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Abstract

Biological contamination with pathogens, whetheeitional or unintentional, is a
potential problem in drinking water distributionsggms. This study assesses the
possibility of spore-forming pathogens retentionmernal drinking water distribution
system pipe surfaces. In the first study, polylvehioride (PVC), cement-lined ductile
iron, and ductile iron pipe coupons (3 cm x 14 co)from new water main piping were
conditioned for three months in dechlorinated Ginaeiti, Ohio tap water. Bare and
conditioned coupons were spiked wighcillusatrophaeusubspglobigii, a surrogate

for Bacillus anthracisSpore retention differed between pipe materialstaagresence

of established biofilm from conditioning also hadimpact. Conditioned PVC coupons
had significantly lower spore retention (31+11%gritconditioned cement-lined coupons
(61+14%) and conditioned iron coupons (71+8%).ddiaon to measuring spore
retention, two sampling techniques, brushing amdgsig, were tested for their ability to
recover the inoculated spores from the couponsnNeeoveries for all materials ranged
from 37£30% to 43+£20% for brushing vs. 24+10% t&&3% for scraping. On cement-
lined pipe, brushing yielded a significantly higlmecovery than scraping. No differences

were seen between brushing and scraping the PV@@ngipe coupons.

The second phase of experiments involved comparigbthe three pipe materials with
different surface preparations — bare (new), coonid (exposed to flowing city tap
water for 13 months), and coated with artificialdtdm” (agarose). It should be noted

that in this case, the conditioning tap water wseduas delivered from the tap and was



not dechlorinated. To assess spore retentioneuahous surfaces, a suspension of
2x10" spores in 2 mL of dechlorinated tap water wasiagpb the coupon surfaces for
20 minutes followed by rinsing with dechlorinateg tvater to collect spores to
determine the number of spores released from ttiacgu Membrane filter plate count
numbers were used to enumerate spores releasedhfeoroupon. Due to non-normal
distributions, all data were analyzed using norepuatric statistics. Conditioned ductile
iron retained significantly more spores than tHeeopipe materials as seen by the
significant differences between conditioned PVQydiboned cement, bare iron, and
agarose-coated bare iron. Significant differencesevalso seen between conditioned
cement and conditioned PVC. A second study wasuziad to evaluate spore retention
on artificial “biofilm” vs. a natural, but nutrie@ugmented “natural” biofilm grown in a
recirculation tank. The second study was donhkragtdifferent spore concentrations.
Conditioned ductile iron retained significantly re@pores than the other pipe materials
as seen by the significant differences betweermadnéition iron and: conditioned PVC,
conditioned cement, bare iron, and agarose-coaedlifon. Significant differences were
also seen between conditioned cement and conditiBME. Tests comparing spore
retention between agarose “biofilm” and a nutriaaggmented biofilm also showed that
for all three concentrations, augmented “naturafilm significantly retained more
spores than agarose “biofilm”. Augmented “natutatfiilm on PVC coupons retained
more spores than agarose “biofilm” on PVC. In casiiraugmented compared to agarose
biofilm on cement-lined coupons showed no signiftadifferences leading us to believe
that the agarose “biofilm” simulates spore retemis long as the natural biofilm covers

the pipe surface at a certain thickness.
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CHAPTER 1: BACKGROUND

1.1 Introduction

In the past decade, especially following 9/11 dreanthrax mailings, the possibility of
persistent biological agents being used to shuthdovtical infrastructure has become an
increasing concern. Many persistent biological &gesquire extensive and lengthy
cleanups once they are distributed into the enwemt and, therefore, they have the
potential to disrupt public health and the econowtality of an area. Drinking water
systems are susceptible to intentional contaminatice to their complexity and the
many components that make up the system such as statage tanks, storage
reservoirs, pumps, etc. (Clark & Deininger, 200)cthermore, the different internal
surfaces that are present in a distribution sygteide a substrate for persistent
contaminants to adsorb or adhere to. Biofilm coweasy of the internal surfaces in a
drinking water distribution system and will be lloge contact with the water. If a
persistent contaminant is adhered or absorbedhetbiofilm, it can detach over time
due to natural sloughing or changes in flow witthia system. It may then be present in
the water phase in concentrations that may be tlaaar Thus, persistence of the
contaminant and retention of the contaminant onrtteznal surfaces of the system are
important considerations; especially due to thelregnents for decontamination after the
contaminated water is flushed from the system. tlgngnd extensive cleanups will be
required before the system can be returned to-ag@r@amination status. In addition to
sampling, it is important to understand potengakls of adhesion of organisms to the

internal surfaces.



Persistent pathogens require extensive and leradglayups once they are distributed into
the environment, and therefore, they have the piatdn disrupt public health and the

economic vitality of an area.

Bacillusspores are recalcitrant and may remain viableatewfor at least two years even
in the presence of increased levels of chlorinegiMas et al, 2001; Watson & Keir,
1994). Spores have also been shown to be retamaater infrastructure surfaces
(Szaboet al, 2007). Taking into consideration the spore’sigence and ability to
adhere to surfaces, it is important to assess b@edurately sample surfaces of water
infrastructure in order to determine the extent@itamination as well as the efficacy of
the decontamination of the system. There are ctlyrprotocols for collecting bulk water
samples from a distribution system if contaminateauspected. However, there are no
documented standardized methods that cover sustanpling of the internal surfaces of

drinking water infrastructure for contamination.

Characterizing bacterial retention on internal @cef of drinking water distribution
systems is a complex endeavor. It requires takitmgaccount the physical and chemical
characteristics of both the bacteria and the ialesarfaces of the system. Water
parameters such as pH, ionic strength, and diganrfiécesidual influence the physical and
chemical interactions within the system; which eitimcrease or decrease bacterial
retention. Biofilm and corrosion buildup throughtlué system will also play a role in
retaining bacteria and other contaminants. Lagtshould be recognized that the

variations in the flow of water through the systerit impact the parameters mentioned



above adding further complexity. In cases wheraiggns adhere to pipe walls or other
components of a distribution system, decontamigétie surfaces and estimating the
level of retention on the surfaces become impoitargturning the system to normal use.
Therefore, assessing the contamination potentiebefmon drinking water pipe
materials as well as techniques for accurately mr@agbacterial surface contamination

are important to investigate.

1.2 Bacillus spores

Bacillusanthracisis a gram positive bacillus. Its endospores ar@abatically inactive
hydrophobic spheres around 3 um in diaméthile Bacillusanthracisspores are not
endemic to drinking water systems, they represasunibatantial threat if they were
intentionally introducedAnimals and people can be expose® @nthracisthrough three
primary routes; inhalation, contact with the sland ingestion (Dragon & Rennie, 1995).
Due to its past use as a bioterrorism agent aneced|y after the anthrax mailings in
2002, spores are perhaps the most well known COi€g08ey A pathogen (Darlingt al,

2002).

Vegetative Bacillus cells do not last long in haesivironments. Therefore, sporulation
occurs and protects the organism if the spore comesntact with

environmental stresses such as high temperaturest sunlight, desiccation, starvation,
etc. (Dragon & Rennie, 1995). Spores are metaldblidarmant; however, when
receptors on the spore coat come in contact witlaicenutrients such as mixtures of

glucose, fructose, and asparagines mixed with wetterspore germinates immediately
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and becomes a vegetative cell (Setlow, 2003). @ngableBacillus anthracispore
makes contact with a nutrient rich environment sa€la lung or gastrointestinal tract, the
spores germinate and replicate rapidly. The babiin release toxins that lead to
hemorrhage, edema, and necrosis. The spore oyées leonsist of an inner and outer
coat layers with outer spore coat that is morphiokdty complex. The outer coat, also
called the surface layer, consists of several gépeptidoglycan sheeting. The inner
coat also consists of a thinner layer of proteinasanaterial (Fernando & Othman,
2006). Fernando & Othman also suggest thaBthaubtilisspore coats provides

resistance to disinfectants due to the low perntigabf hydrophilic molecules.

While spores can survive up to 40 years in dry ates and can be harmful through the
inhalation route, they are also recalcitrant inaxagven in the presence of biocides.
Bacillusanthracisspores are not endemic to drinking water systénnsthey represent a
substantial threat if they were intentionally irduzed. While there are multiple spore
forming Bacillus species that could be used as surrogatd3doitlusanthracis Bacillus
atrophaeus (globig)iis the same size and morphology and has beemnl fimuide more
resistant to chlorine than the more virulent speoiBacillus (Braziset al, 1958).With
respect to spore adhesion, it has been shownB#witus spores of different species tend
to exhibit differences in their ability to adhecedurfaces depending on the strain (Faille
et al, 2002). Therefore, the strain used in this stihgillusatrophaeus (globig)i may
not completely represeBacillus anthracisvith respect to its affinity for clumping or
adhesion in water, but it is thought to behave nooreservatively and serves as a

practical non-pathogen surrogate.
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Predicting retention dBacillusspores on pipe and biofilm surfaces is anotheoimant
factor since it has been shown that attached mafiilganisms are more resistant to
disinfectants than the same organism in its plan&ttorm (Meyer, 2003)Biofilm and
surface roughness from corroding pipe materialsigeosubstrates where spores can be
retained and where they can survive despite higicerdrations of disinfectant in the
bulk water. The interaction of various mechanisimatachment and retention to pipe
surfaces can account for survival of spores in matth high disinfectant concentrations.
FurthermoreBacillus spores tend to adhere to surfaces up to 10 fole than

vegetative cells of the same species (Fdiral, 2001). Therefore, impacts from a
contamination event are prolonged when retainedesp@main viable and detach into
the watemver time.Due to the multitude of factors that go into deteing an infectious
dose for pathogens, there are no complete studiesab reference doses, or no effect
levels for anthrax, however, under the Safe DrigRiviater Act, the non-enforceable
Maximum Contaminant Level Goal (MCLG) has beenldsthed as zero for pathogens

in all water systems.

As an example of a microbial contaminant in drigkiwater, the Surface Water
Treatment Rule in 1989 established treatment reqents for 99.9 percent and 99.99
percent removal for Giardia and viruses respegtiviReégulators made these decisions
based off of an assumption that there would benaia risk of no more than 1 infection
per 10,000 people exposed over a year from drinkiaigr if the regulations were

implemented. Similar risk based decisions wouldeh@avbe made in the event of
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intentional contamination of a system. Some studées® suggested that human exposure
through ingestion may be harder to diagnose thamaleor inhalation anthrax. This is
due to the inability to correctly diagnose the dseand provide medical intervention

earlier on, which may lead to increased mortalitglesbyet al, 2002).

1.3 Physiochemical Mechanisms of Bacterial Adhesion

In the event that spores are introduced to a diqwater system, they can either remain
planktonic, be passively transported within theesys or they could adhere to a surface
or other particles within the bulk water. In eitlvase, there will be multiple interactions
influencing the transport of spores or adhesiotihefspores to a surface or other particle.
Similar numbers of spores introduced into the lwaeier in the system in a short amount
of time may create different levels of contaminatamd adhesion than spores that were

injected for a longer time period.

The most important factors influencing the fate tmdsport of a spore, or any microbe,
in a distribution system, can be divided into foategories: Flow within the system,
internal surface characteristics including presemcabsence of biofilm, physical and
chemical characteristics of the spore (additiongdiyrticle sizehydrophobicity, charge

or electrokinetic potential, cell concentrationesies, and culture conditiong)nd the
chemical properties of the wataich as th@H, viscosity, and temperature of the
medium.Thus, adhesion in a liquid medium has been shove ta complex process and

depends on multiple parameters which can dictadetrel of adhesion (van Loosdrecht
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et al, 1990).The relative influence of these groups of charasties on where and in
what condition the spore ends up would be hardedipt due to the interactively
complex nature of the system. Therefore, it isiclitt to estimate which factors or factor

has the most impact on a spore within the system.

1.3.1 Hydrophobicity

A positive correlation has been shown to exist leetwadhesion of drinking water
bacteria and the surface hydrophobicity of the piyagerial, making hydrophobicity an
important parameter influencing bacterial adhesiopipe. Due to the fact that spores, to
varying degrees depending on the species, areyhigidrophobic, hydrophobicity is one
of the more important parameters that can be medsurd correlated with adhesion.
Higher numbers of bacteria have been found to &diogpipe surfaces as the surface
hydrophobicity of the bacteria increases (Simetesl, 2007). Common ways to
determine hydrophobicity include hydrophobic intgi@n chromatography (HIC), 2
phase partitioning, microbial adhesion to hydrooad(MATH), atomic force

microscopy, and contact angle measurements.

The basic approach for quantifying hydrophobicstyggested by Absolom (Absolosh
al., 1983), implies that bacterial adhesion will bediad if the process causes the free
energy in the system to decrease. Absolom illussdrttis free energy balance using the

following formula:

AR = YBH - YBL - YSL
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Where E"is the free energy of adhesiagy is the bacterium-substratum interfacial
tensionyg. is the bacterium-liquid interfacial tension, argdis the substratum-liquid
interfacial tension. Energies of adhesion inclug@rbphobic interactions between the
bacteria and the surface in addition to Van Der M/gces which can influence

bacterial adhesion.

Bacterial endospores tend to be more hydrophobit Hegetative cells of the same
bacteria. To illustrate this, Husmagkal found B. cereusndospore adhesion to
stainless steel was 10 times greater than that\dxséor vegetativ®. cereusells
(Husmark & Ronner, 1990). The difference in hydraipibity between vegetative cells
and spores involves the morphological and chendiié@rences between the spore coat
and the vegetative cell coat. According to Husneart Ronner, around a pH of 3,
spores were more likely to attach to a stainlessl sturface due to a neutral charge. pH
values above 3 and below 3 resulted in decreadsesamh. Additionally, it was found
that spore adhesion to a hydrophobic surface iseckaix-fold as ionic strength was
increased with MgS® The addition of NaCl to the spore suspensiounlted in a four-

fold increase in adhesion.

In contrast to the changes in spore adhesion tetat®nic strength, both Van Der Met
al. (Van Der Meiet al, 1998) and Van Loodsrecét al. (van Loosdrechtet al, 1990)
suggest that hydrophobicity is the dominant charsstic in bacterial adhesion.

Accordingly, electrokinetic potential mostly inflanees cells with low hydrophobicity.
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Van Loodsrechet al. showed that most of the bacteria that had hydrojeheell walls
also had higher negative charges but also explahscighly hydrophobic cells with
low charges would be hard to isolate from environtalesamples due to bacterial

adherence to particles or other bacteria withinstimaple.

1.3.2 Electrostatic Forces

Bacterial cell surfaces possess acidic and basittifunal groups contained in the cell
walls, lipopolysaccharides, phospholipids, andqirnst. These materials exhibit positive
and negative properties which make the bactereeepgositively charged or negatively
charged. For example, carboxylic acid functionalugrs exhibit a surface charge which is
dependent on the state of ionization of the fumatigroup i.e. COOvs. COOH. The
charges of the particle or bacteria are therefdgpendent on the pH and ionic strength of

the water surrounding the cell surface (Hong & BnpR2006).

The free energy of adhesion demonstrated by Absdaniluenced by different
physiochemical mechanisms. In examining the chafgebacteria suspended in water
and the impacts of its charge on adhesion, it montant to understand the interactions
between particles and other particles and surfasekescribed by the Derjaguin, Landau,
Verwey, and Overbeek (DLVO) theory which was depelbit in the 1940s. DLVO
theory describes the force between charged surfamacting through a liquid medium.
According to the theory, the sum of the interactibetween two particles will be equal
to the sum of the attractive Van Der Waals forcasusithe repulsive force of the

charged particle. Since bacteria are organic, ta@mty will have a negative charge at a
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natural pH, which, when in a liquid, creates a tayfdons around the cell. Higher ionic
strengths of the liquid decrease this layer, dustmterions entering the layer. This
reduction in size of the layer increases the chatitat electrostatic repulsion of like
charges can be overcome and Van der Waals foroeska effect, resulting in the two
particles adhering to each other. This theory @ataken a step further to include
electrostatic interactions between a particle aadréace. According to Tidswell (2005),
at around 10 nm from a surface, a bacterium wipleglence a predominant force of
attraction. Within 5 nm, the bacteria will expeigerelectrostatic repulsion that will
predominate until about 2 nm, at which point thdaste Van Der Waals forces secure
the bacterium at the surface (Tidswell, 2005). Ehalsctrostatic forces are the key
drivers in the traditional water treatment prooefssoagulation where raw water is mixed
with coagulant, which reduces the electrostaticil®pn between particles and allows

them to coagulate.

Zeta potential represents the charge of a suspgratédle and represents the magnitude
of the charge on the particle surface. This paramstparticularly important in that it
relates to the degree of repulsion or attractisnspended patrticle in a liquid has with
other particles or with charged surfaces. Particlesispension that have higher zeta
potentials will be more stable and therefore, wit adhere to each other or surfaces.
Alternatively, particles that have lower zeta poirwill tend to attract each other, form
flocs, or adhere to surfaces. The most commonpgential measurement method
consists of placing bacteria in an electric fiehdl ahen detecting movement of the

particle or bacteria in the field. Thus, with thethod, zeta potential is not measured
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directly, but is calculated indirectly by deternmgithe movement of the particle and

associating that with a zeta potential.

Lytle et al, tested the electrokinetic properties of varioastéria to determine how the
surface charge was impacted by pH and ionic sthetigivas found that different
bacteria assessed at different electrostatic chatiffer greatly given different water
chemistry conditions (Lytlet al, 2002). In the study, ionic strength of various
suspensions was increased by the addition of potagshosphate buffer to the water.
The pH was increased by adding NaOH or HCI to tispsnsions. As the ionic strength
increased, it was found that the electrophoretibititp (EPM) also increased for all the
microorganisms tested. The study showed thateapthwent up, the EPM increased
relatively sharply up to a pH of around 5-6. Theozaoint of charge (ZPC) occurred
between 2 and 4 for the bacteria that were tegteéditionally, the results showed that as

the concentration of buffer went up, the EPM insszhA

Due to the complexity and the many different phgsieemical mechanisms and
biochemical mechanisms within the cell, it is evithat there is not one mechanism that
should be used to predict bacterial adhesion sins¢he combined interactions of

different forces and cell characteristics that edoecteria to adhere (Besal, 1999).

1.4 Biofilm

It has been estimated that 95% of the overall bgsaa distribution system is attached

to walls (Block, 1992) The presence of biofilm,ragowith corrosion, on internal
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distribution system surfaces makes studying andigtieg bacterial retention to surfaces
more challenging. Furthermore, biofilm and corrosiwe known to slough off over time
or when there is a fluctuation of water movemerthimpipes, releasing contaminants
that may be integrated into the biofilm. The biofitonsists of a layer of viable cells
coated with polysaccharides and excreted celluladyrcts which protect the community
of bacteria and enhance its ability to remain \@adoid attached to the surface despite the
presence of disinfectants and shear from water meuéalong the pipe wall
(Sutherland, 2001b). The presence of biofilm mayp ahcrease or decrease the affinity
for pathogenic bacteria or spores to adhere (Flemetial, 2002). Distribution systems
contain different amounts of nutrients as well #&&eent hydraulic characteristics which
will influence the level of biofilm growth. Hydraigl conditions and pipe materials may
make the distribution of biofilm irregular, makitglifficult to define a “standard”
drinking water biofilm. Despite the different bifi levels in drinking water systems,
Ollos et al. stated that a bacterial cell count of ©&FU/cnf or higher is considered to

adequately represent a viable drinking water biofOlloset al, 2003).

The complex process of bacterial adhesion andhdarcase of biofilm level of
colonization, also depends on the pipe materiatiwprovides the substrate for adhesion
and colonization. The three most commonly used pigterials in the United States
(PVC, iron, and cement) exhibit different bacteregrowth characteristics. For example,
in studying differences in biofilm formation on pigoupons, it was found that iron pipe
had the highest regrowth potential, followed by eatmand PVC was the lowest

(Camperet al, 2003).
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Prior to planktonic cells adhering to a solid sust, a conditioning film, which is
comprised mainly of proteins and polysaccharidesstablished. This layer is not thick
enough to mask the hydrophobic and electrostataefofrom substratum despite the
protein and carbohydrate layer. With any new matexposed to water, this
conditioning film is the first step in establishiagiofilm on the surface. In addition to a
conditioning film, the pipe material or substratays a large role in colonization of the
surface by a biofilm. Different pipe materials ebihdifferent bacterial regrowth
characteristics as shown by higher biofilm growthiron pipe, followed by cement, and

PVC (Camperet al, 2003).

Multiple techniques for quantifying and enumeratmgfilm have been used. Measuring
individual constituents of the biofilm such as adripdrates, proteins, and phospholipids
can serve to indicate the level and quantity ofiloiogrowth. Additionally, total biofilm
amounts can be quantified by using well known test as total organic carbon, or
chemical oxygen demand. Cells present can be ifjednising culture methods to
guantify the heterotrophs present. In additionulbure, genomic equivalents have been
measured in biofilm samples using polymerase ctesntion to quantify the number of
cells present in the samples (Lazarova & Manem51L99rinking water biofilm
guantitation is generally more challenging thart tbanon-drinking water biofilms due

to the lower quantity of biomass available peracefarea (Storey & Ashbolt, 2002).
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Even though bacteria may adhere to a surface watlgiistribution system, a disinfectant
residual still has the capacity to limit growth kit the system. LeChevalliest al. point
out that microbial surface growth (biofilm) withensystem is unavoidable; the goal of
the disinfectant residual is to control the growtbt eliminate it (LeChevalliegt al,
1988). In another study, bacterial levels aftegpig initially decreased 10,000 fold, but
that after just one week, average HPC counts reétupne-flush levels illustrating the

ability of biofim to re-colonize surfaces of diftution systems.

As would be expected, thicker biofilms are typigdtund in systems with lower shear
rates, and disinfection residuals, whereas, thibr@ims are found in systems with
higher shear rates and higher disinfection resgdualhigh shear conditions, the biofilm
bacteria are required to overcome the shear sitéhe boundary layer which makes the
film thinner and more resilient (Rickaed al, 2004). Disinfection residual, in addition to
shear, impacts the level of biofilm growth in ateys. However, biofilm is still able to
grow despite the presence of chlorine. It has shinanthere is a distinct chlorine
gradient over distances within a few hundred miatars or less of a surface. Using
chlorine microelectrode, it has been shown thattilerine levels right at the surface of
the biofilm were typically 20-30% of the bulk comteation. Therefore, the
ineffectiveness of chlorine to oxidize biofilm isamly due to limited penetration from a
reaction - diffusion interaction (De Beet al, 1994). De Beeet al.did, however, find
that biofilms are not homogeneous. Voids or chanimethe biofilms may act as transport
channels through which chlorine can penetrate thediofilm. Highly resistant spots of

biofilm that are not penetrated may be caused tuglzer cell density, or a higher density
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of extracellular substances. Furthermore, the bagnidyer thickness was observed to be
negatively correlated to the liquid velocity. Thisding is important in light of
decontaminating a water system when chlorine id.usgseems that flushing at high
velocities with higher amounts of chlorine wouldable the chlorine to penetrate into the
biofilms. With respect to spores attached to hiofiSzabcet al. found that corroding

iron was able to harbor and hold pathogens sushp@®s, even with higher levels of
chlorine, creating a protective area for the sptoedtach to (Szahet al, 2007). This
layer of viable cells coated with polysaccharided axcreted cellular products
(Sutherland, 2001a) adds a level of complexityredjzting the level of contamination
that may occur in a distribution system. The biofihatrix protects the community of
bacteria and enhances its ability to remain vialple attached to the surface despite the
presence of disinfectants and shear from water meuwéalong the pipe wall. Its
presence may also increase or decrease the affinibacteria to adhere. Distribution
systems contain different amounts of nutrients el & different hydraulic
characteristics which will influence the level obtilm growth. Hydraulic conditions and
pipe materials may make the distribution of biofilmegular, making it difficult to define
a “standard” drinking water biofilm. Despite thédfdrent biofilm levels in drinking water
systems, Ollogt al. stated that a bacterial cell count of OFU/cnf or higher is

considered to adequately represent a viable dignkiaiter biofilm (Ollosgt al.,2003).

1.5 Artificial Biofilm

Attempts have been made to produce aqueous galsifasal biofilm to be used for

research purposes. The objective in producing@stitbiofilms is to create well
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characterized representative surfaces that minoiggsties of biofilm without the need to
grow living biofilms. Growing natural biofilm reqgrgs time (usually over 1 month) and
requires specialized equipment and facilities. Addally, living biofilm consists of live
cells, polysaccharides, proteins, and other cetenas such as DNA which are different
for each system and may differ within a distribotgystem. Working with artificial
biofilm enables researchers to quickly producedilimat have many of the same
characteristics of the real world biofilms. Apprbas to producing artificial biofilms
have consisted of using purified polysaccharidef s alginate or agarose to form
“hydrogels” which has been defined by Wingeneleal. (1999b) as “polymeric, three
dimensional networks which are swollen with a laegeess of solvent.” An examples of
research involving artificial biofilm include st evaluating the resistance of bacteria
immobilized in the biofilm to disinfectants (Chen&ewart, 1996). Other research has
involved harvesting alginate froRseudomonas aeruginosahere it was sterilized,
placed on plates, and then seeded with theRivaeruginosacultures. Oxygen profiles
were then measured throughout the biofilm to mesakinetic parameters associated with
respiration of thd. aeruginosaolonies (Abrahamsoet al, 1996). Living biofilms are
generally physically and chemically non-homogenwaisiral gels consisting of the large
molecules bound together by cross-linking and egleament of the chains of
polysaccharide including proteins, lipids, and ofaeger molecules(Wingendet al,
1999) (Wingenderet al, 1999). While these natural systems are quite ¢exnp
biopolymer gels such as gelatin, agarose, anduralelginate produce similar structures
to biofilm when hydrated. These polysaccharideshzeen the most convenient

materials with which to produce simple models faifigial biofilm. One drawback to
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using polyolysaccharide hydrogels is that the dimlgag of polysaccharides within the
gel matrix allow molecules to diffuse into the nmathowever, the gel surface may be a
barrier to particles and molecules which are latgan pore size (Rasmussen &

@stgaard, 2003). This might not necessarilary beceise with living biofilm.

One procedure for producing artificial biofilm inves forming agarose beads that can
then be placed or stuck to a surface. Porous agbeesds were originally developed for
use in chromatography where larger pore spacdseigel improved mass transfer to
increase performance of the chromatographic separ@dustavsson & Larsson, 1996).
This agarose bead procedure was adapted by Stratlenhal. to more accurately mimic
the properties of a real world biofilm expolysaattes (Strathmanet al, 2000).
Strathmann developed porous (260 um in diameterhan-porous (50-500 pum in
diameter) versions of the agarose beads. The popsous beads are on average 28 um
in diameter. The ability to produce porous struesun agarose shows promise since
natural biofilm, as seen through the microscopppm®us, contains fissures, and
interstices. Strathmann placed the agarose beasisrfates to form films that were then
compared with natural expolysaccharides to detegriia differences and similarities in
parameters such protective effects against oxidemnigell as the water binding/retaining
capabilities. Another aspect to the agarose beackpure was that other compounds that
are typically found in biofilm such as cells andteins could be immobilized in the

beads to more actively represent a natural biofilm.
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1.6 Sampling

Once a contaminant is retained on the pipe surtemmjrately measuring and knowing
the level of contamination becomes the questiorubately recovering bacteria off of
dry surfaces became important after 9/11 and tll@aamailings where thousands of
swab, wipe, and vacuum HEPA filter sock surfaceamwere taken and sent to the lab
for analysis. Swabs and wipes were used to sangplgarous surfaces such as painted
wallboard and glass and the non-porous surfacdsasiconcrete and carpet were
typically sampled with HEPA socks. One of the lessiearned was that information on
sampling efficiency or the percent recovery off seface was needed in order to
interpret results. The realization was that it doubt be assumed that negative sample
results indicated the absenceBaicillus spores on the sampled surface. The compounded
losses throughout the process of removal, extractiod quantitation amounted to a
proportion of spores that could not be accountedavith the particular method. This
proportion is referred to as recovery efficiencysampling efficiency and accounts for
the compounded losses of removing the bacteria thensurface, extracting the bacteria
from the sampling device, and then quantifyinglibeteria in the resulting sample.
Because of the lack of knowledge on recovery efficies for the various sampling
techniques, subsequent testing was conducted eéontiee the recoveries that could be
expected with each technique given different comated surfaces. To illustrate
recovery efficiency, Browet al. (Brown, et al, 2007) contaminated two non-porous
materials representing surfaces contaminated witbsalized spores. The coupons were
then sampled and processed using the (CDC)-recodedagrocedures for collection of

B. anthracisspores. Recovery efficiency, which representecktfextiveness of transfer
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from surface to plate counts, was calculated. & feand that recoveries for stainless
steel and painted wallboard ranged between 25 @mqubrtent recovery. Browet al.

also looked at the differences in recovery efficiebetween low and high surface
loadings and found that, at least with wipes, thesis not a statistically significant
difference between them. This study and othersilikkow the importance of knowing
recovery efficiencies so that the true bacterialcemtration on the surface can be more

accurately estimated.

Surface characteristics considered relevant forsdriace sampling techniques (such as
porous vs. non-porous surfaces) play an importaatin sampling wetted internal
drinking water distribution system components. Biayoand roughness of pipe material
and biofilm along with the presence of these malgin the sample may inhibit the
ability to detect the contaminant. Examples inlitezature for pipe wall sampling

include using a swabbing technique to remove lioflom exhumed iron pipe to recover
Helicobacter pyloriMackayet al, 1998). In another study, pipe samples were deitec
during their replacement and cut horizontally it pieces so that the internal surfaces
were accessible. Fluorescence in situ hybridizgftd8H) was then used for direct
detection oEscherichia colon the pipe wall (Juhnet al, 2007). In a study on bacterial
regrowth in distribution systems, Camgral. (2003) excavated 6 foot sections of pipe
which were then capped and sent back to the lafryrah 25 cnf template was placed
over the pipe and biofilm and scale within the téatgarea was scraped and placed in
sterile water. The samples were spread plated @ndg2ar to quantify the bacterial

growth (Camperet al, 2003). Theses studies provide insight into samgyiechniques
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that can be used for pipe wall sampling; howevery do not provide information on

recovery efficiency of the particular techniquedise

In contrast to wetted pipe surfaces, the food struuses swabbing with sponges,
scraping, and excision sampling to quantify andfyd¢ne presence or absence of
Escherichia colandSalmonellaon carcasse$Smithet al, 2007). In addition to
swabbing and wiping, scrape sampling with a bludgesl stainless steel blade (Sméh
al., 2007) and excision samples taken by cutting aasaout of the carcass with a cork
boarer, blade, and forceps (Pearce & Bolton, 206@5§ been used. In addition to these
sampling techniques, rinsing the carcasses ardatdpractices in the food industry to

detect and quantify bacterial contamination.
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CHAPTER 2: Evaluation of surface sampling
techniques for collection of Bacillus spores
on common drinking water pipe materials

Material contained in this chapter has been formgllblished
Packard, B. H., & Kupferle, M. J. (2010). Evaluatiof surface sampling techniques for

collection of Bacillus spores on common drinkingevgipe materialslournal of
Environmental Monitoring, 1(4), 361-368. doi: 10.1039/b917570a

2.1 Summary

Drinking water utilities may face biological contaration of the distribution system

from a natural incident or deliberate contaminati@etermining the extent of
contamination or the efficacy of decontaminatioa shallenge, because it may require
sampling of the wetted surfaces of distributiomasfructure. This study evaluated two
sampling techniques that utilities might use to glenexhumed pipe sections. Polyvinyl
chloride (PVC), cement-lined ductile iron, and dlecron pipe coupons (3 cm x 14 cm)
cut from new water main piping were conditionedtfmee months in dechlorinated
Cincinnati, Ohio tap water. Coupons were spikeith Bacillusatrophaeusubsp.

globigii, a surrogate foBacillus anthracis.Brushing and scraping were used to recover
the inoculated spores from the coupons. Mean rems/r all materials ranged from
37+£30% to 43+£20% for brushing vs. 24+10% to 51+2@¥scraping. On cement-lined
pipe, brushing yielded a significantly differentosery than scraping. No differences
were seen between brushing and scraping the PV@@ngipe coupons. Mean brushing

and scraping recoveries from PVC coupons were wamable than mean recoveries
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from cement-lined and iron coupons. Spore retardifered between pipe materials
and the presence of established biofilm also hachaact. Conditioned PVC coupons
(with established biofilm) had significantly lowspore retention (31+11%) than

conditioned cement-lined coupons (61+14%) and deoréid iron coupons (71+8%).

2.2 Introduction
In the past decade, especially following the testavents of September 11, 2001 and

subsequent anthrax mailings, the possibility tleasistent biological agents might be
used to disable critical infrastructure has reagimereasing attention. This paper
examines the biological aspect of this scenarib wispecific focus on bacterial
endospores. Even in the presence of chlorine, balcémdospores are persistent on
internal pipe surfaces. It has been shown that éineyable to persist for long periods
even in the presence of chlorine following a contetion event(Morrowet al, 2008;
Szabg et al, 2007}2 It has also been shown that the presence ofiafind corroding
surfaces in drinking water distribution systems nmdlpence adhesion of planktonic

bacteria (Simoest al, 2007).

There are currently protocols for collecting bulater samples from a distribution system
to detect microbial contamination. However, thame no standardized methods that
include sampling of the internal surfaces of dmgkwater infrastructure for either
intentional or unintentional contamination. Thegmse of this study was to evaluate the
precision and recovery efficiency of two differentrface sampling techniques that could

potentially be used to sample the internal surfategater distribution pipes

29



contaminated with bacterial endospores. Researchioking water biofiims has
generally used standard microbiological surfacepdiaugy techniques such as swabbing to
recover biofilm from wetted pipe surfaces(Halletal, 2001). However, to evaluate
other surface sampling methods, brushing and swyagiithree different types of pipe
material were compared to determine which was tbst mffective in removing spores.

Spore retention on different pipe materials was alsaluated.

2.3 Experimental

2.3.1 Pipe Material

PVC, unlined ductile iron, and cement-lined dudititen were used in this study. These
materials were chosen based on the results olbase search of the 2002 American
Water Works Association (AWWA) survey of 337 smatledium-sized, and large
utilities in the United States and Canada. Thectesinowed that PVC, iron (including
cast iron), and cement-lined pipes were found iitddinStates’ and Canada’s distribution
systems 8%, 15%, and 50% of the time, respecfivéiach of the pipe materials came
from new 20.32 cm water mains obtained from IPEXs@%sauga, ON) (PVC) and
American Ductile Iron Pipe Company (Birmingham, Adctile iron and cement-lined
ductile iron). Coupons (3 cm x 13 cm) were cut frd@n32 cm pipes using a high-
pressure water jet cutter, which kept the coupafaseas cool as they were cut. Each
coupon provided a 39 dnarea to sample. Prior to use, coupons were wasmed
disinfected using the National Sanitation Foundatigernational (NSF) procedure for
conditioning drinking water contact materials priordetermining the toxicity of the

surface (ANSI/NSF, 2000). This involved scrubbihg coupons in tap water with a test
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tube brush to remove any debris, spraying the aasipoth 200 mg/L sodium
hypochlorite solution coating all surfaces of tloegon, and then after 30 minutes,
rinsing the coupons in deionized water. The coupegre then placed into the

recirculation tank.

2.3.2 Recirculation Tank

A 1136-liter recirculation tank, with a residenteé of approximately 14 hours, was
used to expose the coupons to dechlorinated Ciatitap water. The average chlorine
concentration of the incoming tap water was 0.99.mgth a standard deviation of 0.11
during the time period. A chemical feed pump detdeapproximately five grams of
sodium thiosulfate into the recirculation tank gv24 hours to achieve 0.01 to 0.05 mg/L
of detectable free chlorine in the tank. The tanlogne levels were measured weekly
and the sodium thiosulfate feed rate was adjusté@ep the chlorine residual in the tank
between 0.01 and 0.05 mg/L. The tank was gentlyethixith a small electric mixer,

which exposed the coupons to some shear forces.

Stainless steel racks were built to suspend eg&hdf/coupon material vertically in the
tank. Each rack supported approximately 30 cougtartked on top of each other and
held in place with a stainless steel rod runningugh the middle of the rack. The

curvature of the coupons made it possible for tlieto hold the coupons in place with

contact only to the edges of the coupon. The rackcaupons are shown in Fig. 1.
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Figure 1. Racks holding coupons in recirculation tak. Pipe material (from left to right) is PVC,
cement-lined, and iron.

2.3.3 Biofilm Enumeration

Three coupons of each type of pipe material wemg$ed to collect biofilm for
enumeration. Biofilm was brushed from the surfacgag adult soft toothbrushes (CVS
Pharmacy, Inc., Woonsocket, RI, catalog no. 1009&&ch coupon was brushed and
subsequently washed a total of four times usirgal bf 50 mL volume of the phosphate
buffer (Standard Methods Section 9216 B)(A.D. Eaffl05). Samples were diluted in
phosphate buffer and cultured on R2A agar usingpinead plate method and incubated
at room temperature (21-24) for 7 days (Sectiorb92)L Mean HPC counts for the
biofilm developed on each material were: PVC, DX@FU/cnf, cement-lined, 4 x F0
CFU/cnf, and iron, 3 x 1CFU/cnf. Simoes et al ((Simoest al, 2007) found that

biofilms grown in chlorine-free tap water on PVCden laminar conditions generated'10
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CFU/cnf. Also, according to a literature review condudbgdOlloset al (Ollos et al,
1998), a bacterial cell count of 1GFU/cnfor higher represents a viable drinking water

biofilm.

2.3.4 Bacillus Spore Selection

A literature search was conducted to find a sporetingBacillus species that could be
used as a surrogate Br anthracis. One study showed thBacillus atrophaeusubsp.
globigii (BG) spores have a mean CT (C is the concentrafichlorine in mg/liter, and
T is the exposure time in minutes) value highenttiee mean CT values f&. anthracis
Sterne, B. cereus, and B. thuringieralisng with the virulent Ames strain Bf anthracis
(Sivaganesast al, 2006) Because of its increased resistance to chloriewas
selected since it represents a conservative sugdgiafuture drinking water pipe

disinfection research.

2.3.5 Spore Preparation, Growth, and Enumeration

BG spores were obtained from the U.S. Army’s Dugwayiig Ground (Dugway,

Utah) and were grown according to the methods de=tin Nicholson and
Setlow(Nicholson & Setlow, 1990) and Coroller, Leguel et al. (Corolleet al, 2001).
Generic spore media was inoculated with veget&@ecells and incubated for five days
at 35°C with gentle shaking in a rotary shakerrififéd BG endospores were produced
using gradient separation as described by NichasohSetlow and the presence of
spores was confirmed using phase contrast micrgggpl% vegetative cells). Spores
were stored in 40% ethanol at 4°C until use. Spased in this study came from the

same batch and container.

33



Spores were enumerated using serial dilution aadpnead plate method (Standard
Methods Section 9215 C) with 0.1 mL of the sampidrgptic soy agar (TSA). The
diluent used was phosphate buffer (Standard MetBedton 9216 B) with 0.01%
Tween® 80 (Fisher Scientific, Pittsburgh, PA, catgho. AC278630000). Tween® 80 is
a surfactant that has been shown to improve spom/ery (Brownet al, 2007). All
samples, including quality control (QC) samplestenspread plated in triplicate with the
exception of the tap water spore suspension, whiachspread plated using 5 replicate
plates to generate a more precise value. Sporgleaifitom coupons were heat shocked
at 80° C for 10 minutes to inactivate vegetativgaoisms. Samples were cooled and
vortexed prior to plating. Plates were incubatwd24+2 hours at 35°C. Because it
forms orange colonies, BG was easily distinguidinech other biofilm organisms that

survived the heat shock.

2.3.6 Tap Water Spore Suspensions

Fresh spore suspensions were made on the day expleeiment. Suspensions were
made by adding 40 uL of the concentrated spor& staspension, described above, to 50
mL of dechlorinated Cincinnati tap water resulting 6 x 18 CFU/mL suspension.
Dechlorinated water from the tank was used as itherd so that the recirculation tank

water quality was represented.
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2.3.7 Water Parameter Monitoring

Conductivity, temperature and pH of the recircalatiank water were measured at each
coupon sampling event. Average values of 340 pu$&D¥190) for conductivity and
13.7 °C (SD=0.015) for temperature were recorda@tuan Extech conductivity meter
(Extech instruments, Waltham, MA, catalog no. 4¥8)3pH ranged from 8.22-9.00
with a median value of 8.27 and was measured wsi@yion 555A
pH/ORP/ConductivitMeter (Thermo Fisher Scientific Inc., Waltham, MAptal

chlorine was measured twice a week using the Hateh¢hlorine method 8167(4500-Cl
Standard Methods Chlorine DPD Colorimetric Methosing Hach DPD free chlorine
reagent AccuVac® ampules (Hach, Loveland, CO, Ggtab. 25020-25), with a Nalco
2800 DR spectrophotometer (Nalco Company, Naperuil). Chlorine was found to be
less than 0.05 mg/L in the tank due to the intréidncof sodium thiosulfate. On four
occasions, additional recirculation tank water seaswere collected, heat shocked, and
spread plated on TSA to determine whether spores present in the bulk water in the

tank.

2.3.8 Coupon Collection and Spore Loading

Individual coupons were removed from the coupok eaxwd placed into a sterile 1,000
mL beaker while still submerged in the tank. Eachpon was then placed in a sterile 14
cm diameter Petri dish and was leveled using destevel. A two step procedure was
used to load the coupons with spores: the suspepsithe coupons was spiked; then,

the coupons were rinsed to remove spores that didoeen retained on the surface.
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Spore SpikingAfter the coupon was leveled, it was spiked with @IL of dechlorinated
tap water containing approximately 3 x°Epores. The spore suspension on the coupon
was then spread with a sterile 250 pipette tip to ensure that all parts of the coupo

were exposed to the suspension. The suspensiolefivaa the coupon for 20 minutes.

Coupon RinsingAfter 20 minutes, the contaminated surface ofciigoon was manually
rinsed with 100 mL of dechlorinated tap water. Dechated tap water was pumped
from a sterile 1 liter beaker using a peristaltienp calibrated to pump approximately
120 mL per minute. The rinsing procedure was titoeeinsure that 100 mL of water was
used in the rinsing process. Spores rinsed ofttlugpon were collected in the same Petri
dish that was used to hold the coupon while it s@ked with the spore suspension. This
rinsing procedure removed any spores not retaioedéakly retained) on the coupon
surface.

2.3.9 Coupon Sampling

Sampling techniques were compared on the threerdiit pipe surfaces to determine
differences in recovery and precision. These methegte chosen due to their low cost
and availability, as well as their potential to ma biofilm and loose corrosion from

porous and non-porous surfaces.

Toothbrush:A search was conducted to find low-cost, dispasablishes with bristles on
one side that could be used to remove loose biaohscale from porous wetted
surfaces. It was found that brushes designed fensfic uses, such as test tube brushes,

were either too expensive or were designed wittles all around the shaft. Soft adult
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toothbrushes were the right design and relativedxpensive (CVS Pharmacy, Inc.,
Woonsocket, RI, catalog no. 100982). These too#ites, available in bulk for less than

a dollar per unit, were used for all of the brugh&xperiments.

Cell Scraper:The cell scraper was chosen because, like thelingth, it was disposable,
easy to use, and relatively inexpensive when pwegthin bulk at less than $2.50 a unit.
Designed for use in harvesting cells from cultueesels, it was logical choice for
removing corrosion, biofilm, and adhered contamisdrom drinking water pipes.
Sterile Fisherbrand cell scrapers (Fisher Scientiittsburgh, PA, catalog no. 08-773-2)

with plastic 1.8 cm blades were used for the sagpxperiments.

Spore Sampling from Coupon Surfadée brushing and scraping procedure was the
same for each coupon. Coupons were brushed wittow@ward strokes, ensuring that
all of the material brushed from the coupon wasectéd in the Petri dish. After the 10
brush strokes, the coupon and brush were washédwitsphate buffer and 0.01%
Tween® 80 contained in a sterile 150 mL squirtleoffhe scraping procedure consisted
of scraping the coupon from both directions hortatiy so that the biofilm/spores were
scraped to the center of the coupon. After theestirface of the coupon was scraped, it
was washed with phosphate buffer and 0.01% Twedh{® §re same manner that was

done with the brushing samples.

Each coupon was brushed or scraped, then washedjrfees. A combined 50 mL of the

phosphate buffer and 0.01% Tween® 80 was useckipribcess, resulting in a 50 mL
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sample that was collected in the Petri dish. Tagpsnsion was transferred to a 100 mL
sample container. The quantity of spores foundhis $ample was compared to the
number of spores that were calculated to be osuhace prior to sampling, resulting in

a recovery efficiency value.

2.3.10 Other Sampling and Quality Control Checks

Additional spore sampling was conducted to deteermihere losses may have occurred
throughout the sampling and analysis process. ifQuaintrol checks were also routinely

done to check for potential contamination issues.

Sides and Back ChecKo determine the extent of contamination on thekis and sides
of the coupons throughout sampling, the sides aic#t bf each coupon were brushed
using 50 mL of phosphate buffer with 0.01% Tweer@Ra8 a diluent to rinse the brush
and coupon during and after brushing. This proceflur sampling the sides and back of
each coupon was the same as the brushing proceesegbed in the previous section.
The resulting spore suspension was collected tardesPetri dish and transferred to a

100 mL sample container.

Petri Dish Checkin order to determine the extent of spore retentio the walls and
bottom of the Petri dishes used to collect sampihesdishes were swabbed using sterile
macrofoam swabs (ITW TexwifeCleanTi® Swabs, Fisher Scientific, Pittsburgh, PA,
catalog no. 18-359) after transferring the samfaek00 mL sample containers. Each
swab was placed in a sterile 50 mL test tube coimgil0 mL of phosphate buffer and

0.01% Tween® 80. The tube was then vortexed forrtas using 10-second intervals
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to remove the spores from the swabs. Swabs wenertiied on the inside of the tubes to
remove as much liquid from the swab as possibletlamdwabs were discarded. Tubes
containing spore suspensions were then heat shacke@.1 mL of the suspension was

then spread plated on TSA to enumerate spores.

Brush and Scraper Checkpore losses due to retention on brushes andessragre

checked after the brushes and scrapers were usadnae the coupons. Each brush or
scraper used in the experiments was placed irrigesh® mL test tube containing 10 mL
of phosphate buffer and 0.01% Tween® 80 and waexed as described above for the
swabs. Spores removed from the brushes and scrapsrenumerated using the same

procedure as was used with the swabs.

Matrix Effect Check:Corrosion and/or biofilm collected from one cdmahed coupon of
each pipe material were used to determine the itgddhe matrix on spore recovery.

6 x 10 CFU were added directly to 100 mL of phosphatddnidontaining the scraped
matrix and 0.01% Tween® 80. Undiluted samples ftbase treatments and a phosphate
buffer/Tween® 80 control were enumerated for BGrep@nd recoveries were

calculated.

Conditioning Control CouponsTo determine the effect of the 3 month conditngni
process had on spore retention, 12 additional amipb each of PVC, unlined ductile
iron, and cement-lined ductile iron) were washed disinfected using the NSF

International procedure described in the pipe nedtsection. The coupons were then
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placed in 3 Liter buckets of autoclave sterilizaddhnati tap water for 24 hours to
hydrate the surfaces. These coupons were thendspikie spores and rinsed using the

same procedure described in the proceeding section.

Contamination Checkdo ensure that TSA, R2A plates were sterile, blslakes were
incubated along with samples during every sampvent. Phosphate buffer used in the
experiments was spread plated on TSA to deterntamgity. On four occasions, coupons
of each pipe material were collected from the cedation tank to take HPC counts as
described in the biofilm enumeration section. Idiadn to biofilm enumeration, the
biofilm/corrosion collected from the coupons waatrghocked and the resulting sample
was spread plated on TSA to verify that the couposi® not contaminated with BG
spores prior to experimentation. Fresh spore sisspes were made from the same stock
suspension each time coupons were spiked. Eackrsisp made was spread plated to
check spore viability and to enumerate the numbspores per unit volume. The mean
spore concentration for all of the spore suspessioade was 3.1 X 2@vith a standard
deviation of 4.8 X 18 Additionally, prior to conducting sampling expaents, biofilm
and corrosion from one coupon of each pipe matesal collected, spiked with BG

spores, and enumerated to determine the matrigtdftan the corrosion and biofilm.

2.3.11 Mass Balance Calculation

A mass balance approach was used to calculatetbgary efficiency of the sampling
methods. The specific components (Spikeridse G, brush or scrape4Cand sides and

back G) are summarized in Table 1.
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Table 1. Samples from spore suspensions, couponsdaampling equipment used in mass balance

calculation*
Samples Description Reason for sample
Coupon
Inoculation Tap water spore suspensions used to inoculate To quantify the total number of
spore Sample coupons were quantified to determine the initial spores that were spiked onto the
suspension number of spores inoculated onto coupon coupon
(Co)
Following inoculation, coupons were rinsed withTo quantify the number of spores
Sample 100 mL of dechlorinated tap water to remove | that were rinsed off of the coupon
Rinse(C,) spores that have not been retained on the surfaeéth dechlorinated tap water
- Determination of the number of spores that stayTo quantify spores retained to Petr
Petri dish check - . .
attached to the Petri dish dish from rinse sample
Following rinsing, the_3|de of th_e coupon To quantify spores that were brush
Sample corresponding to the internal pipe surface was
or scraped from the coupon.
brushed or scraped
Brush or Toothbrush or | Determination of the number of spores that stayTo quantify spores on toothbrush o
Scrapg(Cy) scraper check | attached to the toothbrushes and scrapers scraper
- Determination of the number of spores that stayT.0 quantify spores retained to Petr
Petri dish check . dish from toothbrush or scraper
attached to the Petri dish
sample
Following brushing or scraping, the sides and To quantify thg number of spores
Sample found on the sides and back of eac
back of each coupon were brushed.
coupon
Sides and Toothbrush | Determination of the number of spores that sty uantify spores on toothbrush
Back(Co) check attached to the toothbrushes and scrapers q P
Petri dish check Determination of the number of spores that stayTo quantify spores retained on Petri
attached to the Petri dish dishes from sides and back sample

*All samples are spread plated in triplicate

Spore recovery efficiency (RE) was computed as shioviEquation [1] using the terms

defined in Table 1. Percent retention (PR) of spavas computed as shown in Equation

2].

RE= <, x100
C, - (C, +C,)
pRzﬁ %100
C

o]
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2.3.12 Experimental Design
Seventy two coupons including quality control coapavere used in the experiments.

Twelve of the 72 coupons were conditioning contamipons described above. An
additional twelve of the recirculation tank conalited coupons were sacrificed in order
to enumerate biofilm and conduct quality contratcks. The remaining 56 coupons were

used for the sampling experiments as shown in Table

Table 2. Experimental design for pipe coupons
Recirculation tank conditioned coupons.

Conditioning (established biofilm)
control .
coupons Biofilm and ' .
o procedural Brushing  Scraping  TOTAL
(no biofilm)
blank samples
PVC 4 4 8(7) 8(7) 24 (18)
Cement-
Lined 4 4 8(8) 8(7) 24 (19)
Iron 4 4 8 (8) 8 (7) 24 (19)
72 (56)

Numbers in parentheses are actual numbers of ceus®ad in recovery efficiency and percent retergiqeriments

2.3.13 Statistical Analysis and Calculations

The experiment was designed for analysis usingvayanalysis of variance (ANOVA).
However, spore recovery efficiency (RE) data wereagually variable among pipe
materials (see data in Fig. 2), violating one @f timderlying assumptions for an ANOVA
analysis. Therefore, recovery efficiency data waeralyzed with t-tests using
SigmaPlo® software (SYSTAT Software, Inc., San Jose, CAhwit).05 significance
level. The experimental design enabled testindp@friull hypothesis that assumed there
were no differences in recovery efficiencies betwte sampling techniques for each

pipe material. Percent retention (Equation [2]) wested using a one-way analysis of
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variance. The null hypothesis for this design wesassumption that there would be no

significant differences in retention among pipe enials.

2.4 Results

2.4.1 Recovery Efficiency

Recovery efficiency values were calculated usingdfign 1 and are shown in Table 3
and Fig. 2. Data were then arcsin squareroot toamsfd prior to conducting statistical
tests. Mean recovery efficiency values for brustand scraping for combined pipe
materials were 0.41 (sd=0.20) for brushing, an@® Qsdl= 0.21) for scraping. Combined
recovery efficiency for brushing and scraping drpade materials was 0.40 (sd=0.20). T-
test results showed significant differences betwassnent-lined brushing and scraping
(P=0.003). There were no significant differencetsvieen brushing and scraping for PVC

(P=0.092) and iron (P=0.691).

Table 3. Mean, median, and standard deviation valigfor recovery efficiency ofB. globigii spores
from conditioned PVC, cement-lined, and iron pipe oupons.

PVC Cement Iron
Brush Scrape Brush Scrape Brusk Scrape
Sample Size 7 7 8 7 8 6
Mean 0.37 0.51 0.42 0.24 0.43 0.46
Median 0.29 0.47 0.42 0.21 0.44 0.46
SD 0.30 0.29 0.09 0.10 0.20 0.04

43



1.0

0.8 —
>
2 06 -
Q@ ’
o
2
]
P
(6]
S
3
S 0.4
x
0.2 —
n=7 n=7 n=8 n=7 n=8 n=6
0.0 I I I I I I
P-Br P-S C-Br C-S I-Br I-S

Figure 2. Recovery oB. globigii spores from PVC (P), cement-lined (C), and iron (Ipipe coupons
using brushing (Br) and scraping (S). The line intie middle of the box indicates the median and the
ends of the boxes define the 25th and 75th percdies. Whisker bars are not shown due to sample size
<n=8.

2.4.2 Percent Retention
Percent retention d. globigii was calculated using Equation [2]. Fig. 3 illustsathe

differences in retention between the various pipgéenals.
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Figure 3. Comparison of B.globigii retention on PVC (P), cement-lined (C), and ironl} conditioned
(Con) and unconditioned pipe coupons. The line irhke middle of the box indicates the median and
the ends of the boxes define the 25th and 75th perttiles. Whisker bars define the 10th and 90th
percentiles.

There were significant differences between PVC @rdent-lined and PVC and iron
coupons that had been conditioned. In contrassjgroficant differences between
conditioned cement-lined and iron pipe coupons i@uad. Additionally, significant
differences were seen between conditioned and ultcmmed PVC, and conditioned and

unconditioned iron pipe material.

2.4.3 Sides and Back

As part of the mass balance calculation, the sagelsbacks of all coupons were brushed
and rinsed to determine the number of spores thgthave migrated there during the
spiking procedure or during the rinsing, or thedhing or scraping process. It was

observed that spore suspensions on the PVC coyoahsd up on the surface, whereas
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the cement-lined pipe coupons either absorbed ckaslithe suspension off the surface
during the 20 minute contact time. Data generateah analyses of the cement-lined pipe
coupon sides and back show that 11.8% of the iabediispores were recovered there. In
contrast, 0.14% and 0.10% of the spores were reed\feom the sides and back of the

iron and PVC, respectively.

2.4.4 Relative Proportions of Spores in Each Sampling Ste

Mean spore recovery for each of the steps is sumethin Fig. 4. The height of the bar
represents the mean number of spores spiked omtmtipon. Sections within the bar
represent the relative proportions of spores tleakewecovered in each of the sampling

steps described in Table 1.

46



BXXA Rinse (Cr)

[ Brush/Scrape (Cs)
3.5e+5 XY Sides and Back (Cs&b)
I Unacccounted

3.0e+5

2.5e+5

2.0e+5

1.5e+5 | b

Spore Recovery

1.0e+5

5.0e+4

0.0 T T T T
P-Br P-S C-Br C-S [-Br

Pipe Material/Sampling Technique

Figure 4. Mean spore recovery for all techniques. &h bar represents the mean number of spores
spiked on the coupon (8 brushed (Br) and 7 scrapd®) coupons. Relative numbers of spores
recovered are shown as mean values for, QC;, and G, are shown in relation to the number of spores
spiked on PVC (P), cement-lined (C), and iron (l) aupons

Spore Losses to Petri Dishes, Tooth Brushes, andIlC&crapers

Spore losses to retention on Petri dishes, too#iies) and scrapers, are shown in Table
4. Percentages indicate the number of spores resmbvath respect to the total number

spiked on the coupons.
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Table 4. Mean counts of spores sampled from Petrishes, toothbrushes, and scrapers

Rinse
Petri Scrape  Sides and
dishes (no Petri back Petri
Tween®) dishes dishes Toothbrushes Scrapers
Avg. No. spores 13557 4078 3423 515 568
recovered (SD) (10172) (4851) (5651) (482) (912)
Percentage of 4 300 1.30% 1.10% 0.20% 0.20%

spores recovered

2.4.5 Impact of Tween® 80 and Corrosion on Spore Recovery

In preliminary studies, it was determined that ¢heere significant losses due to spores
clumping and adhesion to sample containers. ThQ4%0 Tween® 80, was included in
all phosphate buffer used to collect and enumesadees. The purpose of the spore
spiking and coupon rinsing steps was to simulatéasninated tap water and subsequent
water movement in a pipe. Therefore, out of netgdsie spore spiking and rinsing steps
did not include Tween® 80. To confirm the effedtthdding a surfactant has on BG
spore recovery, a phosphate buffer spore suspewsissplit into two identical samples
and Tween® 80 was added to one of the samplessUgpensions were then spread
plated on TSA. Approximately two times the numbkesmores were recovered in the

presence of Tween® 80 (3153 per mL with vs. 168i8es per mL without).

In contrast to the effects of Tween® 80 on spocevery, iron corrosion was shown to
have an adverse effect. Corrosion and/or biofilns w@llected from uncontaminated but
conditioned pipe coupons using the same procedig@ fior sampling coupons via
brushing without Tween® 80. Then an aliquot frora #ame spore stock suspension was
spiked into each sample to determine spore recamdhge presence of the corrosion

and/or biofilm. Fig. 5 shows that there is a coasable difference between spore
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recovery in the presence of iron corrosion andvegpin the presence of biofilm alone
brushed from the PVC and Cement-lined pipe coupgémshermore, if samples
containing iron corrosion were diluted by half pplate buffer solution (and, later
Tween® 80), spores were able to grow more readilf 8A. The dilution and plating

protocol for the iron coupons was adjusted accaojglifor the reported experiments.
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Table 5. Spore enumeration in the presence of bidin and corrosion (3 plates per sample). Error
bars represent standard deviations.

2.5 Discussion

This study examined two ways to sample attachetkbaktspores from wetted porous

and non-porous surfaces. When the mean recoveallfttre brushing data is compared
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with the mean recovery for all the scraping daba &l three pipe materials), it is clear
that one sampling technique did not stand out agybmore effective than the other.
Brushing vs. scraping recovery efficiency datadibthree pipe materials combined
showed that one sampling technique was not moeetefé than the other. However,
brushing cement-lined pipe coupons was shown todre effective than scraping
cement-lined pipe coupons. Results for recoverngieficy also differed in variability
among the three pipe materials, 0.29, for PVC v&),(and 0.12 for cement lined and
iron, respectively. This suggests that pipe matarfeuences the variability of the
recovery efficiency. Recovery efficiency standaedidtions for iron coupons varied for
brushing and scraping (0.22 vs. 0.04) while PVGQ{Qss. 0.29) and cement-lined (0.09
vs. 0.10) coupons had approximately the same stdmigaviation for brushing and
scraping, respectively. This difference betweersbhing and scraping observed for the
iron coupons could be attributed to the layer st that absorbed and stabilized the spore
suspension. It was noted that scraping removethtjerity of the biofilm and rust layer
with one stroke. In contrast, brushing required Srdkes to remove the same amount of
corrosion. Although there were no statisticallygfigant differences between the mean
recovery efficiencies for brushing and scrapingron, variability in the data indicate

that scraping may be the more desirable technigedalthe higher level of precision.

One of the limitations in this study is that theroded iron coupons may not be
representative of tuberculated iron pipes founceal world distribution systems. Based
on research involving characterization of iron pspeface deposits found in pilot scale

and real distribution systems, the layer of tublatoon would likely be harder to remove
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than the iron corrosion formed on the iron coupased in this study. Thus, for exhumed
tuberculated iron pipe, a better surface sampliradesgy might be to brush the outer
layer of pipe scale to collect the soft corrosiad &iofilm present on the surface. If
spores are able to penetrate past the outer ldgermsion, removing deeper layers of
corrosion using a heavier chisel, scalpel, or dpahay be required to remove the entire
deposit (Brown, Betty, Brockmann, Lucero, SouzaJsWaBoucher, Tezak, Wilson,
Rudolph et al, 2007). Due to the large amounts of iron corrosiat would be present

in these samples spore growth would most likelynbéited. Therefore, understanding
the impact of corrosion on spore recovery from ewéd pipe should be verified through

the use of positive controls, matrix spikes, amehg@ard additions.

Recovery results for the cement-lined pipe couphasved similar brushing and

scraping variability. The significant differencestlyeen mean recovery efficiency of
brushing and scraping were expected (42% versus &ectively) due to the porous
cement-lined surface. The toothbrush was likelyeredfective because it removed the
spores that may have been stuck in the interssiates and could not be accessed by the
scraper. Therefore, for hard porous surfaces, brgsppears to be a more effective

sampling technique that will produce the highesbveries.

Recovery efficiency variability was highest for Ppe coupons for both brushing and
scraping. Additionally, conditioned PVC had a lowevel of spore retention than
cement-lined or iron. This was expected for twesoess. First, PVC had lower HPC (less

biofilm) than the cement-lined coupons. Secone,RWC surface was notably smoother,
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providing less opportunity for spore retentionnlifmpe coupons had a higher HPC
(3x10® CFU/cnf). The large amount of corrosion and biofilm on itlee coupons may

have provided additional surface area for immoiniizhe spores within the matrix.

The 24 hour conditioned iron coupons did not héngedpportunity to develop the same
amount of corrosion and surface roughness as diddbpons conditioned for three
months, and, not surprisingly, they did not regores as well as the iron coupons with
more rust. PVC conditioning had the opposite ¢ffSpores were retained more readily
on coupons with minimal conditioning than they werethe conditioned coupons with 3
months of biofilm growth (1 x TOCFU/cnf for PVC). This may have been due to the
physiochemical properties of the material suchresge or hydrophobicity of the PVC.
Spores are generally hydrophobic and negativelygetawhich may account for a
stronger attraction to the unconditioned PVC (Ly#teal, 2002; Tauveromt al, 2006).
Also, while not directly observed, biofilm sloughgimay have occurred more readily
from the smooth, hydrophobic surface of the PVQtliam the cement-lined or iron

coupons, taking the spores with it during the rinse

The unclosed mass balances (Fig. 4) could be @titilkto a number of different causes in
addition to sampling inefficiency. First, sporeslected during coupon rinsing (Gvere
exposed to tap water without Tween® 80. As seemdrgased Petri dish swab counts
for the rinse samples, a proportion of the spdraswere not recovered probably had
been retained on the sample containers and Psitresli This illustrates the importance of

using a surfactant such as Tween® 80 in everytst@rease recovery. The second loss
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may be attributed to incomplete recovery of spér@® the sides and backs of the
coupons. Recovery efficiency of spores from ofgdikes and backs was not quantifiable.
Thus, the proportion of the spores that were algtsamoved and enumerated may not

have been representative of the true number oesgmesent on the sides and backs.

The reported data illustrate the potential for spetention on different wetted pipe
materials and associated sampling recovery frorsetimeaterials. Since spore losses can
be encountered throughout the sampling and anglyscess, it is important to consider
the recovery efficiency of the method used. Furtiae, in real-world situations, very
low concentrations of surface contamination mapitasent making high recovery
efficiency and precision of recovery all the margortant. In selecting sampling
techniques, this study shows that the pipe matehiatacteristics and the presence of
biofilm will influence recovery efficiency and reeery precision. Accordingly, the
sampling technique should be selected based abiiisy to remove spores from the
particular surface with an acceptable level of @ien. Brushing vs. scraping cement-
lined coupons illustrates the differences in recpedficiency that may be obtained for
the same surface. Bacterial retention and bacteaiable collection from wetted surfaces
is complex. Future work in this area should evi@walditional surface sampling
methods for wetted pipe surfaces and methods fantifying pathogens in the presence

of pipe corrosion.
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CHAPTER 3: Bacillus spore retention on
common drinking water pipe materials

This chapter is a manuscript submitted for inteth&. EPA review prior to submission

to Applied and Environmental Microbiology.

3.1 Summary

Intentional or unintentional biological contamiratiis a potential problem in drinking
water distribution systems due to the possibilitpathogens adhering to internal
surfaces. If the bacteria remain viable in theaystover time they can detach from the
internal surfaces in quantities above the infecidase. This study evaluated bacterial
endospore retention on new polyvinyl chloride (P\¢€jnent-lined ductile iron, and
ductile iron, material commonly found in drinkingater distribution systems. To
determine the impacts of conditioning and presetsgnce of biofilm, each material
was prepared in three different ways — bare (neanditioned (exposed to flowing city
tap water for 13 months), and coated with artifitimofilm” (agarose). A suspension of
2x10" spores in 2 mL of dechlorinated tap water wasiagpb the coupon surfaces for
20 minutes followed by rinsing with dechlorinateg tvater to collect spores to
determine the number of spores released from ttieacgy) and, by difference, the spore
retention. Results were analyzed by directly conmgameasured membrane filter plate

count numbers for the numbers of spores releassdcénd study was conducted to
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evaluate spore retention on artificial “biofilm”.\& natural, but nutrient-augmented,
biofilm grown in a recirculation tank. The secatddy was done at three different spore
concentrations. Due to non-normal distributionsdata were analyzed using non-
parametric statistics. Conditioned ductile irorane¢d significantly more spores than the
other pipe materials as seen by the significaf¢idihces between conditioned PVC,
conditioned cement, bare iron, and agarose-coaediton. Significant differences were
also seen between conditioned cement and conditiBME. Tests comparing spore
retention between agarose “biofilm” and a nutriaaggmented biofilm also showed that
for all three concentrations, augmented biofilmgigantly retained more spores than
agarose “biofilm”. Augmented “natural” biofilm orM& coupons retained more spores
than agarose “biofilm” on PVC. In contrast, augneentnatural” biofilm on cement-

lined coupons compared to agarose “biofilm” on centi@ed coupons showed no
significant differences, leading us to believe tihat agarose “biofilm” simulates spore
retention as long as the natural biofilm is a ¢erthickness. Iron coupons with agarose
“biofilm” applied also retained significantly mospores than PVC and cement-lined
coupons leading us to believe that iron corrosgsoaiated within the agarose matrix

may enhance spore retention.

3.2 Introduction

The potential for intentional or unintentional camination of water infrastructure with a
persistent pathogen is a concern for water digiohunanagers. Bacterial endospores
have been found, but are typically not looked fodiinking water distribution systems.

They have been shown to be persistent in water ievéne presence of chlorine (Watson
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& Keir, 1994), (Maginniset al, 2001). They have also been shown to attach ¢oriat
surfaces of water infrastructure including biofiémd corrosion (Szabet al, 2007). Due
to the impact contamination would have, it is intpat to evaluate and compare the
contamination potential of various distribution tgys internal surfaces so that levels of
contamination can be estimated. To address thid, tieis study evaluated bacterial
endospore retention on three different pipe mdtewgh three different types of surface

preparations.

Bacterial retention on wetted surfaces is a compleenomenon which is influenced by
multiple factors. For planktonic bacteria such apare suspended in a drinking water
pipe, water parameters such as pH and ionic stiengiact the bacteria’s affinity to
adhere to surfaces from the water phase. This eamdwn by differences in
electrophoretic mobility (Lytleet al, 2002) and hydrophobicity (Faillet al, 2002) at
different ionic strengths (Van Der Koag} al, 1995). Presence or absence of biofilm on
the internal system pipe and components may inereadecrease spore retention within
the system (Costertagt al, 1994). Material or substrate properties incluagidéaze
roughness (Riedewald, 2006), hydrophobicity, arthse charge of the material.
Additionally, different materials tend to exhibifférent biofilm growth potentials based
on their material characteristics (Campetral, 2003). Water parameters such as
disinfectant residual (Chet al, 2003) and presence of organic matter in the water
(Gagnoret al, 1998) directly impact the level of conditionirityrfs (Schneider, 1997)
and biofilm that can form on internal surfaces.eAf conditioning film has formed,

biofilm in drinking water systems exist as a matfbacterial and other microorganisms
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suspended in extracellular polymeric substancedr{iyels) that are 95-98% water.
These hydrogels are composed of chains of polysaicids, proteins, and may also
contain lipids, glycolipids, and nucleic acids. $aghysically and chemically non-
homogenous natural gels consist of the large mtdedound together by cross-linking
and entanglement of the chains of polysaccharidedmg proteins, lipids, and other
larger molecules (Sutherland, 2001a; Wingendeal, 1999). Naturally occurring
biofilms have microcolonies encapsulated by theofgaccharides with interstitial voids
or channels within the biofilm (Costertoet al, 1994; Wingenderet al, 1999). In
contrast to naturally occurring biofilm which gelge to a number of different forces,
classic biopolymer gels such as agarose, gelat@gmate consist of networks of
crosslinks bonded together (Abrahamseinal, 1996). To illustrate, alginate is held
together by cations and the agarose cross linksistimgy of non covalent bonds make the
gel homogenous and stable for long periods of tBeeause of the stability and ease of
use, artificial biofilms using biopolymer gels haween used to simulate natural biofilms
(Smetana Jr, 1993).0One procedure for producinficgatibiofilm involves forming semi-
porous agarose beads which can be fixed to a surdesimulate a biofilm. This bead
procedure, originally developed for use in chrorgeaphy to enhance chromatographic
separation, improved mass transfer (Gustavssonrésba, 1996) and was adapted by
(Strathmanret al.,2000) to simulate the microchannels and structilvaiscan be found
in naturally occurring biofilms. Spherical beadsrevattached to surfaces to form films
which more accurately mimic the properties of d veald biofilm expolysaccharides
(Strathmannet al, 2000). In this procedure, porous beads approen60 pum in

diameter with an average pore diameter of 28 pune Weed in place using a dilute
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agarose solution. Since having a convenient biasilmrogate which is representative of a
worst case scenario (due to thickness) may provarddgeous to evaluating adhesion of
contaminants to drinking water biofilm as well acdntamination procedures, the
superporous agarose bead procedure developeddikirSamret al. was used in to

produce artificial biofilm for evaluation in thisugly.

3.3 Materials and Methods

Pipe coupons (3 cm x 13 cm) pipe were cut fromnth water mains obtained from
IPEX (Mississauga, ON, for PVC) and American Dwction Pipe Company
(Birmingham, AL, for ductile iron and cement-linddctile iron) using a high-pressure
water jet cutter as described in (B. H. Packardupterle, 2010) Following cutting, the
sides and backs of coupons were sealed with NSRNSEOANSI certified high
performance epoxy (NSP Specialty Products, PinghN(3). Epoxy was also formed
around the periphery of the face side of all pipepons so that it would retain liquid as
shown in Fig. 5. Prior to use, all coupons werehedsand disinfected using the National
Sanitation Foundation International (NSF) procedareconditioning drinking water
contact materials prior to determining the toxi@fythe surface((ANSI)). This involved
scrubbing the coupons in tap water with a test tarlosh, spraying the coupons with 200
mg/L sodium hypochlorite solution to coat all seda, and then after 30 minutes, rinsing
the coupons in deionized water. Coupons were thaaeg in a sterile biosafety cabinet

to dry. Once dry, the coupons were then storedsimfécted 5 gallon buckets.
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Figure 5. Cement-lined coupon with spore suspension

3.3.1 Tap water conditioning

Coupons were exposed to an open channel of Cincitapawater by placing them into a
5.9 meter long 25.4 cm diameter PVC pipe cut ifi lealgth wise as shown in Fig. 6. The
top of the pipe was cut in half to allow accesthocoupons inside. Tap water entered
the device at approximately 3.5 liters per minuta pH which ranged from 8.26 to 8.87
with a median of 8.62. The average chlorine corraéion of the incoming tap water was

0.94 with a standard deviation of 0.10.
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Figure 6. Coupons conditioning in Cincinnati tap waer (note that covers have been removed for
photo and iron coupons were kept downstream from dter coupon materials so the corrosion would
not contaminate them

Coupons were conditioned in Cincinnati tap waterfgproximately 13 months prior to
experimentation. To determine the level of biofgnowth, coupons were brushed with
a toothbrush to remove any biofilm using 40 mL bbgphate buffer as a diluent
(Standard Methods Section 9216 B; (A.D. Eaton, 200t resulting suspension was
diluted and spread-plated on R2A agar (Remel ltexana, KS catalog no. R01722.)
When no colonies were detected on the biofilm samfstom cement-lined and PVC
coupons, a confirmation was done one these samgpieg a fluorescence microscope
and the FilmTracer™ LIVE/DEAD® viability kit (Invibgen Inc.Carlsbad, CACatalog

no. L10316).
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3.3.2 Bare coupons

New coupons were sprayed with a 5% sodium hypoitélsolution and then were
placed into 5 liter buckets of autoclaved Cincintegp water 24 hours prior to use in
experiments. This was done to hydrate the coupdacs in the same water that was
used to make the spore suspensions. Water wadaugddo keep biofilm from forming

on the coupons during the 24 hour period.

3.3.3 Tank conditioned coupons

Twenty-five coupons of each material used in tr@epetention experiments for the
bare and agarose “biofilm” experiments were plaoea pH adjusted solution of 10%
sodium hypochlorite for 5 hours and were brushéch8s to remove any material
remaining on the coupon surfaces from the preveoqeeriments. Two coupons of each
pipe material were sampled to determine whetheetivere any residual spores from
previous experiments left on the surface by plaeiach in a 200 mL sample container
filled with 100 mL phosphate buffer with Tween e container which was suspended
in an ultrasonic cleaning bath was cleaned for #futas at 40 kHz. The entire volume
of phosphate buffer was then run through a membiheeand plated as described in the
following section. Ductile iron coupons were aldwed after disinfection in sodium

hypochlorite.

The cleaned and disinfected coupons were then sdeden a 1136-liter recirculation
tank with a residence time of approximately 14 sas described in (B. H. Packard &

Kupferle, 2010)The average chlorine concentratioth@® incoming tap water was 0.99
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mg/L with a standard deviation of 0.11 during timeet period. Sodium thiosulfate was
incrementally added to the tank with a chemicatlfeemp to reduce the chlorine
concentration to less than 0.01 mg/L of detectéiele chlorine in the tank. In order to
enhance biofilm growth within the tank, the dechlated tap water was augmented with
sodium acetate, sodium nitrate, and sodium phosphiaich were continually added to
the recirculation tank using a syringe pump to eahiconcentrations of 1000 ug/L,

100 ug/L, and 100 ug/L respectively, of carbomagéen, and phosphorous in the tank.

3.3.4 Agarose beads and artificial biofilm preparation

Agarose “biofilm” was used to compare spore adlmesdifferent surfaces and to assess
the potential of agarose “biofilm” to act as a brafsurrogate for future studies involving
contaminant adhesion. Superporous agarose beadswagie by adapting the method
described by Strathmarat al(Strathmannet al, 2000). Superporous agarose beads
were prepared by mixing 4 grams of agarose (Agaséde™ number j234-1006,
Amresco Solon, OH) with 400 mL of distilled wat&éhe mixture was heated to 95° C on
a hotplate and was allowed to cool to 50° C. Awaemed (50° C) mixture consisting of
3 mL Tween® 80 and 300 mL of cyclohexane was addékde agarose solution and
mixed in a 1 L beaker at 1000 RPM with a laboratoiyer. The beaker was left on a hot
plate to maintain the temperature. After 5 mirseaond solution of 12 mL Span® 85
(Catalog number 57135-250 mL, Sigma, St. Louis, MfjJ 300 mL cyclohexane
(preheated to 50° C) was added to the emulsiommaxed at 500 RPM for 10 min. The
emulsion was allowed to cool to room temperaturdeanrhixing at 500 RPM. Beads

were allowed to settle, and excess cyclohexanedeeanted off. The beads were then
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washed twice by mixing them in DI water, allowiriggin to settle and decanting the
water from the container. DI water was added édbntainer to store the beads and the

container was stored in a laboratory refrigeratef °c.

Before agarose beads were applied to the coupahmlOof a 70° C 2% solution of
agarose (without beads) were pipetted onto theamosgurface and spread with a flat
laboratory spatula so that the agarose coveredrttiee surface of the coupon.
Immediately after spreading the agarose, agarasashi@+0.12 g) were then placed on
the coupon surface using a laboratory spoon (FiShntific, Pittsburgh, PA, catalog

no. 14-375-10). The coupon was then left to copbfminutes to allow the agarose to
solidify. The coupons were then rinsed with 50 nfildechlorinated tap water in order to
rinse off any beads that were not fixed to theaafas well as rehydrate the surface prior
to storing the coupon. Rinsed coupons were platséaled containers and were not

removed until they were used in the experiments.

3.3.5 Spore preparation, growth, storage, and enumeration

BG spores were prepared, grown, stored, and enumeaateescribed in ( Packard &
Kupferle, 2009). Prior to experimentation, & C&U/ml spore suspension was made
with DI water and 1 mL aliquots of the suspensiarewipetted into multiple 1.5 mL
sterile tubes which were kept frozen at -20° Clwse. On a given experimental day,
spore suspensions to be used were made from thenfsiock by adding one 1 mL of the

stock to 100 mL of tap water dechlorinated withigodthiosulfate. The resulting
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suspension containing approximately 8.6 £ 4@ores per mL. Coupons were leveled,

inoculated with 2 mL of the suspension, and thé&rfée 20 minutes.

4.3.6 Coupon Inoculation and Rinsing

Prior to inoculating the coupons, the sides and®at the coupons were wiped dry with
a sterile paper towel. Then the coupons were éelvéhoculated with 2 mL of the
suspension, and left for 20 minutes. After the 20ute exposure to the spore
suspension, the residual suspension on the coupsmpaured into a 250 mL sample
container. The coupon was then placed in a busetisis shown in Fig. 7 with the 250
mL sample container beneath it. The coupon wasdnwith 200 mL of dechlorinated
tap water pumped at 3.13 mL/second onto the coupy a peristaltic pump and 25 mL
polycarbonate syringe modified as shown in Figsgores that were not retained by the
coupon surface were removed in the rinse. The epdgg around the perimeter of the
coupon kept the suspension from running off praoriising and the bottom of the Petri
dish was visually inspected for liquid to ensurattiihere was no spore suspension that
might have leaked from the surface to the bottothefcoupon. Samples that leaked
prior to rinsing were not included in the evaluatkda. Corroded ductile iron coupons
proved to be the hardest to level and inoculatetduleegular roughness of the
tuberculation on the coupons. For this reason, féwa coupons were analyzed than

PVC and cement-lined.
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Figure 7. Coupon ringirlg apparatus using bU(et stad

4.3.7 Spore Retention Determination

Since the spore suspensions were made from thestantesolution, similar
concentrations of spores were present on each oqFg640 +2,129). To minimize
propagation of error in comparison of results, aedaken directly from the rinse
suspensions described above were compared to exapane retention by the different

pipe materials.
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4.3.8 Pipe Material Surface Characterization

Surface roughness was measured using a KLA TentOrdirface profilometer for bare
PVC, cement-lined, and iron (non-corroded) pipepoms. The profilometer works best
on flat, dry surfaces without a large vertical defion, so measuring the surface
roughness of the conditioned coupons using thisvias impractical. However, the
conditioned coupons were assessed with a scank@aigan microscope (ESEM) to
visually characterize the surface of the condittboeupons. For this analysis, coupons
were cut into 2 cm pieces that were spiked withndL2of tap water containing 10
spores/mL. The spiked coupons were placed in afdtscabinet until dry. The dried
spiked coupons were rinsed (as described in tisggrsection) with 50 mL of
dechlorinated tap water to remove any weakly attddpores from the surface, and the
rinsed coupons were placed in a sterile petri digthallowed to dry overnight. Coupons
were then visually observed using an environmestahning electron microscope in
environmental mode (Phillips XL30 ESEM, FEI Co.ubsidiary of Phillips, Hillsboro,
OR.). Coupon surface topography as well as locaif@pores was observed and

photographed.

4.3.9 Experimental Design

In the first phase, the three pipe materials wanelomly divided across the three surface
preparation techniques. Within each group of 84008, 28 were assigned to the
different surface preparations (bare, tap wateditimmed, and agarose “biofilm”) and

four were used as biofilm and procedural blank damflable 1).
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To determine the differences in spore retentiomwbeh augmented “natural” biofilm and
agarose “biofilm” in the second phase, 6 couporsach pipe material (each with either
augmented “natural” or agarose “biofilm”) were camgd to determine the difference in
spore retention with respect to spore concentralibree concentrations of spores

(6x10°, 5.8x10, and1.3x1¢ CFU/ mL) were applied to the coupons and platentou

were calculated as described previously. Statidtitests were then used to determine the

extent to which the two biofilms differed.

3.3.6  Statistical Analysis and Calculations

The experiments were designed for a two-way ANOWAdmpare plate counts with a
95% confidence interval. The ANOVAs were carried wsing plate counts using
SigmaPlot® Software (SYSTAT Software, Inc., SaneJ@A). Since samples were
randomized, the Holm-Sidak multiple comparison prhoe was used at the 0.05

significance level to compare the factors.

3.4 Results
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3.4.1 Surface Analysis
Both the bare PVC and cement surfaces analyzesiiftaice roughness were smooth to

the touch with the exception of the ductile irompon which was noticeably rougher.
Dry surface measurements showed that the threeialatead similar Ra values as
shown in Table 6. However, the roughness heighsareanent (Rh) showed iron to be

different than the other materials.

Table 6. Average roughness and height of PVC, centelined, and iron coupons.
Roughness (Ra)a  Roughness (Rh) b

Ra (um) SD Rh (um) SD n
PVC 0.98 0.68 -2.57 5.93 3
Cement-lined 0.88 0.41 -5.67 7.59 3
Iron 0.89 0.49 8.44 14.27 3

a Ra, arithmetic average deviation of the absoluteevaf the roughness profile from the mean lineenterline
b. Rh, height of the irregularities with respect teterence line

Surface topography of the conditioned materialgisigalized by the ESEM images (Fig.
8) showed the cement surface to be rougher with {@béied to be sand particles
protruding from the surface. Cavities along wittcracracks were also observed,
increasing the available surface area where spotdd potentially accumulate if they
were to make contact with the surface. In conttastPVC surface was homogenous and
smoother with fewer areas for spores to be retaiHedever, ESEM images of the
conditioned iron surface, showed the corroded surfiace to have much higher porosity
and roughness than PVC and cement, increasing/tilalsle surface area of the coupon
and providing a host of potential habitats for meémnganisms to cling to. This

supposition was supported by heterotrophic platetdata.
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HPC counts for conditioned PVC and cement-linecpoms showed no viable growth
which was confirmed with the LIVE/DEAD® viabilityik HPC analysis of iron

coupons showed 3.9 X 4GFU/ cnf to be present on the surface.

P

o | Coadil%“ned

. '\ﬁ}."

Figure 8. ESEM images of spores retained on condithed PVC, cement, and ductile iron pipe
coupons at 10000X magnification. Circles indicatexamples of attached spores.

3.4.2 Plate Count Comparison for Spores Released frone Baonditioned and
Agarose-Coated Coupons

By conducting a mass balance for all data, ovedre retention for was 25.9 % with a
standard deviation of 17.8%. Higher plate count bers coincided with fewer spores

being retained on the surfaces of the coupons. Waypanalysis of variance between

pipe materials and surface treatments showed ggntfinteractions between the surface

preparation procedures (bare, conditioned, andagaroated) and pipe materials.
Standard deviations between samples ranged frof¥/d.tar conditioned iron to 20.8%
for PVC with agarose “biofilm”. Table 7 shows sificant differences between rinse

plate counts for the different surfaces testedgiie Holm-Sidak multiple comparison

69



procedure. Fig. 9 shows the difference betweennreats where the Y axis is total

number of spores released from coupon in the pnseedure.

Table 7. Significant differences between rinse platcounts using the Holm-Sidak multiple
comparison procedure.

Comparison (mean CFU recovered / mL) P value
All bare combined (74.3) vs. all conditioned condulr(66.0) 0.004
Bare iron (82.4) vs. bare cement (66.2) 0.004
Conditioned PVC (76.7) vs. conditioned iron (55.3) <0.001
Conditioned cement (65.6) vs. conditioned iron §}5. 0.039
Bare iron (82.4) vs. conditioned iron (55.3) <0.001
Bare iron(82.4) vs. agarose-coated on iron(66.8) 0040.
Conditioned iron (55.3) vs. agarose-coated on (6&13) 0.021

Figure 9. Point plot of rinse plate counts (note tat point on bars left of data indicates the column
mean and bars represent one standard deviation)
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3.4.3 Agarose “Biofilm” Evaluation Experiments

Heterotrophic plate counts (HPC) for tank condiédrtoupons conditioned in

augmented dechlorinated tap water were found te ha® X 16 CFU/cnf (PVC), 1.5 X

10’ CFU/cnf (cement), and 3.8 X I@FU/cnt (iron). Comparisons of spore retention

between agarose “biofilm” and augmented “naturafibtm showed significant

differences between the two for combined pipe ngteat each concentration.

Differences were also seen within the pipe mateaakhe different concentrations for

PVC and iron as indicated in Table 8 and Fig. 10.

Table 8. Mean, standard deviation, and t-test P vak of agarose “biofilm” vs. augmented “natural”

biofilm
No. of No. of Significant
samples Mean (sd) samples Mean (sd) difference (p value)
°E|> PVC 6 6211 (1322) 6 8211(1272) Yes (0.009)
< Cement-lined 5 8147(642) 6 9389(1629) No
© Iron 5 4107(3.2) 5 5720(519) Yes (0.48)
1.29E+05 1.89E+05
2 PVC 6 (4.34E+04) 6 (5.12E+04) No
< 1.32E+05 1.86E+05
0 Cement-lined 7 (5.71E+04) 7 (8.46E+04) No
Te) 3.69E+04 1.34E+05
Iron 4 (1.21E+05) 5 (2.85E+04) No
1.60E+06 2.34E+06
‘8 PVC 8 (3.48E+05) 6 (5.53E+05) Yes(0.008)
> 1.88E+06 2.11E+06
™ Cement-lined 6 (5.74E+05) 6 (6.19E+05) No
i 1.37E+06 1.52E+06
Iron 5 (3.10E+05) 7 (3.58E+05) No
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Figure 10. Agarose vs. augmented biofilm assessmettthree different spore concentrations
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Different concentration levels required differeatrgle plating preparation to obtain
CFUs in countable ranges, so there was concerhisatould impact variability. At the
6 X 10°concentration 1 mL of each 200 mL rinse sample wambrane filtered. To
enumerate the 5.8 X 18nd 1.3 X 18 concentrations, 0.1 mL of the rinse samples were
spread plated with the 1.3 X %ébncentration diluted 10:1 prior to plating.

The coefficient of variation was calculated fack concentration. Fig. 11 shows
variability was slightly higher for the samplegia¢ medium spore concentration, but

there is no apparent bias with respect to couppe/syrface treatment.
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Figure 11.Coefficient of variation for agarose “bidilm” assessment rinse data
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3.5 Discussion and Conclusions

In the first phase of the study, the concentratibspores spiked to the coupons was the
same, allowing the same procedure for rinsing @odesenumeration to be used for all of
the samples. Experiments showed conditioned iragatton significantly more spores
than conditioned PVC, bare cement, bare iron, esrdwith agarose “biofilm” as shown
in Table 7. These differences between the ironthadther materials were expected due

to the observable layer of tuberculation and caorosn the conditioned iron coupons.
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The large amount of corrosion as compared to theeoélined and PVC coupons likely
provided more surface area for retaining the spafissial comparisons between the pipe
materials validate this supposition as iron hadblisnore surface roughness and,

consequently, more area.

In addition to aiding in retention, iron coupongwagarose “biofilm” had higher
numbers of adhered spores as compared the bareaupons. Rust, generated in the
24-hr hydration period, seeped into the agarose@thration was noted on the surface of
the agarose), indicating that the rust was integratto the matrix. In contrast to the iron
coupons with biofilm, bare iron had lowest sporteméon. This could be explained by
the hydrophilic surface properties of the iron whieould not have enhanced adhesion of
the hydrophobic spores. It may also have beendtleetthin layer of rust that formed
during the 24-hr conditioning period. During ringjmust from the surface was visually
observed to wash off, possibly bringing with it attached spores. In contrast, the
cement-lined coupons, which are also hydrophilid,rebt have the layer of rust. This
may explain the significantly higher spore retemtom the bare cement-lined coupons as

compared to the bare iron coupons.

Agarose “biofilm” evaluation experiments showedngligant differences between the
agarose-coated coupons and coupons with the augdnardtural” biofilm. At each
spore concentration, comparisons between agarasaugmented biofilm for all pipe
materials combined showed that augmented “natbiafilm retained more spores

(indicated by lower plate counts) than did the agar‘biofilm”. Despite these
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differences, spore retention between the two brsfilvas within the same order of
magnitude, which meant that the same serial dilytimcedure could be used for both,
making the two data sets more readily comparabdmj@nin H. Packard & Kupferle,

2009).

Comparisons between pipe materials for the agaesieiation experiments further
validated the ability of the iron coupons to retaiore spores than the other materials.
For two out of three of the spore concentratioms) coupons (both agarose and
augmented “natural”) tended to have higher spaent®n than PVC and cement
coupons. This was expected due to the iron comaanal biofilm matrix. Moreover, iron
with agarose had higher spore retention as sedmebgifferences between iron and
cement/PVC coupons at the low concentration andaral PVC at the high
concentration. Therefore, adding another substancle as iron to the agarose matrix
could possibly enhance spore retention. If agatoiedilm” is used for future
experiments, additional materials can be addedd@garose to more appropriately

mimic the adhesive characteristics of living biwfd.

In contrast to the low concentration, the medagancentration did not show significant
differences in spore retention for any of the pipegterials. One explanation for this
might be the high variability for all the samplédt®e medium concentration as seen by

higher coefficients of variation (Fig. 11).
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In addition to iron retaining more spores, it ahsa the lowest variability. Standard
deviations for iron coupons were consistently lofeerboth agarose and augmented
biofilm as compared to the other pipe materialscaiihg that the presence of iron
corrosion both absorbs more spores and also rglialdase similar distributions of

spores. This has been observed in previous expetsnas well .

Iron coupons also showed significant differencehatiowest spore suspension between
agarose and augmented biofilm. The observatiahaarose retained more spores than
augmented “natural” on iron was not expected gihendifference in surface roughness
and amount of corroded iron found on the augmefrtathiral” biofilm coupons as
compared to the agarose “biofilm” iron coupons.sidiiference, however, was not seen

at the medium and high spore concentrations.

In contrast to iron, cement coupons had the highesability which was not expected
due to the porosity of the surface and higher cotnagon of augmented “natural”
biofilm present. Significant differences which wedgserved between for PVC coupons
but not observed with cement-lined coupons may bawd® with the increased biofilm
growth on cement as compared to the PVC coupo8sX(1& CFU/cnf vs. 1.5 X 10
CFU/cnf respectively). There might not have been enougimamted biofilm on the
PVC coupons to mask any effects from the pipe net&ince augmented “natural”
biofilm on cement-lined coupons did not show aethce, it could be implied that
agarose does not represent augmented “naturaifrbiaf lower concentrations such as

was measured on the PVC coupons, but will represaggented “natural” biofilm at
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higher concentrations such as the higher levelaffilm that was measured on the

cement coupons.

Alternatively, if the material surface propertiad tdeavily influence spore retention,
results should have shown more spores adheringthotbe agarose and augmented
“natural” biofilm for cement-lined coupons to duethe increased biofilm, porosity, and
roughness. Since this was not the case, it coutmbeluded that spore retention on
biofilm covered surfaces is more dependent on thegmce of biofilm, rather than the
surface properties of the underlying material. €keeption to this might be if corrosion
from the underlying surfaces is integrated intolitedilm as was the case with iron. If
this is the case, the chemical properties of tbélts may change, which can impact

spore retention.

For the spore plate count comparison for sporesseld from bare, conditioned and
agarose-coated coupons, only in the case of irdmha@ conditioned coupons differ from
the bare coupons. It was suspected that the 13hsohconditioning in Cincinnati tap
water might impact spore retention due to the éffe€water contact on the new cement
lining (Internal Corrosion of Water Distribution System996) Even if the cement lining
formed calcium carbonate deposits as is the casgefoent exposed to water, this was

not shown to impact spore retention.

The reported data illustrate the capacity of cagtblon to retain spores more readily

than other materials. Furthermore, the data highlige importance of selecting a
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possible replacement for naturally grown biofilnn émntaminant retention experiments.
Agarose has been shown to simulate natural bicgnwvell as underwater surfaces
reasonably well as seen by the comparisons betagaose and augmented “natural”
biofilm on cement-lined coupons. Since one of theepvations was the increased spore
retention of iron integrated into agarose, furtfesearch should investigate additional
materials that could be added to agarose to iner@adecrease its potential to retain

contaminants of concern.
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CHAPTER 4: Conclusions and

Recommendations

The reported research illustrates the ability aftéaal endospores to contaminate
PVC, cement-lined, and ductile iron pipe materidtse following are major

conclusions from these studies:

1. Both the physiochemical properties of the pipe matalong with the
presence or absence of biofilm on that materidlimipact spore retention.

2. The variability in the number of spores retainedl@surface increased on
PVC and decreased on ductile iron. Sampling ragoediowed similar
patterns.

3. Corroded iron presents the worst-case contaminatienario in that it
significantly retained more spores than PVC andesgrined pipe material.

4. To achieve accurate recoveryRdcillusspores, a surfactant such as Tween®
80 should be added to reagent water used in tlag®ass

5. The technique best suited for surface samplingedgitpe material is
dependent on the surface. Porous surfaces sua@masntshould be brushed;
non-porous surfaces should be scraped.

6. The technique best suited for sampling corroden surfaces is dependent

on the nature of the corrosion. If the corrosioloase and easily removable,
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scraping will be the best method. If the pipe Iseculated the best technique
may be to brush the outer layer of corrosion froamtuberculation.

7. Conditioning PVC and cement-lined pipe materiaiip water for 13 months
did not increase spore retention.

8. Spore retention on agarose artificial “biofilm” waishanced by iron
corrosion.

9. Agarose biofilm may mimic the properties of livibgfilm with respect to
spore retention, but spore retention on agaroseligenced by the

underlying substrate properties.

The forces described in the Chapter 1 which infb@ehspore retention were
transport of spore to surface (i.e. flow), physeical characteristics of the spore
and the wetted surface (i.e. hydrophobicity andesercharge), and the water
chemistry (i.e. pH and ionic strength of the watdt)is still not evident which of the
forces most influences spore retention. Howeverydisults of the phase Il plate
count comparisons of spores released from barelitommed, and agarose-coated
coupons (each surface having a different surfaeengtry) showed no major
differences between the PVC and cement-lined coudbthe surface chemistry of
the pipe material (i.e. hydrophobicity and changeje important factors, significant
differences should have been observed, especidliytiae high number of samples
taken. Since the spore suspension was placed amotipon surface where it sat
stationary, the only mechanism for spores to makeact with the surface over time

would been to gravity settling. Had there been ngar flow within the suspension
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as would be the case in a drinking water pipe,eparay have been transported to or
sheared from the pipe surface more efficiently, maght have shown differences in
retention between pipe materials. The differendevéen conditioned iron coupons
and the other materials showed that the surfacghreess, porosity, and surface area
of the conditioned iron coupons enhanced retenfibie. chemical properties of the
oxidized iron might have also enhanced spore netenfErom these observations,
surfaced roughness, or total surface availablegahdth transport seem to be the

more important factors influencing spore adhesion.

If a distribution system is contaminated with agigent microbiological agent, there
will be strategies for removing the contaminatetklvater and decontaminating the
internal surfaces. One of the keys to being abletiarn the system to full use will

be to be able to quickly assess the efficacy ofltmntamination taken to
accurately assess the level of contaminationetthé system. Thus, surface
sampling may be the only way to accurately gaugddiels of residual
contamination after the system is decontaminateith ¥Wis in mind, the following
are recommendations for future research areas wiect identified during the

process of planning and conducting the researthsrthesis:

1. Analysis of conditioned cement-lined pipe to det@erthe “contamination
potential” for various persistent contaminantsddiion to spores.
2. Determination of the ability of cement-lined, PV&hd tuberculated iron pipe

surfaces to be decontaminated from a range of gonéants. It may be the
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4.

5.

case that certain contaminants are retained owatheus pipe materials at
unacceptable levels even after decontaminatiohesurface. Knowledge of
problematic pipe material/contaminant combinatiahsad of time is critical
to making a quick determination as to whether twodéaminate or
immediately replace contaminated pipe.

Due to the large amounts of iron corrosion that ip@present in samples,
methods selected to quantify contamination shoaltebted to determine
how iron corrosion impacts recovery.

A standard protocol for surface samplingsituin the distribution system
should be developed by adapting the sampling tgciesi and methods
developed in this thesis. An important aspechefgrotocol will be to
specify numbers of samples that provide the siegigpower to accurately
assess whether the system is clean.

Analysis of biofilm grown in low-nutrient, high saeconditions should be
continued to determine the levels of the variousstituents (protein,
carbohydrate, DNA, etc.) making up the biofilm aslvas the morphology of
the biofilm. These parameters should be relatedater quality, hydraulics,
and pipe material in the system to assist in comtation risk assessment
models.

Development of an artificial biofilm that is similahemically and physically
to living biofilms should be continued. Entanglaerhgels composed of
multiple constituents, i.e. proteins and carbohtglrain addition to

crosslinked carbohydrate molecules like agarosslyzlld be considered.
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0.0 DISTRIBUTION LIST

Kim Fox, Division Director, Water Infrastructured®ection Division, NHSRC

Eletha Brady-Roberts, Director of Quality AssuramgelSRC

Jeff Szabo, Environmental Engineer, Water Infragtme Protection Division, NHSRC
Alan Lindquist, Microbiologist, Water InfrastruceiProtection Division, NHSRC
Margaret Kupferle, Professor of Environmental Eegiing, University of Cincinnati

1.0 PROJECT DESCRIPTION AND OBJECTIVES
1.1 Purpose of study

In the past decade, especially following 9/11 dredanthrax mailings, the possibility of
persistent biological agents being used to shuthdentical infrastructure has taken on
increasing concern. Persistent biological agemsire extensive and lengthy cleanups
once they are distributed into the environment, thiedefore, they have the potential to
disrupt public health and the economic vitalityaof areaBacillus spores are recalcitrant
and are able to stay viable in water for two yemsen in the presence of increased levels
of chlorine (Watson and Keir, 1994) (Maginnis et 2001). Endospores present another
problem: they persist for long periods of time daling an event. In light of the multiple
impacts intentional contamination would have o @unity, it is important to assess
how to accurately sample water infrastructure sheoto determine the extent of
contamination as well as the efficacy of the deaombation of the system. The objective
of this project is to quantify the spores that@itéo the internal surfaces of
infrastructure, given different parameters and piagerials.

1.2 Process Description

The U.S. Environmental Protection Agency’s Natiaddameland Security Research
Center (NHSRC) in Cincinnati will conduct a studyinvestigatéBacillus spore
attachment to drinking water pipe coupons. Becafisiee many variables involved in
conducting risk assessments and modeling contaimmstenarios of drinking water
infrastructure, data are needed regarding the oong&dion potential oBacillus spores.
This study will provide data by examining spore @slbn to internal pipe surfaces.

This study will evaluate the impact of water paréeng surface characteristics, and

contaminant characteristics on spore adhesion.eTtaesors are listed below, along with
values that are typically found in a distributigrstem.
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Table 1: Proposed study variables

Variable lonic strength Contact Time Concentration
Pulse injection vs. continuously fed Varying
Reason Liquids with higher ionic strengths| Contact time and concentration will vary dependinghe threat
for study | will cause particles to flocculate ol scenario. It is assumed that higher concentraioscontact times|
adhere to a surface. will result in higher levels of spore adhesion.
System EPA MCL for Total Dissolved Unknown
averages | Solids =500 mg/l= 350 pS/cm
(conductivity measurement)
Proposed | 50 250 450 uS/cm | 1 hr 24 hrs icrFu/mL | 10
variables | uS/cm | uS/cm CFU/mL
Surface Characteristics
Pipe material Biofilm quantitation methods
Variable Unlined | Cement | PVC Protein jig/cnf) | Carbohydrate HPC
castand | lined (nglcnt) (CFU/cnf)
ductile | castand
iron ductile
iron
Reason Internal pipe surface material will | Biofilm is ubiquitous in drinking water systems.
for study | exhibit varying characteristics with Pathogens have been shown to adhere to biofilm.
respect to surface roughness,
surface charge, and level of biofilm
growth.
System 18% 50% 8% 1to4 1to05 i6nt
averages
Proposed | Unlined ductile iron, concrete-lined Biofilm will be established on new pipe coupons and
variables | ductile iron, and PVC will be preserved on pipe coupons taken from a
distribution system.
1.3 Project Objectives

The objective of this project is to investigate thibowing:

Compare the sensitivity and percent recovery oé pyrface sampling methods

Determine differences iBacillus spore adhesion to real-world pipe coupons
given differences in ionic strength, spore conaian, and spore contact time

Investigate protein and carbohydrate quantitatiethimds for biofilm on pipe
surfaces
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2.0 PROJECT ORGANIZATION
2.1 Personnel

Table 2 Project participants and functions

Name Phone Email Function

Kim Fox (513) 569-7820 | fox.kim@epa.gov Division &stor

Eletha Brady- (515) 569-7662 | roberts.eletha@epa.gov QA Manager

Roberts

Margaret (513) 556-3329 | margaret.kupferle@uc.edu  U.C. Advisp

Kupferle, PhD thesis

Jeff Szabo, PhD | (513) 556-2823 szabo.jeff@epa.gov PA Edvisor

Alan Lindquist, | (513)569-7192 | lindquist.alan@epa.gov EPA Advisor

PhD

Ben Packard (513) 569-7324  packard.benjamin@epa\giachnical
Support/Principal
Investigator

2.2 EPA Quality Assurance

Eletha Brady-Roberts, Director of Quality AssurafimeNHSRC, will oversee project
quality requirements for the EPA. As the DirectbQuiality Assurance, she serves in the
Immediate Office of the Director of the NHSRC ardndependent of project
management.

2.3 Responsibilities of Project Participants

Ben Packard will be responsible for writing the GA&nd related Standard Operating
Procedures (SOPs). He will also order suppliesntaen the laboratory, and ensure that
the laboratory efforts are performed in a careful eontrolled manner consistent with
the QAPP. He will direct the preparation of medid aeagents, perform the collection of
data, and carry out analysis of that data. Helvélin charge of modifying the study as
required in order to obtain data that are conckuaind useful.

No specialized training or certification is requirf®r any of the procedures involved in
this project beyond the standard education andretpee required for microbiology
laboratory work.

Dr. Kupferle, Dr. Szabo, and Dr. Lindquist willtaas advisors to Ben Packard

throughout the project. They will review the QARRIavill check to see that data
generated is consistent with the QAPP and QA Plan.
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24 Facility

The experiments will take place at EPA’s reseaadifies in Cincinnati: the Andrew W.
Breidenbach Environmental Research Center (AWBERT)the Testing and Evaluation
Facility. The work will be conducted in two phasé&ke first phase will investigate pipe
sampling procedures. This phase will focus on ng& materials and the goal will be to
test surface sampling methods to determine thagiecand percent recovery of the
method. The second phase will incorporate pipentéceollected from real-world
distribution systems. The natural pipe surface ballpreserved and will be exposed to a
variety of spore suspensions.
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3.0 EXPERIMENTAL APPROACH
3.1 General Approach and Test Conditions

This study will be split the experiments into twaages. Both phases will involve
exposing pipe coupons with biofilm to spore suspess In Phase 1, the metrics of
interest will be the determination of the total rnenof spores that adhere to the coupon
and the percent recovery associated with sampdicigniques. Phase 2 will determine the
numbers of spores that adhere to the coupon suda@n differences in contact time,
concentration, and ionic strength. The corrosioheninternal surface of the excavated
pipe may differ from the newer pipe surfaces usedhase 1. Therefore, a judgment will
be made on the spot to determine the best methsanapling the excavated pipe section.

The experimental setup will consist of pipe coup@em by 10 cm) cut from new and
used 6- to 10-inch water mains. One of the requeremfor Phase 2 will be to cut
coupons from recently excavated water mains inrdalpreserve the natural biofilm and
aged pipe surface of the coupon. In Phase 2, pipee\collected directly from the site,
sampled, and transported to the machine shop vdoegons will be cut out and then
transported to the lab to be used for experimentaurrently it is unknown whether
biofilm on the coupon would be dislodged in thetiogt process. Therefore, samples will
be taken prior to and after cutting in an effortliegermine the extent of disruption. Since
biofilm is not uniform within pipes in a distribat system, biofilm samples taken right
after the pipe is excavated may not be represgatafibiofilm within the pipe or on
coupons cut from the pipe section. Thus, all cospbat are used in Phase 2 cannot be
assumed to have similar amounts of biofilm withheather and the level of disruption in
the cutting process cannot be definitively deteedin The sampling technique to be used
in Phase 2 will depend on the level of corrosiod smrface properties of the excavated
pipe and also from data from Phase 1. Dependirth@porosity and the level of
corrosion and biofilm, the surfaces will eitherdmeaped or brushed to remove spores or
biofilm. A 3 x 10 cm sample will be taken from teecavated pipe. Four samples from
top, bottom, and sides will be taken immediatetgrathe pipes are excavated. HPC
counts from the four samples will be compared dedvariability between samples will

be analyzed. Once coupons are cut out of the hpg,will be placed in groups of four
with the internal pipe surface of each flush witk bthers. Trays will hold the coupons
on wire supports so that the internal surfacet®icbupons are only making contact with
the spore suspensions. Magnetic stirrers will keelus keep the spores from gravity
settling in the containers. Magnetic stirrers wik be used to generate turbulence, sheer
forces, or any type of flow within the tray. Therpase of using this setup is to isolate the
variables that impact spore adhesion at the sigjidd interface.

Statistical analysis for both phases will be conedwsing an analysis of variance

between the different sampling techniques in Phamed the different spore exposure
schemes in Phase 2.
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3.1.1 Phasel

The goal of Phase 1 will be to compare brushingsamaping to determine which is the
most effective in removing spores from the coup®he result will be a determination of
which sampling method is the most reliable givaredain type of pipe material. The
metric of interest will be percent recovery of sgofrom the surface of the coupon.
Phase 1 will use coupons cut from cement-lined, PAfd ductile iron water main. The
procedure for Phase 1 is outlined in appendix Bcéd recovery will be calculated as
indicated in section 3.4.1.

Because biofilm is ubiquitous in a drinking watéstdbution system, an effort will be
made to condition the pipe coupons with a natuidilin prior to conducting the
experiments. This will be done by exposing coupordechlorinated Cincinnati tap
water for approximately three months prior to tkpeximent. Coupons will be hung in a
300 gallon recirculation tank to condition the conp and establish biofilm on the
surface. Biofilm on the surfaces will be charaaed by measuring heterotrophic plate
counts, total protein, and total carbohydrate.

Sampling efficiency results from Phase 1 will pawvinformation that will help to

choose the best sampling technique to be usedasePh Scale from the excavated water
mains might differ considerably from the biofilmése that will be found on the new
Phase 1 coupons. Culture methods will be usedpiamesand biofilm enumeration in both
phases.

3.1.2 Phase?2

Phase 2 consists of exposing real-world pipe cosipom@ variety of spore suspensions to
determine the relative impact of each. Couponshigrphase will be cut from sections of
pipe taken from the Cincinnati Water Works disttibo system. The impact of increased
ionic strength, spore concentration, and sporeesuspn contact time on spore adhesion
will be measured. The pipe material used for tleegeriments will depend on what
material is in need of repair in the distributi@ystem and what is available. Coupons
will be sampled using techniques shown to givehilybest percent recovery and
precision in Phase 1. In the event that pipe isanatlable from the water utility, new

pipe coupons will be conditioned in the same matimeris to be done in Phase 1.

3.1.3 Pipe Coupons

New and used pipe sections will be cut using a-piggssure water jet cutter. This
method of cutting uses a very small high-presseirefjwater and abrasive material that
can cut through up to 6 inches of steel while kegphe surface and the metal cool as it
is cut. Dimensions for the cut are programmed anbomputer that controls the machine.
For Phase 1, coupons will be cut with the watecigter, then washed and conditioned.
They will then be placed in a 300 gallon recirciattank prior to being used in the
experiments. For Phase 2, coupons will be cut thighhigh pressure water jet method to
preserve the biofilm and scale from the excavatpd gection. It is estimated that a
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coupon that is 3x13 cfwill be large enough that the cut edge will notatige the

majority of the biofilm and corrosion. The firstugmon that is cut from pipe obtained

from the distribution system will be inspected &ietmine the extent of disruption to the
biofilm and scale within the pipe. Coupon size rbayaltered depending on the level of
disruption of the scale/biofilm in the cutting pess. Once Phase 2 coupons are cut, they
will be placed in ice in a cooler and stored at®C-&® be transported back to the lab to be
used in the experiments. The Phase 2 coupons evkkpt wet by spraying coupons with
spray bottle containing dechlorinated tap watesam as they start to dry out.

Pipe material selection for Phase 1 is based onufrent statistics supplied by the
American Water Works Association (AWWA, 2002). Tugl include concrete lined,
PVC, and unlined ductile iron pipe sections. TheB8 of sampling surface on a 3x13
cnt coupon should provide enough surface area toegeesentative samples of biofilm
and spores. Prior to use, new coupons will be ¢mmaid using the National Sanitation
Foundation procedure for conditioning drinking watentact materials prior to
determining the toxicity of the surface (ANSI/NS¥000). This process is outlined in
Appendix B.

3.1.4 Spore Exposure Setup

Pipe coupons will be exposed to tap water to eistall conditioning film on the coupons
prior to the Phase 1 experiments then the coupdhbeninoculated with spore
suspensions and then sampled to obtain samplirgeeify data. Glass trays will be used
to contain the spore suspensions for Phase 2.raye will be placed on magnetic stirrers
set on very low rates to ensure that suspensiom®tsettle over time. Temperature will
be measured hourly to ensure that the stirrersotibeat up the suspensions. If it is found
that the suspensions are increasing in temperatusable gel ice packs will be placed
around the sides of the trays. The trays will themrmonitored for temperature to ensure
that the suspensions do not heat up due to tmerst@Wire will support the coupons so
that only the internal pipe will be making contadth the spore suspensions. Coupon
surfaces will be submerged roughly 2 mm into theresguspension.

3.2 Methods

Methods for spore and biofilm enumeration are disteAppendix A for protein and
carbohydrate analysis, and plating proceduresitdiiin and spores are listed in
Standard Methods 9215 and 9218 respectively. Mamtiareagent water preparation
procedures are listed in Appendix C. The proteith @rbohydrate biofilm enumeration
methods will be assessed prior to being used tergémdata in Phase 1 or 2. This
assessment is described in Appendix A

3.2.1 Biofilm Growth
In Phase 1, a biofilm will be grown on the couparfaces by exposing the coupons to

unchlorinated tap water in a 300 gallon recircolatiank for 2-3 months. The levels of
HPCs on the coupons surfaces will be determinedeidiately prior to use. Phase 2
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coupons will be cut from pipe excavated from thed@inati Water Works distribution
system and the natural biofilm on the surfacesalbreserved. If excavated pipe is not
available, new pipe coupons will conditioned thensavay as they will be in Phase 1 but
the coupons will be exposed to chlorinated tap wate

3.2.2 Biofilm Analysis Enumeration

Biofilm will be characterized using heterotrophiate counts. Depending on the
feasibility of the methods, protein and carbohyeliguantification assays may be used in

addition to culture. An estimate of 2u8/cn¥ for protein and 34 ug/cnf of

carbohydrate are present on drinking water distionusystem biofilms. These estimates
will be at the lower limit of methodological restibn and, therefore, will not be the
primary means of quantifying the biofilm but williléd another dimension to the
characterization of the biofilm by providing infoatmon on the ratio of protein which is
prevalent in the cells to starch or carbohydratacivis prevalent in the extracellular
polymeric substances (Langmark et al., 2005).

The assay to be used to quantify the polysacchéads in the biofilm will be the
Colorimetric Method for Determination of Sugars daelated Substances (Dubois et al.,
1956). This method uses concentrated sulfuric alcidg with a small amount of phenol
to produce a color change in the sample that cardmbat 485 nm on a
spectrophotometer. Samples are enumerated ustag@asd curve that uses glucose as
the standard. The ratio of acid to sample in thgimal Dubois study was about 70% acid
to 20% sample. A modification to the assay by Kindeand Taylor (1995) found that
changing the acid/sample ratio to 80% and 20% ectsfely, and adding a cooling step
after the addition of the acid produced increasesbebance readings. Therefore, the
Kimberley/Taylor modification of the method will hesed to quantify carbohydrate.

Proteins found in biofilms are indicative of celass along with a portion of the material
present in the extracellular matrix. Therefore t@iroquantification assays may also be
used to quantify the total amount of protein in iafilm samples and may provide
comparisons of protein to carbohydrate ratios @filons from different areas of a
distribution system. The Coomassie Plus proteimtjiadion kit will be used to
guantitate protein in the biofilm samples. Sampléh high levels of pipe scale will
yield correct results due to the results from tloekndescribed in Appendix A. All

biofilm will be extracted from the pipe using stemphosphate buffer using the sampling
techniques described in Appendix B.

If there is enough biofilm sample left, a 10:1 i will be made and will be run
through a TOC analyzer. The values will be comp&netdOC measurements for the
Cincinnati tap water to determine the TOC fromltkadilm. TOC analysis will depend
on the availability of biofilm samples and the T@galyzer.
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3.2.3 Bacterial Selection / Spore Development

Studies conducted to determine spore-fornBagillus species that could be used as
surrogates foB. anthracishave found that the me&T (C is the concentration of
chlorine in mg/liter, and is the exposure time in minutes) valuesBoglobigii are

higher than the corresponding mean CT values ®thlee other surrogates and the
virulent strain ofB. anthracis makingB. globigiia good surrogate for persistence and
disinfection studies (Rice et al., 200B).globigii serves as a conservative surrogate for
inactivation studies using chlorine. Thus, dataegated from this project could be used
in future studies involving disinfectioB. globigii spores will be grown as indicated in
Appendix C.

3.2.4 Spore Enumeration / Viability / Accuracy Checking

B. globigii spores will be enumerated using spread plate guves described in section
9215 of Standard Methods for the Examination of &/anhd Wastewater (Clesceri et al.,
2005).. The media for spore enumeration will bigtitase soy agar plates as specified in
Standard Method 9218 A. Aerobic Endospores Whartidils of samples are needed,
sterile buffer (0.05 M KHPQy), which is described in Appendix C, will be usexilae
diluent. Colony forming units (CFU) will be countemlapproximate the numbers of
viable spores sampled from the coupon. Percenveegavill be calculated as described
in section 3.4.

3.2.5 Water Quality Monitoring

The following parameters will be measured in alttderinated tap water used for spore
suspensions or rinse water before and after therempnts. Temperature will be
monitored throughout the experiments to ensuretttfgatemperature stays within + 5° C
of room temperature (~25° C).

° pH
. Conductivity
. Temperature

If time, resources, and equipment permit, alkatimitrate, phosphorous, dissolved
oxygen, and total organic carbon may be measurellamcterize the water.

3.2.6 Water Parameter Manipulation

Water of differing ionic strengths will be requiréat Phase 2. To change the ionic
strength of the suspension, equal amounts offQ4, NaCl, KCI, and BaGlwill be
dissolved in tap water. The conductivity of theprssion will be measured in order to
guantify the ionic strength of the suspension. Cetigities of 50, 250, and 4505/cm
will be established by incrementally adding a caorided solution of the salts listed
above (Berg and Sanjaghsaz, 1995; Lytle et al.91199
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3.3 Experimental Design

Relative percent recoveries of brushing and scgapifi be assessed in Phase 1. Phase 2
will use the same sampling procedures on the redbvpipe samples as was done in
Phase 1. Phase 2 will consist of a series of exygeris to determine the impact of ionic
strength, contact time, and spore concentratiothemaw number of spores that adhere
to the coupon. Analysis of variance will be usedidoth Phase 1 and 2 to determine
overall significance of the spore recovery meth@ldase 1) and spores adhering to the
coupon (Phase 2) by observing the differencesliogme recovery and spores recovered.
Paired comparisons among individual recovery meslaod spore recoveries will be
performed to achieve an experimental type | erf@.@5.

3.3.1 Phase 1 Experiment

Phase 1 experiments will use 16 coupons of eaaghmagterial. Sampling techniques and
pipe materials to be used in Phase 1 are outliméuki following table:

Table 3: Phase 1 - Direct inoculation of spore ®rsgpon onto coupon to evaluate
sampling techniques

Procedural] Brushing| Scraping| TOTAL

Blank

(Coupon

spiked

buffer

containing

no spores)
PVC 1 8 8 17
Cement 1 8 8 17
Lined
Iron 1 8 8 17

51

3.3.2 Phase 2 Experiments

Phase 2 experiments will assess the adhesion dspmexcavated water main sections
using the sampling technique (brushing or scraptingf) was found to yield the highest
percent recovery in Phase 1. Additionally, coupwoctulation tests identical to those
conducted in Phase 1 will be conducted if thereeamgh coupons to conduct this test.
As with Phase 1, the predicted number of couponedoh spore suspension treatment
will be three and will depend on the amount of pipet was collected from the
distribution system, available time, and lab spdte goal will be to conduct three
separate Phase 2 experiments, each on a diffdpnsection collected from the
distribution system. Parameters to be tested iséBare outlined in the following table:
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Table 4: Phase 2 - Coupon exposure experiments
Spore Concentration

24 hour spore exposure TOTAL
P P 10°/mL 10°/ml
50 uS/cm
lonic
250 uS/
strength H>rem
450 pS/cm
18

ih Spore Concentration TOTAL
our spore exposure
P P 10%/mL 10°/m

50 uS/cm
lonic
250 uS/
strength H>rem
450 uS/cm

18

Procedural Brushing Scraping
Blank (Coupon
spiked buffer TOTAL
containing no
spores)

Available
section 3 3 3 9

Note that pipe material may vary depending on treélability of various pipe materials from local tea utilities.

3.4 Statistics and Data Acquisition
3.4.1 Phasel

The general test design for Phase 1 is to mealsareoncentration of spores that are
removed from the coupon surface using one of thgbag techniques. A mass balance
approach will be used to determine the percentvegdor each coupon by spiking the
coupon with a known quantity of spores measuresblany forming units (CFU) per

mL. After 16 minutes, the coupon will be rinsedwiap water which will be enumerated
for spores. In order to determine the total nundfespores left on the surface, the
guantity of spores in the rinse will be subtradiedn the initial quantity of spores
applied to the coupon surface. Percent recovetybwitalculated as follows:

Ci = the initial concentration of the spore suspemsipplied to the coupon
C; = the concentration of rinse solution

C, = the number of spores that adhere to the coupdace

%GC, = the percentage of spores that adhere to theooosyrface

Cs= number of adhered spores recovered from the cospdace

%Cs= the percentage recovery of adhered spores @ath@ling efficiency
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To determine %gand %G, the following equations will be used:

%Cq = G —(C + Csap) / Cs* 100
%Cs = CJCa X 100

Data will be saved in CFU/mL for;QC,, and G. Following the experiments %G,
and %G will be calculated using an Excel spread sheet. &tperimental design will
allow the following null (Rb) and alternate (k) hypothesis to be statistically tested:

Ho: %Cs(i) = %Cs(j) for all i, J
Ha: %Cs(i) * %Cs(j) for somei 75]

The experimental design will enable testing ofribé or alternate hypothesis by
assuming that there will be no difference in petcenovery among the sampling
techniques and pipe materials.

3.4.2 Phase 2 Data Analysis

For Phase 2, only one sampling method will be @sebwill be chosen based on percent
recovery data generated in Phase 1. CFU will besaored to determine£the number

of spores that are sampled off of the surface, lwhiitl be the metric of interest.
Additionally, percent recovery calculations in Pdhaswill be the same as Phase 1, where
%Cswill be the metric of interest. Sets of coupon8 & exposed to variations in ionic
strength, contact time, and spore concentratioshawn in Table 4. These experiments
will compare mean values obtained for the diffei@oriditions to determine whether
there is a statistically significant differencevweén them. Only one sampling method
will be used for each excavated pipe section. Dejpgnon the surface of the coupons,
the sampling method may not be based on the rdsafitsPhase 1 since the excavated
pipe surfaces may not be comparable to the Phagddces.

Statistical analysis will consist of evaluating e there is a meaningful difference
between spore recoveries for the different treateneith a 95% confidence interval.

The following null and alternative hypothesis vii# statistically tested in Phase 2:

Ho: Cs(i) = Cs(j) for all i, J _
Ha: Csgi) # Csj) for somei # |

The experimental design will enable testing ofribé or alternate hypothesis by

assuming that there will be no difference in sper®very among the various spore
suspensions.
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4.1

Sampling Strategy

SAMPLING AND MEASUREMENT METHODS
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The purpose of sampling in Phase 1 will be to dttaraze different types of sampling
methods and match them with pipe materials to deter the most consistent and
effective sampling procedures. The procedures faare the most reliable will be used
in Phase 2.

The location of pipe samples excavated from themplovill depend on repair

requirements by the utility. Therefore, as pipdises become available, they will be
sampled.

4.2

Sampling Spores From Coupons

Specific procedures for brushing and scraping dsed in Appendix B, will be tested
during Phase 1. If, during the course of the expenits, procedures in Appendix B need
to be altered it will be revised accordingly. Tlsldwing table summarizes the spore
enumeration samples that will be taken for eaclpoou

Table 5: Spore samples taken for each coupon irs@faand Phase 2

Number of samples

Sample Description Reason for sample Phase 1 Phase 2
Coupon rinse Following inoculation, coupons will be| Quantify the number of 1 0
sample rinsed with 100 mL of tap water to spores that do not adhere

remove spores that have not adhered|tdo the coupon.

the surface.
Coupon Following rinsing, internal pipe surface Quantify the number of 1 1
brush/scrape of the coupon will be brushed/scraped spores that come off with
sample the toothbrush.
Coupon sides and Following brushing/scraping, the sides Quantify the number of 1 1
back sample and back of the coupon will be brushedspores found on the sideg

and back of the coupon

Petri dish check

Determination of the number ofrepo
that stay attached to the petri dishes
during the rinse and removal stages.

Quantitation of number of
organisms left on the dish

3 dishes: (rinse,
removal, and

after the rinse and removal sides/back checks)

steps

2 dishes: (removal,
and sides/back
checks)

Brush and scrape
check

Determination of the number of spore
that stay attached to the brushes and
scrapers

5 Quantitation of number of
organisms left on the
brush or scraper after
removing spores from the

coupon

2 brushes/scrapers:
(removal and sides
and back checks)

2 brushes/scrapers:
(removal and sides
and back checks)

TOTAL

All samples will be enumerated on TSA plates iplicate. Thus, each coupon to be used
in Phase 1 will require 24 plates and each coupdthiase 2 will require 18 plates in
addition to plates required for the QA samples.
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4.3 Pipe Sample Excavation Procedure

Pipe samples obtained directly from a distribusgatem will be obtained from local
utilities and will depend on the replacement regmients of the utilities. The procedure
listed in Influence of Distribution System Infragtture on Bacterial Regrowth (Clement
et al., 2003) will be used for pipe excavation aathpling. This will consist of the
following:

» Prior to cutting pipe, mark flow direction and toppipe with spray paint.

» Take precautions to minimize disruption to thermé scale as the pipe is cut and
removed from the ground by gently removing the pipen the ground by hand,
ensuring that the section stays level.

» Take two samples (one from either side) of the pio#ace as soon as possible
following excavation by scraping within a 39 ttemplate. Mark both locations
with spray paint to make sure that the sampledasaris not used for a coupon.

» If there is access to the system, such as a facmdct a bulk water sample
upstream from the pipe excavation area to deteriP€ counts in the bulk
using a 1 L container.

» Cap the pipe, using rubber end caps, and placeaolar along with the biofilm
samples.

» Transport pipe to a machine shop and have the csupd immediately. Use a
spray bottle to keep the coupons surfaces moist.

* Transport cut coupons to the laboratory for Phasep2riments.

4.4 Frequency of Sampling

Coupons in Phase 1 will be sampled after 18 minoftexposure to the suspension.
Samples for Phase 2 will be taken following a 1rhemd 24 hour exposure to the
suspensions. Extra coupons will be used for bioEhmmeration prior to spore exposure.

4.5 Sample Measurements
A list of the required documentation is providedeétction 5.
4.6 Steady-state Conditions

All glassware and solutions, and media will be Igtaiito the target temperatures prior to
use in the experiments. All incubators and refag@ns will be brought to 35 + 0.5° C and
4 + 2° C 1 hour before being used. The same mkdbraushes, vials, stock buffer
solutions, media, reagents, and pipettes) willdedufor each series of experiments to
ensure that there is no variability.

Glassware, stir bars, graduated cylinders will i®@aved. Equipment that cannot be
sterilized in an autoclave will be submerged inZE000 bleach solution (i.e., Clordx

for 1 hour and rinsed three times with Mill@reated water. Glassware and stir bars will
be baked in a dry oven at 180°C for three hours.
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Procedures for using tap water are outlined in AplpeC. In addition, CFU will be
assessed with respect to the variables given ihddes, Table 7.

4.7 Site Preparation

All analyses will be performed on a bench top tied been disinfected with a 10%
Clorox solution that has been adjusted to a pHOt®6.5.

4.8 Cross-contamination

All sample containers will be labeled appropriateith name of sample, sample number,
and date. All dilution blanks and spread plate$ bellabeled with sample number,
dilution, date and time of day. Sterile disposgbjeette tips will be used and discarded
immediately after use. Spreading rods will be dgppeethanol and burned in a flame
after each plate is spread. Brushes will be diszhedter being used. All solutions and
glassware used in sampling biofilm or spores welisterilized prior to use. Test tubes
and volumetric glassware used to store and makeatds for protein and carbohydrate
guantitation assays will be acid washed betwees. use

4.9 Representative Samples

Biofilm is variable within a distribution systema@the amount of biofilm may depend on
multiple factors as discussed in section 1.2. Lewedy vary considerably within a 2-foot
section of water main. Therefore, as pipe coupoagat from sections of pipe, the level
of disruption will be assessed to determine whetingtiple locations on the pipe can be
used to cut coupons. If possible, coupons be out top, sides, and bottom of the pipe if
this is not possible due to disruption of pipe s@id biofilm from the initial cuts,
coupons will only be cut from one of the sidesha pipe. Coupons will be marked to
indicate where in the pipe they were taken front.&s@mple, a top right side, a middle
center, and a bottom left side coupon would be ts¢est spore adhesion or quantity of
biofilm. After the coupons are sampled, the spoigpensions will be analyzed as soon as
possible after the biofilm and spores are extrafrtaa the coupon.

4.9.1 Sample Identification

Each sample tube, each dilution tube, and eaclaggiate will be pre-labeled with
exposure time, pipe material, dilution, concentmatiand date. The laboratory notebook
and bench sheets will be filled out as the testgnass and data will be recorded as soon
as they are read. Plate counts recorded onto tsdmests will be recorded in the
laboratory notebook will be entered into an Exdel fbllowing the experiments.
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The following charts summarize the measuremenbpod$ to be used for biofilm and

TESTING AND MEASUREMENT PROTOCOLS

spore enumeration as well as for water parameteplgag:

Table 6: Biofilm Sample Measurements
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Parameter Analytical Sampling procedure Sample size/ Replicates Preservation and Maximum
method container storage holding time
Heterotrophic Standard Method | Scraped from 38 cm NA 3 Initiate analysis 24 hours
Plate Count coupon into large Petri immediately, or
dish store at 4°C.
Total Protein Nanoorangg Scraped from 38 ¢t ~0.1mL 3 Initiate analysis 24 hours
Protein coupon into large Petri immediately, or
quantitation kit dish store at 4°C.
Total Protein Coomassie Protein Scraped from 38 cm ~0.2mL 3 Initiate analysis 24 hours
quantitation kit coupon into large Petri immediately, or
dish store at 4°C.
Total Colorimetric Scraped from 38 ¢t ~.5mL 3 Initiate analysis 24 hours
Carbohydrate Method for coupon into large Petri immediately, or
Determination of | dish store at 4°C.
Sugars
Total Organic Tekman Scraped from 38 ctn ~50 mL 3 Add 3 drops of 1 month
Carbon Dohrmann coupon into large Petri H,SO;, and store at
Phoenix 8000 UV | dish 4°C.
persulfate TOC
analyzer
Table 7: Spore Enumeration Samples
Parameter | Analytical Sample procedure | Sample size/ Replicates Preservation Maximum holding
method container and storage time
Spread Standard Scraped from 39 3 Initiate analysis | 24 hours
plating Method cn? into 50 ml vial immediately, or
9215A/C ~5mL store at 4°C.
Table 8: Water Quality Samples
Parameter Analytical method | Reference Sample size/ Preservation Maximum
container and storage holding time
pH pH-meter Standard Methods| In situ NA NA
1992
Conductivity Extech handheld In situ NA NA
conductivity and
temperature meter
Temperature Extech handheld | Standard Methods| In situ NA NA
conductivity and 2550
temperature meter
Total and free Hach DR 2400 50 mL beaker NA NA
chlorine Spectrophotometer

During the course of the experiments, if one ofrtteghods listed in the preceding charts
proves to be unusable, another method may be lighis is the case, new protocols will
be chosen and the QAPP and will be updated acagydin
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6.0 QA OBJECTIVES

The following quality assurance objectives willdraployed to ensure that the proper
methodology is followed:

6.1 Quality Assurance/Quality Control

All analytical samples taken will include positisad negative controls to ensure that the
samples that are analyzed are accurately definedewer than three replicates will be
taken to get representative samples. Samplesrhaugside of the limits of detection, or
that do not meet the acceptance criteria requoethe method, will be noted and
checked for possible errors contributing to thelte¥Vhere possible, the tests will be
repeated. Table 9 summarizes the QA samples takiea for both phases of the project:
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Table 9: QA/QC Criteria
Media Measureme QA/QC Check Acceptance Criteria Corrective Action Fequency
nt
Blank < detection limit Remake standards | Every biofilm
TOC sample
Check Standard 80-120% recovery Retake samples
pH Check against pH 7 buffer + 0.2 pH units Uséediint DO Every
meter sampling event
g Alkalinity Negative control samples 6.9<pH<7.1 Rédmate meter and When time and
3] recheck resources
% permig
Er:ti Conductivity | Check solutions of 200 mS and 2.00 mS Reading + 10% of Adjust meter During Phase
- expected value 2 experiments
= Free and Check tap water fresh from the system Reading% &0 Calibrate Weekly when
= total chlorine expected value (~1 spectrophotometer/ | coupons are
mg/L) replace reagents exposed to
drinking water
Temperature | Check thermometer against a calibrated +0.5°C Note discrepancies Weekly and
thermometer during every
sampling event
TSA Blank: No observed growth Remake plates Every sporn
Incubate plates sampling event]
Spore Viability and quantitation: 100-200 CFU/plate Check spore Every spore
Positive Control plate spike (Known quantity of suspension and sampling event
spores spiked onto TSA) dilution procedures
Buffer check: No observed growth Remake Every spore
Plate buffer solution on TSA to determine buffer/autoclave all | sampling event
Spore sterility glassware
Enumeration Tap water check: No observed®. globigii | Sample tap water Every spore
Plate tap water used for growing biofilm, and | growth from tank a second | sampling event
rinsing/spiking coupons time and autoclave
all glassware
Matrix spike: 100-200 CFU/plate Compare to count§ Two replicates
Scrape biofilm from PVC, Iron, and cement without corrosion and for each phase
coupons. Spike each with 1 mL of spore note differences
5 suspension to determine impact of corrosion on
S spore enumeration.
8 Buffer blank: No observed growth Remake buffer Every biofiln
Biofilm HPC Plate buffer solution on R2A plates sampling event]
R2A Blank: No observed growth Remake plates Every biofil
Incubate plates sampling event
Blank < Detection limit Remake buffer and | Every biofilm
Biofilm repeat protein
Protein - sampling event
Coommassie| BSA Checkstandard (10 ug/mL) 80-120% Recovery Cheafgents and | Every biofilm
protein assay| make new standard | protein
curve sampling event
- Blank < Detection limit Remake buffer and | Every biofilm
Biofilm
Carbohvdratel repeat carbohydrate
Y/
~Phenol samphn_g (_avent
Carbohvdrat Glucose Checkstandard (10 ug/mL) 80-120% Recovery heckCreagents and | Every biofilm
ydrate
assay make new standard | carbohydrate

curve

sampling event]
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6.2 Equipment

SOPs for the various assays will be kept
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in theralory along with the lab notebook.

The laboratory notebook will provide a log of prdoees for each experiment. Where
possible, the appropriate SOP will be referredrtiess deviated from in the experiment.

Equipment such as the pH meters will be used inrdence with the manufacturer’'s
manuals for those pieces of equipment. Larger egein (refrigerators, autoclaves) will
be operated using the standard SOPs outlined ifadigy SOP manual. Laboratory
equipment and instrumentation will be checked fmuaacy as directed in Standard
Methods 9020 B. The following chart summarizes datmirements for equipment:

Table 10: Data Requirements

Data Quality Acceptable If...

Corrective Action If Unacceptable

All equipment, sensor, and meter
calibrations are current.

Out-of-date calibrations will be corrected
by recalibration or replacement of item a
the analysis redone.

Reagents used are not past expiration da
Reagent grade chemicals are used.
Microbiological grade agar used.
Traceable standards.

Negative controls are used to test for
sterility.

tExpired reagents will be replaced and thg
analysis redone. Reject chemicals/agar t
is not proper grade.

117}

hat

Refrigerators, autoclaves, and incubators
are operating at the required temperature

b If temperatures were not maintained with
2 the required limits of the test, the
equipment will be fixed or calibrated and

in

the analysis will be redone.

The PI will ensure that equipment requiring calilsia and monitoring is maintained in
accordance with the manufacturer’s guidelines a4 Eequirements. The following
chart summarizes calibration, use, and maintentomdbe equipment to be used:
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Table 11: Calibration, Use, and Maintenance of Exupent

Equipment QA/QC Frequency Acceptable | Corrective
Criteria Measures

Centrifuges EPA centrifuges are under a Prevemtativ N

Maintenance Agreement (PMA) and Ie)

undergo an annual PM. - »
Autoclaves Autoclaves use tape with each batch that 2 o

contains the date, time, length of cycle, 5 S

and contents of the cycle. Autoclaves arg a S

under a PMA and undergo a quarterly PM. 'f) E
NanoPure water | Check conductivity ® S
purification g g pescribed in
system S = instrument manual
Temperature All water baths, refrigerators, freezers, etc. %‘ £ or SOP: All non-
controlled devices| will be checked prior to and after use. 8’ £ conformances are
Balances Balances are calibrated monthly and 3 corrected before the

annually serviced through the PMA. 2 Instrument Is put
pH and dissolved | pH meters are calibrated daily in buffer. § back to use.
oxygen meters a
Micropipettes Micropipettes are calibrated annually | Annually or as

described

Tracking and All medium is purchased from a nationallyAs needed or Ensure critical | Document if
assessment of recognized supplier. Negative and positivevhen new information is | information is
media, reagents | controls are included in each batch. Lot,| chemicals are recorded. available; qualify
and supplies date of receipt, and expiration dates are|atieceived any results that are

recorded in the laboratory logbook for suspect based on

reagents and media. uncertainties with

expiration dates.

6.3 Standards

Protein and carbohydrate assays will require ttaaidard curves be made prior to the
tests. Therefore standards will be prepared andddke day prior to the sample analysis
to ensure that reliable standards are availablenshenples are being analyzed.

6.4 Data Documentation

All documentation of testing and results shall bgptkn a project-specific file. The
laboratory notebook or laboratory bench sheetstbsheets will contain the following
for each experiment:

» Date of test run

» Data from water parameter analysis (pH, temperatatal and free chlorine, etc.)
* Results from plates

* Results for negative control plates

Data will be entered into a Microsoft Excel Sprdaats. In addition to laboratory bench

sheets, procedures, protocols, and observatiohbeviecorded directly in a laboratory
notebook, which will be present during all expenmse
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6.5 Data Review

The Quality Manager will review test records tontify and resolve any inconsistencies.
The person performing the review will initial thatd copy and date it. All the hard
copies will be kept in a binder and all electrotiéta will saved on CDs.

6.6 Data Reporting / Reduction and Validation

Free and total chlorine, TOC values will be repditemg/L. This value is read
directly from the spectrophotometer or TOC analyzer

Microbial enumeration will be reported as colonynfiing units per milliliter
(CFU/mL) for spread plates. The value reported ldllthe average value of the
CFU/mL from triplicate plates.

. pH is read directly from the pH meter and is dedia¢ the negative log10 of the
hydrogen ion concentration.

. Conductivity will be read directly from the condivitty meter and will be reported
in microSiemens/cm (uS/cm)

Temperature is read in degrees Celsius (°C) dyr&rctin a thermometer.

Protein and carbohydrate concentrations of biofilereported in micrograms per
2
cm’.

6.7 Deliverables

Reports will be prepared summarizing the resulthefstudy. If the results from this
study are compiled for publication, the report \ilbceed through NHSRC management
review.

6.8 Data Validation

Data and calculations will be double checked taismthat data were correctly recorded
and transferred. All EPA data records managemdhbwifiled. Data generated from
microplate readers and other instruments will kedalirectly into Excel files. Data
collected in the lab will be recorded on laboratbeych sheets and transferred to Excel
files as soon as possible.
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0.0 Scope and Application

The purpose of this appendix is to give directiarconducting a preliminary and ranging
study to assess procedures for growing, charactgriand quantifying biofilm. Biofilm
annular reactors (BARS) located in 783 EngineeRegearch Center (ERC) at the
University of Cincinnati College of Civil and Enemmental Engineering will be used to
grow the biofilm. The biofilm will then be used ¢onduct tests to characterize the
interferences that biofilm, pipe scale, and othéolatory reagents have on a test. Two
types of biofilm will be grown: one with dechloriteal Cincinnati tap water and the other
with the addition of phosphorus, nitrogen, and oarbources to enhance the biofilm
growth rate. Once the two varieties of biofilm grewn, they will be assessed for total
protein, total carbohydrate, and phospholipid cottas well as HPC counts to quantify
viable cells. These assessments will be conduciitine addition of various corrosion
materials found in drinking water distribution s#sis in order to determine the impact
that these substances have on biofilm assessmewjuamtification. In addition, Tween
80, a surfactant used in spore extraction assalfderspiked into the sample to
determine its impact on biofilm characterizatiom @mumeration.

1.0 Health and Safety Warnings

o0 Observe all safety procedures discussed in the bk&nizal Hygiene
Plans.

o Observe all safety procedures discussed in the $&iadard Operating
Procedures.

o Disinfect laboratory equipment and benches daily.
0 Report all accidents to the UC safety manager.

o Follow all safety precautions and warnings on késtcontaining
reagents.

0 Analyze and manipulate hazardous chemicals in & faood. This will
include the use of phenol, which is toxic and carabsorbed through skin
inhaled.

0 Manipulate all corrosive and toxic chemicals unitherchemical fume
hood, and dispose of them in the proper manner.

MSDS sheets detailing the hazards of media ancereagre available in the laboratory.
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1.1  Interferences

Chlorine from tap water used as reagent water migyfere with some of the chemicals
used in some of the experiments. Sodium thiosulfatdoe added to tap water that is fed
into the reactors to deplete the chlorine residual.

2.0 Equipment and Supplies

Standard microbiology laboratory equipment, inchgda chemical fume hood, an
autoclave, incubators, hot plates, stirrers, amdtspphotometers, will be required for
this experiment. Specific equipment for each asséigted under each method.

3.0 Experimental Approach

The approach for this study is to assess the acgarad precision of two protein
guantitation assays, one carbohydrate quantitassay, the HPC assay, and three spore
enumeration assays to determine the levels offersrce from various materials that
would be found in samples taken from water infragtire. Biofilm grown under two
different conditions will be compared using thetpmo, carbohydrate, and HPC methods.

4.0 Biofilm Estimates

In a paper investigating various methods used tasome and grow biofilm, Langmark et
al. (2005), measured total protein, carbohydratd,PC counts per dnCoupons were
used to grow biofilm in annular reactors as wellraxlified robbins devices, which
consisted of coupons inserted into drinking watpeg that could be taken out to sample
the coupon. From that work, the following are esti@s of how much protein
carbohydrate, and heterotrophic bacteria there weltee biofilm samples:

Protein Carb HPC
Protein/Carbohydrate/HPC (w/end) (wen?) | (CFUlcnt)
estimates (ug/cA(CFU/cm?2)
Langmark et al., 2005 1-4 1-5 18cn?
Estimate 2 3 1500

In light of the study conducted by Langmark, thikofeing are conservative estimates for
total protein, carbohydrate, and HPC counts thghtte obtained from tests on steady

state biofilm sampled from an annular reactor beotlevices:

Protein/Carbohydrate/HPC Protein Carb HPC
estimates (38 cfil 14 ml PBDW) (w/mL) (WmL) | (CFU/mL)
Estimated concentrations 54 8.1 4071.
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4.1  Protein assays available

There are a number of protein quantitation assegsadle. Many of them trace back to a
paper by Lowry et al., (1951) describing a methmdassessing total protein using Folin
phenol reagent. Since then, companies such asdgeit have developed kits to quantify
proteins in solution. The following is a chart frahe Invitrogen Web site that
summarizes assays available for quantifying pretein

(From Invitrogen Web site: http://www.invitrogenragcontent.cfm?pageid=11111)

Quant-iT 485/590 250 ng — 5 ug 5 min High » Reducing agents
e Amines
EZQ 450/620 20 ng - 5 ug 1hr Medium « Reducing agents
» Detergents
* Ampholytes
 Chaotropes
e Amines
NanoOrang®  485/590 20ng - 2 ug 30 min  Medium « Reducing agents
* Amines
CBQCA 450/550 10 ng — 150 pg 1hr High » Reducing agents
* Amines
Fluoresc-amine 390/475 60 ng — 2.5 ug 1hr High « Detergents
OPA 340/455 40 ng -5 ug 1hr High * Detergents
Bradford 595/--- 20 pg — 300 pg 10 min  High » Reducing agents

* Detergents
 Chaotropes
* Amines

BCA 562/--- 0.4 pg -8 ug 25hr  Medium * Detergents
 Chaotropes
* Amines

Lowry 750/--- 200ng—-300 pg 40 min  Low
UV absorption 205/280 2.8 ug — 420 ug

4.1.1 For the purpose of this study, the NanoOréng®tein
quantitation kig made by Invitrogen and the CoorieaBfu$’
protein quantitation kit made by Pierce will beessed for
precision, given the addition of substances that imrfere. The
NanoOrang® assay (Molecular Probes, 2007) was chosen
because of its use in previous studies involvirggillbn protein
assessment (Langmark et al., 2005). Additionatlg, t
NanoOrang® protein quantitation kit is more sensitive thae th
Coomassie Pldskit (10 ng vs. 1 ug of protein/ml) but may be
more sensitive to interferences from substancds asicletergents,
which may make it less sensitive to Tween (Pie2084).
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The NanoOrangekit allows detection of proteins in solution in
concentrations between 10 ng/mL and 10 ug/mL. Adiogrto the
paper written by Langmark, between 0 and 4 u§/ehbiofilm
was present on coupons taken from annular readtbesefore, a
conservative estimate of total protein may bg/@m?. Samples
extracted from two 19-cfislides in 14 ml of buffer will contain
2.71 ug of protein/ml, which is within the rangdgoth protein
assays.

4.2  Carbohydrate assay

42.1

4.2.2

The Colorimetric Method for Determination of Sugarsl
Related Substances (Dubois et al., 1956) will leelus determine
total carbohydrate in the biofilm samples. Thisaggavolves
adding .05 ml phenol to 2 mL of sugar solution: b of
concentrated sulfuric acid solution is then adagadly to the
colorimetric tube. After 10 minutes the tubes draken and
heated, and then the color is read using a coléeimé&he
carbohydrate content can be quantified by refergnaistandard
curve previously constructed for the particularaaugnder
examination. Underwood, Paterson, and Parkes (1&89%)ucted
the Dubois carbohydrate test on intertidal sedisiantd found
that 200 mM NaEDTA mixed into 100-mg sediment samples
and incubated for 20 minutes at 20°C gave thepgmsentage
recovery for the carbohydrate. Addition of EDTA mag/assessed
as a preliminary step to the carbohydrate analysis.

According to Dubois, the required amount of carlibhte needed
for the test is between 5 and 35 ug of sugar feryet ml sample.
Therefore, at an estimated 8.14 ug of carbohyqratenl, the
biofilm that will potentially be collected is withithe limits of
detection for the Dubois assay. If lower levelsafbohydrate are
obtained from the samples, methods for concengratiay be
looked at.

4.3  Heterotrophic plate count (HPC)

43.1

HPC will be performed as described in section 921B215C for
spread plates) in Standard Methods (Clesceri €2@05). If 16
CFU/mL is expected, Iddilution will be conducted.

4.4  Impact of corrosion materials on protein and carbolydrate assays

44.1

Materials that can commonly be found in water distron
systems will be assessed for their relative impagprotein,

119



4.4.2

4.4.3

4.4.4

4.4.5

Revision 2
January 22, 2008

carbohydrate, HPC, and PLP assays. Results assviiikir spore
enumeration assays. The following interfering coomats will be
directly added to samples of biofilm for a qualitatassessment
of the impact of each substance.

Impact from iron oxide: Iron oxides will be pres@msamples
from corroded iron pipes. If iron surfaces are esqubto tap water,
they will quickly oxidize. When sampling a pipe fage such as
ductile iron or cast iron that is new or has besrently cleaned,
there will inherently be oxidized iron in the samprhis may
impact microbial detection and enumeration assaysed as the
biofilm assessment assays described above. TheyefotX M
solution of ferric chloride will be spiked into thofilm and spore
samples to determine its impacts.

Impact from iron tuberculation: Tuberculation frawo different
cast iron water mains will be collected and groupdising a
mortar and pestle. Tuberculation of iron pipes aors other
metals such as calcium and sulfur in addition soiuble iron
solids formed over time in the system through primaecondary,
and tertiary reactions. There are no standardgipa scale, so a
standard composition cannot be determined. Soaihe ¢ast iron
pipe taken from two different distribution systeml be used to
determine whether there are significant interfeesrfcom the
real-world tuberculation. Portions of scale thayrba found in a
sample if manually brushing or scraping the pipdase will be
used. The resulting solution will then be addedamples
containing biofilm and spores.

Impact from cement: Cementous material, espeanaly cement,
leaches carbonates and hydroxide ions when exposedlter,
especially soft water. If cement is scraped offewimanually
sampling a pipe coupon, corrosion and cementousriabiay be
present in the sample. This can potentially raigepH, which will
impact the biofilm assessment and spore enumerasisalys. To
determine the potential effects, concrete from oeteclined
ductile iron pipe will be crushed and spiked irtte biofilm
samples.

Impact from Tween 80: will be assessed by spikighesample
vial with .01% Tween 80. Tween could potentiallydukled to aid
in extracting hydrophobic or negatively chargednuties from
surfaces. This may interfere with protein and chylooate
assessments of biofilm.
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4.5 Impact of corrosion materials on spore enumeratiethods given the time and
resources, mass spectrometry, culture methods?@miwill be assessed with
and without the addition of the corrosion materisted above and biofilm.

These experiments will involve spiking biofilm salegptaken from the BARs

with the four interfering materials listed abowve.addition, spores will be spiked
into the samples and assays will be run to detexitia number of spores present
in the samples.

4.6  Differences in biofilm grown under two types of diions will be assessed. One
of the reactors will be run using dechlorinatedd@inati tap water for six weeks
to grow a steady-state biofilm, which will be usesdthe control. The other reactor
will be spiked with 250 ug of acetate during th&t leek of growth to determine
the impact of an increase in assimilable organib@aavailable to the biofilm.
The purpose of this part of the study is to evauhé differences in protein,
carbohydrate, fatty acid, and HPC concentratiorieentwo different biofilms.

The goal will be to determine whether biofilm growith Cincinnati tap water
changes with respect to protein, carbohydrateetbmambers (PLP/HPC) when a
short-term increase of assimilability carbon isikde. Therefore, three days of
250ug/L of acetate will be fed into the reactors ptmextracting the biofilm.

5.0 Study Design

This study will use a replicated factorial desigrdetermine the impacts on biofilm
enumeration and characterization. The followingaldes will be assessed in the first
part of the study (see Table 1):

. Two types of biofilm
. Four biofilm assessment assays
. Four interference tests (iron oxide, iron tub&tian, cement, and Tween 80)

The second part of the study will use a similaiglieso assess the impacts of corrosion
materials on spore enumeration assays. The follpwamiables will be assessed in the
second part of the study (see Table 2):

. Two types of biofilm (enhanced and natural)
. Four interference tests (iron, iron tuberculatioement, and Tween 80)
. Three spore enumeration assays (culture, PCRMaisd Spectrometry)
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No Biofilm/No Ferric Iron Cement Calcium
Biofil | Contaminant Chloride Tuberculatio Hydroxide
m n
E* N** E N E N E N E N
Biofilm Protein quantitation
Ahjserfs(;nem NanoOrang® kit 3 13 3 3 3 3 3 3 3 3 3
etho Coomassie PIGskit 3 3 3 3 3 3 3 3] 3] 3| 3
Carbohydrate
guantitation
Dubois sulfuric acid and 3 3 3 3 3 3 3 3 3 3 3
phenol colorimetric test
Phospholipid
phospholipid fatty acid test| 3 3 3 3 3 3 3 3 3 3
Culture
Hetrotrophic plate count 3 3 3 3 3 3 3 3 3 3

* Biofilm grown with the addition of acetate, callenhanced growth (E)

**Bjofilm grown under natural growth conditions Wino nutrients added (N)

6.0

6.1

Sampling

Biofilm sampling procedure

6.1.1 Remove coupons from both reactors after six weeks.

6.1.2 Extract biofilm from coupons using a sterile celtaper. Into 14
mL of PBDW.

6.1.3

Take four coupons from each reactor. Ensure thghaas are

taken symmetrically, rather than four in a row. Rembiofilm
from the four coupons so that there five 28 mL slasper
reactor each containing four coupons worth of biofiEach of the
samples will be treated as described in Sectiorfcbdtrol,
Tween, iron, cement, iron chloride).

The following tables illustrate the projected amisunf biofilm and how the

biofilm will be allocated.
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Table 2: Total biofilm amounts

Number Extraction
of Buffer/Coupon | Total
Biofilm Amounts Coupons (mL) Volume
Reactor A 20 7 140
Reactor B 20 7 140
Table 3: Biofilm allocations per reactor
Number Extraction
of Buffer/Coupon | Total
Biofilm Amounts Coupons (mL) Volume
Reactor A 20 7 140
Reactor B 20 I 140
Table 4: Biofilm assay requirements
Number | Sample| Volume
Sample Allocations (per of Size | Required
reactor) Samples | (mL) (total)
NanoOrange Assay 18 0.064 1.152
Coomassie PlgsAssay 18 0.75 13.5
Dubois Carbohydrate
Assay 18 0.45 8.1
Phospholipid Fatty Acid
Assay 18 4 72
Heterotrophic Plate Count
Assay 18 1.5 27
121.752
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The following water quality parameters will be mioned in both reactors.

Table 5: Water parameter sampliigp be conducted daily throughout the biofilm gtw
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period)
Maximum
Analytical Method Sample Container/ Preservation Holding
Parameter and Name Reference Quantity of Sample | and Storage Time
TOC APHA 5310 APHA Glass vial with Acidification 10 days
TOC analyzer (1992) Teflon-lined lid 10mL | and storage at
Shimadzu TOC-V csh 4°C
pH APHA 4500H+ APHA In situ NA NA
pH-meter Accumet (1992)
AP61
Alkalinity HACH alkalinity test HACH Graduated glass NA NA
kit catalog cylinder then 250mL
2063700 glass Erlenmeyer/
100mL sample
Nitrate APHA 4500-N@ APHA 250mL glass NA NA
(spectrophotometer at | (1992) Erlenmeyer/quartz
220/275 nm) cell
Phosphorus HACH phosphorus testHACH 16-mm sample glass | NA NA
kit low range catalog vial
HCT121
Dissolved APHA 4500-0, Fisher | APHA In situ NA NA
oxygen brand* Traceable* (1992)
Portable Dissolved
Oxygen Meter
Temperature APHA 2550, Fisher | APHA In situ NA NA
brand* Traceable* (1992)
Portable Dissolved
Oxygen Meter
7.0 Procedures
7.1 Reagent-grade water will conform to specificationgn Standard Methods

7.2

7.3

Phosphate buffered dilution water (PBDW)

7.2.1 Assemble the following:

Potassium phosphate (KPIO,)

Reagent-grade water

71.2.2

0.34 g
~1.0L

and stir to dissolve in a 2-L bottle.

7.2.3
7.2.4
7.2.5
7.2.6

grow biofilm)

Adjust pH to 7.2 0.5 with 1 N NaOH.
Bring volume to 1 L with reagent-grade water. &iicombine.
Autoclave for 20 minutes at 121°C.
Store at 4°C
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7.3.1 Collect tap water in large sterilized containerstm that tap is
flushed until the temperature of the flowing waldees not vary
by more than 1°C over a period of 1 minute.

7.3.2 Allow container to sit until chlorine residual hdissipated.

7.3.3 Characterize water parameters prior to use. Use sajpnwater
source for each group of experiments.

7.4  Tween extraction buffer to be used to extract biofim from coupons to
determine interference from Tween:

7.4.1 Assemble the following:

PBDW ~1.0L
Tween 80 10.0 mL (0.01%)

7.4.2 Fill 2-L bottle with 500 mL of PBDW.
7.4.3 Add 10 mL Tween 80.
7.4.4 Bring volume to 1 L with reagent-grade water. &iicombine.

7.5  Biofilm growth water (for the addition of 250 ug Ceq./L)
7.5.1 Assemble the following:

Sodium acetate (carbon source) CH3COONa *3H20
Dechlorinated tap water

7.5.2 Prepare a stock solution by adding 0.142 g of &eéta250 mL of
reagent water. After mixing the solution, prepane 50-ml
conical tubes with 25 mL of the acetate solutione@ill be
added each day to the 10 L of tap water.

7.6  Heterotrophic plate counts (HPC) will be performedas described in section
9215A (9215C for spread plates) in Standard Methods

7.7  Colorimetric Method for Determination of Sugars and Related Substances
7.7.1 Assemble the following:

Reagent-grade sulfuric acid with specific gravityl @4
Reagent-grade phenol (80% by weight, prepared dingd®0 mL of
distilled water to 80 ml of phenol)

Fast-delivery 5-ml pipettes

Colorimetric tubes

0.02, 0.05, and 0.1 ml micropipettes and tips
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7.7.2 Pipet .5 mL of sugar solution containing 1 and ~g0nL of
sugar into a colorimetric tube and 27 uL.

7.7.3 Transfer 2 mL of concentrated sulfuric acid rapidiythe sample
surface to obtain good mixing then shake tubesakensure the
acid and sample are mixed. Transfer 27 uL 80% HHhertbe
samples and then place them in a 25° to 30° wathrfor 10 to 20
minutes. The color will be stable and the sampéeshe read for
several hours.

7.7.4 The amount of carbohydrate may then be determigeadference
to a standard curve. Absorbance, a is measured tignequation:
As = absorbance, where As is a dimensionless egtial to
logl0 Tsolvent/Tsolution, T is the percent traiteance, b is the
length of light path, expressed in cm and c iscibigcentration, in
micrograms of sugar per milliliter of final volume.

7.8 NanoOrang€® Protein Quantitation Kit
7.8.1 NanoOrang® kit reagents

NanoOrang® protein quantitation reagent (Component A)
NanoOrang® protein quantitation diluents (Component B)
BSA standard (Component C)

Reagent water

7.8.2 Assemble the following:

Mercury thermometer

Dry bath incubator

Microplate block

Black 96-well flat bottom microplates

Digital thermometer with dual “K” thermisters
1.5 mL flat-top microcentrifuge tubes
Standard disposable fluorescence cuvette

7.8.3 The NanoOrandekit can measure proteins in solution at
concentrations between 10 ng/mL and 10 ug/mL. kollo
NanoOrange kit instructions to make the NanoOratigent.
Transfer 30 uL of biofilm sample into the NanoOrenhgiorking
solution. Follow procedures on the kit for addihg NanoOrange
reagent.

7.8.4 Sample volume requirements are ~0.1 ml of samplsiifg
analyzing samples using fluorescence cuvettes (ukpg on
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level of biofilm in the sample) sample requiremehots
microplates will be substantially less.

7.8.5 Read fluorescence using fluorescence cuvettes@pplates
allowing excitation at 485 nm and capturing thessioin at about
590 nm.

7.9 Coomassie Plu Kit
7.9.1 Coomassie Reagents

Assay reagent
Albumin standard ampules

7.9.2 The Coomassie Plfiprotein kit has a range of 1-25 mg/mL.
Protein samples are mixed with assay reagent, atedloriefly,
and the absorbance is measured at 595 nm.

7.10 Phospholipid Fatty Acid Assay

Phospholipid fatty acid analysis is a good indmatf viable cell numbers. This
procedure involves placing the biofilm sample intima@ol, chloroform, and phosphate
buffer solution, which is then analyzed using tiAE-atty Acid Methyl Ester (FAME)
Analysis, SOP#: 05.SOP-M.002.01. 4 mL of the 27bidfilm samples will be required
to perform this assay. Furthermore, it will valiel#lhe information on cell counts gained
through the HPC assays.

8.0 Waste management

Dispose of all samples, solvents, reagents, aratd#tiry wastes in accordance with the
Laboratory’s Waste Management Guidelines.
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SPORE SAMPLING PROCEDURES

Prepared by: Date:

Approved by: Date:

U.S. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH AND DEVELOPMENT
NATIONAL HOMELAND SECURITY RESEARCH CENTER
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0.0 Scope and Application

Techniques for sampling microbes from surfaces wadgly, and therefore, there is no
universal or standardized way to sample microbesblEms with extraction occur
especially when the surface is porous. Care mutdksa not to inactivate or rupture the
cells of the organisms during the sample extraghimtess, which can happen if a
sonicator is used. This procedure describes thetplavaluate extraction methods to
determine which is the most effective. There axes# ways in which microbes can be
extracted from a surface. It has been shown thwateplures for collection d@acillus
spores using swabs, wipes, and vacuum socks orormgpsurfaces typically tend to
underestimate the actual number of spores on tifi@cgu(Rose et al., 2004). This is most
likely to be true in the case of sampling from aqus pipe surface such as concrete or
corroded iron. This evaluation will determine tledative sampling efficiencies and
methods of spore removal in order to determine Wwhiethod will work the best for the
follow on sample analysis. There will be two stédps will determine the sampling
efficiency.

Given that the limits of detection for culture-bdseethods of cell enumeration, it is
important that a method for spore extraction beipee This preliminary study will

assess the efficiencies of scraping, brushingcating, and combinations of these to
determine what methods work the best.

1.0 Summary of Method

This Appendix will explain procedures for physigalemoving spores from a pipe
coupon cut from a water main. The procedures tassessed are the following:

. Scraping the corrosion off the coupon using dsmhper.
. Brushing the coupon with a brush

Percent recovery, accuracy, and the precisionasehechniques will be statistically
analyzed.

2.0 Health and Safety Warnings

The analyst must know and observe the normal safeisedures required in a
microbiology laboratory while preparing, using, ahigposing of cultures, reagents, and
materials, and while operating sterilization equio

3.0 Cautions

3.1 Reagent standards must be prepared fresh on the daf the analysis.
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3.2  Determination must be made within 48 hours of colletion and sample stored
at 4° C.

3.3  TSA plates must be read no more than 24 hours aftehe addition of spore
suspensions.

3.4  Heat shocking of spores should last no longer thatD min over 80° C
4.0 Interferences

4.1 Due to the surface properties of the pipe, peraticextraction solutions will be
heterogeneous and have clumps of corrosion. Fditrhisamples that containing solids,
samples will be homogenized using a tissue homageprior to analysis.

5.0 Preparing Coupons and Spore Suspensions

5.1  Coupons cut from new sections of pipe will undettgmfollowing conditioning
process prior to adding coupons to the tank:

5.1.1 Scrub coupons in tap water, using a test tube bustmove any
miscellaneous debris.

5.1.2 Using a spray bottle, spray the coupons and ras&d to hold
coupons with 200 mg/L sodium hypochlorite soluticoating all
surfaces of the coupon.

5.1.3 Let the coupons and racks stand for at least 3Qtesnand then
rinse with tap water.

5.1.4 Place coupons in racks, again rinse with tap watat,then rinse
with deionized water.

5.1.5 Immediately expose coupons to trays containingicaatisly
circulating tap water in order to establish a ctoding biofilm.

6.0 Preparing for Coupon Spiking and Sampling

6.1  Ensure that the following items are turned on amedcalibrated and the lab has
been disinfected:

* Autoclave or steam sterilizer capable of achievi@@°C (15 I)

e Hot water bath set to ~95° C

* Incubator set to 35°C

¢ Disinfect all bench tops, and biosafety cabinetfiwi1% bleach solution
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6.2  Assemble the following on a sterile bench

» Paper towels

* 100 mL sterile sample bottles

* Rinse bottles filled with 50 mL of a PBDW and .01%en solution.
» Toothbrushes/cell scrapers

» Pipette, adjustable — 1-200 uL, 100-1000 uL wighilst pipette tips
* 10 mL sterile disposable pipettes

* 50 mL sterile disposable pipettes

* Vortex mixer

« 10° spore suspension — Spore suspension to inocuapon

» Certified timer

» Peristaltic pump. Ensure that pump is calibrated 1®0 mL /min

» Sterile 50 mL

Set coupon racks up and distribute equipment iorder of use

6.3  Assemble the following items are standing by onkiech prior to collecting
coupon samples:

» Paper towels

e 10% bleach solution

» Sterile cell spreaders

e 150 mm TSA agar 100 mm petri dishes

» Blanks filled with 9 mL of PBDW.

* Pipette, adjustable — 1-200 uL, 100-1000 uL wighilst pipette tips
* Vortex mixer

» Sterile 500 mL beaker or flask

» 5 sterile 50 mL test tubes filled with PBDW and%®iween

Make sure that plates and dilution blanks are Ebahd staged in the order that they will
be used. Prior to sampling and spiking coupons ensake that the water bath is on and
set to 95° C, the incubator is set to 35°C andtheclave is on. Sterilize all surfaces that
are to be used and assemble equipment and consuiteab$ described above on the
bench or biosafety cabinet. Set up coupon rackspkeabottles, to be used for spore
spiking, rinsing, and removal in the biosafety o&ihi Place all equipment described
above in biosafety cabinet, sterile bench topshemrutoclave tray. Take a ~ 500 mL
sample of tap water for the tank. This will be ussdinse water and spore suspension to
be used for spiking the coupons.

7.0 Procedure

7.1  Spore suspension
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Collect 1 L of dechlorinated tap water from thektama sterile
beaker. Take the sample back to the lab and fi0@mL sample
bottle with 50 mL of the dechlorinated tap watquike 10uL of
concentrated spore suspension into the sampleb®tils is the
spore suspension to be used to spike coupons. ttabbbttle
accordingly.

7.2  Coupon Collection

7.2.1

Using a sterile autoclave tray, take a petri desthe tank and
carefully remove a coupon from the rack and plagethe petri
dish while under water to ensure that the coupamisxposed to
the air. Place the coupon with the internal pipdase facing up
on the dish, place dishes in a sterile autocleaagdnd take the
tray back to the lab. Ensure that there is enouafemn the dish
to keep the coupon submerged.

7.3  Coupon Inoculation

7.3.1

71.3.2

7.3.3

7.3.4

7.3.5

Remove the coupon from the petri dish. Make suaettie
majority of the water on the surface of the couodrained from
the coupon surface by holding the coupon verticadigr the petri
dish for 30 seconds.

Once the surface has drained, place coupon on getindish
with. Using a small level, place paper towels urttiersides of the
dish so that the coupon is level in all directiofisis step ensures
that the spiking suspension stays on the coupdaciand does
not run off.

Spike the surface with .5 mL of the suspension2nirech area in
the middle of the coupon. Carefully, spread thegsasion to all
areas of the coupon using a sterile pipette tieeQhe entire
surface of the coupon is covered, set timer forirfubes and
activate a countdown timer.

Prepare rinse water and the peristaltic pump feritise phase of
the experiment.

After 9 minutes is up, spread the suspension dwecoupon
again with a sterile pipette tip.

7.4  Coupon Rinsing

7.4.1

After the coupon has been inoculated, pick up theon so that it
is perpendicular with the petri dish. Pick up tlemon quickly so
that the suspension on the top of the coupon gatestbe plate
and does not go onto the sides of the coupon. Uamgvater

from a peristaltic pump rinse the coupon for ~ 1 twrholding
the pump tube 1/4 inch from the top of the coupilerallowing
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the water to run down the coupon into the same gistn that the
coupon was spiked in. Take care not to get wattr the sides of
the coupon. Ensure that the coupon surface is gviersed by
moving the tube slowly back and forth % inch abbsgecond each
way. Place the petri dish out of the way. Rinselbiom of the
coupon to rinse any residual spores that may hiaé $0 the
bottom during rinsing.

Spore Extraction

7.5.1 Brushing

. Using a rinse bottle containing 50 mL of phosphate
buffer containing .01% tween 80, brush the coupgingi
downward and diagonal strokes ensuring that athef
material on the coupon goes into the dish. Rinse th
coupon surface thoroughly between brushing, catigct
the rinse in the petri dish. Complete this proeesmes.
Rinse the sides and back of the coupon with thrdeste
PBS, ensuring that all surfaces of the coupon baen
rinsed. Use the remaining PBDW in the rinse bdttle
rinse the brush thoroughly. Save the remainingltesi
PBDW in the rinse bottle for rinsing the plate when
transferring the suspension to the sample bottle.

. Transfer the PBDW to a sterile 100 mL sample
container. Pour the remaining PBDW that is in thee
bottle into the petri dish to rinse the dish andmptbe rinse
into the sample container.

7.5.2 Scraping

. Using a sterile disposable cell scraper scrap#oihme
layer of corrosion and biofilm into a sterile 15 petri
dish. Ensure that all of the material that is setapff the
coupon surface is deposited into the petri dishajgxthe
coupon from both directions horizontally so that th
biofilm/spores are scraped to the center of th@oouthen
rinse the coupon the same as was done with thé.b@es
through this process 4 times in the same mannends
done for brushing. Save the remaining residual PBBW
the rinse bottle for rinsing the plate when trangfg the
suspension to the sample bottle.

. Transfer the PBDW to a sterile 100 mL sample
container. Pour the remaining PBDW that is in thee

133



Revision 2
January 22, 2008

bottle into the petri dish to rinse the dish andmpbe rinse
into the sample container.

7.5.3 Sides and back check

. Hold coupon vertically over a sterile petri dish.
Using 50 mL of buffer in a rinse bottle, rinse gides and
back of the coupon and then gently brush the sides,
bottom, top and back. Collect this into the stepiri dish
and transfer to a labeled sample bottle. Do nagtbar

rinse the internal surface of the pipe coupon.

. Make sure countertops are cleaned and gloves are
replaced during the transition between coupons.

7.5.4 Brush and scraper spore check

. Place brush or scraper into a 50 mL test tube
containing 10 mL of PBDW with .01 % tween.

. Vortex the tube containing the brush or scraper for
2 min using 10 second intervals.

. Ensure that any residual buffer is off of the brbgh
pressing the bristles against the side of the tRkeeove

the brush/scraper and discard them.

7.5.5 Petri dish spore check

. After the spore suspension has been transferred to
the sample bottle, swab the surface of the Pethi dith a
moistened macrofoam swab.

. Swab the plate in one direction with one side ef th
swab turn the plat 90 degrees and swab the platg tise
other side of the swab.

. Place the swab into a 50 mL sterile test tube
containing 10 mL of PBDW containing .01% Tween.

. Vortex the tube containing the swab for 2 min using
10 second intervals.

. Ensure that any residual buffer is off of the swgb
pressing it against the side of the tube. Remoese th
brush/scraper and discard them.

7.6  Spore Enumeration

7.6.1 Ensure that the plates are at room temperatura@groperly
labeled. The following is the plate labeling scheme
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. Pipe material: (Iron — I; Concrete — C; PVC — P)
. Action: (Scrape — S; Brush — B) (Rinse — R)
(Sides/back — S/B)

. Dilution: (0; -1; -2; etc.)

. Prior to pipeting suspensions onto plates, double
check that all material has been legibly labeled.

7.6.2 Following heat treatment, vortex the tubes and sartqpttles
solutions for 30 seconds. Make serial dilutionseagiired. Make
sure that you stays organized so that sampledatexpn the
properly labeled petri dishes.

8.0 Quality Control and Quality Assurance
QA/QC samples and procedures discussed in secliorilb be followed.
9.0 Data Analysis

Data analysis procedures discussed in sectiortf8&dDAPP will be used.

10.0 Water Parameter Monitoring

Water parameters outlined in section 5.0 will benitaved for all tap water used in the
study.
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Appendix C

PREPARATION OF REAGENT WATER AND MEDIA

Prepared by: Date:

Approved by: Date:

U.S. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH AND DEVELOPMENT
NATIONAL HOMELAND SECURITY RESEARCH CENTER
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0.0 Scope and Application

The procedures in this appendix specify how reagemer and reagents will be prepared.
Reagent-grade chemicals shall be used in all tesisided in this appendix are
instructions on microbiological media preparatiow anstructions on how water with

various ionic strength and pH values will be mddsstly, in order to expedite biofilm
growth, acetate will be added to tap water that ontact with the coupons.

1.0 Health and Safety Warnings

o Observe all safety procedures discussed in the GA®REP in addition to
any site-specific safety considerations.

o Disinfect laboratory equipment and benches daily.
o0 Report all accidents to the ORD safety manager.

MSDS sheets detailing the hazards of media anceerdéa@re available in the laboratory

2.0 Reagent-grade Water

Reagent-grade water will conform to specificationStandard Methods for the
Examination of Water and Wastewater (21st ed.).

2.1  Phosphate buffered dilution water (PBDW)
2.1.1 Stock potassium phosphate solution

Potassium phosphate (KH2PO4) 0.34¢g
Reagent-grade water ~1.0L

2.1.2 Procedure:

. Combine potassium phosphate and 500 ml of
deionized water and stir to dissolve in a 2 L leottl

. Adjust pH to 7.2+0.5 with 19 N NaOH

. Bring volume to 1L with deionized water. Stir to
combine.

. Autoclave for 20 minutes at 121° C.

. Store at 4°C.

2.1.3 Stock magnesium chloride solution

Magnesium chloride hexahydrate (MgCI2 6 H20) 8&i.1

137



Revision 2
January 22, 2008

Deionized water

1L
. Combine and stir until dissolved in a 2L bottle.
. Autoclave for 20 minutes at 121°C.

. Store at 4°C.
2.1.4 Working PBDW solution

Stock potassium phosphate solution

1.25 ml
Stock magnesium chloride solution
5.0ml
Deionized water
1L
2.1.5 Procedure
. Combine ingredients and stir to mix
. Autoclave at 121° C for 30 min
. Store at room temperature.

2.2  Dechlorinated Tap Water (to be used for spore suspensions and rinse water)
2.2.1 Collect tap water in large sterilized containerste that tap is
flushed until the temperature of the flowing walees not vary
by more than 1°C over a period of 1 minute.

2.2.2 Expose container for 2 hours to an ultraviolet Ilssaph as one
found in a biological safety cabinet.

2.2.3 Characterize water parameters listed in the saggkaction of the
QAPP. Use the same tap water source for each group
experiments.
2.3  Extraction Buffer W ith Tween
2.3.1 Composition

PBDW ~1.0L
Tween 80 0.1 mL (0.01%)

2.3.2 Fill 2-L bottle with 500 mL of PBDW.
2.3.3 Add pipet 100 ul of Tween 80.
2.3.4 Bring volume to 1 L with reagent-grade water. &iicombine.

2.4  Water With Acetate (preparation of 1 liters)
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2.4.1 Composition

Tap water ~1.0L
Acetate l4g¢g

2.4.2 Add 1.4 g of acetate to 1 L tap water.

2.4.3 Mix thoroughly and place 1 mL of the solution ird@econd
container holding ~ 999 ml of tap water.

2.4.4 The resulting solution will have 250 ug of carboh/m

TSA Media

2.5.1 Composition (preparation of 1 liter)

Nutrient Broth 8.0¢g
MnSO, 40.0 mg
CaCb 100.0 mg
Reagent-grade water 10L

2.5.2 Combine ingredients in a 1-L flask and stir unit#iswblved.
2.5.3 Aliquot 100 ml into each of ten 500-ml flasks.
2.5.4 Autoclave flasks with media at 121°C for 15 minutes

R2A Media

2.6.1

Nutrient Broth 80¢
MnSO, 40.0 mg
CaCb 100.0 mg
Reagent-grade water 10L

2.6.2 Combine ingredients in a 1-L flask and stir unisisslved.
2.6.3 Aliquot 100 ml into each of ten 500-ml flasks.
2.6.4 Autoclave flasks with media at 121°C for 15 minutes

Spore Preparation Procedure

Slants ofBacilluson Heart Infusion (BHIA) agar are stored in thigigerator. To

prepare new spores, a fresh transfdB.afnthracisis streaked into a slant of BHIA and
incubated overnight at 25°C. This fresh culturesed to inoculate the spore media.

3.2

Growth of Spores
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Inoculate 500 mL Erlenmeyer flasks containing 1d0@&eneric
Spore Media (see formulation below) with a cultafeegetable
cells ofBacillus.

Incubate with continuous, gentle shaking at 35%tdeast five
days.

Check the solution for the presence of spores avitlet mount
slide preparation using phase contrast microscopy.

When the slide preparation reveals an adequate sjpispension,
proceed with the purification.

3.3  Purification of Spores

3.3.1

3.3.2

3.3.3

3.34

3.3.5

3.3.6

Ascetically transfer the contents of each flask sterile 25-mL
centrifuge tubes. Balance the tubes and centrifiige
approximately 5900 fcf for 20 minutes, using a fixangle rotor.
Pour off the supernatant into a discard beaker. 2@lchL of cold,
sterile deionizer water to each tube. Vortex eatle wntil the
pellet is completely resuspended in the water. @age again at
approximately 5900 rcf for 10 minutes. Discard shpernatant
and resuspended in 30 mL of cold, sterile deionvzater per
tube. Centrifuge for another 10 minutes as befamd,discard the
supernatant.

Combine the contents of the tubes into multiples #ll allow
ease of centrifugation. Aseptically add 30 ML ofd;sterile
deionized water to each tube and resuspend thespor
Combine 58 mL of Hypaque™ with 42 mL of sterilejatezed
water. Mix well. Add 12 mL of the Hypagque™ solutitma clean,
sterile, 35-mL centrifuge tubes. Pipette the spoispension,
carefully layering it on top of the Hypaque™ sabuti Centrifuge
at approximately 5900 rcf for 30 minutes, usingvinging bucket
rotor.

Pour off and discard the supernatant. Add 30 mtotd, sterile
deionized water to the pellet in each tube andssd the
spores. Centrifuge at 5900 rcf for 15 minutes, gisiriixed-angle
rotor.

Discard the supernatant and resuspend the spo8&snri of
cold, sterile deionized water. Wash the sporesamyrifuging at
5900 rcf and resuspending twice more. Centrifugeragliscard
the supernatant, and resuspend the spores in §4@p&thanol
solution. Store at 4°C.

4.0 Waste Management

Dispose of all samples, solvents, reagents andad&dry wastes in accordance with the
Laboratory’s Waste Management Guidelines.
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Appendix D

HEALTH AND SAFETY RESEARCH PROTOCOL

Prepared by: Date:

Approved by: Date:

U.S. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH AND DEVELOPMENT
NATIONAL HOMELAND SECURITY RESEARCH CENTER
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Purpose

To ensure adequate review of proposed occupatsafiely and health precautions,
procedures, and techniques for the use, handliogage, and waste disposal of
hazardous agents utilized in research activities.

As the principal investigator, you should be maxjrazant of the specific or potential
hazards associated with agents upon which youar@ucting investigations.

A hazardous agent, as defined by the AWBERC HealthSafety office, is one that has:

An LDs (oral, rat) <50 mg/kg body weight

An inhalation LC50 toxicity (rat) of <2 mg/liter

A dermal LDy toxicity (rabbit) of <200 mg/kg

One that causes carcinogenic effects (confirmrexispect in humans and/or

confirmed in animals)

* One that causes teratogenic or mutagenic eftecteumans or animals)

* Any infectious biological agent (as defined by €Bnd/or NIH)

* Any explosive or violently reactive agent (shadasitive, peroxide forming, and/or
violently reactive with moisture/air)

* Is a sensitizing agent.

Note: Any material being studied because it is eatgul of meeting any of the above
criteria also requires a protocol.

Suggested online references:

- National Toxicology Progranhftp://ntp.niehs.nih.goWChemical Health and Safety
Information)

- American Biological Safety Associatioht{p://www.absa.org(Provides a
compendium on CDC, NIH, and other agent classiboatfor select agents)

- International Agency for Research on Canbéip(//www.iarc.fi)

- Online manufacturer MSDS sources can be selebtedgh the “MSDS button,”
available on the NRMRL Web page at http://ordnoteEsdepa.gov:9876/.

Additional references are available in the AWBEREakh and Safety Office, Room
270.
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HEALTH AND SAFETY RESEARCH PROTOCOL
FOR HAZARDOUS AGENT RESEARCH
Andrew W. Breidenbach Environmental Research Center
Cincinnati, Ohio
Title of Study: Spore Adhesion to Pipe Material
Duration: 24 months
Principal Investigator (PI): Ben Packard

Laboratory, Division, Branch: NHSRC, WIPD

Location: Office: Room 326 Lab: AWBERC Biocontainnhi&uite or the T&E
Organic Chemistry Laboratory

Phone: X7324

Pl Signature Date

(Principal Investigator must be an EPA employee)

APPROVALS

Division Director Date

(Obtain signatures above prior to sending to tHet8®ffice)

Safety Officer Date
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A. Personnel Authorized to Use Hazardous Agent(s):
1. Ben Packard

Are all personnel working with this study partianpsiin the Medical Monitoring
Program?

Yes X No If no, why not?
B. Location(s) where work will be conducted(include hazardous agent storage
location).

All reagents will be stored or used in the AWBERDd@ntainment Suite as well as the
T&E organic chemistry laboratory.

C. Brief description of study.

This project will deal with measuring the levelsspires that adhere to pipe materials.
One part of the study will be to quantify the amoibiofilm on a surface. Methods that
have been chosen to enumerate the biofilm aredtegrdination of total protein and total
carbohydrate in the biofilm matrix. The carbohydrassay will require the use of phenol
and concentrated sulfuric acid, and the proteimttaion requires the use of kits that
are pre-made.

D. Describe in detail all potentially hazardous op&tions and duration.
Protein Carbohydrate Assays:

Phenol and sulfuric acid, which are required fa ¢tarbohydrate assay, will be stored
and used in fume hoods and will be appropriatddglied and disposed of. The assay
requires roughly .75 mL of concentrated sulfuricaod 12 ul of phenol per .25 mL
sample. Appropriate personal protection equipmeRE), including lab coats, goggles,
and 2-3 pairs of nitrile gloves, will be worn whesnducting work with hazardous
chemicals. When samples containing small amoungheiol are taken out of the fume
hoods, lids will be placed on plates that will bad on the plate reader in room 318.
Protein quantitation kits will be stored in a rgétator at 4°C. These kits do not require
the use of a chemical fume hood. However, lab ¢cgaiggles, and nitrile gloves will be
worn when using the kits.

Enumeration of Spores:

Standard plate counting using TSA media will beduse B. globigii spore enumeration.
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Cleanup:

Phenol from the phenol-carbohydrate analysis veltisposed of in the drain. Due to the
small quantities of phenol used per sample (~ 1saaiple), it can be washed down the
drain. Samples containing sulfuric acid will be talized with sodium bicarbonate prior
to discarding.

Test Duration: On-going.

E. Hazardous AgentgMSDS sheets are attached):

1. Name:Phenol, sulfuric acid, NanoOrarfgprotein kit reagents, Coomassierotein
test kit reagents

2. Quantity:

a. To be ordered: phenol, sulfuric acid, andganoquantitation kits

b. Maximum quantity needed for study: 40 mL 69®phenol, 300 mL concentrated
sulfuric acid, Coomassieprotein quantitation kit, and NanoOrafigerotein quantitation
kit. It may be the case that additional proteinrgitation kits will be assessed prior to the
study. If this is the case, the HASP will be updaaed MSDS sheets for the additional
reagents will be filed in the project safety file.
4. Method/Area of Storage:
Type of container: Phenol and sulfuric acid willdmted in a chemical fume hood and
will not leave the fume hood. Protein kits will s®red in a refrigerator at 4° C and will
not leave the area.

Location: AWBERC Biocontainment Suite or T&Edanic chemistry laboratory

Refrigerated? Yes — protein kits.

5. Are special handling procedures requirede.g., weighing of stock in glove box or
fume hood)? If so, explain.

Yes, all work with sulfuric acid and phenol will kenducted in a fume hood with the
exception of reading the samples on the plate read@VBERC 318. Work with
protein test kits can be conducted outside of tatwith lab coat, goggles, and gloves.

F. Toxicity: Phenol

Substance:
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Phenol CAS #: (108-95-2)
Project Use (Quantity):

Phenol is used as a starch indicator in the Dyttoéol sulfuric acid test for

carbohydrates. It causes the sample to turn yedlowand, therefore, allows the sample to
be read and compared to a standard curve with ggu@amples are read at 480 nm on a
spectrophotometer. Approximately 40 mL of phendl e needed to conduct the assays.

Emergency Overview:

Phenol is a hazardous organic compound that cabd@bed through the skin, ingested,
or inhaled.

Route Exposure

Very hazardous in case of skin contact (corrosivigant), of eye contact (irritant), of
ingestion, of inhalation. Hazardous in case of skintact (sensitizer, permeator). The
amount of tissue damage depends on length of dolge contact can result in corneal
damage or blindness. Skin contact can producenmmfiation and blistering. Inhalation of
dust will produce irritation to gastro-intestinalrespiratory tract, characterized by
burning, sneezing, and coughing. Severe over-expasn produce lung damage,
choking, unconsciousness, or death. Inflammatich®®ye is characterized by redness,
watering, and itching. Skin inflammation is chaeaized by itching, scaling, reddening,
or, occasionally, blistering.

Physical Hazards

Environmental concerns YES
NO
Potential Electrical Hazards?
X
Will Hazardous Waste Be Generated? X
Radioactive Materials Involved?
X
Treatability Exemption Utilized? X
Cryogenic Material Involved?
X

LDsgg or Other:
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Typical MEL 2 ppm; typical OEL 1 ppm. Acute poisogiby ingestion, inhalation, or
skin contact may lead to death. Phenol is readigoebed through the skin. Highly toxic
by inhalation. Corrosive - causes burns. Seveitart:
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G. Toxicity: Conc. Sulfuric Acid
Substance: 12 N Sulfuric Acid

CAS No.: 7664-93-9

Health Rating: 3 - Severe (Poison)
Flammability Rating: O - None

Reactivity Rating: 3 - Severe (Water Reactive)
Contact Rating: 4 - Extreme (Corrosive)

Project Use (Quantity):

Around 300 mL of sulfuric acid will be used to bkedown starches so that they can be
guantified with phenol in the sulfuric acid carbdngte test.

Emergency Overview:

Sulfuric acid is a corrosive liquid that can caaseere burns to all body tissue. It may be
fatal if swallowed, contacted with skin, or inhaldéidcan eventually cause cancer.

Route Exposure:

Inhalation:

Inhalation produces damaging effects on the muomersbranes and upper respiratory
tract. Symptoms may include irritation of the nasel throat, and labored breathing. May
cause lung edema, a medical emergency.

Ingestion:

Corrosive. Swallowing can cause severe burns oiikth, throat, and stomach, leading
to death. Can cause sore throat, vomiting, andtdtar Circulatory collapse with clammy
skin, weak and rapid pulse, shallow respirationg, scanty urine may follow ingestion
or skin contact. Circulatory shock is often the iathate cause of death.

Skin Contact:

Corrosive. Symptoms of redness, pain, and sevaredan occur. Circulatory collapse
with clammy skin, weak and rapid pulse, shallowpnegdions, and scanty urine may
follow skin contact or ingestion. Circulatory shasloften the immediate cause of death.

Eye Contact:

Corrosive. Contact can cause blurred vision, resiresn and severe tissue burns. Can
cause blindness.
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First Aid Measures:

Inhalation:
Remove to fresh air. If not breathing, give artdlaespiration. If breathing is difficult,
give oxygen. Call a physician immediately.

Ingestion:
DO NOT INDUCE VOMITING. Give large quantities of wea. Never give anything by
mouth to an unconscious person. Call a physiciangdiately.

Skin Contact:

In case of contact, immediately flush skin withrngieof water for at least 15 minutes
while removing contaminated clothing and shoes. Méathing before reuse. Excess
acid on skin can be neutralized with a 2% solutibhicarbonate of soda. Call a
physician immediately.

Eye Contact:
Immediately flush eyes with gentle but large stredwater for at least 15 minutes,
lifting lower and upper eyelids occasionally. Galphysician immediately.

Physical Hazards

Environmental Concerns YES
NO
Potential Electrical Hazards? X
Will Hazardous Waste Be Generated?
X
Radioactive Materials Involved?
X
Treatability Exemption Utilized?
X
Cryogenic Material Involved?
X

LDsp or other :
Oral rat LDyo: 2140 mg/kg; inhalation rat LC50: 510 mg/m3/2Harstard Draize, eye
rabbit, 250 ug (severe); investigated as a tumarigeitagen, reproductive effector.

Carcinogenicity:

The International Agency for Research on CanceRAhas classified “strong
inorganic acid mists containing sulfuric acid” asr@wn human carcinogen, (IARC
category 1). This classification applies only tastaicontaining sulfuric acid and not to
sulfuric acid or sulfuric acid solution.
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H. Toxicity: NanoOrange® Protein Quantitation Kit

Substance:

Component A: dimethylsulfoxide (DMSO) (1 mL) CAS iXber: 67-69-5
Project Use (Quantity):

DMSO is the active ingredient. Extremely small amisuare used (~3ul/ sample) so it
does not pose a risk.

Emergency Overview:
Irritating to eyes, respiratory system, and skiea&ly absorbed through the skin.
Route Exposure:
See emergency overview.
First Aid Measures:
If eye or skin contact occurs, wash affected argla water for 15 minutes and seek
medical advice. If inhaled, move individual to fnesir and seek medical advice. If
swallowed, seek medical advice.
Physical Hazards:
Environmental Concerns YES
NO
Potential Electrical Hazards? X
Will Hazardous Waste Be Generated? X
Radioactive Materials Involved?
X
Treatability Exemption Utilized? X
Cryogenic Material Involved?
X
RTECS Number: PV6210000
Toxicity:
LDso: 14.5 g/kg, oral, rat; LE): 8.2 g/kg, intraperitoneal, rat.

Irritation data: 500 mg/24H, Std. Draize, skin,b#pmild; 500 mg/24H, Std. Draize,
eyes, rabbit, mild.
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Health Hazards:
See Toxicity and Health Hazards Data above.
Carcinogenicity:

Not listed by NTP, IARC or OSHA.

l. Toxicity: Substance: Coomassie Protein Assay Rgants

Substance:

Ingredient Name CAS No.
1) Phosphoric Acid 7664-38-2
2) Methanol 67-56-1

Project Use (Quantity):

Approximately .5 mL of Coomassie reagent is usedspeple to determine the protein
content of the sample. The kit comes with 500 mhs¥ay reagent. Reagent is added to
samples in a microplate, which is then read in eroplate reader at 595 nm.
Emergency Overview:

Reagents contain material that cause damage ts,lgagtrointestinal tract, respiratory
tract, skin, and eyes, if these areas are diregiiysed to the reagent. Therefore,
prolonged contact with the reagent should be avbatal the reagent should be kept in a
sealed container when not in use. Reagent is Blighrardous in case of skin contact
(corrosive, irritant). Skin inflammation is charagized by itching, scaling, reddening, or,
occasionally, blistering.

Route of Exposure:

Absorbed through skin. Eye contact. Inhalationebtgpn.

Effects and Symptoms:

Inhalation:

Slightly hazardous in case of inhalation (lungt@mk, lung corrosive). Slightly hazardous
in case of ingestion.

Ingestion:
Slightly hazardous in case of ingestion.

Skin Contact:
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Slightly hazardous in case of skin contact (com@girritant). Skin inflammation is
characterized by itching, scaling, reddening, ocasionally, blistering.
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Eye Contact:
Slightly hazardous in case of eye contact (irritantrosive).

Aggravating conditions:
Repeated or prolonged exposure is not known tceagig medical condition.

First Aid Measures:

Inhalation:
If inhaled, remove to fresh air. If not breathiggye artificial respiration. If breathing is
difficult, give oxygen. Get medical attention.

Ingestion:

Do NOT induce vomiting unless directed to do sort®dical personnel. Never give
anything by mouth to an unconscious person. Ifdaygantities of this material are
swallowed, call a physician immediately. Looselntigothing such as a collar, tie, belt
or waistband.

Skin Contact:

In case of contact, immediately flush skin withrigieof water. Cover the irritated skin
with an emollient. Remove contaminated clothing slndes. Cold water may be used.
Wash clothing before reuse. Thoroughly clean sheésre reuse. Get medical attention.

Eye Contact:

Check for and remove any contact lenses. Immeglifltedh eyes with running water for
at least 15 minutes, keeping eyelids open. Colémmagay be used. Get medical attention
if irritation occurs.

Notes to Physician: Not available.
Protection of first-aiders: Not available.
Physical Hazards

Environmental concerns YES
NO
Potential Electrical Hazards? X
Will Hazardous Waste Be Generated?
X
Radioactive Materials Involved?
X
Treatability Exemption Utilized?
X
Cryogenic Material Involved?
X
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LD s or other:

Acute oral toxicity (LRo): 1530 mg/kg [Rat]. (Acid).
Acute dermal toxicity (Ly): 2470 mg/kg [Rabbit]. (Acid).

Carcinogenicity:

Classified 4 (No evidence.) by NTP, None. by OSKA¢massie PlGProtein Assay
Reagent Component 1]. Classified 4 (No evidenceNDBP, None by OSHA, None by
NIOSH

J. Protective Equipment Required? Yes X No What type?

* For all chemical use, face, eye, and skin protaagsaequired.
* Hand protection (gloves) is required when workinguad all chemicals.
» Laboratory coat is required when working arouncchémicals.

» Respiratory protection is not required when chetsjdeowever, phenol and
sulfuric acid will be used in a fume hood.

X Safety Glasses with splash protection
1 Splash Goggles

1 Face Shield

"1 Other

1 Chemical(Butyl, Viton, [ Nitrile, )
X Nitrile

'] Cotton

"1 Leather

1 Thermal (autoclaving)

1 Double gloves

X Lab Coat(tyvek, cotton)

) Lab Apron

1 Jumpsuit

1 Other

1 Air Purifying-full face

1 Air Purifying-half mask

1 Surgical mask

] Dust mask-not true respirator

K. Explain any special conditions:

Precautionary Procedures to Be Use(ke.g., controlled access, covered work surfaces,
etc.):
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See section E for detailed precautionary protocol.

Type of hood? Standard chemical fume hood.

Emergency Procedures:

In the event of an accident or spill (loss of cohtr

Phenol will be absorbed with an absorbent and dspof as a hazardous waste. Any
manipulation such as pipetting phenol will be castdd in the fume hood. The only
phenol that will be outside of the hood will be §d@s containing < 1 ug/ml per sample.
Sulfuric acid will also be used only in the hoodl the event of a spill, sodium
bicarbonate will be added to the sulfuric acid ¢nitnalize it prior to cleaning up.
Samples will have ~75% sulfuric acid and will belgmed outside of the fume hood.
Therefore, all required PPE will be worn when saa@re transported and analyzed.

Reagents other than phenol will be absorbed uswegls or absorbent and will be
disposed of in the sink.

L. Hazardous waste disposafall disposal will be through the Waste Management
Program)

Type of waste:

Phenol: Pipettes, containers, and any other mateeacomes in contact with the phenol
will be stored in a hazardous waste container foper disposal.

Samples containing sulfuric acid will be neutradize sodium bicarbonate prior to being
disposed of in the sink.

Volume of waste:

One 500-mL container of contaminated phenol waste.

Unused stock(to be disposed of or kept):

Unused phenol will be saved for a period of timiéofeing the experiments and
eventually will be disposed as a hazardous waste.

Unused protein quantitation kits will be savedffdlow-on studies until they have

reached their expiration date, when they will bsgpdsed of through the waste
management program.
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Appendix B
Quality Assurance Project Plan (QAPP)

Evaluation of Bacterial Endospore Retention on Comrmn Drinking Water Pipe
Surfaces

Benjamin Packard
Water Infrastructure Protection Division
National Homeland Security Research Center
U.S. Environmental Protection Agency

Approvals:
Benjamin Packard, Principal Investigator/WIPD Date
Kim R. Fox, Director/WIPD Date
Eletha Brady-Roberts, Director of Quality Assuradht¢SRC Date
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CHAPTER 6: DISTRIBUTION LIST

Kim Fox, Division Director, Water Infrastructured®ection Division, NHSRC

Hiba Ernst, Associate Division Director, Water asdtructure Protection Division,
NHSRC

Eletha Brady-Roberts, Director of Quality AssurargelSRC

Margaret Kupferle, Professor of Environmental Eegiing, University of Cincinnati

CHAPTER 7: PROJECT DESCRIPTION AND
OBJECTIVES

7.1 Background

In the past decade, especially following 9/11 dredanthrax mailings, the possibility of
persistent biological agents being used to shuthdentical infrastructure has taken on
increasing concern. Persistent biological agemsire extensive and lengthy cleanups
once they are distributed into the environment, thiedefore, they have the potential to
disrupt public health and the economic vitalityaof areaBacillus spores are recalcitrant
and are able to stay viable in water for two yemsen in the presence of increased levels
of chlorine (Watson and Keir 1994; Maginnis, Bragisl. 2001). In light of the multiple
impacts intentional contamination would have om@munity, it is important to assess
how to accurately surface sample water infrastnectuorder to determine the extent of
contamination as well as the efficacy of the deaommhation of the system. In addition to
sampling, it is important to understand potengakls of adhesion of organisms to the
internal surfaces.

7.2 Process Description

The U.S. Environmental Protection Agency’s Natiaddameland Security Research
Center (NHSRC) in Cincinnati will conduct a studyinvestigateBacillus spore
attachment to drinking water pipe coupons. Becafisiee many variables involved in
conducting risk assessments and modeling contaimmstenarios of drinking water
infrastructure, data are needed that address fieeattices in adhesion &facillus spores
to pipe material and the most suitable ways toasersample the wetted surfaces. This
study will provide data on these two aspects. Tilewing tables list variables that will
be studied:
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Table 9. Proposed study variables
Pipe material Pipe material conditioning
Unlined .Cement -
cast and lined cast B'Of'lm. grown Bare coupon (no .
Variable ; and PVC from Cincinnati o Artificial biofilm
ductile - biofilms)
. ductile tap water
iron .
iron
Internal pipe surface material will B.'Of'.lm IS Biofilm is patchy | Artificial biofilm
o . o . ubiquitous in ;
Reason exhibit varying characteristics with drinking water and may not be | could be used in
for study respect to surface roughness, surface nKINg W present on all place for future
e distribution
charge, and level of biofilm growth. surfaces research
systems
Svstem Multiple factors Multiple factors No current wav to
aveyra ast 18% 50% 8% influence biofilm | influence biofilm uantify y
9 growth on pipe growth on pipe q
Pro_posed Unlined du_ctll_e iron, concrete-lined Biofilm, artificial biofilm, and bare surface
variables ductile iron, and PVC

*Pipe material averages taken from the AWWA 2002&l/Stats Water Utility Distribution Survey (AWWAR002)

Table 10. Surface sampling methods
Sampling Method
Brushing Scraping Swabbing/Wiping
Traditional and simpler method
of microbiological surface

sampling that does not require
diluent

Bristles may remove | Scraper may remove top
spores from porous | layer of corrosion/biofilm
surfaces more efficiently more efficiently

7.3 Project Objectives

The objectives of this project are to investigaie following:

1. Compare recovery efficiency &acillusendospores using three surface sampling
techniques (brush, scrape, and wipe) on threequfaces (unlined iron, cement-
lined, and polyvinyl chloride[PVC]) with three pigairface preparations (tap
water biofilm, sterile drinking water, and artitibiofilm). The results from this
part of the study will provide information on vadsiity and recovery of spores off
of wetted pipe material. This information may léadonclusions on which
sampling method to use given a particular combomatif surface properties.
These techniques may potentially be used to deterthie extent of
contamination and/or the efficacy of decontaminatfgipe is exhumed or if
wetted surfaces are available to sample.

2. Compare differences in adhesionBzcillusendospores to pipe coupons with
different surface preparations. Results from iaid of the study will provide
comparisons of the contamination potential of uasipipe material and biofilm
combinations. Additionally, the surfaces of biofiand pipe material will be
characterized using atomic force microscopy, seanalectron microscopy and
surface profilometery to determine potential med$ras of spore adhesion and
reasons for differences in spore adhesion betwigenspirfaces.

159



Evaluation of Bacterial Endospore Retention on Camirinking Water Pipe Surfaces — QAPP
NHSRC/WIPD
Date: 7/14/09
Version 4

3. Evaluate the ability artificial biofilm to serve assurrogate for naturally
developed biofilms in spore retention experimeAtsificial biofilm models have
been developed that mimic properties of naturdilbmo Thus, artificial biofilms
may serve as a standardized test system for comsparing and evaluating
adhesion of contaminants to biofilm covered sudace

7.4 Project Organization

7.5 Personnel

Table 11.Table 2 Project participants and functions

Name Phone Email Function
Kim Fox (513) 569-7820 fox.kim@epa.gov Division &adtor
Hiba Ernst (513) 569-7943 Ernst.hiba@epa.gov Asgedivision Director
Eletha Brady-Roberts (515) 569-7662 roberts.elety@a@ov QA Manager
Margaret Kupferle (513) 556-3329 margaret.kupfenie@du U.C. Advisor for thesis
I Technical Support/Principal
Ben Packard (513) 569-7324 packard.benjamm@epa.g};ci\rlwestig{jltor PP P

7.6 EPA Quality Assurance

Eletha Brady-Roberts, Director of Quality AssurafmeNHSRC, will oversee project
guality requirements for the EPA. As the DirectbQuality Assurance, she serves in the
Immediate Office of the Director of the NHSRC amdndependent of project
management.

7.7 Responsibilities of Project Participants

Ben Packard will be responsible for writing the GA&nd related Standard Operating
Procedures (SOPs). He will also order suppliesntaim the laboratory, and ensure that
the laboratory efforts are performed in a carefu aontrolled manner consistent with
the QAPP. He will prepare media and reagents, partbe collection of data, and carry
out analysis of that data. He will be in chargenafdifying the study as required in order
to obtain data that are conclusive and useful.

No specialized training or certification is requif®r any of the procedures involved in
this project beyond the standard education andrequee required for microbiology
laboratory work.

7.8 Facility

The experiments will take place at EPA’s reseaadilifies in Cincinnati: the Andrew W.
Breidenbach Environmental Research Center (AWBERT)the Testing and Evaluation
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Facility at MSD. Coupon characterization will bendocted at the University of
Cincinnati Advanced Materials Characterization Liabory and or contract labs.

CHAPTER 8: EXPERIMENTAL APPROACH

8.1 General Approach and Test Conditions

The experimental setup will consist of using Iroement-lined, and PVC coupons (3 cm
by 13 cm) cut from new water mains. Coupons wiltbaditioned in three different
ways before they are exposed to spores. A maasdmbpproach will be used to
calculate the fraction of spores that adhere tacthgons and the fraction that are
sampled from the coupons. Analysis of variance bellused to compare the different
factors.

8.2 Experimental Approach

A mass balance approach will be used to calculateept adhesion and percent recovery
for each surface treatment or sampling method esgely. The specific components of
the mass balance are summarized in Figure 2.

Figure 12.Mass balance diagram showing samples taken to deteine recovery efficiency
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Rinse couponwith
100 mL tap water.

Ste 2 ) Collect and enumerate
p suspensior(Cr)

Step 1
Spike coupon
with ~2x1G
spores
suspended in tap

Water (Co) .

Brush, Scrape, or
wipe coupon
Collect/enumerate

Step 3 spores in 50 mL

buffer. Enumerate

suspensior(Cs)

(uou| 1o ‘paull-lusawa)d ‘OAd)uodno) adid

Equation 1. Recovery Efficiency

RE= C. x100
C

] r

Equation 2. Percent Adhesion

pa=S "% w100

o

8.2.1 Spore loading and coupon rinsing (Step 1)

Approximately 16 spores suspended in 1 mL of dechlorinated taprwsitep 1 figure 2)
will be spiked onto the leveled coupon and lefsitdor 20 min.

8.2.2 Coupon rinsing (Step 2)

At the end of the designated contact time as daesttiin step 1, the contaminated side of
each coupon will be rinsed so that all sporesdithhot adhere or were weakly adhered
to the surface will be rinsed off. Rinsing will afitrunning 200 mL of water down the
internal pipe face of the coupon as shown in figuirA sterile buret stand and a modified
30 mL syringe, connected to a peristaltic pump bélused as a nozzle to ensure that the
water is dispersed across the entire coupon dunsgg. The rinse water will be
collected in a sterile 250 mL sample containeraabantified. Parafilm will be wrapped
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around the buret stand points of contact with thgon and will be replaced prior to

placing each new coupon in the stand.

Figure 13. Collecting rinse tap water with buret sand and modified 30 mL syringe

8.2.3 Spore sampling (Step 3)

Directly following rinsing, the contaminated suréaaf the coupon will be sampled by
combinations of brushing with a tooth brush, sargpvith either a cell scraper or sterile
sampling spoon (depending on the amount of comysand wiping. Sampling
techniques were chosen on previous study data aldhg an analysis of the most
efficient way to sample pipe surfaces of differevdterials. Therefore, sampling will
consist of a bulk removal step using either bruglonscraping followed by either wiping
or rinsing using phosphate buffer with Tween 80phj alone, will be tested as well
since this is a common surface sampling technigdeaiso is represents a convenient
way to quickly sample an exhumed pipe.

Based on a previous study, brushing was foundve hayher recovery efficiency than

scraping with a cell scraper. Therefore, the inod eement-lined coupons will be
brushed due to their porous surfaces. In contPASE, will be scraped using a cell scraper
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and/or sterile sampling spoon as the bulk remaegd. SThe four sampling techniques to
be tested are as follows:

» Scraping/brushing followed by wiping
» Scraping/brushing followed by rinsing
* Wiping followed by rinsing

* Wiping only

The technique for brushing and scraping will bérash or scrape the coupon 5 times in
the same manner and then wash the coupon andusie/scraper with 100 mL of
phosphate buffer with 0.01% Tween 80. This resglspore suspension will be collected
in a sterile petri dish and transferred to a 100sainple container. 4x4 Wipes will be
wetted with 2 mL of phosphate buffer and Tween 8fte they are used. They will then
be placed in a 100 mL sample container containd@riL, of the phosphate buffer and
Tween 80 diluent. Recovery efficiency will be cditad as indicated in Figure 2 and
Equation 1. Detailed sampling procedures for bngshscraping, and wiping can be
found in Appendix B.

8.3 Pipe Coupons

New pipe sections will be cut using a high-pressuaiger jet cutter. This method of
cutting uses a very small high-pressure jet of wabel abrasive material that can cut
through up to 6 inches of steel while keeping tiidage and the metal cool as it is cut.
Dimensions for the cut are programmed into a coepthiat controls the machine.

Pipe material selection is based on the curretis8ts supplied by the American Water
Works Association (AWWA 2002) for small, mediumddiarge drinking water utilities.
This will include unlined ductile iron, concretedid, and PVC pipe sections. The 3% cm
of sampling surface on a 3x13 tooupon should provide enough surface area to get
representative samples of biofilm and spores.

8.3.1 Coupon Preparation

After cutting and prior to conditioning, the sidasd backs of ductile iron and cement-
lined ductile iron coupons will be sealed with epaw that they do not rust in the
conditioning process. A bead of epoxy will alsoapplied around the internal surface of
the coupon so that liquid can be contained withengipe surface.

8.3.2 Coupon Cleaning

Prior to use, new coupons will be conditioned ushegNational Sanitation Foundation
procedure for conditioning drinking water contacterials prior to determining the
toxicity of the surface. This procedure is desatibeAppendix B Section 4.0
(ANSI/NSF 2000).
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8.3.3 Pipe Coupon Surface Characterization
In order to understand the causes for the diffeggmt recovery efficiency and spore
adhesion, the following surface property tests tmagonducted depending on available
time and funding:
» Surface roughness with a profilometer and or atdorice microscope
» Coupon surface characterization of coupons withvaititout spores/biofilm with
a Scanning Electron Microscope
» Biofilm chemical characterization using FT-IR ta@nine the functional groups
in biofilm (including artificial biofilm)

Table 12.Coupon surface characterization experimest

Surface Environmental| Biofilm
roughness SEM/AFM Chemistry
Measurement| Ra value Surface FT-IR
topography
Location uc uc EPA
Engineering | Engineering
College College

Before experiments are carried out, an addenduladimgy description of equipment,
test-runs, methods, etc. will be submitted.

8.4 Coupon Conditioning

Since new pipe materials will be used in the expenits in this study, the pipe will need
to be conditioned so that it exhibits the same ertigs as pipe that has been in service.
Three procedures for preparing the coupons wifbtiewed.

8.4.1 Bare surface with no artificial or natural biofilm

Coupons will be exposed to sterile drinking waterd4 hours prior to the experiments to
condition the surfaces by placing coupons in 5ribitéckets containing dechlorinated
sterile tap water. Buckets of tap water will beclsaved and coupons after having been
cleaned (specified in Section 2.3.2) will be placed the buckets containing the sterile
tap water for 24 hours. This procedure will hydridwe coupon surfaces, as well as form a
conditioning film formed from organic matter in tteg water on the coupon surfaces.

8.4.2 Drinking water conditioned coupons

Sterile coupons will be placed into an 8 inch PMfepcut in half length wise. Pipe
coupons will then be placed in the pipe so thay tire exposed to a continuous flow of
Cincinnati tap water. Water will flow approximateyliters per minute. Coupons will be
exposed in this manner for approximately 6 monflesmeasure biofilm growth over
time, one polycarbonate coupon per month will bead. Prior to conducting
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experiments, biofilm will be collected from eachtb& coupon types to determine the
level of biofilm growth on each pipe material. Couap will be brushed with a toothbrush
to remove the biofilm which will be diluted and spd plated on R2A agar to determine
the number of heterotrophic organisms (CFUf)oom the coupon surface. R2A plates
will be bought from Remel (R01722) and QA sampkesecified in section 4.0 table 9
will be taken.

Cincinnati
- : : tap water at
8" PVC pipe wt in hall 4 liters per
minute )
Flow E
Weir < ] A
< # ;
i e ]

™~ |

Pipe coupos

Figure 14. Flow box made from 8” PVC pipe sectionut in half

8.4.3 Coupons with artificial biofilm

It has been shown that semi-porous agarose beadseaaade and applied to a surface to
produce an artificial biofilm that exhibits manytbe properties of natural biofilms
(Strathmann, Griebe et al. 2000). In order to daeitee whether this approach might be
useful for follow-on research involving adhesioampling, and decontamination of
water infrastructure, spore adhesion to couponis ariificial biofilm will be compared

to coupons with drinking water biofilm. The ability make artificial biofilm that exhibits
the same properties as drinking water biofilm waalldviate the need to grow biofilm
for future studies involving spore adhesion orrdesttion. The artificial biofilm will be
applied to coupons conditioned in tap water (samédtaire surface conditioning
procedure). However, after conditioning in tap wateupons will be heated, and
agarose beads will then be poured on the surfafmrtosemi-porous biofilm as
described in Appendix A. The artificial biofilm predure is under development. Any
changes to the procedure will be updated an addendu

8.5 Bacterial Selection and Spore Development

Studies conducted to determine spore-fornBagillus species that could be used as
surrogates foB. anthracishave found that the me&T (C is the concentration of
chlorine in mg/liter, and is the exposure time in minutes) valuesBoglobigii are
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higher than the corresponding mean CT values thlee other surrogates and the
virulent strain oB. anthracis makingB. globigiia good surrogate for persistence and
disinfection studies (Rice, Adcock et al. 20() globigii serves as a conservative
surrogate for inactivation studies using chlorifieus, data generated from this project
could be used in future studies involving disinii@ctB. globigii spores will be grown as
indicated in Appendix C.

8.5.1 Spore enumeration, viability, and accuracy checking

B. globigii spores will be enumerated using membrane filtecgulures in section 9222A
of Standard Methods for the Examination of Watet Wastewater (Clesceri 2005). The
media for spore enumeration will be tripticase aggr (TSA) plates as specified in
Standard Method 9218 A. Aerobic Endospores. Préenpdates will be bought from
Remel (R01917) and QA samples as specified in@edtio table 9 will be taken. When
dilutions of samples are needed, sterile phosghs#ter (0.05 M KHPQO,) with .01%
Tween solution will be used as the diluent, as diesd in Appendix C. Colony forming
units (CFU) will be counted to approximate the nenstof viable spores sampled from
the coupon. Percent recovery will be calculatedessribed in section 2.5. It was
determined from preliminary studies that 2 mL opaximately 18spores will be used
as a spiking spore suspension. This concentrateanestablished from preliminary
study results with various concentrations. The egoispension concentration that
provided the most reliable recoveries using menwfdimation at the lowest
concentration was the 48uspension. Contact time was based off of stofeati®n
calculation for gravity settling of a sphere theesof a spore made of protein.

8.5.2 Water quality monitoring

The following parameters will be measured in gl teater used for spore suspensions or
rinse water before and after the experiments.

° pH
. Conductivity
. Temperature

8.6 Experimental Design

The objectives of the study, given in section

As was introduced in section 1.3, the primary oliyes of the study were to:
1. Determine/compare recovery efficiency of Bacillmslespores
2. Determine/compare Bacillus endospore adhesion

Therefore, the specific research hypothesis ofthdy includes the following:

Recovery Efficiency
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HO1: Recovery efficiency of Bacillus endosporethss same across sampling techniques
given combinations of pipe materials and surfaep@rations.

HO2: For a given sampling technique, the recovéfigiency of Bacillus endospores is
the same across combinations of pipe materialsarfdce preparations.

HO3: For a given sampling technique and pipe maltehe recovery efficiency of
Bacillus endospores is the same across surfacarnatems.

HO4: For a given pipe material, the recovery edindy of Bacillus endospores is the
same across surface preparations and samplingideesn

Adhesion
HO1: Adhesion of Bacillus endospores is the samasaipe materials and surface
preparations

HO2: For a given pipe material, spore adhesioh@ssame across surface preparations.

Experimental Design

Pipes of three different materials (iron, cemenédi, and PVC) will be selected at
random and 90 coupons from each pipe materialbegiltut out. To reduce bias,
coupons will be randomly allocated to the treatnmgrotips. Additionally, sampling
techniques (brushing, scraping) will be done iar@dom order by assigning the coupons
random numbers. The laboratory and conditionslvélkept as identical in every way
apart from the applied treatments. Coupons withéggned random numbers for each
pipe material from which batches of 30 will be gasid to the different surface
preparations. After sorting the random numberscthgons that correspond to the first
30 random numbers (ranks between 1 and 30) casdignad to the first surface
preparation, the second batch of 30 coupons (rbetegeen 21 and 60) to the second
surface preparation, and the third set of couprarké between 61 and 90) to the last
surface preparation.

Sample Size and Power

The level of significancey, defines the probability level that is too lowtarrant
support of the tested hypothesis. This rejecticyisivalent to supporting one of the
possible alternative hypotheses that is not coidied by the data (e.g., the mean
concentrations are different across sampling method

If the decision rules do not reject,Hivhen it is in fact false, this also leads to an
erroneous decision. This kind of error is knowradsype Il error of failing to reject the
tested hypothesis when it is false. The potentedmitude of a Type Il error depends in
part upon the level of significance of the test] anpart upon which of the alternative
hypotheses the data actually supports. Associaiddeach possible alternative
hypothesis is a different probability of a Typesttor.
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The current sample size for each treatment combimé 7. With this sample size and

assuming the values obtained from the Phase | sisatys possible to detect a difference

of 35% recovery efficiency between two treatmestg.( combination of pipe type,
sampling method, and surface preparation).

8.6.1 Treatment Design for Recovery Efficiency Experiment

The treatment design for using the sampling regodata includes 12 treatment

combinations of sampling technique (brush/scraggewbrush/scrape-rinse, wipe-rinse,

and wipe), surface preparation (tap water biofihm biofilm, and artificial biofilm), and
pipe material (Iron, cement-lined, and PVC). Faxtorbe compared will be pipe
material, sampling technique, and coupon surfaoéitioning (4 x 3 x 3) as shown in
the following table:

Table 13. Sampling Experiments

PVC Cement-lined Iron
Scrape/Wipe Scrape/Rinsg Wipe/Rinse Wige Brush/Wipe BrushsRin Wipe /Rinse ~ Wipe Brush/WipeBrush/Rinse
DW Biofilm 7 7 7 7 7 7 7 7 7 7
Bare 7 7 7 7 7 7 7 7 7 7
Artificial
Biofilm 7 7 7 7 7 7 7 7 7 7

8.6.2 Treatment Design for Spore Adhesion Experiments

Treatment design for adhesion data includes satrtrent combinations of surface
preparation (tap water biofilm, no biofilm, anditictal biofilm) and pipe material (Iron,
Cement-lined, and PVC). Factors to be comparedbeilbipe material and coupon
surface conditioning (3 x 3) as shown in the foilogvtable:

Table 14. Adhesion Experiments

Artificial
DW Biofilm Bare Biofilm
Iron 30 30 30
Cement-lined 30 30 30
PVC 30 30 30

8.7 Data Analysis

Statistical analysis will consist of evaluating whier there is a meaningful
difference between spore recoveries or spore adhesifor the different treatments
with a 95% confidence interval. Spore sampling recgery data will compare mean
values using a three way ANOVA for recovery efficiecy data and a two way
ANOVA for adhesion data. Additionally, tests will be conducted to determine which
surface characteristics influence adhesion the mobty characterizing the coupon

surface properties described above and correlatinthe values with the values gained

through the spore adhesion experiments.
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Unequal variance across treatments
The usual Analysis of Variance (ANOVA) (using PRGCM in SAS) requires that
certain assumptions be met if the statistical testdo be valid. One of the assumptions
is that the errors (residuals) all come from thmes@Normal) distribution. Thus we have
to test not only for normality, but we must alsc@re (i.e., test) that the variances are
homogeneous. The statistical test for homogenéiamance is due to Bartlett and is a
modification of the Neyman-Pearson likelihood raést.
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CHAPTER 9: SAMPLING AND MEASUREMENT
METHODS

The purpose of sampling using brushes, scrapedsygres will be to characterize
different types of sampling methods and match thattm pipe materials to determine the
most consistent and effective sampling procedukdditionally, precision will be
determined for the different factors and compared.

9.1 Sampling Spores from Coupons

Specific procedures for brushing, scraping, andmgijas outlined in Appendix B will be
tested to determine spore recovery. If, duringcirse of the experiments, procedures in
Appendix B need to be altered the procedures willdvised accordingly. The following
table summarizes the spore enumeration samplewihae taken for each coupon:

Table 15 Samples taken for each coupon to enumerate spores

Sample Description Reason for sample Number of sargs

Following inoculation, coupons will be Quantify the number of

Coupon rinse rinsed with 100 mL of tap water to
spores that do not adhere 1
sample remove spores that have not adhered t(t)o the coupon

the surface.

| Quantify the number of

Coupon Following rinsing, internal pipe surfacg spores removed with the

brush/scrape/wipe of the coupon will be sampled using P 1
. : toothbrush, scraper, or

sample one of the three sampling techniques. wipe

Each sample will be spread plated on TSA agar platériplicate.

9.1.1 Steady-state Conditions

All glassware, solutions, and media will be broutghthe target temperatures prior to use
in the experiments. All incubators and refrigeratoill be broughtto 35 + 0.5° C and 4 £
2° C 1 hour before being used. The same matebalsi{es, vials, stock buffer solutions,
media, reagents, and pipettes) will be used foln sades of experiments to ensure that
there is no variability.

Glassware, stir bars, graduated cylinders will ®@&aved. Equipment that cannot be
sterilized in an autoclave will be submerged inZE000 bleach solution (i.e., Clordx

for 1 hour and rinsed three times with Mill@reated water. Glassware and stir bars will
be baked in a dry oven at 180°C for three hours.

Procedures for using tap water are outlined in AplpeC. In addition, CFU will be
assessed with respect to the variables listed bteTid.

171



Evaluation of Bacterial Endospore Retention on Camirinking Water Pipe Surfaces — QAPP
NHSRC/WIPD
Date: 7/14/09
Version 4

All glassware and plastic sample containers coimgisamples to be enumerated will be
spiked with a Tween 80 solution to prevent micramigms from sticking to them.

9.1.2 Site Preparation

All analyses will be performed on a bench top tied been disinfected with a 10%
Clorox solution that has been adjusted to a pH@1t® 6.5. All microbiological analysis
conducted at the Test and Evaluation facility Wwélconducted in a clean bench in the
high bay area, or in the BSL-2 laboratory.

9.1.3 Cross-contamination

All sample containers will be labeled appropriateith name of sample, sample number,
and date. All dilution blanks and spread plate$ bellabeled with sample number,
dilution, and date. Sterile disposable pipette wWikbe used and discarded immediately
after use. Spreading rods will be dipped in ethamol burned in a flame after each plate
is spread. Brushes and scrapers, and wipes willdoarded after being used. Wipes will
be autoclaved before use and all solutions andgwgta® used in sampling biofilm or
spores will be sterilized prior to use.

9.2 Representative Samples

Biofilm is variable within a distribution systemdithe amount of biofilm may depend on
multiple factors. Coupons exposed to tap waterdovdoiofilm will be randomized in

time so that coupons will be taken from the flovaigshel randomly from different parts

of the device.

9.3 Sample Identification

Each sample tube, each dilution tube, and eaclaggiate will be pre-labeled with
exposure time, pipe material, dilution, concentmatiand date. The laboratory notebook
and bench sheets will be filled out as the testgnass and data will be recorded as soon
as they are read. Plate counts recorded onto tsdmests will be recorded in the
laboratory notebook will be entered into an Exdel fbllowing the experiments. Data in
the Excel file will be double-checked with bencleshdata to ensure that no
transcription errors were made.
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9.4 Testing and Measurement Protocols

The following charts summarize the measuremenbpod$ to be used for biofilm and

spore enumeration as well as for water parameteplgag:

Table 16. Sample Measurements

Evaluation of Bacterial Endospore Retention on Camirinking Water Pipe Surfaces — QAPP

NHSRC/WIPD
Date: 7/14/09
Version 4

Analytical . Sample size/ . Preservation and Maximum
Parameter method Sampling procedure container Replicates storage holding time
. Scraped from 38 ¢t 100 mL sample Initiate analysis
Egg%&pnf:lc S;T;‘frd Method coupon into large Petri container/ .1 mL immediately, or 24 hours
) dish spreadplate store at 4°C.
Standard Scraped from 39 cfn Initiate analysis
Spread plating Method 9215C into 120 mL coliform immediately, or 24 hours
sample bottle ~1lmL store at 4°C.
Membrane
S Scraped from 39 c Initiate analysis
Ztleltrroat?ign for ;t;rr‘%%rgzw into 120 mL coliform 3-5mL immediately, or 24 hours
* | sample bottle store at 4°C.
endospores
Table 17.Water Quality Samples
Parameter Analytical method Reference Sample_ sizel Preservation Maximum
container and storage holding time
pH pH-meter f;agr;dard Methods In situ NA NA
Extech handheld
Conductivity conductivity and géai%dgrd Methods In situ NA NA
temperature meter
Extech handheld
Temperature conductivity and géasr(l)dard Methods In situ NA NA
temperature meter
Total and free Hach DR 2400 Standard Methods
chlorine Spectrophotometer | 4500-CL G. 50 mL beaker NA NA

During the course of the experiments, if one ofrtteghods listed in the preceding charts
proves to be unusable, another method may be lights is the case, new protocols will
be chosen and the QAPP and will be updated acagydin
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Media | Measurement QA/QC Check Acceptance Criteria Grrective Action Frequency
Check Standard 80-120% recovery Retake samples
pH Check against pH 7 buffer + 0.2 pH units Use different DO Every.
meter sampling event
o - . Recalibrate meter and When time and
5 Alkalinity Negative control samples 6.9<pH<7.1 resources
A recheck .
g permig
- 5 -
g Conductivity Check solutions of 200 mS and 2.00 mS Reading + 10% of Adjust meter During I_Dhase
S expected value 2 experiments
o Free and total Reading + 10% of Calibrate \é\cl)ielgz:’:rin
S . Check tap water fresh from the system expected value (~1 spectrophotometer/ P
= chlorine exposed to
mg/L) replace reagents L
drinking water
. . Weekly and
Temperature Check thermometer against a calibrated +0.5°C Note discrepancies | during every
thermometer .
sampling event
TSA Blank: No observed growth Remake plates Every. spore
Incubate plates sampling event
Spore Viability and quantitation: Check spore Every spore
Positive Control plate spike (Known quantity 100-200 CFU/plate suspension and samylin pevent
of spores spiked onto TSA) dilution procedures ping
Determine potential
Coupon check: sources of . Two times for
) . contamination, each surface
Process coupon without adding spores to o h
> . I No observed growth sterilize all surfaces | preparation
determine if there is contamination on the . . .
L g . : ) and equipment and | pipe material
coupon. (this is combined with matrix spike) L
process a second combination
coupon.
Buffer check: Remake
. . Every spore
Plate buffer solution on TSA to determine | No observed growth buffer/autoclave all .
- sampling event
Spore sterility glassware
- Enumeration Tap water check: - Sample tap water
I} . - No observed. globigii | from tank a second | Every spore
o Plate tap water used for growing biofilm, and . .
5 L L growth time and autoclave | sampling event
o rinsing/spiking coupons
O all glassware
Matrix spike:
Scrape biofilm from iron, cement-lined, and Compare to counts Two replicates
PVC. Spike each with 1 mL of spore 100-200 CFU/plate without corrosion and P
. T . . for each phase
suspension to determine impact of corrosior] note differences
on spore enumeration.
Resterilize funnel
again, ensure that
Membrane Filter Sterility check: Sterile No observed. alobigii filters are sterile, One check for
PBDW with .01% Tween added to MF UV - globlg clean funnels to every 10
o e growth ;
sterilized funnel and sterile filter. ensure there is no samples.
rust/corrosion on
surfaces.
Buffer blank: . No observed growth Remake buffer Every_blofllm
Biofilm HPC Plate buffer solution on R2A plates sampling event
R2A Blank: Every biofilm

Incubate plates

No observed growth

Remake plates

sampling event

CHAPTER 10: QA Objectives

10.1 Quality Assurance/Quality Control
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All analytical samples taken will include positisad negative controls to ensure that the
samples that are analyzed are accurately definedewer than three replicates will be
taken to get representative samples. Samplesrhausside of the limits of detection, or
that do not meet the acceptance criteria requoethe method, will be noted and
checked for possible errors contributing to thelte¥Vhere possible, the tests will be
repeated. Table 9 summarizes the QA samples takiea t

Table 18.QA/QC Criteria

10.2 Equipment

SOPs for the various assays will be kept in therafory along with the lab notebook.
The laboratory notebook will provide a log of prdoees for each experiment. Where
possible, the appropriate SOP will be referredrtiess deviated from in the experiment.

Equipment such as the pH meters will be used inrdence with the manufacturer’'s
manuals for those pieces of equipment. Larger egein (refrigerators, autoclaves) will
be operated using the standard SOPs outlined ifadigy SOP manual. Laboratory
equipment and instrumentation will be checked fmuaacy as directed in Standard
Methods 9020 B. The following chart summarizes datmirements for equipment:

Table 19.Data Requirements

Data Quality Acceptable If... Corrective Action If Unacceptable
All equipment, sensor, and meter Out-of-date calibrations will be corrected
calibrations are current. by recalibration or replacement of item and

the analysis redone.

U

Reagents used are not past expiration datexpired reagents will be replaced and the
Reagent grade chemicals are used. analysis redone. Reject chemicals/agar that
Microbiological grade agar used. is not proper grade.
Traceable standards.

Negative controls are used to test for
sterility.

Refrigerators, autoclaves, and incubators If temperatures were not maintained within
are operating at the required temperature.the required limits of the test, the
equipment will be fixed or calibrated and
the analysis will be redone.

The PI will ensure that equipment requiring calilsia and monitoring is maintained in
accordance with the manufacturer’s guidelines ad Eequirements. The following
chart summarizes calibration, use, and maintenmadbe equipment to be used:
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Table 20. Calibration, Use, and Maintenance of Equipment

Balances are calibrated monthly and

corrected before the

. Acceptable Corrective
Equipment QA/QC Frequency Criteria Measures
EPA centrifuges are under a Preventative 0
Centrifuges Maintenance Agreement (PMA) and o
undergo an annual PM. - ‘2
Autoclaves use tape with each batch thdt 2 o
Autoclaves contains the date, time, length of cycle, 5 [
and contents of the cycle. Autoclaves arg 3 S
under a PMA and undergo a quarterly PM. 2 E
NanoPure water © S
purification Check conductivity C; g _Described in
system 5 = instrument manual
Temperature All water baths, refrigerators, freezers, efc. = £ or SOP: All non-
controlled devices| will be checked prior to and after use. 8‘ £ conformances are
2
5
3
a}

Balances annually serviced through the PMA. it:]st[(ument is put
i ack to use.
pH and dissolved pH meters are calibrated daily in buffer.
oxygen meters
. . . . . Annually or as
Micropipettes Micropipettes are calibrated annually described
Document if

Tracking and
assessment of
media, reagents
and supplies

All medium is purchased from a nationally

recognized supplier. Negative and positivé\s needed or

controls are included in each batch. Lot,

when new

date of receipt, and expiration dates are |atthemicals are

recorded in the laboratory logbook for
reagents and media.

received

Ensure critical
information is
recorded.

information is
available; qualify
any results that are
suspect based on
uncertainties with
expiration dates.

10.3 Data Documentation

All documentation of testing and results shall bptkn a project-specific file. The
laboratory notebook or laboratory bench sheetstbsheets will contain the following
for each experiment:

» Date of test run

» Data from water parameter analysis (pH, temperatatal and free chlorine, etc.)

» Counts from plates

» Counts for negative control plates

» Conditions/factors that are outside of the regplmameters of the standard
operating procedure.

Data will be entered into a Microsoft Excel Sprdseit. In addition to laboratory bench
sheets, procedures, protocols, and observatiohbeviecorded directly in a laboratory
notebook, which will be present during all expenntse

176



10.4 Data Review

The Quality Manager will review test records toritiy and resolve any inconsistencies.
The person performing the review will initial thatd copy and date it. All the hard
copies will be kept in a binder and all electrodiéta will saved on CDs.

10.5 Data Reporting / Reduction and Validation

Free and total chlorine, TOC values will be repdbitemg/L. This value is read
directly from the spectrophotometer or TOC analyzer

Microbial enumeration will be reported as colonyniing units per milliliter
(CFU/mL) for spread plates and membrane filters$ malreported will be the average
value of the CFU/mL from triplicate plates. Countfl also be expressed in CFU/mL
for suspensions and samples, and CF@fommumbers of spores adhered to surfaces.

. pH is read directly from the pH meter and is dedia¢ the negative log10 of the
hydrogen ion concentration.

. Conductivity will be read directly from the condivitty meter and will be reported
in microSiemens/cm (uS/cm)

. Temperature is read in degrees Celsius (°C) dyréctin a thermometer.

10.6 Deliverables

Reports will be prepared summarizing the resulthefstudy. If the results from this
study are compiled for publication, the report \pilbceed through NHSRC management
review.

10.7 Data Validation

Data and calculations will be double checked taienghat data were correctly recorded
and transferred. All EPA data records managemdhbw/ifiled. Data collected in the lab
will be recorded on laboratory bench sheets antsteared to Excel files as soon as
possible.
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Appendix A: ARTIFICIAL BIOFILM

0.0

The procedures listed in this appendix describeptbcedure for making and applying
artificial biofilm. Preparation of superporous agse beads was adapted from

Scope and Application

(Strathmann, Griebe et al. 2000).

1.0

2.0

Health and Safety Warnings

Observe all safety procedures discussed in the GQA®RSP, the AWBERC
Chemical Hygeine plan in addition to any site-spesiafety considerations.

Report all accidents to the ORD Safety, Health Bndronmental Management

Office.

Ensure that all work with Cyclohexane occurs inadl wentilated area away from

heat, sparks, and Flames.
Equipment
2.1 Equipment

Water bath

Hot plate (2)

Stir bar
Thermometer (3)
1500 mL beaker (1)
250 mL beakers (1)
1000 mL beaker (1)
Timer

Mixer

2.2 Chemicals

Agarose powder (Ameresco Agarose SFR™)
DI water

Tween 80

Cyclohexane

Span 85
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3.0

9.

Double Emulsification Procedure

. Prepare 100 mL of a solution of agarose and wd#r\t/vol) in a 1500 mL

Beaker.

Heat suspension to 95-100°C on a hot plate (high) lath magnetic stir bar
rapidly mixing to ensure that agarose does not bata bottom of beaker.

Allow agarose to cool while stirring mL beaker. {kakes ~15 min and must be
watched.)

Pre-warm a mixture of 3 mL Tween 80 and 40 ml cgelane and place in water
bath #2 that is set at 50°C.

Prepare a solution of 12 mL of Span 85 in 300 mtlalyexane (#2). Warm
solution to 47° C and pour into the mixture.

Turn hotplate heater to low temperature (~70°-88€) @/ clohexane/Tween
mixture to agarose.

Start warming cyclohexane solution #2 to 50 ° C.

Emulsify by stirring at 1200 rpm for 5 min whilenn@ining in water bath
(emulsion 1)

Add Emulsion #2, turn off hotplate and stir at 3®BM for 10 min while agarose
solution held at 50°C. (emulsion 2)

10.Remove the beaker containing the agarose from Wwatér#2 and cool solution

to room temperature while continuing to mix theusioln. As the temperature
decreases, the agarose solidifies into super-p@uherical particles.

11.Decant solvent and wash beads twice with DI wdeads may take up to %2 hour

to settle.

12. Store beads in sterile tap water and decant wat@rtp use. Beads can be stored

for up to 1 week without swelling.

13. Prior to applying beads to coupons, fill a steldaker to the 40 mL mark with

4.0

no

ogkw

5.0

beads. Fill the beaker to 50 mL with sterile tagevand mix the suspension.

Applying Agarose Beads to Pipe Coupons

Ensure that coupons to be used have been sterdimtiave been placed in
sterile tap water for 24 hours as described ince&.3.2

Allow coupons to dry by placing them in a steri@tainer until all moisture on
the coupon surface has evaporated.

Prepare a solution of DI water and agarose powa#ér\t to volume).

Heat agarose solution to 90 °C while mixing theol ¢o 50 °C.

Using a sterile laboratory spoon, apply one spatinehto the beads.

Allow 5 minutes for the beads to settle and adi@itbe coupon surface.

Waste Management

Dispose of all samples, solvents, reagents andad&dry wastes in accordance with the
Laboratory’s Waste Management Guidelines. Ensiwaktkie cyclohexane is disposed of
properly in a properly marked container.
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Appendix B: SPORE SAMPLING PROCEDURES

11.0 Scope and Application

Techniques for sampling microorganisms from sudacey widely, and therefore, there
is no universal or standardized way to sample sagiaProblems with removing bacteria
occur especially when the surface is porous. Tlosquure describes the plan to evaluate
surface sampling methods to determine which isrbst effective. There are several
ways in which microorganisms can be extracted feosarface. It has been shown that
procedures for collection &acillusspores using swabs, wipes, and vacuum socks on
nonporous surfaces typically tends to underestittteg@ctual number of spores on the
surface (Rose, Jensen et al. 2004). This is madylto be true in the case of sampling
from a porous pipe surface such as concrete oodedriron. This evaluation will
determine the relative sampling efficiencies andhmas of spore removal in order to
determine which method will work the best.

12.0 Summary of Method

This Appendix will explain procedures for physigalemoving spores from a pipe
coupon cut from a water main. The procedures tassessed are the following:

» Scraping the corrosion off the coupon using asathper.
* Brushing the coupon with a brush
» Wiping the coupon with a sterile wipe

13.0 Health and Safety Warnings

The analyst must know and observe the normal safetgedures required in a
microbiology laboratory while preparing, using, atigposing of cultures, reagents, and
materials, and while operating sterilization equaotn

14.0 Cautions

14.1 Reagent standards must be prepared fresh on the daf the analysis.

14.2 Determination must be made within 48 hours of colletion and sample stored
at 4° C.

14.3 TSA plates must be read no more than 24 hours aftehe addition of spore
suspensions.

14.4 Heat shocking of spores should last no longer thalD min over 90° C
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15.0 Preparing Coupons and Spore Suspensions

15.1 Coupons cut from new sections of pipe will undettgofollowing conditioning
National Sanitation Foundation conditioning progessr to use:

15.1.1 Scrub coupons in tap water, using a test tube bdnustmove any
miscellaneous debris.

15.1.2 Using a spray bottle, spray the coupons and rasgéd to hold
coupons with 200 mg/L sodium hypochlorite soluticoating all
surfaces of the coupon.

15.1.3 Let the coupons and racks stand for at least 3@tesnand then
rinse with tap water.

15.1.4 Place coupons in racks, again rinse with tap watet,then rinse
with deionized water.

16.0 Preparing for Coupon Spiking and Sampling

16.1 Ensure that the following items are turned on anredcalibrated and the lab has
been disinfected:

e Autoclave or steam sterilizer capable of achievi@°C (15 I)

* Hot water bath set to ~90° C

* Incubator set to 35°C

¢ Disinfect all bench tops, and biosafety cabinetsiwi1% bleach solution
* Filter Manifold -Fisher cat # xx2504735

e vacuum gauge and connectors for manifold vacuuen(bach as Cole Parmer
gauge 07380-62, connector kit, 07395-20 and busb&339-83)

16.2 Assemble the following on a sterile bench

» Paper towels

* 100 mL sterile sample containers

» 250 mL sterile sample containers

* Rinse bottles filled with 50 mL of a PBDW and .0I%een solution.
» Toothbrushes/cell scrapers

» Pipette, adjustable — 1-200 uL, 100-1000 uL wighilst pipette tips
* 10 mL sterile disposable pipettes

* 50 mL sterile disposable pipettes
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* Vortex mixer

« 10° CFU/mL spore suspension — Spore suspension talaeccoupon
» Certified timer

» Peristaltic pump. Ensure that pump is calibrated 1®0 mL /min

» Sterile forceps

45 pm membrane filters.

16.3 Ensure that the following are standing by on thecheprior to collecting coupon
samples:

» Paper towels

* 10% bleach solution

» Cell spreaders and alcohol flaming equipment

e 150 mm TSA agar 100 mm petri dishes

* Blanks filled with 9 mL of PBDW.

* Pipette, adjustable — 1-200 uL, 100-1000 uL wighilst pipette tips
* Vortex mixer

» Sterile 500 mL beaker or flask

» 5 sterile 50 mL test tubes filled with PBDW and%©Tween 80

» Sterile scrapers, wipes, and toothbrushes

Make sure that plates and dilution blanks are Ebahd staged in the order that they will
be used. Prior to sampling and spiking coupons ensalke that the water bath is on and
set to 90° C, the incubator is set to 35°C andtheclave is on. Sterilize all surfaces that
are to be used and assemble equipment and consuiteaht described above on the
bench or biosafety cabinet. Set up coupon rackspkabottles, ring stands and
peristaltic pump to be used for spore spiking,ingsand removal in the biosafety
cabinet or clean bench. Take a 1L water samplesterde beaker, measurre pH,
conductivity, and total, and free chlorine. Thidlwe used as rinse water and spore
suspension to be used for spiking the coupons.

17.0 Procedure

17.1 Spore suspension

Defrost a 1.5 mL Eppendorf tube containing prepattentrated spore suspension.
Add to 100 mL sample container with 100 mL of tagtev. Pour the spore suspension in
the Eppendorf tube into the sample container. Bhise spore suspension to be used to
spike coupons. Label the bottle accordingly.

17.2 Coupon Collection
To collect coupons from trough, place 500 mL @fwaater in a sterile beaker. Place

coupon from the trough in the beaker and bringstmaple back to the lab or clean bench.
Place the coupon with the internal surface facip@mw a sterile 15 inch petri dish.

184



Coupons with artificial biofilm and coupons with bofilm should kept in sealed
containers prepared the day prior. As needed, cwiplould be taken out of the
containers and placed in a sterile Petri dish #ighinternal pipe surrface facing up.

17.3 Coupon Inoculation

Spike the surface with 2 mL of the suspension2nirach area in the middle of the
coupon. Once the entire surface of the couponvsredl, set timer for 30 minutes and
activate a countdown timer.

17.4 Coupon Rinsing

After the coupon has been inoculated with the spaspension, pick up the coupon and
transfer any residual suspension on the surfaodlet rinse sample container. Attach the
coupon to the buret stand and place sterile rinsorzle next to coupon as shown in
section 2.5. Using tap water from a peristaltic pumse the coupon with 200 mL of tap
water and collect rinse water in the rinse containe

17.5 Spore Sampling

Sampling for spores will consist of comparing diéiet combinations of brushing or
scraping, wiping, and rinsing. Brushing and scrgpiill serve as a bulk removal step
where large quantities of corrosion and biofilm ememoved efficiently from the surface.
Wiping and rinsing will aid in removing materiafi®n the coupon surface that may be
left after the majority of the bulk biofilm has eeemoved. The following sampling
techniques will be tested for each type of coupon.

17.5.1 Brushing

. Brush the coupon using downward and diagonal ssroke
ensuring that all of the material on the couponsga® the
sample container.

. Between brushing, collecting the rinse in the paigh.
Complete this process 4 times.

. Transfer the PBDW to a sterile 100 mL sample comtai
Pour the remaining PBDW that is in the rinse battte the petri
dish to rinse the dish and pour the rinse intostimaple container.

17.5.2 Scraping

. Using a sterile disposable cell scraper or stepl@on,
scrape the top layer of corrosion and biofilm iatsterile 15 cm
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17.6

petri dish. Ensure that all of the material thagdsaped off the
coupon surface is deposited into the petri dishaf@cthe coupon
from both directions horizontally so that the bliofispores are
scraped to the center of the coupon. Then lift the
corrosion/biofilm off of the pipe coupon and plamethe sample
container.

. Transfer the PBDW to a sterile 100 mL sample cowmtai
Pour the remaining PBDW remaining in the rinselbottto the
petri dish to rinse the dish and pour the rinse the sample
container.

17.5.3 Wiping

. Prior to using gauze wipes, remove them from oailgin
packaging and wrap each gauze wipe section in alumfoil and
sterilize in an autoclave at 1Z1for 15 minutes

. Don sterile gloves

. Remove wipe and with one hand: Wipe back and torth
ensure that the entire surface area is covered.tRelwipe over
and wipe back and forth to cover the entire cougoface.

. Fold the gauze with exposed side in and placesegspange
pad in appropriate sterile sample container.

. For coupons with no bulk removal step (brushingfsicg),
two wipes will be used; the first will remove thellbomaterial on
the surface, and the second will be used to clpany remaining
material on the pipe surface.

17.5.4 Rinse
. Using a rinse bottle containing 100 mL of phosphmaiter
containing .01% Tween 80, rinse the coupon surtiageughly
to wash all components of the sample into thelstetip.

Sample Processing for Brush Scrape and Wipe Sampgle

17.6.1 Ensure that the plates are at room temperatura@properly
labeled. The following is the plate labeling scheme

. Pipe material: (Iron — I; Concrete — C; PVC — P)

. Action: (Scrape — S; Brush — B; Wipe-W) (Rinse)} R

. Dilution: (0; -1; -2; etc.)

. Prior to pipeting suspensions onto plates, douléek that

all material has been legibly labeled.
17.6.2 Following heat treatment, vortex the tubes and sartqpttles
solutions for 30 seconds. Make serial dilutionseagiired. Make
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sure that you stay organized so that samples atedobn the
properly labeled petri dishes.
17.6.3 Spread plate .1 mL of the vortexed spore suspension

17.7 CDC Stomacher Method for Processing for Wipe sasmple

17.7.1 Purpose
This procedure serves to recover and isolate dpamgng bacteria
from environmental smooth non-porous surfaces ansiomnel
hands. The procedure is used to assist in defihiagole of
environmental contamination in transmission of trezlre
associated infections.

17.7.2 Reagents
Sterile phosphate buffered saline with 0.02% Tw&@(PBST,
Product # 0082, CDC Scientific Resources Prograrajjaivalent
Appropriate media for optimum recovery of suspecreghnism.
Example:
. Bacterial recovery (facultative anaerobe): BBL™
Trypticase™ Soy Agar with 5% Sheep Blood (BAP; RID)
equivalent
. Butterfield phosphate buffer (BB) 9 mL tubes (deeri
Becton Dickinson (BD), Sparks MD)
. Sterile water

17.7.3 Equipment

. Centrifuge
o Vortexer
. Stomacher

17.7.4 Supplies
. Sterile Stomacher bags
. Sterile pipettes: 50 ml and 5 ml Pipettors (1000 260-ul
maximum volume) and sterile tips
. Hockey-spreaders (sterile)
. Sterile reusable forceps

17.7.5 Specimen
. Surface wipe samples: cellulose sponge, gauze or
equivalent

17.7.6 Procedure: Stomacher Processing
. With sterile forceps, remove sampling wipe and @liac
stomacher bag accordingly. Do not discard forcepse it will
be used later, store in wrapping
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17.8

. Add 100 ml of PBDW to each stomacher bag with k&eri
50-ml pipettor

. Place stomacher bag in stomacher and homogeniZe for
min. at 260 rpm
. Remove stomacher bag and squeeze excess fluid from

wipe. With forceps used in Step 3, remove wipe lade back
in original sample container. Place reusable fosda discard.

. Allow foam to reduce in homogenate for about 5 rtesu

. From “Untreated” sample, remove 0.1 ml from unditlit
suspension and inoculate on selected media ¢ilQtion); and
remove 0.1 ml from 1:10 dilution and inoculate efested media
(102 dilution). Perform in triplicate. Spread with ske hockey
sticks.

17.7.7 Procedure: B - Recovery (Quantitative and Qualiggti-
Facultative Anaerobe/Aerobes
. After incubation period, remove media and examane f
growth.
. Observe and count colony forming units (cfu) ammbreé on
agar plate and recording form
. Observe and count colony forming units (cfu) arzbrd
on agar plate and recording form

Interpretation/Results

. Determine # CFU /Sponge or square area sampled from
plates with 25 — 250 colonies:

. Report the final total #cfu recovered/wipe or asampled

. If no growth was as less than the detection lidi ¢fu).

18.0 Quality Control and Quality Assurance

QA/QC samples and procedures listed in sectionvgl®e followed.

19.0 Data Analysis

Data analysis procedures discussed in sectiortl8&dDAPP will be used.

20.0 Water Parameter Monitoring

Water parameters outlined in section 5.0 will benitaved for all tap water used in the

study.
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Appendix C: PREPARATION OF REAGENT WATER AND
MEDIA

5.0 Scope and Application

The procedures in this appendix specify how reageér and reagents will be prepared.
Reagent-grade chemicals shall be used in all tesisided in this appendix are
instructions on microbiological media preparatiowl &nstructions on how water with

various ionic strength and pH values will be mddsstly, in order to expedite biofilm
growth, acetate will be added to tap water that ontact with the coupons.

6.0 Health and Safety Warnings

o0 Observe all safety procedures discussed in the QAREP in addition to
any site-specific safety considerations.

o Disinfect laboratory equipment and benches daily.
o0 Report all accidents to the ORD safety manager.

MSDS sheets detailing the hazards of media anckeréagre available in the laboratory

7.0 Reagent-grade Water

Reagent-grade water will conform to specificationStandard Methods for the
Examination of Water and Wastewater (21st ed.).

7.1 Phosphate buffered dilution water (PBDW)
7.1.1 Stock potassium phosphate solution

Potassium phosphate (KH2PO4) 0.34 ¢
Reagent-grade water ~10L

7.1.2 Procedure:
. Combine potassium phosphate and 500 ml of deionized
water and stir to dissolve in a 2 L bottle.
. Adjust pH to 7.2+0.5 with 19 N NaOH
. Bring volume to 1L with deionized water. Stir toncbine.
. Autoclave for 20 minutes at 121° C.
. Store at 4°C.
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7.1.3 Stock magnesium chloride solution

Magnesium chloride hexahydrate (MgCI2 6 H20) &i.1
Deionized water

. Combine and stir until dissolved in a 2L bottle.
. Autoclave for 20 minutes at 121°C.
. Store at 4°C.

7.1.4 Working PBDW solution

Stock potassium phosphate solution

1.25 ml
Stock magnesium chloride solution
5.0ml
Deionized water
1L
7.1.5 Procedure:
. Combine ingredients and stir to mix
. Autoclave at 121° C for 30 min
. Store at room temperature.
7.2 Extraction Buffer W ith Tween
7.2.1 Composition
PBDW ~1.0L
Tween 80 0.1 mL (0.01%)

7.2.2 Procedure:
. Fill 2-L bottle with 500 mL of PBDW.
. Add pipet 100 ul of Tween 80.
. Bring volume to 1 L with reagent-grade water. &iir
combine.

8.0 Spore Preparation Procedure
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8.1 Slants ofBacilluson Heart Infusion (BHIA) agar are stored in thizigerator. To
prepare new spores, a fresh transfeB.afnthracisis streaked into a slant of BHIA and
incubated overnight at 25°C. This fresh cultunesed to inoculate the spore media.

8.2 Growth of Spores

8.2.1 Inoculate 500 mL Erlenmeyer flasks containing 1d0@eneric
Spore Media (see formulation below) with a cultafeegetable
cells ofBacillus.

8.2.2 Incubate with continuous, gentle shaking at 35%@tdeast five
days.

8.2.3 Check the solution for the presence of spores avitlet mount
slide preparation using phase contrast microscopy.

8.2.4 When the slide preparation reveals an adequate sp@pension,
proceed with the purification.

8.3 Purification of Spores

8.3.1 Ascetically transfer the contents of each flask sterile 25-mL
centrifuge tubes. Balance the tubes and centrifiige
approximately 5900 fcf for 20 minutes, using a fixangle rotor.

8.3.2 Pour off the supernatant into a discard beaker. 2@lchL of cold,
sterile deionizer water to each tube. Vortex eatle wntil the
pellet is completely resuspended in the water. @age again at
approximately 5900 rcf for 10 minutes. Discard shpernatant
and resuspended in 30 mL of cold, sterile deionizater per
tube. Centrifuge for another 10 minutes as befamd,discard the
supernatant.

8.3.3 Combine the contents of the tubes into multiples tll allow
ease of centrifugation. Aseptically add 30 ML ofd;sterile
deionized water to each tube and resuspend thespor

8.3.4 Combine 58 mL of Hypaque™ with 42 mL of sterilejaezed
water. Mix well. Add 12 mL of the Hypague™ solutitma clean,
sterile, 35-mL centrifuge tubes. Pipette the spoispension,
carefully layering it on top of the Hypaque™ sabuti Centrifuge
at approximately 5900 rcf for 30 minutes, usingvinging bucket
rotor.

8.3.5 Pour off and discard the supernatant. Add 30 mtotd, sterile
deionized water to the pellet in each tube andssd the
spores. Centrifuge at 5900 rcf for 15 minutes, gisiriixed-angle
rotor.

8.3.6 Discard the supernatant and resuspend the spo8&snri of
cold, sterile deionized water. Wash the sporesamyrifuging at
5900 rcf and resuspending twice more. Centrifugeragliscard
the supernatant, and resuspend the spores in §#@p&thanol
solution. Store at 4°C.
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9.0 Waste Management

Dispose of all samples, solvents, reagents andad&dry wastes in accordance with the
Laboratory’s Waste Management Guidelines.
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