in Table 3-12at T=1, T=4, T=7, and T=12 Days.

Turbidity ard Total Chlorine measurements were recorelech day and after-aosing of
sunscreerSamples were collected T=1, T=3, T=5, T=6, T=14, and T=15 DdgsHPLC
analysis of CYA After sampling, each tank wasahklorinated and refilled to its original

level with tap water. Tank 1 was accidentally chlorinated at T=1.1 Days, and T=4.1 Days.
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3.3Task Il - Efficacy of BIOWiSH Clarifying Oils from Swimming Pools

3.3.1Experiment Il -1 Water Clarification by Thai FOG

Aquaria were filled with 30 L at 3C as in Task IMechanical filtration was not used in
this experiment, to investigate the clarifying effects of BIOWIiSH productsgitated.

Thecontents of each tank are listedTiable 3-13, bebw.

Table3-13: Experiment H1 Experimental Setup

Tank # Contents

1 500 mg/LSunscreen

2 250 mg/LThai FOG

3 500 mg/LSunscreer?50 mg/LThai FOG
4 Tap Water

Sunscreen was dosed to Tank 1 by dieeitlition and did not dissolve completely. Before
dosing sunscreen to TanktBe method in Section 3.2.20Mas developedlhai FOG was

added dry, to the surfaces of Tanks 2 and 3.

Since o filtration wasused in the experimental setugnks were notgitated beyond the
convective currents caused by heating elements. During sampling, care was taken not to
disturb the settled layer of sunscreen and biomass on the bottom of each tank. ffamples

turbidity measurementere collected using 10 mL serolodigépettes.
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Samples were loaded into test tubes and transferred to 2 mL cuvettes for absorbance

measuremenh spectrophotometeat470 nm, relative to a DI blank.

The contents of the aquarium were disposed of down the sink. All components of the tank,
heater, and filter were disassembled and washed in bleach and soap water. Equipment was

allowed to air dry before reuse.

3.3.2Experiment Il -1.1 Absorbance Calibration Curve for Sunscreen

Serial dilutions of sunscreen dissolved in DI water were created iml2 test tubes.

Calibration was carried out from 437g/L down to 10mg/L.

Samples werand pipetted fromthe test tubesnto 2 mL cuvettes for analysis in the
spectrophotometerAbsorbance was read a2® nm. A calibration curve wasreated

relatingabsorbance to concentration of sunscreen.

3.3.3Experiment Il -1.2 Investigation of Growth Media Compatibility with
Sunscreen

Fourautoclavedlat-bottomed boiling flasks were filled with 200 mL of water andwth

media detailed inTable 3-14, below
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Tabe 3-14: Experiment H1.2 Experimental Setup

Flask # Contents
1 1 g/L 2020-20 fertilizer;
5 g/L dextrose

2 55 g/L MRS Broth

3 1 g/L KbHPQy;
1 g/L KH2PQy;
1 g/L glucose
0.1 g/L KNG;;
Trace FeSQ
Trace CaC;

4 DI Water
"(20% nitrogen, 20% phosphorus, 20% potassium)

Each flask washlorinated tavith 5 mg/L of total chloring and covered aerobicallyotal
chlorine was measureat T=0, T=1, and T=72 hoursaccording to the methadkescribed
in Secton 31.2. Samples fottotal chlorine tests were collected using rsterile 5 mL

graduated transfer pipettes.

3.3.4Experiment Il -2 Chlorine Decay with BIOWiSH Products

Twelve 500 mLflat-bottomed boilinglasks were cleaned with soap water, rinsed with DI,
and autoclavedr-lasks lthrough8, 11, and 12 were filled with 200 mL of DI water. Flasks

9 and 10 were filled with the minimgtowth described iffable 3-15.
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Table3-15: Experiment H2 Minimal Media Corposition

Component Concentration
Glucose 2 g/L
K2HPO4 1.5g/L
KH2PO4 0.75 g/L
NH4NO3 0.2 g/lL
FeSO4 20 mg/L
MnSO4 Trace

Flasks 1 througl® were dosed with 125 mg/L of the products listedable 3-16. Flask
10 was dosed with 525 mg/L of sunscreand Flask 11 was dosed with 536 mg/L of
sunscreenSunscreen dosing varied from the noeth detaileddue tothe small volume of
sunscreen beingdded Sunscreen wadoseddirectly to the flasksvithout dilution The
flasks were then swirled vigorously fally dissolve sunscreertach treatment was then

dosed wih 3-4 mg/L of total chlorineand capped aerobically.

Table3-16: Experiment H2 Flask Setup

Flask # Product

Osprey MPB 5

Osprey BPB 100

Osprey Waste Water

US Aqua

UsFOG

MDG Petro

MDG WasteWater

Thai FOG

Minimal Media

10 sunscreen Media 525 mg/L
11 sunscreen + \Ater 536 mg/L
12 TapWater

©CoO~NO UL~ WNPE
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Total Chlorine was measuratl T=0, T=4.5, and T=25 Hours.

3.3.5Experiment Il -3 Turbidity Reduction by BiOWiSH Products

Ten aquaria were set up identically to Experimerit #nd inoculateavith the products

listedin Table 3-17, below.

Table3-17: Experiment H3 AquariumContents

Product

Osprey MPB 5
Osprey BPB 100
Osprey WW

MDG Petro

MDG Wastewater
BMT Wastewater
Thai FOG

US FOG

Fruit Wash
Controli DI Water

Q
>
=

P OoO~NOOTA, WNRFP-H

o

Turbidity andtotal chlorineweremeasuredlaily. Chlorine was reloseceach dayo obgin

a residual of 0.2 to 0.6 mg/LC.

3.3.6Experiment Il -4 Agitated vs. UnAgitated Turbidity Reduction by BIOWiSH
Products

Eight tanks were set up identically to Experimenrt.|IEacht a niko@utumis listed in
Table 3-18, below Tanks 2, 3, 4, 5, 6, arlreceived 100 mg/L of inoculum. Tank 8 was

accidentally dosed with 200 mg/L of product.
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Table3-18: Experiment H4 Experimental Setup

Tank Contents
Control

Thai FOG
Food Wash |
Food Wash Il
BMT WW1 |
BMT WW1 I
BMT WW?2 |
BMT WW2 Il

O~NO OIS WN PP

Each tank was dose a theoreticalTC content of 2.66 mg/L a€l,, but readings
immediatelydropped to between 0.6 and 1.9 mg/L. Thai FOG showethtdstchlorine
scouring so it was dosed with additial chlorine, multiple times. After each chlorine dose,
TC dropped to around 1.8 mg/L. Chlorination was stopped at a theoretical dose of 3.5

mg/L.

Daily turbidity and TCmeasurments were takerChlorine was then rdosed to a residual

of 2.0mg/L TC asCl,.

3.3.7Experiment Il -5 Turbidity Reduction by BiOWiSH Products

Ten aquaria wergrepared identically tBxperiment #3 and dosed with the products listed

in Table 3-19.
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Table3-19: Experiment H5 Experimental Setup

Tank Label Inoculum mg/L]

1 Control 0

2 Thai FOG 125

3 LCM 1 125

4 LCM 2 125

5 BMT Ww1 125

6 BMT WW2 125

7 BMT KLB Mix | 62.5 and 4.2, respectivel
8 BMT KLB Mix Il 62.5 and 4.2, respectivel
9 KLB | 8.3

10 KLB I 8.3

Daily turbidity and TC were measured daiyhlorine was relosedeach dayo a residual
of 3.0mg/L TC as Gl. Only Tanks 1, 27, and 8 were continued past50 Hours, due to

time constraintsTreatmentsvere not chlorinated between T=68 Hours and T=113 Hours.

3.3.8Experiment Il -6 Effect of BIOWiSH Products on Turbidity with Dextrose

Each of seventeeés00 mLflat-bottomed shaker flasks werkeaned with bleach water and
allowed to air dryFlasks were filled 300 mL of Dihaterand 200 mg/L of dextrose as a
carbon surce.Flasks were thedosed withthe products and concentrations detailed in

Table 3-20.

Table3-20: Experiment H6 Experimental Setup

Flask Concentration
Control N/A

Osprey MPB5 100 mg/L
Osprey BPB100 100 mg/L
Osprey MPB5 Lig 125 mg/L
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BMT WW 1 100 mg/L
BMT WW 2 100 mg/L
MBWWT#1 100 mg/L
MDG Petro 100 mg/L
MDG Micro-N 100 mg/L
Crop 100 mg/L
Fruit Wash 100 mg/L
LCM 100 mg/L
Thai FOG 100 mg/L
Thai Aqua 100 mg/L
US Aqua 100 mg/L
US FOG 100mg/L
KLB 100mg/L

Each flask was agitated before daily turbidith\d TCmeasuremen€Chlorine was relosed
each dayo a residual of & mg/L TC as Cl. At the end of the experiment, samples were
collected from the US FOG, KLB, and Thai FOG treatmefdas plating in

Experiment I1+1.

3.3.9Experiment Il -7 Effect of BIOWiSH Products on Turbidity with Sunscreen

Seventeen treatments, identical to those in Experim@&nttkere preparedVhere @xtrose
was used in Experiment-@, this experimensubstituted @0 mg/L sunscreerseeTable

3-20, above, for treatment details.

Each flask was agitated before daily turbidity and TC measurement. Chlorine ek

each day to a residual of38Bmg/L TC as Gl
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3.4Task Ill -Isolation and Identification of Bacteria

3.4.1Experiment Il -1 Bacterial Plating of Experiment I1-6

45 PCA plates were prepared according to the method detbleee Samples were
collected fronthe treatments of MDG Micro Nutrient, Thai FOG, US FOG, and KB
Experiment 6. All samples werstoredand transporteth 25 mL test tubes, covered with
paraffin wax.Each sample waslated at dilutions o£0?, 102, 103, 104, 10°, 108, 1020,

and 10

A control plate containing no inoculum and a blank plate containing DI water used for
dilution were incubated alongside the samples. The control plate was included to indicate
the cleanliness of the media and plates used, and the blank plate was included to indicate

the cleanliness of plating methods.

All plates were incubated at 35for 48 hous before enumeration. After enumeration, all

plates were discarded in a waste receptacle designated for Petri dishes.

3.4.2Experiment Il -2 Bacterial Plating of Experiment |-8

PCA plates were prepared according to the method detditede Samples were catted
from Experiment 48, Tanks 1, 3, 5, and @nd stored in 25 mL test tubes, covered with

paraffin wax.
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Each sample was plated at dilutioof 10, 10%°, and 1¢*®. Due to experimenter
oversight, the water used fdilution was not autoclavedThis resulted in contamination
of almost every plateAll plates were incubated at @5for 48 hours before enumeration.
After enumeration, all plates were discarded in a waste receptacle designated for Petri

dishescontaining microbiology

3.5Task IV - Biodegradation of Cyanuric Acid

3.5.1Experiment IV -1 CYA Biodegradation in a Respirometer

Experiment V1 was developed to investigate £@roduction by BIOWiISH Thai FOG
and US FOG in the presence of glucose and CYA. Due to repeated electrical and
mechanical failtes, the experiment was omitted from this study. The respirometer was not

used in subsequent experiments.

3.5.2Experiment IV -2 CYA Adsorption to Irradiated Thai FOG

A stock solution of CYA was prepared at 100 mg/L inviiter. The solution was added
to each ¢ five autoclaved250 mL threaded shaker flaskBlasks were doseditiv

concentrations of Irradiated Thai F&Bown inTable 3-21.

Table3-21: Experiment I1\/2 Irradiated Thai FO@&oncentrations

Bottle # Contents

1 50mg/L
2 75 mg/L
3 100 mg/L
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4 150 mg/L
5 300 mg/L

After inoculation, flasks were capped anaerobically, swirled to mix, and left on the

laboratory bench to react at ambient temperatL8e£22°C. Before dailyturbidimetric

analysis of CYA, edtflask was swirled to mix.

3.5.3Experiment 1V -3 Anaerobic Degradation of CYA in DI Water

Ten 250 mL threaded shaker flasks and caps were washed and autoclaved. Each flask was

filled with the contents detailed below, Tiable 3-22.

Table3-22: Experiment 1\Y3 Flask Labels and Contents

Flask # Flask Label Contents

1 US-200 Glucose DI Water 200 mL; CYA 50 mg/L, Glucose 200 mg/
US Aqua 50 mg/L

2 US-200 Glucose DI Water200 mL; CYA 50 mg/L, Glucose 200 mg/I
US Agua 50 mg/L

3 US-50 Glucose DI Water200 mL; CYA 50 mg/L, Glucose 50 mg/I
US Aqua 50 mg/L

4 US-50 Glucose DI Water 200 mL; CYA 50 mg/L, Glucose 50 mg/I
US Agua 50 mg/L

5 Thatr200 Glucose DI Water200 mL; CYA 50 mg/L, Glucose 200 mg/
Thai FOG 50 mg/L

6 Thai200 Glucose DI Water200 mL; CYA 50 mg/L, Glucose 200 mg/I
Thai FOG 50 mg/L
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7 Thar200 Sunscreer DI Water 200 mL; CYA 50 mg/L, Sunscreen 2(
mg/L, Thai FOG 200 mg/L

8 US-200 Sunscreen DI Water 200 mL; CYA 50 mg/L, Sunscreen 2(
mg/L, US Aqua 50 mg/L

9 Cyanuric DI Water200 mL,50 mg/L CYA

10 Water DI Water200 mL

Instead of a stock solution, CYA was dosed to each flask, dry. After observing the
inconsistencies introduced by this methadilitionof CYA via stock solutionwas adopted

as the standard methbdginning with Experiment Nb.

Flasksreaced at ambientemperatures ranginfjom 1822°C. Flasks werenly agitated

whenswirled to mix immediately before dailjurbidimetricanalysis of CYA

3.5.4Experiment 1V -4 Anaerobic Degradation of CYA in Minimal Media

Ten treatments were prepared identically to Experimes& ing minimal media, rather

than DI Water.

Table3-23. Experiment 1\4 Flask Labeling and Contents

Flask # Flask Label Contents

1 US-200 Glucose  Growth Media 200 mL; CYA 50 mg/L
Glucose 200 mg/L, US Aqua 50 mg/L

2 US-200 Glucose Growth Media 200 mL; CYA 50 mg/L
Glucose 200 mg/L, US Aqua 50 mg/L
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Flask # Flask Label

Contents

3 US-50 Glucose

4 US-50 Glucose

5 Thai200 Glucose
6 Thai-200 Glucose
7 Thai200 Sunscreet
8 US-200 Sunscreen
9 Cyanuric

10 Water

Growth Media 200 mL; CYA 50 mg/L
Glucoses0 mg/L, US Aqua 50 mg/L

Growth Media 200 mL; CYA 50 mg/L
Glucose 50 mg/L, US Aqua 50 mg/L

Growth Media 200 mL; CYA 50 mg/L
Glucose 200 mg/L, Thai FOG 50 mg/L

Growth Media 200 mL; CYA 50 mgiL
Glucose 200 mg/L, Thai FOG 50 mg/L

Growth Media 200 mL; CYA 50 mg/L
Sunscreen 200 mg/L, Thai FOG 200 mg/l

Growth Media 200 mL; CYA 50 mg/L
Sunscreen 200 mg/L, US Aqua 50 mg/L

DI Water200 mL,50 mg/L CYA

DI Water200 mL

Minimal media was prepared with the concentrationiainle 3-24. Media was autoclaved

before addition to the 250 mL shaker flasks.

Table3-24: Experiment 1\\4 Growth Melium

Constituent Concentration
KoHPO, 1g/L

KH2POy 1g/L
Dextrose (Anhydrous) 1 g/L

KNO3 0.1 g/L

FeSQ Trace

CaCb Trace
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CYA was added to each flask in granular form. After addition, each flask was capped and
shaken to dissolve CYA. Dry bactermalixes and additional glucose were then added to
each flask. After bacterial inoculation, flasks were loaded into an incubator shak¥t at 30
and 75 RPM. Flasks were swirled to mix immediately before daily analysis of CYA. CYA

was measured turbidimetrically

3.5.5Experiment 1V -5 Effect of Activated Thai FOG Supernatant on CYA

Thai FOGwas added tdL of DI water at 750 mg/L andhcubated aerobically,for 24

hours at 38C and 75 RPM A stock solution of 62.5 mg/L CYA was prepard€dne
treatment of 390 mMICYA stock solutionwas inoculated witd0 mL of he supernatant of

the activated Thai FOQ@ he inoculated treatment was capped anaerobically and incubated

at 30C and 75 RPM. Daily turbidimat CYA measurements were taken.

3.5.6Experiment 1V -6 Effects of US FOG andActivated Thai FOG on CYA

Six 500 mLthreaded shaker flasks were autoclaved then filled with 400 mL ofgdD m
CYA stock solution Each flask was dosed with50 mg/L glucose CYA was tested

turbidimetricallyfor each flask before the addition of any bigical inoculum.

Treatments were set up in triplicate. Three flasks were dosed with 100 nvatédand
250mg/L of US FOG. The other three flasks were dosed ¥ithmL ofsupernatant from

a solution of 1 g/LThai FOG The Thai FOG solutiohad been antated at 36C and 75
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RPM for 24 hours, inverted and agitated, then allowed to settle for 2 mirDs.was

tesed turbidimetrically for each flask, each day

3.5.7Experiment IV -7 Turbidimetric CYA Calibration

Serial dilutions were created from a stock CYach dilution wagurbidimetrically, and

alinear regression model was fit to the resulting data.

3.5.8Experiment IV -8 Standard Preparation for HPLC

A stock solution of CYA wa preparedDilutions were prepared in 2 mL crimipp vials
for HPLC analysis. Comntrations were recorded and written on the exterior of each vial

for ease of reference.

3.5.9Experiment 1V-9 HPLC Calibration of CYA

The standard solutions prepared in Experimen8 IWere tested in the HPLC using the
method described imable 3-25, below. The purge valve was maintained partially open

throughout HPLC analysisyhich heavily influenced elution time and peak area.

Table3-25: Experiment IV9 HPLC Operating Parameters

Parameter Value
Column Acclaim Trinity P1
Mobile Phase 20% methanol
80% 50 mM KHPOQ: buffer
Flow Rate 0.500 mL/min
Injection volume 20 uL
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Detection wavelength 213 nm
Temperature 22°C (ambient)
Sample Run Time 12 minutes
Operating Pressure 350 bar

3.5.10Experiment IV-10HPLC Calibration using Thai FOG

A stock solution of 50 mg/L CYAwvas preparedThai FOG was added to DI water at 110
mg/L and activated at 3G and 75 RPM for 24 hour&ll samples were filtered through
0.22um filters before addition t@ mL vialsat concentrationksted inTable 3-26, below.

The 40 mg/L standard CYA vial from Experiment8Avas also analyzed.

Table3-26. Experiment 1\V10 HPLC Vial Contents

Vial Contents
1 CYA 50 mg/L

2 Thai FOG 110 mg/L

3 CYA 25 mg/L;
Thai FOG 55.3 mg/L

4 40 mg/L CYA Standard

HPLC analysis was carried outith the parameterns Table 3-27. Thepurge valvewas

maintainedpartially open due to high operating pressure
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Table3-27: Experiment 1\/10 HPLC Operating Parameters

Parameter Value
Column Acclaim Trinity P1
Mobile Phase 20% methanol
80% 50 mM KHPQ; buffer
Flow Rate 0.500 mL/min
Injection volume 20 uL
Detection wavelength 213 nm
Temperature 21°C (ambient)
SampleRun Time 12 minutes

Operating Pressure 360 bar

3.5.11Experiment IV -11 Method Development of HPLC using Thai FOG and CYA

A shaker flask was dosed with 100 m@/hai FOGand60 mg/LCYA. The inoculated
solution was placed on a heat plate and stirred witlagonetic stirbar until all CYA had
dissolved. The flask was then incubated in a shaker’@&@td 75 RPM for the duration

of the experiment.

Samples were collected for HPLC analysis according to the medetaiked aboveHPLC
operating parameters wadentical to those in Experiment {10 and ardaid outin Table

3-27, above.

3.5.12Experiment IV-12l nvesti gati on of Productso EfTf ect

Eight 500 mL shaker flasks were autoclaved and filled with 300 mL of DI water and the
contents listed inTable 3-28, below. After inoculation, treatments were capped and

incubated at 3W and 75 RPM for the duration of the experiment.
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Table3-28: Experiment 1\/12 Experimental Setup

Bottle Cya Inoculum Glucose
[mg/L] [mg/L]

1 50 X X

2 50 Thai FOG 250

3 50 Thai FOG X

4 50 IRTF 250

5 50 Premix 250

6 50 35mgOspig 250

7 50 Osp Solid 250

8 50 US FOG 250

Samples were collectedaily, for HPLC analysis. HPLC operating parameters were

identical to those in Experimenit¢-10 and I\V11 and are detailed ifable 3-27, above.

3.5.13Experiment IV -13HPLC Method Developmenti Inconclusive Mobile Phase
Adjustment
Many mobile phases were tested, and none provided improved separation qe@haA

from nitrate peaks.

Mobile phasesested include:
90% acetonitrile, 5% methanol, 5% 17.5 miyHR O, buffer
95% acetonitrile, 5% 17.5 mMAKIPQ; buffer
15% acetonitrile, 85% 50 mMAKIPQ; buffer

85% acetonitrile, 15% 20 mM ammonium acetate buffer
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3.5.14Experiment IV -14 HPLC Method Developmenti High Injection Volume

High injected concentrations of CYA led to column clogging during analysis. No

meaningful data were collected in this experiment.

3.5.15Experiment IV -15 Investigation of C:N:P Ratios on CYA Degradation

A minimal growth mediumwith concetrations detailed iTable 3-29, was autoclaved

Table3-29: ExperimentV-15 Minimal Media Composition

Component Concentration [mg/L]
Cyanuric Acid 276.4

NH4NO3 28.6

KoHPOy 56.1

US Agua and dextrose wecombined at a ratio of 44% US Aqua and 56% dextrose. This
mixture was added to the minimal media, which was stirred to dissolve additives.
Additional dextrose was added to each treatment to obtain desired carbon daiiknt.

3-30details the componentd each treatment.

Table3-30: Experiment 1\/15 Carbon, Nitrogen, and Phosphorus Concentrations

Product Dextrose CYA NHsNOs  KHPO,
Ratioof C:N:P [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]

100:10:01 100 2264.3 2764  28.6 56.1
60:10:01 100 1264.3 276.4 28.6 56.1
50:10:01 100 1014.3 276.4 28.6 56.1
40:10:01 100 764.3 276.4 28.6 56.1
10:10:01 100 14.3 276.4 28.6 56.1
50:10:01 100 1014.3 276.4 28.6 56.1
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After inoculation treatments 1 through 5 and the controlreveapped anaerobically.
Treatments 6 and 7 were covered with aerobic.calpdreatments were placed in an

incubator shaker at 30 and 75 RPM.

Daily sample collection and preparation for HPLC was carried out according to the

methods detailedbove HPLC analysisvas performed with the operating paramelaic

out inTable 3-31, below.

Table3-31: Experiment 1\V15 HPLC Operating Parameters

Parameter Value

Column Acclaim Trinity P1

Mobile Phase 95%17.5mMPhosphate buffer,
5% methanol

Flow Rate 0.400 mL/min

Injection volume 150 uL

Detection wavelength 213 nm

Temperature 22°C (ambient)

Sample Run Time 12 minutes
Operating Pressure 250 bar

3.5.16Experiment IV -16 Hour -by-Hour Time-Point CYA Degradation

A growth solution containing 500 mg/L CYA, 500 mg/L dextrose, and 100 mg/L

ammonium nitrate was autoclaved. Six 500 mL shaker flasks were filled with 300 mL of
growth solution. Isolated vegetative bacteria from Thai FOG were provided by BIOWiSH
for inoculdion in this experiment. Three of the six flasks were inoculated with 100 mg/L

of vegetative bacterial suspension.
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HPLC analysis was carried out identically to ExperimenfLB/ with operating parameters

identical to those ifable 3-31, above.

3.5.17Experiment IV -17 Effect of CAR on CYA Concentration

A 200 mg/L stock solution of €A was preparedSix 500 mL threaded shaker flasks and

caps were autoclaved, and each was filled with 300 mL of CYA solution.

A stock solution of BIOWiISH CAR product was prepared @tg/L. Two control flasks
were not inoculated. Two flasks were dosed to 5 mg/L of CAR solution. Two flasks were
dosed to 50 mg/L of CAR solutiofPLC sample collectionpreparation and analysis

were carried out according to the methadd operating pametersietailedearlier.

3.5.18Experiment 1V -18 Effect of CAR on CYA with K2HPOa, Varied Glucose

Growth media containing00 mg/L CYA and trace #1PQs. Before addition of the CYA
solution to eaclof six 200 mL shaker flask¢he stock solution was spargedmi> gas to
createanaerobiaconditions from T=0 hour®ottles were filled to the brim with between
249 and 257 mL of growth media, CAR product, and additional glucasatriients can

be found inTable 3-32, below.
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Table3-32: Experiment 1\¥18 Flask Contents

VolumeGrowth CAR Product Added Glucose Total Glucose

Flask Media[mL] [mg/L] [mg/L] [mg/L]
Control 1 250 0 0 0
Control 2 250 0 0 0
CAR1 249 50.0 0 47
CAR2 253 49.8 0 46.8
CAR+GLU1 250 50.3 50 97.3
CAR+GLU2 257 50.0 50 96.3

After inoculation, kaker flasksvere capped anaerobically amtubated at 3« and 75

RPM.

HPLC sample collection, preparation, and analysis were carried out according to the
methods and operating parameters detagllenl/e, using non-sterile graduated transfer
pipettes.A 3-point calibration was run at the beginning of HPLC analysis at T= 6, T=8,
and T=9 Days, to provide a daily calibration check. This method was used in future

experiments to provide accurate conversibpeak area to CYA concentration.

No appreciable bacterial growth was seen within biological treatnadtetsé days. To
stimulate growth, aolution of 1 g/L CAR in Lactobacillus Both wasactivatedfor 24
hours at30°C and 75 rpm. The activated prodweasdosed at 1 mL per flask to all four
biological treatments on day HPLC measurement was continued, but at increased

intervals.
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3.5.19Experiment IV -19 Effect of Activated CAR on CYA, Varying Dextrose

A stock solution of 50 mg/L CYA was preparéthe actiated cultures of OBAAEGKLB,
LCM, OBWWT#1, and MBWWT#1 from Experimertd were combined in equal parts
to create t he nASix250naLshakdrflagk@virerdilled with 250 it

of CYA solution

Two control flasks were not inoculated. Twadks received5 mL of Activated CARand
50 mg/L of dextrose, and two flasks received 15 mL of Activated CAR and 287 mg/L of
dextrose, as shown iffable 3-33. After inoculation, each treatment was capped

anaerobically and incubated at’@&nd 75 RPM.

Table 3-33: Experiment 1\/19 Experimental Setup

Additional
Bottle Activated CAR [mL] Dextrose [mg/L]
Control 1 0 0
Control 2 0 0
CYA+Dex50 ppm1 15 50
CYA+Dex50ppm2 15 50
CYA + Dex 287 ppm 1 15 287
CYA + Dex 287 ppm 2 15 287

HPLC sample collection, preparation, and analysis were carried out according to the
methods and operating parameters detailsal/e A four-point calibration was run at the
beginning of each analysis evdnt provide accurateonversion of peak area to CYA

concentration.
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3.5.20Experiment IV -20 Effect of Activated CAR and Filter Media on CYA

A minimal growth media was prepared with composifiound inTable 3-34, below.

Table3-34: Experiment 1\£20 Minimal Media Composition

Component Concentration
Glucose 2 g/L
K2HPO4 1.59g/L
KH2PO4 0.75 g/L
NH4NO3 0.2 g/L
FeSO4 20 mg/L
MnSO4 Trace

A stock solution of CYA was prepared at 3.00 g/L. Each flask was dosed with 5 mL stock
CYA solution before dilution with DI water or activated culture broth and growth medium.
Total volume of each flask was 300 mL, creating a final concentration of 50 mg/L CYA in

each treatment.
Threesets ofduplicatetreatmentsvere prepared in 250 nitrlenmeyeflasks. Flasks were
filled to 300 mL in order to prevent oxygen introduction framair void volume 15 mL

of stock inoculum were added to each flasKjsied inTable 3-35, below.

Table3-35: Experiment V-20 Flask Setup

Treatment Solution Inoculation

1 DI Water + CYA None

2 DI Water + CYA None

3 Minimal Media + CYA Activated Thai FOG
4 Minimal Media + CYA Activated Thai FOG
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Minimal Media + CYA Activated Pool Filter Media
Minimal Media + CYA Activated Pool Filter Media

o 01

After the addition of CYA, growth medium, and inoculum, flasks were capped
anaerobically and placed in a shaker incubator & 2d 75 RPM tcensure proper
mixing. Sampling for HPLC was carried owaiccording tothe methodand @erating
parametersutlinedabove An additional 1.6 g/L of dextrose were added to Thai FOG 1,

Thai FOG 2, Filter Media 1, and Filter Media 2 at T=7 days.
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CHAPTER 41 RESULTS AND DISCUSSION

4.1 Task | - Determination of Clarification Mechanism

4.1.1Experiment |-1 Efficacy of Thai FOG Removing Turbidity, with Mechanical
Filtration

At T=0 hours,100 mg/Lof Coppertone Sunscreaas dosed t80 L of tap water in a 10
gallon aquariunwith mechanical filtrationAt T=0.25 hours, 100 mg/L of Thai FOG was

added to th tank.The tank was chlorinated vath Clorox concentrated bleach3et mg/L

of total chlorine as G] daily.

After a slight increase in turbidity due the addition of Thai FO@n 82% decrease in

turbidity wasobservedver 18 hoursKigure 4-1). The turbidityreductioncontinued, at a

diminished rate, throughout the experiment.
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Figure4-1: Experiment 41 Turbidity vs Time, BIOWiSH Thai FOG Tap Water at 3T,
MechanicaFiltration
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The rate of wadr clarificationof water indicated the potentifdr BIOWiSH to remove
turbidity caused by sunscreen. The mechanism by which is unknown, so fegbarch

is necessary to determimehy turbidity is reduced

4.1.2Experiment |-2 Effects of BIOWISH on Turbidity with Sodium Azide Control

Experiment 42 replicated e methods of Experimentll with additional treatments

includingUS FOG and an abiotic contrédodium azide waadded tahe control tank as

a microbial inhibitor

Each treatmentesulted ina starp decrease in turbidity over the first 18 hohigure 4-

2). Thai FOG, US FOG, and the Control displayed 66%, 77%, and 85% reductions in

turbidity, respectively.

- US FOG
Thai FOG
Control

Turbidity [NTU]
w
o

0 50 100 150 200
Time [Hours]

Figure4-2: Experiment42 Turbidity vs Time, US FOG and Thai FO@ap Water at 3T,
Mechanical Filtration
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No improvement of clarification ovehe control treatment was seen by Thai FOG or US
FOG. Increased turbidity relative to the control is most likely due to the introduction of

particubte matter in each product.

Use of sodium azidas a bacterial inhibitowas discontinued after this experiment due to
its high toxicityandsplashing caused by filters. To prevent splashing of filsetssequent
treatmentswvere filled with an additionaB L of water. The additional water provided a

gentler reentry of filter effluent to each tank, minimizing splashing.

4.1.3Experiment |-3 Effects of BIOWISH on Turbidity with Re-Dosed Sunscreen

Experiment 13 was the first experimemh which sunscreen wase-dosedperiodically.
Additionally a treatment of rice bran was introduced as a control compared to the rice bran
used in Thai FOGSunscreenwvas redosed at 100 mg/L whenevtre turbidity of the
control tankleveled out Residual TC dropped close to aezach day, so each tank was

chlorinated to 3 mg/L TC as Gl daily.

Each aquarium showed a sharp decrease in turlmdéyday afteeach sunscreen-gose
(Figure 4-3). Initial doses of sunscreen were clarified at different rates by each treatment.
Thai FOG reduced turbidity by the greatest amount in the first 24 hours, followbe by
control and US FOG. Ricerdn showed the highest turbidity throughout the experiment,
because the fine particle$ the substrate did not settle out of suspensionwaoe they

removed by the filter.
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Turbidity reduction ofThai FOGwas poor between 1 and 11 days, and turbidity increased
after the T=12Daystime-point. This is attributed tan accidentalapse in chlorination at
T=11 Days The Bacillus speciesin Thai FOG were able to proliferate, and continued
chlorination did not halt microbial growth. A shodkse of chlorinevas considered as an
option to stop the bacteria from growing as quickly. For consistency among trials and

comparability tdfuture experimentghe regular chlorine dosing schedule was maintained.

120 ‘

100

‘ ‘ —o—US FOG
Thai FOG

4 4 ‘ '
40 1\ o\ \JF !\ Rice Bran
\ Control
20 S N . A
, B \ | \ \

o e SN N | e T

012 3 456 7 8 9 1011121314151617 18 19
Time [Days]

Turbidity [NTU]
(*2]
o
\
|
\
\

Figure4-3: Experiment 413 Turbidity vs Time, Tap Water at 3T, Redosed Sunscreen,
Mechanical Filtration

Thai FOG displayed greater activitythan the solublediluent US FOG the abiotic

t r e at mRicetBsm amdthe @ontrol Further investigation is necessary to determine
whether the microbes in Thai FOG are degradimgscreenvithin the first 24 hours, or if
the physical properties of the sulasé lead to adsorptionr improved filtration of

sunscreen.
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Since therice brantreatmentdid not settle out of solution, it cannot be considered
analogous t@n abiotic form of theubstrate ofrhai FOG.Experiments 4, I-5, I-7, and

[-8 utilize an iradiated sample of Thai FOG as an abiotatrolinstead of the rice bran
This controlis expected toevealthe effects of the solid substratghout interference by

microorganisms

The results suggest that mechanical removal (either filtration @r@ds) plays a
dominant role in the clarification of sunscreen from solution; however, other mechanisms

of clarification, such as biodegradation, cannot be ruled out.

4.1.4Experiment |-5 Effects of BIOWISH Products on ReDosed Sunscreen

Experiment 15 wasdesigned to compare US FCGAdirradiated Thai FOG to a mixture

of US FOG and irradiated Thai FQ@mong othetreatmentsirradiated ThaFOG was

used as an abioticeatmentcontaining solid substrate. US FOG was used as a treatment
containing biology ad a soluble substrate. Two treatments of US FOG muxitial
irradiated Thai FG were prepared to mimic the bacteria of US FOG mountedstdid
substrateProprietary surfactants and the KLB strainBaicillus are added to Thai FOG
during production. Tolaserve the effects of a solid substrate, the Thai FOG substrate was
used postermentation without additives. This product was called Pren@iT
Remedi at BMT S&a lil ne dt hii swastesiedbedausesintainsa mix of
Rhodococcusnd Arthobecter bacteria, rather thatie Bacillus and Lactobacillusof US

FOG and Thai FOG.
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Chlorine was dosetly adding concentrated bleabletween 6 and 9 mg/L TGQyhich
immediately dropped to between 2.1 and 3.0 mg/éach aquariumTo combat the drop

in TC, an additional dose of 6 to 9 mgIlC was addedo each tank. Residuals consistently
dropped to around ~1 mgfl; overnight.On Day 5, 23 mg/L of CYA were added to each
of the tanks in an effort to maintaiesidualchlorine.However, nachange in TC residl

was notedCYA only protects chlorine from being photodegraded by UV radiaao
thereare no windows in the lab through which UV radiation could affect chlorine levels in

the aquaria.

Sampling and chlorination were discontinued between the #dbse on Day 16.1 and

the final sampling event on Day .27
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Figure4-4. Experiment 45 Turbidity vs. Time Tap Water at 31, Re-dosed Sunscreen,
Mechanical Filtration
Between T=0 Days and T=1 Days, thebidity of US FOG only droppedy31%, whereas

each other treatment reduced turbidlty 9598%. This is attributed to improper
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installation of the filter bag, whichausedwvater tobypass the filteandreducedoverall
filtration. This mistake shows thatithout mechanical filtration, clarification is much
slower in the first 24 hours of this type of experiment. Additionally, the results of this
experiment confirm the results Bkperiments2 and 13, which suggesthatmechanical
filtration is respondble for significantlyreduced sunscreameach treatmengver the first

day.

When compared teimilar timepoints inthe control tanks of Experimentland +3,i | R
Thai FO® data suggedhat the solid substrate does not provide additional removal of
sunscreen after t@osing This suggests that the majority of clarificatidaring re-doses

stems frommechanicafiltration, rather than adsorption to the substrate

4.1.5Experiment |-4 Comparison of ReDosed US FOG to Single Dosed Products

This experimentvas designed to compare a treatment which received a single dose of 50
mg/L US FOG to a relosed treatment which received 5 mg/L of US FOG each time
sunscreen was f@osed. Additionally, a sample of Thai FOG was irradiated to inhibit
biological effectsorc | ar i fi cati on, i f present. The @l

compared to a treatment with unaltered Thai FOG.

Due to clerical and experimenter error, the data for T=0 Days through T=23 Days were
lost. The trials in this experiment received multiedoses of sunscreen before the Day
24tmepoint . This experiment highlights each

repeated addition of sunscreen.
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None of the treatments improved turbidity reduction compared to the cdfigotd 4-6).
The AUS FDDO&GS ePe resulted in the highkemrt turl

(Figure 4-7).
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Figure4-5: Experiment 44 Turbidity vs. Time, Tap Water at 30, Redosed Sunscreen

Between 24 and 31 Days,ddhanical Filtration

Irradiated Thai FOG showed lower turbidity than the unaltered Thai FOG treatment. This

i's consistent with the assumption that 1irr e

Thai FOGO treat ment, a n cbntribiien rtoeturbrdigdysn thmi ni ma

irradiated product.

By Day 24, t-bDesBOScbO®GaRmed a similar quan

Singleo, as microbes in each had been was
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form of sunscreen. Resultsost that redosing US FOG is not advantageous over a single

dose.

4.1.6Experiment |-6 Effects of Additional Solid Substrate Productson Turbidity

Building from the findings of Experimentd, Experiment 46 was designed ttest a
number of additional solid sstrateBacillus products.The rice bran which is fermented

to create Premix was used in one treatment to investigate the effects of fermentation on the
rice bran to remove turbidity from solutiohdditionally, theproprietaryManure and Odor

Control (Manure/ Odor)productwas tested astaeatmentontainingsoluble diluent.

After dosingsunscreena significant drop in turbidity was noted in the first day of the
experimenfor all treatmentsPremixshowed the greatest drop in turbidity between T=0
and T=1 Days. After the redose, Premixagain showed the lowest turbidity of all

treatments. Beyond T=5 Days, howeuremix showed steadily increag turbidity.

The prototypeBS-AQ products(BS-AQ-001, BSAQ-002, and BSAQ-003) performed
similarly to eachother, showing a decrease in turbidity after thedose followed by
minimal change in turbidity until T=5 Dayg#\fter this time, each product showed a slight

increase in turbidity.

82



—o— Manure/ Odor

=) )

= —— Premix

= —4—BS-AQ-001
©

i) BS-AQ-002
2

—#—BS-AQ-003
—o—Thai Rice Bran
US Rice Bran

Time [Days]

Figure4-6: Experimentl-6 Turbidity vs. Time Tap Water at 3IC, Redosed Sunscreen
Mechanical Filtration

The Manure/Odortreatmentshowed an increase in turbidityrelative to the other
treatmentsstarting between T2DaysandT=3 Days Premix and Thai ricerantreatments
showed the lowest turbidities following the second dose of sunscreeappatently
bacterianative tothe Premix continued to grow, causing an increase in turbidity after T=5
Days. Thai rice bran initially performed simarly to Premix, but Thai ricerbn has not

been fermented in the presence bacterial starter cultures, so it did not show the same

increase in turbiditghown byPremix.

4.1.7Experiment |-7 Effects of BIOWISH Products on ReDosed Turbidity

Experiment 17 investigatd the effects of various BIWiSH products, listed iable 4-1,

on redosed turbidity in the form of sunscreen.
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Table4-1 Experiment {7 List of Treatments

Tank Treatment

Fruit Wash

Premix

AP 001

AP 002

AP 003

ThaiRice Bran
Irradiated Thai Bran

~No ok~ WN -

The greatest reductions in turbidity throughout the experiment were seen by Premix
(Figure 4-7). No improved reduction of turbidityvas seen over time between the solid

substrate product, Premix, and the soluble dilpeoduct, Fruit Wash.

—o— Fruit Wash

—— Premix
= —+—AP 001
l_
= AP 002
2
g —x%— AP 003
5
l_

—o—Thai Rice Bran

Irradiated Thai
0 ‘ Bran

1.5 2 25 3 35
Time [Days]

Figure4-7: Experiment 47 Turbidity vs. Time Tap Water at 31, Re-dosed Sunscreen,
Mechanical Filtration

o
o
(631
-

After the fird dose of sunscreen, Thai riceab reduced turbidity by P4, whereas
Irradiated Thatrice bran reduced turbidity by 40%. This difference is probably not due to

the native biology present in Thae bran, as no other experiments have sheignificant
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differences betweebiological treatmentandabiotic treatmats in the first 24 hour3.he
differences in clarification could be due t@pxisting differencesdiween the two batches

of Thai fice bran, prior to irradiation.

The products AP 001, AP 002, and AP 003 displayed very high turbidity relative to Premix
and Fruit Wash, due to particulate matter remaining in suspension. These products were

not used in subsequent experiments.

4.1.8Experiment |-8 Effects of Thai BIOWiSH Products on ReDosed Turbidity

Experiment 18 investigateddifferent Thai productselativeto a control tank, including
Premix, Thai FOG, and Irradiated Thai FOlecontrol treatment was run to confirm the
effects of mechanical filtration on sunscraeduced turbidity without additives

Treatments were chlorinated daily to at least 3 mgfotail chlorine.

For the first two doses of sunscreeack product ouperformed the contrah terms of
clarification, as shown ifrigure 4-8. After the third dose of sunscreen, the hastfarming
treatment was the contrady trend whichcontinuedthrough to thetermination of the
experimentAs shownin Figure 4-8, the control tank consistently showed lower turbidity

than the averages of the treatments after T=2.1 Days.
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Figure4-8: Experiment 18 Averagal Turbidity vs. Time Thai Products in Duplicatdap
Water at 38C, Re-dosed SunscreeMechanical Filtration

The early removal of turbidity by all product®nfirms previous findingghat solid
substrate is able to assist in filicat or adsorptiorof sunscreen, without the assistance of
bacteriaAs time progresskand more sunscreavasadded teeachsystemresults for the
treatmentsuggestedhatthe products added turbidity to the water. The similar results for
the various treatments suggesatteffects on turbidy were independent of both the

bacteriacontained in the products and the piestmentation additives present in Thai FOG

and Irradiated Thai FOG.

The longterm results of this experiment, from T=3 Days until the termination of the
experiment, coincide with those of Experimen8,lin which the control consistently

showed lower turbidity than treatments containing solid substrate after two doses of
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sunscreen. In the short term, the control treatment showed less reduction than solid

substrate materials.

There is a high chance that tanks received erosgamination from each other,
considering the length of the experiment and the fact that aquaria were set by sie

with open surfaces and filters that splashed when water levelow. Additionally, the

tanks were dosed with chlorine levels that are low, relative to those needed for complete

bacterialinactivation

It is likely that the solid substrate materials are growing microbes and the turbidity created
by the production fobacterial cells masks any biodegradation of sunscrees.antrol

tank showedmprovedturbidity reductionover time relative to the otheareatments

At the end of the experiment, samples were collected and plated for bacterial quantification
and cdony morphology analysis (see Experimentd)l Improper plating methods led to
contamination and inconclusive results. Solid substrate was also collected from the filters

of Premix 1 and Thai FOG 1 to be imaged with Scanning Electron Microscopy.

Producs were imaged using SEbEfore and after use in this experiment. Images were
captured between 480and 20,000 magnification.Figures 4-9 and 4-10 provide an
overview of the differences between the appearances of the two substrates before and after
use. Adlitional SEM images can be found in AppenBixPrior to useThai FOGshowed

surface structure containing many rounded and jagged paiiGtpse 4-9, Left). The
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quantity and size of these particles is similaroughout the field of view, indicating
homogeneity of surface structure within the immediate area on the safipleuse in the
experiment, Thai FOG showed less distinct surface strucfigure 4-9, Right).
Filamenbus material can be seen attachetdth the flat andthe jaggedportions ofthe
sample, whichmay beindicative of sunscreen adsorbing to surfakthe particles. The
Premix material showed similar coatedooking surface structure, relative to its starting

appearance FHgure 4-10). The electron microscopy provides more evicernbat

adsorption of sunscreen to the solid substrate is occurring.
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Flgure-lcx OOgnlflcation

4.1.9Experiment |-9 Effects of Vegetative Bacterial Cultures on Turbidity

Experiment 19 was developed to investigate the effects of the biological components of
BiOWIiSH Cyanuric Acid ReducefCAR) on turbidity with repeated dosing of sunscreen.
Treatments were carried out in chlorinated and unchlorinated environments both with and
without CYA. Additionally, onereatment was inoculated withcaltureof the microflora

collectedfrom aspentswimming podfilter.

During incubation of the pool filter and manufactured bacterial cultures, intense gas
production and turbidity increases were observed in all cases. This indicates successful

activation and proliferation of the microbes.

The mostkffectveandc onsi st ent treatment in reducing
C Y Acontrol as shown irFigure 4-11. This treatment was not dosed with sunscreen at
T=0, but it was included in all subsequentises. Its efficacy at removing sunscreen from
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solution elative to other treatments is attributed to #mesumedhigh biodiversity
encountered on the swimming pool filter media. Highly diverse microbial populatiins

utilize multiple metabolic pathways and will use nutrients more quickly and effectively.

After T=7.1 Days, bothofthenc h| or i nat ed treatments which
+ CYAO and AFi l tdisplayedlthedgreatesttred@tiod ion furbidityis
could beattributed tamicrobial inhibition inchlorinated environments;hich couldresult

in slower rates ofjrowth and thus fewer suspended bacteria to contribute to turbidity

(Camper and McFeters 1979
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Figure4-11: Experimentd{9 Turbidity vs. Time Tap Water at 31, Re-dosed Sunsces,
Mechanical Filtrationwith and without CYA

As shownirFigure4-11, t he ACAR + CYAO treat methmah s howe

other treatmentduring the redosesat T= 1.1 and T=12.1 Days. At these tipeints, the
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system was accidentally chloated by experimenters. The decreb®ssponse to turbidity
was not expected, because each other chlorinated treatment showed steep reduction in

turbidity at T=1.1 and T=12.1 Days.

Samples wergeriodicallycollectedfrom each tanland analyzed with HPL®@® trackany
changes irCYA concentration over timé&ach tank containing CYA showed an increase
in concentration between T=0 andZIBays(Figure 4-11). This is attributed to the stock
solutionsof CYA not being fully dissolved when dosed to each aquaandtheesulting
continued dissolution of CYADue to thedrift in CYA can be seen ifrigure 4-12, no

conclusions were made regarding tlegradatioror adsorptiorof CYA.

Two datapoints (Tank 2, T=3 Days; and Tank 5, T=5 Days) were omitted Figore 4-

12, due to contamination in sampling.
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—+—CAR + CYA
—=—CAR + Cl
—4+—CAR + CYA + ClI

CYA Concentration [mg/L]

60
CAR + CYA + CI
40 —#=CAR
—eo—Filter Media + CYA
20

Time [Days]

Figure4-12. Experiment 49 CYA Concentration vs. Tim&ap Water at 3C, No CYA

in Tank 2 Mechanical Filtration

Total Chlorine residualsvere measured betwe@r2 to 06 mg/Lafter the addition of CYA
Baseline TC was measuratl0.2 mg/Lin the treatment without CYA, so it was determined
that the CYA did not contribute significantly to the residual chlorine levels. This is to be
expected, because CYA is mairitributed to protecting chlorine from UV degradation.
This experiment was run in a laboratory without windows, so UV radiation from the Sun
was not a factor in chlorine reduction. All decreases in chlorinelikehg frominteraction

with oxygen in the #nosphere or with microbeand sunscreemvithin the aquaria.
Subsequent experiments were not dosed with CYA as a noéanaintaining chlorine

residuals.
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4.1.10Turbidity Reduction for All Experiments at T=1 and T=3 Days

Initial turbidity reductiondata werecompiled to show the relative effects of each product
at T=1 Dayin Figure 4-13. Early data pointgan be compared, because each experiment
received the same initial dose of sunscreEne only experimentexcluded from this

compilation is 14 because T=0adawere not available
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Figure4-13: Compiled PercerReduction in Turbidity Across Experimen@ne Day after

1% Sunscreen Dos#echanical Filtration

Figure 4-13, above,shows that each control tank éskted at least 70% removal of
turbidity in the first day. When the &effe
compiled and compared to those of the control treatments, the additive effect of solid
substrate on clarification can be observed. The geek®ay percent removal of turbidity

by control treatments is 79%, whereas the averaDaylclarification bysolid substrate

products is 86%Excluding the prototype products AP 001, AP002, and AP003, the
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average 4Day turbidity reduction increases to%0It can be concluded that the solid
substrateof BIOWISH products provides an additional%1-Day reduction of turbidity

over pure mechanical filtration.

The average initial reduction of turbidity by soluble diluent products is 78%& is
identicalto the average percent reduction by pure mechanical filtration, indicating that

products without a solid substrate do not enhance initial turbidity reduction.

For each experiment including adese, thdime-point one day past the second dose of
sunscree wasalso compiled to comparngercent reduction of turbidity by each product
tested. The experiments which areluded in this comparison are) I-5, I-6, I-7, and |

9, because theyere dosedunscreen on consecutive days at T=0 and T=1.
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I-5 Premix

-5 BMT SS
I1-6 Premix

I-6 BS-AQ-001
I-6 BS-AQ-002
I-6 BS-AQ-003

I-6 Thai Rice Bran
I-7 Premix

I-7 AP 001
I-7 AP 002
I-7 AP 003

I-7 Thai Rice Bran

I1-3 Control
I-7 Irradiated Thai Bral

-3 US FOG

I-3 Thai FOG
|-3 Rice Bran
I-5 Mix #1

I-5 Mix #2

I-5 IR Thai FOG
-9 CAR + ClI

-9 CAR+ CYA+Cl1

I-7 Fruit Wash
-9 CAR + CYA+Cl 2
I-9 Filter Media + CYA

I-6 Manure/ Odor
I-6 US Rice Bran
-9 CAR + CYA

Figure4-14: Compiled Percent Reductiof Turbidity, One Day afteP" Sunscreen Dose

Tap Water at 3T, MechanicaFiltration

The mechanism by which this added reduction occumdbablymechanical, through
adorption to the substrate or enhanced filtration due to reduced filter pore size. As shown
in the SEM images frorexperiment 18 (Figure 4-9 andFigure 4-10)it is apparent that
adsorption plays a role in the mechanical removal of sunscreen by the salicht®ub
Experiments 43, I-4, and 18 showed that solid substrate products did not provide
additional clarification after the second dose of sunscpEssibly due to bacterial growth
contributing to turbidityAdsorption idikely the driving mechanismf@additional turbidity

removal provided by the solid substrate of BIOWIiSH products.
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4.2 Taskl - Efficacy of BIOWIiSH for Clarifying Oils from Swimming Pools

4.2.1Experiment |1-1 Water Clarification by Thai FOG , No Mechanical Filtration

Experiment H1 was a investigation of water clarification byhai FOGused to investigate
t he pr odutotgrdvwe in agoeousisolutioand remove turbidity induced by
sunscreen without mechanical filtratiothe colorimeter was not available at the time of
this experimentso UV absorbance was measured instead of turbiiitghange was seen
in UV absorbance of the Thai FOG +r&creentreatment, relative to the Sunscreen
treatment without Thai FOGAdditionally, biomass production interfered with optical

density readingat470nm.

0.3 ‘
0.25
0.2
—o— Sunscrreen +
Thai FOG
0.15 Sunscreen

4\
01 Thai FOG

\ /\ Tap Water
005 S, NN

Absorbance [AU]

0

-0.05 ‘
0 1 2 3 4 5 6

Time [Days]
Figure4-15: Experiment H1 Absorbance vs. Time at 470 nirap Water at 31, Single
Dose of Sunscreen, No Mechanical Filtration
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Sunscreen dosed Tank 1did not completely dissolve, leadinga much lower starting

turbidity than the other tanks. Tweventthis issue, Tanks 2 and 3 were dosed sunscreen

that had been dissolved into a small volume-§10

mL )

of

the respecti

within a plastic weigh boat. The agqueous sunscreetureishowed much greater level of

dissolution with the tanks. This method was adopted for all subsequent sunscreen additions.

2
1.8
214
312
c
@
2 1
2
f; 0.8 [ —
206 =
5]
< 0.4
x
0.2
0
0 1 2 3 4 5
Time [Days]

6

Sunscrreen +
Thai FOG

Sunscreen

Tap Water

Figure4-16: Experiment 11 NormalizedAbsorbancers. Time at470 nm Excludng Thai
FOG Tap Water at 3T, Single Dose of Sunscreen, No Mechanical Filtration

Thai FOG showed a change in color and an increase in turbidity. The increased turbidity

canprobably beattributed tosuspended patrticles in the form rmfcrobial growth. he

suspension of substrate was ruled out as a contributor to turbidity, because tanks were not

agitated through the duration of the experiment.

An important finding from Experiment-Il is thatthe Thai FOGoroductaffects turbidity

within the first 24 hars of inoculation.Thai FOGwas ableto reduce turbidityfrom

sunscreen relative to a treatment of sunscreen without inoauitlnin the first 24 hours
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This resultsuggests thatither the biology or the substrate of Thai FOG causes reduction

of turbidity.

4.2.2Experiment Il -1.1 Absorbance Calibration Curve for Sunscreen

A calibration curve was developéar sunscreen in tap water20 nm Figure 4-17). A

baseline absorbance of 0.88 was observed.

0.8

0.7 y = 0.0015x + 0.0916
5 0.6 R2=0.9972
<

0 0.5

<

504

o]

S 0.3

3

< 0.2
0.1

0 100 200 300 400 500
Sunscreen Concentration [mg/L]

Figure4-17. Experiment 1.1 Absorbance v&€oncentration of Sunscrean520 nm

Due to theobservedinterference oBiOWiSH products andacterial cells on optical
density at 520 nm, this calibration curve can only be used to determine concentrations of
abiotic trials. Turbidity was determined to be a more valuable indicator of water clarity
than absorbanaa pure sunscreeifherefore, this calibration curve was not utilized in any

analyses.
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4.2.3Experiment Il -1.2 Investigation of Growth Media Compatibility wi th Chlorine

In order to determine which medium would be best to use in chledraiperimentshree
growth mediawere tested for compatibility with chloringlongside tap watefTotal
chlorineas C readings were taken over tinThe20-20-20 Fertilizr and MRS broth were
ruled outas viable growth medialue to rapidscouring ofchlorine. Based on 7Rour
chlorine residual, tap water was the least interfering groseilntion (Figure 4-18).
Minimal media was also determined to be a suitapy@wvth soldion in chlorinated

environments.

5
T4 4
>
£
c
S 3
E 20-20-20
IS MRS
82+
S Minimal
9“ Tap Water
o1

0

0 20 40 60 80
Time [Hours]

Figure 4-18 Experiment H1.2 Chlorine Concentration vs. Time in Varying Growth
Media DI Water at 26C

Hypochlorite is a strong oxidizing agent which readily reactl wiganic and nitrogenous

material The fertilizer and MRS broth both have high carbon and nitrogen content, which
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interferes with residual hypochloritd. would be disadvantageots utilize the fertilizer

or MRS brothin chlorinated experiments

Minimal media showetkss interaction with chlorine than fertilizerdRS broth; however
it still causeda substantial decrease in chlorine refatio tap waterTap water had an
original chlorine content of 0.66 mg/Indicating no chlorine demand andntributing to

the higher residual over time. The usemainicipalwater closelymimics the method of

pool filling for manydomestic and professional paiperators.

BiOWIiSH products contain sufficierglucoseand substrateo supportbacterial growth
when adéd to tap water. Additional growth media may be advantageous but will not be

required in subsequent experiments.

4.2.4Experiment Il -2 Chlorine Decay with BIOWiSH Products

A variety of products were placed amlorinated environmesato determine their effest

on chlorineresiduals Total dlorinewasmeasuredtT=0, 4.5,25hours. Many treatments
showed a decrease in chlorine concentration at T=0 after initial dosing @il Cb. At
T=4.5Hours the only treatments which had not decreased below 0.5 weyk tap water
and minimal growth mediaAt T=25 Hours, all chlorine concentrations had decreased to

below 0.5 mg/L.
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Every treatment reduced total chlorine concentration by a greater amount than tap water
becauséhypochlorite reacts with and oxidizesganic materialMinimal media showed

the lowest drop infdorine relative to tap water.

Increases in total chlorine concentrations were observed in several treatments, including
those with sunscreen. These increases are attributed to noise in measurfeoment

incomplete cleaning of the sample cell used. Samples containing sunscreen were noted to
leave a residue on the interior of the sample cell. Subsequent experiments incorporated a

light-duty tissue to wipe away sunscreen residue.

4.00
3.50 —o—Osprey L
3.00 —&—Osprey P
—4— Osprey Waste Water
2.50 ——

US Aqua

2.00 & —#—Us Aqua Fog

—o— MDG Petro
1.50

——MDG waste water
Thai Aqua FOG
\ —4— Minimal Media
: — sunscreen + media 525 mg/
N —
0.00 '———; E 40 sunscreen + water 536 mg/L

Tap

Total Chlorine Concentration [mg/L as Cl,]

-0.50 -
Time [Hours]

Figure4-19: Experimentl-2 Chlorine Concentration vs. TimBl Water at 28C, Covered
with GasPermeable Membrane, Single dose of Chlorine
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The sharp decrease in chlorine for all treatments indicates that future expengezhts

be chlorinated daily if residual chlorinetssbe maintained at a certain levatditionally,

trials containing BiOWIiSH products may require an initial dose of chlorine that is greater
than subsequent daily dosing levels. Further investigatinadsssary to determine daily

doses of chlorine required for consistent residual levels.

4.2 .5Experiment Il -3 Turbidity Reduction by Various BiOWiSH Products without
Mechanical Filtration

Ten aquaria each containin@50 mg/L of sunscreeand 125 mg/L ofthe BIOWiSH

product listecdbelowin Table 4-2, weremaintainedat 3C°C for 5 days.

Table4-2: Experiment #3 Aquaria Contents

TankNo. Product

Osprey Liquid

Osprey Powder

Osprey Wastewater Treatmén
MDG Petro

MDG Wastewater

BMT WW

Thai FOG

BUS FOG

© 00 N o o b~ w N

Fruit Wash

=
o

Controli DI Water
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Each tank, including the control, showed a decrease in turbidity ove(Riqwae 4-20).

The greatest turbidity drogelative to starting turbidity70%, wasobservedor the Thai

FOG product, which greatly outperformed all other treatments. The control displayed a
37% reduction in turbidityThis was probably due settlingof materialand the formation

of an oily film on the surface of the tan®spey Liquid and Osprey WWT showed a
smaller drop in turbidity than the control. BMT WW showed more clarification than the
contol early in the trial, but atF114 hours, turbidity of BMT WW rose abové¢hat ofthe
control The T=68 Hburs time-point showed a ke in turbidity from the Osprey

Wastewater Treatment due to accidental agitation of the settled material at the bottom of

the tank.
160 ‘
140
! —o— Osprey L
“\ prey
120 —@—Osprey P
=) N Osprey WWT
|:_> 100 x prey
£ ) S MDG Petro
2 Na
T 80 N i —¥—=MDG WW
g > —o—BMT WW
[ —— i
60 ~————— Thai FOG
40 US FOG
Fruit Wash
20 T T T T T 1 Control
0 20 40 60 80 100 120
Time [Hours]

Figure4-20: Experiment H3 Turbidity vs. Time Tap Water at 3IC, Single Dose of 250
mg/L Sunscreen, No Mechanical Filtration
The besiperforming treatment was Thai FO®]lbwed by Fruit Wash, MDG Petro, and

US FOG.Thai FOGis being phased out by BIOWiSH. As a result, it will not be considered
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as a viable product for atification of recreational pool waters. Insteady#isused as a

positive control to which the performance of other products can be compared.

Every treatment, including control, showed a decrease in turbidity. This can be attributed
to the hydrophobic ature of many components of sunscreen and its natural tendency to
settle out from solution. The formation of an oily film on the surface of many tanks, coupled
with large deposits orhé bottom of each tankndicatethat settling plays a large role in

clarification.

Chlorine was dosed daily at 0.2 to 0.6 mg/L per tank, which is belovedué&edl.0 mg/L
available hypochloritéound in Title 22 Standard€alifornia Code of Regulations 2015
Since there is no retention agent to provide lasting chloesidual, all chlorine readings
were close to zero by the following dayrevious experiments showed thHabmass
interferes with turbidity readings if growth is not inhibited by constant chlorination
Therefore, insubsequent experiments, chlorine wasedoat higher concentrations to

ensure that a suitable residual is retained overnight.

4.2.6Experiment Il -4 Agitated vs. UnAgitated Turbidity Reduction by BiOWiSH
Products

Replicate treatmentsf the besiperforming treatments from Experiment3) Thai FOG

and Fruit Washyere tested in this experiment to provide confirmation of previous results
Additionally, different batches of BMT WWBMT WW1andBMT WW?2) were compared

to Thai FOG andraunamendedontrol Duplication oftreatmentsvas deemed important
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due to potential heterogeneity of each progihet risk of contaminatigrand variability in

day-to-day readings

Altering methods from Experiment-8, daily turbidity readings were taken before and
aftersettled material was agitated. This was inteltdgrovide a direct comparison within
treatmentsvith and without settlingMeasuring turbidity after agitation ane-suspension
of settled material showed an increase initity of the Thai FOG treatmeminda small
decreasen turbidity of other tratments(Figure 4-22). No trends in turbidity were

observedor anytreatment

Table4-3: Experiment H4 Treatments, Duplicated

Tank Treatment
Control

Thai FOG
Fruit Wash I
Fruit Wash Il
BMT WW1- |
BMT WW1- I
BMT WW?2 - |
BMT WW2- i

O~NO O A, WN P
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35

Control
—o—Thai FOG
= Fruit Wash 1l
—A—Fruit Wash |
—o—BMT WW1- |
—¢—=BMT WW1- |
—0—BMT WW?2 - |
- ——BMT WW2- II

Turbidity [NTU]

5 T T T T 1
0 20 40 60 80 100

Time [Hours]

Figure4-21: Experiment H4 Turbidity vs. Time Tap Water aB0°C, Un-Agitated Single
Dose of SunscreefNo Mechanical Filtration

45

40 o —

// Control
30

=) j —+—Thai FOG
z,25 M —=— Fruit Wash I
>
= —A— Fruit Wash Il
S g — . ——BMT WW1- |
e o — ——BMT WW1- II
10 N —o—BMT WW2 - |
5 —BMT WW2- ||
0 T T T T 1
0 20 40 60 80 100

Time [Hours]

Figure4-22: Experiment H4 Turbidity vs. TimeTap Water aB(°C, Agitated, Single Dose
of SunscreenNo Mechanical Filtration
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Table 4-4 shows the turbidity difference betweagitatedand unagitated treatment®er

each ime-point Positive values indicate an increase in turbidity with agitaitie data

show that sttling accounts foa larger portiorof turbidity reductionearly in the trial, at
T=20 hours. By T=70 and=96 hours, agitatioronly contributes a small amouwnt to
turbidity of each treatment. Therefoteroughout the trial, material that can originally be
suspended in solution is either removed or converted into material that doesusgend

in solution.This, along with the slight downward trend in twliby, may indicate that the
biological components of BIOWISH products are able to convert sunscreen into bacterial

cells.

Table4-4: Experiment H4 Turbidity Change by Agitation

Change inlurbidity [NTU]
T=0 T=20 T=48 T=70 T=96

Tank hours hours hours hours hours
Control 0 -2 0 4 0
Thai FOG 0 22 12 15 10
Fruit Wash Il 0 3 0 0 -2
Fruit Wash Il 0 6 2 5 2
BMT WW1-1 O 1 -2 1 1
BMT WW1-1I 0 4 2 0 2
BMTWW2-1 O 2 0 1 -2
BMT WW2-1I 0 4 4 1 1

Duringinitial chlorination, of each tank was dosed to an expeteiiual of 2.66 mg/L as
Clz. Readings rangefiiom of 0.6to 1.9 mg/L as Gl depending on the level of chlorine
scouring displayed by each product. Tieowing day, as tanks were -gosed with

chlorine, enough chlorine was added to reach a 2.0 mg/L minimum in each tank.
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The Thai FOG treatment, which displayed the lowest initial chlorine resekets a high
chlorine demandChlorine was dosed to an expected concentration of 3.5 mg/lz,dsIClI
readings were consistently closelt8 mg/L The low chlorine levels may partially explain

why Thai FOG showed a consistent increase in turbidity after the first day.

During turbidity sampling, it was noted that sunscreen builds up on the interibe of
sample cell. A Diwaterrinse was employed between samples in this experiment. It was
noted that loading the sample cell with DI water would read as high as 8 NTU, which
accounted fobetween 19.% and114% of raw dataurbidity readings. Thesample ell
cleaning method was modified to include 70% ethanol rinse and internal wipe with a light

duty tissue soaked in 70% ethanol, followed by a rinse with DI water.

4.2.7Experiment Il -5 Turbidity Reduction by BIOWiSH Products

Experiment 15 was performed to westigate theffectson turbidity caused bthe Lactic

Mix product, BMT WW 1 and 2, pure spores of KLB, and KLB addetheBMT WW
product.A positive control was run containing Thai FOG, and a negative control was run
containing nanoculum Due to timeconstraints, only four treatmemegre carried out past

the T=50 lour time-point: Control, BMT KLB Mix I, BMT KLB Mix Il, and Thai FOG.

Thai FOG showed thgreatest level of clarificatio(87%), even after startingvith the
highest turbidity. The BMT KLB mix treatments returned inconsistent resu@me

treatment showed a 19% reduction in turbidity, while the other reduced turbidity by 48%.
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Figure 4-23. Experiment H5 Turbidity vs. Time Tap Water at 3C, Single Dose of
Chlorine, Combined Products, No Mechanical Filtration

This experiment showed that KLB mixed with BMT WW does not provide significant
reduction of turbidity caused by sunscreesiative to a control treatment. The treatment

of Thai FOG wa the only solid substrateounted product in thexperiment, and it
significantly outperformed all other treatmeniBhis is consistent with previous findings
suggesting that biological effects on turbidity are minimal, and that the main effects of

BiOWIiSH on turbidity are due to solid substrate interacting with the sunscreen

4.2.8Experiment Il -6 Effect of BIOWiSH Products on Turbidity with Dextrose

Experiment #6 wasperformedto investigate the effegbf product growth on turbidity.
The data showed rteends in turbidity change for any product, relative to a cootref 5

days of incubatior{Figures 4-24 and 4-25). In a chlorinated aerobic environment with
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dextrose as a carbon source, no product shaveohsistent orsignificant change in

turbidity.
160 —o— Osprey MPB-5
140 —=—Osprey BPB-100
—4— Osprey Liq
120 ——BMT |
—=#=BMT I
§ 100 —e—MDG WW
= —+—MDG PETRO
> 80 ———MDG MicroN
g crop
E 60 p Control
40 o \'\.\. —=— Fruit Wash
T —&—Lactic Mix
20 Thai FOG
;‘_}/t><‘\‘ — e Thai Aqua
0 b—‘—;}"“‘*‘,*@’}—\ US Aqua
0 20 40 60 80 100 120 140 US Aqua FOG
Time [Hours] KLB

Figure 4-24: Experimentll-6 Turbidity vs. Time DI Water and Dextrosat 20C, No
Sunscreen, No Agitation
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Figure4-25: Expeaiment II-6 Turbidity vs. Tine Excluding KLB, Osprey BPB100, and
MDG Micro-N, DI Waterand Dextrosat 20C, No Sunscreen, No Agitation

The experiment was carried out i@ mL shaker flasks with low buffering capacity for
fluctuations in temperature and chlorinatigvithoutthe nurients necessary fgrowth, it

is likely thatmany of the bacterizulturesdid notpropagate.

Previously, Experiment 4 showed that thBacillusin Thai FOGcanflourish using just
the solid substrate that the microbes are mountedois growth was not seen in the
presence of constant chlorinatian35 ppmTC. It was noted thah swimming poads, free
chlorine concentrations are usuatly higher than 1 mg/L; therefore, this experiment was

considereds a worstase scenario for bacterial suafivn chlorinated environments.

Samples from the US FOG, KLB, and Thai FOG treatments were plated for bacterial

guantification and colongnorphology investigation in Experiment-[lL
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4.2 .9Experiment Il -7 Effect of BIOWiISH Products on Turbidity with Sunscreen

Experiment 7 was performed identically Bxperiment H6, butthe carbon sourg200
mg/L dextrose)was replaced witl200 mg/LsunscreenFigure 4-5 shows an increase in
turbidity over time for each flaslexcept the MDG MicreN. The control showedne of

thegreatestncreases in turbidityrelative to its starting value.

Table4-5: Experiment H7 List of Treatments

Flask Label

Control

Osprey MPB5
Osprey BPB100
Osprey MPBS Liq
BMT WW 1
BMT WW 2
MBWWT#1
MDG Petro
MDG Micro-N
10 Crop

11 Fruit Wash

12 LCM

13 Thai FOG

14 Thai Aqua

15 US Aqua

16 US Aqua FOG
17 KLB

O©Coo~NOOUITPh~WDNPE
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