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Executive Summary

Introduction

Biodegradable organic carbon (BDOC) is a fractibthe dissolved organic carbon
(DOC) in water that can be mineralized by heteqtio bacteria. Assimilable organic
carbon (AOC) is a fraction of the total organiclzar that can be utilized by
heterotrophic bacteria to increase their bioma#g3C concentration serves as an
indicator of the nutrient level and a measure efgbtential of microbial regrowth in
water. AOC can impact taste, water quality andinflnence biological fouling of
reverse osmosis (RO) and microfiltration membrgiv#s). High levels of AOC are
associated with rapid biofilm formation and lossyedmbrane performance. Currently, a
standard method that is laborious, costly and requveeks to complete is used to assess
AOC concentrations. This study was designed ttuaet@ new methods that are
inexpensive and rapid that can be used for mongodOC concentrations to prevent
biofilm formation, loss of membrane performance angrove water quality.

Objective

The aim of the study was to develop and test alriajpassay for determining AOC
concentrations, which can be used as an alterniatitree standard method currently
employed by many of the water utilities. Origiyaljenetic modifications were going to
be performed t®seudomonas fluoresceR47, a standard AOC bacterium. The
genetically modified P17 was going to be evaludtedts ability to produce fluorescence
that would relate to known concentrations of ACIhis work was redirected to evaluate
a Checklight AOC bioassay that was recently matket¢he United States. This
bioassay employgibrio fischerithat naturally harbors a luminescence gene that
produces light when organic compounds are metadabli®z the organism. The level of
luminescence indicates the concentration of AOCabwized by the organism. This
bioassay has been used with surface water samiésb never been tested for
wastewater application. In addition, an effort \yagng to be made to improve the
Standard Method currently in use. The standarayassolves inoculation of test water
samples with two known strains of bacteria. A#eme period of time, between 5-14
days, the growth yield of the bacteria is determindich is related to the concentration
of AOC in the test water. This approach is labasiand costly mainly due to the time
required for growth. A means of improving thisassvould be to monitor growth yield
by using a Coulter Multizer, which is essentialtyautomated cell counter.

Approach

A series of evaluations were conducted under wafilkdd and controlled conditions to
determine if AOC concentrations could be monitarsohg the Checklight bioassay.
Several assays were performed to evaluate the ohé&dhgensitivity, speed, reliability,
accuracy and ease of use. Several organic compauere selected to determine the
nutritional profile ofVibrio fischeri the organism used in the assay. The sensitivity



range at which these compounds were utilized weterchined and compared with the
organisms used in Standard Methods. Various waseewsources were selected to
determine the sensitivity range and the field aggpion of this assay. Accuracy was
determined by comparing the range obtained fronCtinecklight bioassay with Standard
Methods. In addition, an effort was made to imgrtive rate at which Standard Method
calculated growth; this involved the use of the IByuMultizer to determine the increase
in cell volume in the presence of a carbon soufea. this study, acetate and OCWD
secondary municipal wastewater were used as themraources.

Results

Results from several assays performed indicatettieaChecklight bioassay as shipped
could not reliably be employed to monitor AOC camtcations due to the physiology of
Vibrio fischericells. Light production from these cells is higkiariable and can be
reduced by the presence of chlorine, acidic pH,ahdr unidentified inhibitors. Several
modifications were made to the manufacturer’'s grott¢o improve the stability of the
organism and consequently the light produced bytbanism. These modifications
included using glass assay vials that were acidchecand stabilizing the cells prior to
use in an assay. Once these modifications werkemented, it was determined that
Vibrio fischeriare nutritionally as versatile as the organisneldsr the Standard
Method. It was resolved that Acetate carbon, taedard carbon source used in
Standard Methods can also be used as a standatef@hecklight bioassay. The
sensitivity range of the assay was determined twdsn 5-100ppb for several organic
compounds, but the assay required longer than &showcomplete, as stated by the
manufacturer. Since light production needed tsthbilized before the cells could be
used, assays could take up to 8 hours to comgleeeAOC concentration for OCWD
secondary municipal wastewater was tested twiagguShecklight bioassay and
Standard Method, a range of 274-317ppb; 540-5489pplB332ppb; 642 ppb was
determined by the respective assays. Using thekligbt bioassay, AOC concentration
for reverse osmosis product water was in the raf@e0.891 ppb; Fountain Valley
potable drinking water was in the range of 34-56,@md a concentration could not be
determined using Deep well injection water or S&itaa secondary municipal
wastewater.

To improve the rates at which growth yields coutdchlculated using the Standard
Method, a Coulter Multizer was used to calculatéevadume. Several cultures were
grown that contain different concentrations of carland OCWD secondary municipal
wastewater as an AOC source. Data following 48$otiincubation was used as
representative data that showed cell volume iner@asultures that contained no carbon,
5 and 10ppm of carbon. However, at 50ppm totalw@ of cells did not relate to the
concentration of carbon provided in the culturesing OCWD secondary municipal
wastewater as a carbon source, decreased cell gsluere observed than at time zero.
These inconsistencies could not be explained.
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Conclusions

Several modifications of the protocol provided lyeCklight were tested to improve the
stability, sensitivity and accuracy of the ass@e light produced by. fischericells in
response to a carbon source was affected by tisemqre of chlorine and acidic pH.
Therefore, all waters that were analyzed were @ertdted and pH was monitored. The
sensitivity range of the assay using the carbotedcsolution provided by the
manufacturer was calculated between 3-100ppb giartred sensitivity using the carbon
cocktail was between 50-400ppb. However, numeirmegsistencies were observed
with the assay, suggesting that the physiologyefdells was highly variable and that all
viable cells may not be producing light.

Since the amount of light produced did not relatthe concentration of carbon provided,
numerous modifications were made to the proto&thstic assay vials were replaced
with acid-washed, heat sterilized glass vials alt$ ¢hat were hydrated were stabilized
for up to 250 minutes before use. These modificatiwere used to determine the
nutritional profile ofV. fischericells that were able to metabolize a variety of
compounds. Bioluminescence produced was greaterGWcose and Fructose-carbon
than with Glycerol, sodium acetate and the carlmmkt@il. The sensitivity range for
most organic compounds was between 5-100ppb.

A toxicity test was performed when different watesere tested for their concentration of
AOC to determine if inhibitors are present. OCWHA2andary municipal wastewater was
tested twice and the values were compared to @red&td Methods; it was calculated
that both values were within 20% of each othere TEvel of AOC could not be
calculated when deep well injection water and S@taa secondary municipal
wastewater was used as a carbon source. A ramngedre34-55ppb was calculated for
Fountain Valley potable drinking water. RO prodweiter contained a low concentration
of AOC, it was calculated that this water contaiaa@nge of 0-0.891 ppb of acetate-C.

The Coulter Multizer was used to observe an inea@asell biomass by measuring cell
volume. This method was tested to determine ifGbalter Multizer could be used to
calculate growth rates. Inconsistencies were okseawnith several of the controlled
samples and the OCWD secondary municipal wastewaat#ifferent time intervals. The
assay was not developed further since the CoultdtiMdr is an extremely sensitive
instrument that requires prefiltered solutions lain reliable results.

Recommendations

The Checklight bioassay was evaluated under definedcontrolled conditions and it is
suggested that the bioassay needs to be develoghdrfbefore it can be used to
routinely monitor AOC levels in treated or filteracter. This assay has shown some
promising results, but needs to be perfected &d fapplications. The physiology f
fischericells varies within each assay and from one kértother, resulting in light
production that is highly variable. Therefore,sflaials and stabilizing the cells before
an assay is performed are highly recommended taittire variability observed. It is
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also suggested that the cells should be grown Bsmsaing a chemostat, which would
result in cells that are physiologically stable amthe same growth phase when they
harvested for the development of the kit.

Benefits to California

Any new rapid methods that can provide measurenterdalculate AOC levels that can
predict microbial growth can be used to preventilonoformation on membranes, predict
loss of membrane performance and can be useditniptdisinfection protocols. These
rapid methods can equate to considerable costgavitne water utilities in California
and at the same time improve water quality.
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Abstract

This study was designed to evaluate new methodsjfid determination of assimilable
organic carbon (AOC). The AOC represents a fraatibthe total organic carbon (TOC)
in water that bacteria can use for growth and athetabolic processes. High levels of
AOC are associated with rapid biofilm formationsdmf membrane performance and
poor water quality. Currently there is no rapistt tevailable that can be used to monitor
the levels of AOC. A Standard Method to deternihmeeAOC concentrations is
available, but requires 5-14 days to complete apid bioassay made available by
Checklight was evaluated for its speed, sensitiatguracy and complexity to perform
the assay.

A number of defined tests were run using the Chglokbioassay and it was determined
that the sensitivity ranged from 3-100ppb usingixech carbon solution. Whereas, the
sensitivity range using simple and complex carbmmmounds ranged from 5-100ppb.
Light produced byibrio fischericells used in the assay was greater with Glucode a
Fructose-carbon than with Glycerol, sodium acedatkthe mixed carbon solution.
OCWD secondary municipal wastewater was testedyubm Checklight bioassay and
the values were compared to Standard Methods seat different organisms. The two
values were within 20% of each other. The AOC eotr@tions could not be calculated
when deep well injection water and Santa Clararsggy municipal wastewater were
evaluated. A range between 34-55ppb was calcutatdebuntain Valley potable
drinking water.

The Coulter Multizer was used to observe an ina@asell biomass by measuring cell
volume. This method was tested to determine ifGbalter Multizer could be used to
calculate growth rates. Several inconsistenciés;iweasily could not be explained,
were observed with controlled samples and the OG&Ewndary municipal wastewater
at different time intervals.

The Checklight assay was evaluated under defindadantrolled conditions and it was
determined that the assay is highly variable dudeghysiology oV . fischericells.
Several modifications are outlined in this studgttimproved the variability, sensitivity
and accuracy of the assay.
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1.0. Introduction

Assimilable organic carbon (AOC) is the fractiontloé total organic carbon present in
water that is most readily used by bacteria foraegh and therefore, is of greatest
interest to water utilities. An increase in theteaial population can have several
deleterious effects such as regrowth of coliforgesieration of undesired color and taste,
corrosion of pipes, possible depletion of disindettresidual, and biological fouling of
reverse osmosis (RO) and microfiltration membra#s). A salient factor influencing
how rapidly membrane biofouling occurs is the aatalg nutrient content of the feed
water. Reduction or removal of AOC is necessampyrévent these problems, which may
be accomplished by appropriate filtration metholfast of the standard or proposed
methodologies that measure the concentration of XD&ater are laborious, costly and
can require up to two weeks to complete. Resuitsined after such a long time frame
have little practical value to control water quakind for monitoring purposes. Testing
for chemical parameters such as total or dissabvgdnic carbon has also proven
inadequate for monitoring bacterial regrowth beeatibas been shown that the fraction
of the total carbon pool available in water for bgemicroorganisms is very small and is
generally highly variable. Demonstrating that g chemical methods for monitoring
are not sensitive enough to detect such low coratems, as those that are present in
AOC. Consequently, the objective of the proposejept was to evaluate and compare
new methods that are rapid for monitoring AOC eated and or filtered water. This
was accomplished by evaluating a commercial bigasis@hat was recently made
available in the United States. The manufacturéh@assay has used this kit to monitor
AOC concentrations from different raw drinking waseurces along the Israeli Water
Carrier system_(http://www.checklight.co.il/pdf/eastudies/aoc-case-study.pdf

We evaluated this kit for its sensitivity, accuramfiability and cost for monitoring AOC
in treated or filtered water. Concomitantly, mazhtions to the standard AOC assay as
described by Van der Kooij were made using the teogbunter to improve the rate and
the cost at which these assays could be carried out

1.1. Background

The presence and growth of microorganisms in @istion systems is an economic and
health issue that is of concern to water utilitrethe United States, especially due to the
potential appearance of pathogens in distributy@tesns. The increase in population
and drought conditions in Southern California, attter arid regions of the United
States, has resulted in limited water suppliesoridge of potable water has created the
need for treatment of alternative water sourceh sisaecycled wastewater, ground and
surface waters. The need for new water sourceshiaded the search for innovative
treatment methods and solutions. Water utilitiessdriving to reduce the presence of
microbiological growth, especially pathogens iratel drinking water to improve water
quality and to improve the fouling potential of R@d MF feed waters. It has been



illustrated that water quality deterioration inrthing water distribution systems may be
the result of microbiological replication (i.e.grewth) within the systems (Vol&nd
LeChevallier, 1999; Fria®t. al., 1994). For bacterial growth to occuarious nutrients
sources must be present. In particular organicpoamds either dissolved or particulate
that can be used as energy and carbon sourcesdrgthephic bacteria to produce new
cellular material, or biofilms on membrane surfackas been well documented that
bacterial regrowth can depend in part, on the catnaton of the organic carbon
available in a water system (Van der Kod#92). This organic material has been
defined using several terms such as biologicalrocgaaterial and assimilable organic
carbon (AOC). The term AOC refers to a fractigrpitally 0.1-0.9%) of total organic
carbon (TOC) that is in a form that can be utilibgdbacteria for metabolic activity and
can result in an increase in their biomass (Esceba, 2000). In most cases, drinking
water that has been treated has been exposedagiba activity either during
movement through the ground or during the treatrpemtess. As a result, only a small
portion of the organic carbon remaining in drinkimgter is expected to be available as a
source of carbon and energy for microorganismséofar regrowth. Generally,
compounds that serve as a nitrogen (N) sourceraseipt from a few tenths of a
milligram to a milligram per liter; phosphates @ present between few tenths to few
hundred micrograms per liter (Van der Koetj al., 1982). Many biodegradable
compounds of natural origin, such as amino acidgtiges, fatty acids,
hydroxycarboxylic acids, carbohydrates, humic andi¢ acids are present in extremely
low concentrations, but combined, these organicpmmds can be assimilated by
heterotrophic microorganisms to support regrowtaner Kooijet. al., 1982).

Another indicator of bacterial regrowth potentmbiodegradable dissolved organic
carbon (BDOC). The BDOC content of the organit®oarrepresents the fraction of
dissolved organic carbon that is mineralized bytdy@ar, but does not necessarily result in
an increase in their biomass. The presence of AQCBDOC are often measured
separately but can be measured together as indicatbacterial regrowth and
disinfection by-product formation potential, resipesly.

One of the major issues with bacterial regrowttinésmultiplication of potentially
pathogenic bacteria (e.d.egionella spp AeromonasPseudomonag$-lavobacterium
etc.) that can affect the taste, odor, color, @amand possibly the proliferation of
macroinvertebrates (Voland LeChevallier, 1999; Friag. al., 1994; Alleret. al., 1980).
Prevention and control of bacterial regrowth intrdisition systems and the removal of
pathogenic bacteria are essential water qualityessvhich are often addressed by
utilities. Chlorine has been used routinely tcetrtbe microbiological standards for
water quality. However, it has been reported thédrine is not completely effective in
controlling bacterial regrowth; to restrict bacémegrowth potential it is necessary to
either remove or maintain a low concentration ofAQt has been demonstrated that
bacterial levels in nonchlorinated systems didinatease when AOC levels were lower
than 10 pg/L (Van der Koqijl992). Additionally, it was shown that regrovath
potentially pathogenic bacteria was limited when@\[@vels were less than 50-100 pg/L
(LeChevallier et. al., 1991).



Bacteria assimilate a small fraction of the tot@ld, since other inorganic and organic
compounds are present in sufficient quantity fartéaal growth. The amount of organic
compound that is available, as sources of enengydoterial growth cannot be measured
directly by a single chemical method, since manypounds (e.g., amino acids,
peptides, carbohydrates) are routinely found at lex concentrations (Friast. al.,

1994). Inorganic compounds, such as ammonia, eatetermined by specific chemical
analysis, but determining the concentration of nigaompounds has proven to be more
complicated. Not only due to the number of différelasses of compounds that AOC
may be composed of, but also the concentratiotiseske compounds are very low in
drinking water, typically micrograms per liter. Has been demonstrated that many
different types of bacteria are capable of dividamgl growing in water that contains 2-5
part per billion (ppb) of variable organic carbMat der Kooij 1988). For these
reasons, several different methods have been deeto measure AOC.

1.2. Overview

Several bioassay methods have been developedewordet the concentration of AOC
available for regrowth. Most of these techniquas loe divided into two groups: (a)
those that indirectly measure cell biomass linkeeddme type of metabolic or
physiological activity (i.e., cell metabolism oreatbsine triphosphate [ATP] production),
(b) those that directly measure biomass productiderhnique which can directly
measure the number of specific type of bacteriageor an increase in the number of
cells (biomass). Many of the bioassay methodsatatised to measure AOC
concentrations employ a combination of microscogl&ssical microbiology and genetic
techniques. These techniques can provide valuatoienation about the concentration
of available assimilable carbon that can stimubeteterial regrowth potential in water.
However, most methods that directly measure biompess$uction require up to two
weeks to complete, making them impractical for nmnmg water quality in an
operational time-frame, or for rapid implementatairireatment changes to control
bacterial regrowth in water treatment facilitiesl ahstribution systems.

A widely accepted and standard technique used tsuane bacterial regrowth potential is
the Van der Kooij method developed in 1982 (VanKleoij et. al., 1982). This
technique uses two microorganisrBseudomonafiuorescenstrain P17 an&pirillum
strain NOX in a bioassay to measure AOC. The autnagon of AOC is measured by
relating the number of these organisms to subst@teentration using a standard growth
curve. These two organisms were isolated for ¥pdi@t purpose of determining the
concentration of AOC from drinking watePseudomonaluorescenstrain P17 was
chosen from other fluorescent Pseudomonads tha&t is@liated from drinking water
because of its higher growth yields, is nutritigpakrsatile, growth in the presence of a
simple nitrogen source, does not require spec@itr factors, grows rapidly on non-
selective media and produces clearly visible ca@siiVan der Kooigt. al., 1982, Frias

et. al., 1994, Kaplart. al., 1993). A list of the various organic quunds used by
PseudomonaBuorescenstrain P17 for regrowth is listed in (Table 1).



Spirillum species strain NOX is used in conjunction viigeudomonafiuorescensstrain
P17 in most bioassay$pirillum NOX was isolated from drinking water after being
plated on enrichment medium. This organism usliadditional organic acids that are
not utilized byPseudomonafuorescenstrain P17. Table 2 lists organic compounds
most commonly utilized bgpirillum species strain NOX.

The standard Van der Kooij AOC bioassay uses ttvesatrains, which are separately
inoculated into a water sample. These organissiméate the AOC in a water sample
as a carbon source to grow or to increase theiteusn(increase biomass). Therefore,
the AOC is converted to biomass that is measurestdndard plate counts at regular
intervals. The increase in biomass is proportitmahe concentration of AOC and is
generally determined at the stationary growth phabéh is measured 3 to 5 days after
inoculation. The cell yields in the test water géas are related to an equivalent yield of
these organisms grown in a known concentratiorcefase carbon. AOC values are
reported as the sum of P-17 and NOX with acetateocaequivalents measured in
micrograms per liter. Since this bioassay diregtBasures colony-forming units (CFU),
a measurement of their growth yield, it can takgsda weeks before data can become
available. This assay is best used as an indicétible growth potential of the water and
not as a direct measurement of biodegradable caitisralso used as a tool for
predicting regrowth of coliform and heterotrophlate count bacteria in water (Hyck
1990). At present, Van der Kooij AOC bioassaydsdias the standard method
according to Standard method998).

In order to reduce the time needed to executettimelard AOC bioassay, ATP
bioluminescence based assay was developed. Thiwdeses ATP concentrations to
determine the total number of viable bacteria presea water sample. ATP occurs in
all living cells and is not associated with nontigiparticulate material. ATP
concentrations are obtained by an enzymatic reacing the luciferine-luciferase
assay. The amount of light produced is determimeldiciferase, which is shown to be
proportional to the number of cells present. Towecentration of ATP is determined
empirically from a linear relationship between liginoduction and reference ATP
concentrations (standards). The ratio of ATP tbruember varies from species to
species, but is constant enough to reliably esérttet number of cells from ATP
measurements (Vrouwenveld@001). In the ATP-based assay, the concentrafidime
test organisms (P17 and NOX) are evaluated baséieamlease of ATP from these
bacteria after placing them on membrane filtersCthevallieret. al., 1993). In this
specific study, AOC concentrations were compardtécstandard assay. It was
demonstrated that in some samples the ATP-basagl pssduced results that could be
related to the standard method, but with other $asmesulted in higher AOC values
(LeChevallieret. al., 1993). In some samples, the backgroeweld due to non-cell
associated ATP was too high which obscured the A@tentrations. Likewise,
intensely colored water interfered with the biolaescence produced in the assay and the
determinations of ATP concentration could beenddaswards growth of P17 rather
than NOX, since P17 contained approximately 9 timese ATP per cell than NOX
(LeChevallieret. al., 1993).




Recently, the ATP-based bioluminescence assayedesigned using genetically
modified P17 and NOX strains (Haddx al., 2004). In this assdjseudomonas
fluorescenstrain P17 an&pirillum species strain NOX were mutagenized to harbor the
luxCDABEoperon as part of their genes to produce luminescander induced
conditions, following the addition g@-aminosalicylate (PAS). Due to low
concentrations of AOC in most test waters, whicuited in low cell densities, an
additional substratan{decylaldehyde) was directly added to the cell saspns to
achieve adequate luminescence to complete th@Haddix et. al., 2004). In this assay
bioluminescence intensity was directly relateddth metabolic activity and the to the
standard AOC assay. It was determined that foligwihe addition of the inducer and the
additional substrate, there was a linear relatignisbtween the bioluminescence assay
and the standard AOC growth-based assay. To tthégehioassay can be used to obtain
results within 3 days following inoculation withetliest strains, representing a significant
time reduction from 5 days using the ATP-basedyas3ais method is still in
development to improve accuracy, sensitivity, repiability, and it still remains to be
determined if the method can be automated usingpiate and a reader (Haddik

al., 2004).

Traditional methods for assessment of microbialgincand activity generally lack
specificity, are laborious and impractical for wageality monitoring. Increasingly,
genetically engineered microorganisms (GEMS) anegoeonstructed for environmental
applications. Molecular-based techniques polyneecasin reaction (PCR), DNA
probing and marker gene tagging have been modiiédentify and quantitate
microorganisms directly in the environment. Onéhaf most widely used markers is the
gfp gene, which encodes the information for greenrélacent protein (GFP) of the
jellyfish Aequorea victorigBloemberget. al., 1997). This is a fluorescent marker that
does not require any additional substrate or cofantorder to fluoresce (Chalfet. al.,
1994), does not interfere with bacterial growth anty requires oxygen to express. In
addition, cells tagged withyfp can be studied nondestructively and can be easily
visualized by microscopy with commonly availablediescent filters; in some cases
where signal is weak; a charged-coupled device (G&2inhera can be used to enhance
signals.

In many cases, to fully understand the dynamidt@imnicrobial population with its
environment, both the total bacterial biomass &ednetabolic activity of the cells have
to be assessed. As a result, two marlgpsandlux were genetically combined into a
marker systengfp-luxAB (Ungeet. al., 1999). This system was designed for dual
monitoring of metabolic activity and determiningtbell number of the microbial
population in a complex environment, such as ddging this system, microbial
populations can be identified, quantified and morportantly, their metabolic status can
be determined directly in the environment. Thiprapch involves the use of
luminometry and flow cytometry, which do not depamdcell cultivability, since it is not
measuring the increase in cell biomass. Curretitly,system is under development in
several labs, its stability and reproducibility dee be evaluated; the cost of the
equipment and expertise of personnel may becontelptive for this method to be
adopted as a standard method.



Traditional techniques for assessment of metalaalivity and microbial regrowth lack
specificity, speed, and accuracy for monitoringexauality or for rapid implementation
of treatment changes to control bacterial regrovi@lne to speed and cost, application of
these techniques usually results in limited freqyesf sampling and or limited number
of sites sampled. As a result, water utilities radlier over or under disinfect which can
result in augmented costs or poor water qualityrréhtly, to ensure water quality, most
water utilities are seeking rapid and simple meshibéht do not depend on cell
culturability to determine the concentration of AORew methods are constantly being
developed and evaluated by utilities that could/jpl® rapid measurements of AOC so
that they can prevent bacterial regrowth, optindisnfection regimes and reduce the
presence of excess disinfectant and by-productshvwdould result in considerable cost
savings.

1.3. Projective Objective

The objective of this study was to evaluate a nethaod for rapid determination of AOC
in treated and or filtered waters, this includest s not limited to reverse osmosis (RO)
and microfiltration (MF) feed water©riginally, the Orange County Water District
(OCWD) proposed to use tigdp-luxABmarker system as a means of rapidly detecting
the concentration of AOC in filtered source wateris planned approach was an
extension of the work performed by Had@d2004) and Ungé1999), outlined above.
Due to adjustments in the personnel involved ameé ttonstraints, the scope of the
project was re-directed to evaluate a commercratiyketed kit by Checklight Ltd.
(Qiryat-Tiv-on, Israel) and concurrently, to deyel® rapid method to directly measure
biomass accumulation using the Coulter Multisiz¢Beckman Coulter, Inc., Miami,
Fl.). As outlined in the work agreement, genetmdification of standard AOC bacteria
were not performed since the Checklight assay aseturally occurring luminescent
bacteriumVibrio fischeri Task 2 of the agreement called for broad lalooydtased
evaluation and validation of the genetically maetifibacteria. Instead, extensive
evaluation of the Checklight bioassay was performeask 3 involved the use of
different feedwaters to assess the performandeeofénetically modified bacteria;
instead, various feed waters were evaluated uem@hecklight assay and one using the
Coulter counter method.

During the course of the study, it was determied Checklight Ltd. was marketing a
bioluminescence AOC assay for drinking water whaatploys lyophilized (freeze-dried)
preparations o¥ibrio fischeribacteria. It was reported that this organism tiarla
naturally occurring luminescence gene, which cates luminescence with the
metabolism of AOC. The genes are induced in teegace of organic compounds and
produce light; the intensity of luminescence isgamdional to the concentration of the
organic compound catabolized Yiprio fischeri
(http://www.checklight.co.il/pdf/case_studies/a@se-study.pdfsee Figure 1). It has
been reported that the assay can be completegpmamately two (2) hours at minimal
cost and has a sensitivity range of sub-parts péom(ppm) for a variety of organic




compounds. The manufacturer used acetate carlebtharcarbon cocktail to verify the
reliability of the assay (http://www.checklight.dfndf/case_studies/aoc-case-study;pdf
see Figure 2).

For this study, a series of validation assays werglucted to evaluate the Checklight
bioassay for the wastewater application. Speoifganic compounds (Table 3) and
various water sources (Table 4) were used asdastes to assess the performance of the
assay as it relates to sensitivity, accuracy alahibty for wastewater. When water
sources were examined, standard Van der Kooij ndetras run in parallel with the same
water source to determine the performance and acgwf the Checklight bioassay.
Series of dilutions of organic compounds (Tablar®) water sources (Table 4) were
used to evaluate the sensitivity, inhibition (doehlorine, pH, etc.) and the time it takes
to complete the assay. Specific organic compowsts used to determine the
nutritional requirements foribrio fischeri a non-standard AOC bacterium. The
nutritional requirements of this organism are netlwharacterized (Haddiet. al., 2004)
and needed to be identified before the test waiablé 4), which contains a variety of
these organic compounds, could be analyzed. Tvenéabge of the Checklight bioassay
is speed and ease of use, which does not reqginéyhrained personnel or equipment
and ultimately can translate to cost savings.

In conjunction with validation of the Checklightdaissay, a series of runs were made in
an attempt to improve the standard assay as deddniStandard Methods using a
Coulter Multizer or Coulter particle counter to @@hine growth. This instrument is an
automated cell counter that can be used to relatedss from measurements of volume.
The Coulter counter uses the Coulter principle éasure volume. In this device,
particles such as bacterial cells are suspendadveak electrolyte solution and drawn
through a small aperture that separates two elesrbetween which an electric current
can flow. The voltage applied across the apextgates a sensing zone. As each
bacterial cell passes through the aperture, ifaigs its own volume of conducting
liquid, thereby increasing the impedance of thetape. This change in impedance
produces a tiny but proportional current flow iato amplifier that converts the current
fluctuation into a voltage pulse large enough t@asuee accurately. The Coulter
principle states that the amplitude of this putsdirectly proportional to the volume of
the particle that produced it. Scaling these phkghts in volume units enables a size
distribution to be acquired and displayed. In &ddj metering device is used to draw a
known volume of bacterial suspension through thetape; a count of the number of
pulses then yields the concentration of bactertheénsample
(http://www.beckman.com/products/instrument/part@dia multisizer3.agp One
immediate advantage of using this approach to cbacierial cells, if successful, is the
rate at which the Standard assays could be pertb(Bezmaret. al., 1990; Robertson
et. al., 1998) which could equate to cost savingstd the speed of the assay.

1.4. Report Organization



The remainder of this report contains detailednmfation regarding the test procedure
used to validate the Checklight bioassay, the nuatibns performed to improve
sensitivity and reliability of the bioassay (sent@.0). Included in section 2 is the outline
of the approach used to determine biomass incresisg the Coulter counter. This is
followed by a list of graphs and findings from baypes of assays (section 3.0). Section
4.0 offers an interpretation and discussion offitmgings from both assays as well as
recommendations for future direction with respeatise of bioluminescence based
assays currently being investigated.

2.0. Project Approach

2.1. AOC Multi-Shot Test (Checklight, Ltd., Tivon, Isreal):

The concentration of AOC was determined using thecklight AOC Multi-Shot Test
Kit and method as outlined by the manufacturere &ppropriate numbers of assay vials
provided were labeled accordingly (1-15). Thetfingie vials were used for the test
water analysis; the remaining vials were used agrals (negative and positive controls).

Preparation of diluted assay buffer (DAB): The DAB was prepared via a 1/10
dilution, using the concentrated assay buffer (Cp®)\ided with the kit and nutrient-
free clean water (HPLC Grade Water) (Burdick & Jmrk Muskegon, MI; cat. no. 365-
4).

Preparation of diluted carbon cocktail solution, 5gpom (DCS): DCS was prepared
fresh for each experiment using the concentratdaboacocktail solution (CCCS,
5mg/mL) provided with the kit at a final concenioatof 5ppm. A 1mL total volume
DCS was prepared via a 1/1000 dilution (CCCS/CABgference and positive control
samples of carbon cocktail solution (CCS) used amyrof the assays were made by
further diluting DCS to the appropriate concentrati

Preparation of negative controls: Two vials (#10 & #11) served as negative conjrols
containing no carbon source. Both vials contaibwd. of DAB only.

Preparation of positive controls: From four vials, each containing 1mL of DAB 10, 2
40, and 861 were removed and replaced with DCS respectivelyrépare the 50, 100,
200 and 400ppb carbon cocktail vials (#2-15).

Preparation of test samplesDispensed into the first vial were 1.8mL of thstteample
and 0.2mL CAB, the volumes were mixed thoroughlgst sample was diluted by serial
dilution from vial #1 to #9 (final dilution ~270 fd). Finally, 1mL diluted test solution
was discarded from vial #9.

Hydration of Vibrio fischeri (V. fischeri): The lyophilizedV. fischerihydration entailed
the rapid addition of cold 0.5mL Checklight hydeatibuffer (HB) into the lyophil vial



and vortexing the volume for approximately 1minwith no stopper atop the vial.
Finally, 201 of V. fischeriwas dispensed into each assay vial (#1-15). $hayavials
were incubated at 26 +/- 22C with orbital spinning at approximately 1200 RPiMain
Environ-shaker (Lab-Line Instruments, Inc.; Melrésak, IL). The TD-20e
Luminometer (Turner Designs; Sunnyvale, CA; moeeilas no. 0515) was used to
measure the luminescence after 60-150 minutes Gsicpnd (sec.) delay with 60sec.
integrations.

2.1.1. Test sensitivity using carbon cocktail stalard:

Additional positive controls were added to deterrtine sensitivity of the assay and to
compare the range with the standard Van der Kesiag which has a reported range of
approximately 1- 126ppb of acetate carbon (Varkaeij, 1988). Positive controls were
added to the above-described protocol, increasiagdtal number of vials from 15 to 19.
Each additional vial was filled with 1mL DAB. Tlaelditional positive controls were
prepared by dispensing 1, 2, 4 amd BCS to yield 5, 10, 20 and 40ppb carbon cocktail,
respectively.

2.1.2. Comparison of normal concentration oY. fischerito diluted cells:

High background readings were observed within atshme span with negative controls
(tubes that contained DAB only), it was postulateat by diluting the cells by 10 fold,
we could lower the luminescence during the assa@r(in) and possibly improve the
sensitivity range of the assay.

Two sets of assay vials were prepared followingdetoApproach (PA)-2.1.1. A specific
concentration of CCS (2mL) was prepared as thestaaple in the first vial.

Preparation of Test Sample: To the first vial, 2mL DAB was added. The apprafei
volume of DCS was used to prepare the specificeatnation of CCS.

From the same lyophil, both sets of assay vialewsrsculated. The first set of vials was
inoculated as outlined above in Project Approadh){2.1 using the recommended
concentration of. fischeri The second set of assay vials was inoculated 1/it0

dilution of V. fischerihydrated in HB.

2.1.3. Reproducibility test:

To test the reproducibility and stability \@f fischericells once hydrated but from a
single lyophil, two sets of assay vials with theneaCCS concentrations (100ppb and
200ppb CCS) were prepared as described below.

Both the DAB and the DCS were prepared following2A. Into the two negative
controls vials, 1mL of DAB was dispensed. Then].6h100ppb and 200ppb CCS were



prepared separately. The total volumes of botlppb@nd 200ppb were dispensed; 1mL
separately into assay vials labeled a-f for eacttentration. Into all 14 vials, 20V.
fischeriwas added following PA-2.1.

2.1.4. Test sensitivity using a mixture of compkeorganic compounds:

To resolve the sensitivity and nutritional versgtibf V. fischerj a mixture of Casamino
acids (CA; DIFCO Laboratories; Detroit, MI; cat. Ni288-15-6) and CCS was used as a
standard carbon source. The final concentraticghefCCS/CA mixture was 5ppm

(50/50 concentration of CCS/CA). The mixed carbtandard solution was prepared by
mixing 2.51 DCS (5ppm CCS) and 216 CA (5ppm CA) in 5SmL CAB. The new carbon
mixture was used to prepare six positive contra0s 40, 50, 100, 200, and 400ppb). The
luminescence response by Wefischeriwas measured after 175 minutes.

2.1.5. V. fischeristarvation:

In an attempt to lower background readings andtaio a liner response that is directly
proportional to the concentration of AOC preserthim sampley. fischericells were
starved (no carbon was provided) following hydnatid’roject Approach-2.1.1 was
followed using CCS as the carbon source for pasitintrols and test sample at 200ppb
CCS. The lyophil contents were hydrated followitly- 2.1, pelleted via centrifugation
at 12000RPM, the HB removed, and re-hydrated witkwa volume of HB, containing

no carbon. The washad fischericells were starved for an hour af@6with orbital
shaking. The starved cells were used to inocalssay vials (#1-18).

2.1.6. Test response of. fischerion simple and complex organic compounds:

The luminescence responsevbffischeriwas highly variable with the carbon standard
provided (CCCS), which contained a mixture of tvapbon sources, Glucose (Glu) and
Yeast extract (YE). To resolve whether the vatighivas due to the mixed carbon
source, a simple organic compound (Acetate) arahgtex organic compound
(Casamino acids) were tested separately as sdlercapurces. These compounds were
also used to test the nutritional versatility aadsstivity of V. fischeri

Preparation of Sodium Acetate (NaOAc): A 5mg-Carbon/mL (5mg-C/mL) solution of
NaOAc (Sigma; St. Louis, MO; cat. no. S-8625) weeppred.

Preparation of Casamino Acids (CA): A 5mg/mL solution of CA was prepared.
Two sets of negative and positive control vialseverepared following PA-2.1.1. One
set of positive controls was prepared using the-&imgL NaOAc and the other set using

5mg/mL CA. Both sets of assay vials containingeitNaOAc or CA were inoculated
with Vibrio from the same lyophil, prepared as mdd above in PA-2.1.
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2.2. AOC-II Test Kit (Checklight, Ltd. Tivon, Isr eal; cat. no. AOC1520):

An AOC-II kit was purchased; through communicationgh the manufacturer, it was
determined that modifications were being perforreethe original kit to improve the
stability of the organism and to lower the backgmbueadings.

The concentration of AOC was determined using thecklight AOC-Il Test Kit. The
assay vials were labeled appropriately. The $iesten vials were used for test samples;
the remaining vials were used as controls (negaingepositive controls).

Preparation of Diluted Assay Buffer (DAB): A 1/8 dilution of DAB was prepared
using Concentrated Assay Buffer (CAB) and nutriieeé clean water (HPLC Grade
Water) (Burdick & Jackson; Muskegon, MI; cat. n6534).

Preparation of DCS (5ppm):DCS was prepared fresh for each experiment (tesplea
and standard curve) using the Concentrated Carboht&ll Solution (CCCS,d/mL).
A 1mL total volume DCS was prepared via a 1/1000tidin of CCCS in CAB.

Preparation of Negative Controls: Three vials served as negative controls (no carbon
source). All three vials contained 1mL DAB only.

Preparation of Positive Controls: To eight vials, 1mL of DAB was added; 1, 2, 4, 8,
10, 20, 40, and 80 DCS respectively was added to prepare the 520,040, 50, 100,
200 and 400ppb carbon cocktail respectively.

Preparation of Test SamplesDispensed into the first vial was 1.75mL of thstte
sample and 0.25mL CAB, the volume was mixed thonbugThe dilution of the test
sample was performed by serial dilution from thistfvial to the seventh vial (final
dilution ~90 fold). Finally, 1mL diluted test soioih was discarded from vial #7.

Hydration of V. fischeri: V. fischeriwas hydrated by the rapid addition of cold 0.5mL
HB into the lyophil vial; the total volume was vexed for approximately 1min. with no
stopper atop the vial. Finally, 8Dof V. fischeriwas dispensed into each assay vial. The
assay vials were incubated at 26'28&vith orbital spinning at approximately 1200RPM.
The luminescence was measured after 60-120 minsteg 5sec. delay with 60sec.
integrations. Readings at 120 minutes were reg@mel used to estimate the
concentration of AOC.

2.2.1. Test diversity using simple organic compaowls:
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To test the diversity of organic compounds thatlmametabolized by. fischerias sole
carbon and energy source, several different orgaomgpounds were tested as alternative
carbon sources (Table 3).

Preparation of substitute carbon sources:A 5mg-Carbon/mL (5mg-C/mL) solution
was prepared for Glycerol (Gly, Sigma; St. LouigQMat. no. G-7893), D-(+)-Glucose
(Glu, Sigma; St. Louis, MO; cat. no. G-7528) andliBm Acetate (NaOAc, Sigma
Chemical Co.; St. Louis, MO; cat. no. S-8625). ’AgdmL solution of CA was prepared.
Following PA-2.2, positive controls were preparethg the individual carbon sources;
negative controls, incubation and luminescencerpatars were followed as outlined in
PA-2.2.

2.2.2. Evaluation of Checklight assay vials (pl&s):

Following PA-2.2, negative controls and positivatols (5-200ppb) were prepared
using DCS (5ppm). The CCS concentration rangbepbsitive controls was changed
to 2.5-250ppb from 5-400ppb. This was done tordates the sensitivity of the assay
and to compare the sensitivity of the kit to thenstard assay.

Preparation of 2.5ppb CCS control: In an appropriate assay vial, 2mL DAB was
dispensed: i was replaced withrti DCS (5ppm). The volume was mixed; 1mL 2.5ppb
CCS was discarded to reduce the volume to 1mL voiaime.

Preparation of 250ppb CCS control: Into an appropriate test vial, 1ImL DAB was
dispensed; 5@ DAB was replaced with 58 DCS (5ppm).

Three separate starting concentrations (300, 28@&60ppb) of CCS were prepared as
“test samples” by serial dilution.

Preparation of 300ppb CCS: In 2mL DAB, 120m replaced with 5ppm DCS. This
concentration was serially diluted to down to 9/38p The concentrations used in the
assay were 300, 150, 75, 37.5 and 9.38ppb.

Preparation of 250ppb CCS: Into the appropriate assay vial, ImL DAB was aklde
50m was replaced with DCS (5ppm).

Preparation of 200ppb CCS: Into the appropriate assay vial, 2mL DAB was aklde
80m was replaced with DCS (5ppm). This concentrati@s serially diluted to down to
6.25ppb. The concentrations used in the assay 20€re100, 50, 25, 12.5 and 6.25. The
assay vials were inoculated sequentially from vdlsl9. The luminescence parameters
were 60sec. integration with a 5sec. delay.

2.2.3. Comparison of “Unwashed” and “Washed” assavials:

It has been shown that all glassware for sampleaan and analyses has to be washed
and AOC-free due to the sensitivity of the variagsays (LeChevallier, 1993;
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http://www.checklight.co.il/pdf/case_studies/aosemtudy.pdf In an attempt to lower
the background readings obtained from negativercbwials (no carbon source; only
DAB andV. fischericells); all vials were “washed” since all assagiviprovided with the
kit were shipped in bulk and uncapped.

Preparation of “Washed” assay vials:The appropriate numbers of assay vials were
rinsed three times each with 2mL clean nutrien¢-frater. The washed vials were
allowed to dry overnight covered with aluminum foil

Preparation of “Washed” pipet tips: Before a pipet tip was used for transferring
volume into vials, “washed” or “unwashed”, the was rinsed three times with a volume
of nutrient-free water equal to the volume of tfanseach rinse volume then was
discarded. Two sets of positive controls were areg following PA-2.2 with CCS as
the standard carbon source. “Set 1” was prepartdashed” assay vials using “washed
pipet tips; “set 2” was prepared in “unwashed” gssals using “washed” pipet tips.

Inoculation of “Unwashed” and “Washed” assay vials: TheV. fischeriwas hydrated
as per PA-2.2, next the entire volume was kepterduring the inoculation period. The
inoculation procedure was altered such that a 66rekdelay was observed between
each inoculation. The delayed inoculation wasgraréd so that the time frame of
inoculation and luminescence readings correspoaftted 120 minutes. The two sets of
test vials were incubated as per PA-2.2.

2.2.4. Acid-washed assay vials:

In an attempt to lower background readings, akhpsgals were acid-washed and heat
sterilized at 2580C (American Scientific Products, DS-64) to remong eesidual acid
and AOC.

Preparation of acid-washed assay vialsAssay vials were soaked in a 10%
Hydrochloric Acid solution (J.T. Baker, PhillipsigymMJ; cat. no. 9535-05) for
approximately 5 hours, rinsed thoroughly with 18M®tvater and finally baked at

250°C for approximately 18h. The assay vials were greg and inoculated as described
in PA-2.2.3. Acid-washed tubes were used for falhe following assays and tests.

2.2.5. Examination of integration times:

It was highly recommended by the manufacturerttiintegration and delay times be
shortened to improve the response from the negatimgol samples.

Preparation of Glycerol carbon sample: From a 1mg-C/mL Gly working solution, a
200ppb Gly-Carbon solution was prepared in the Vi (total volume, 2mL).

13



Positive and negative controls were prepared aBPpe2.2 using CCS as the carbon
standard. The Glycerol carbon sample was thealgediluted to the next nine vials.
Finally, to each assay vial (control and test)yi20. fischeriwas added with a 60 second
delay between each inoculation. The set of assdy was incubated as per PA-2.2.
The luminescence of each vial was measured twastirk@st, using a 5sec integration
time with a 5sec. delay; second, using a 30seegiation time 5sec. delay

2.2.6. Vibrio fischeri stabilization:

To remove the affects of residual carbon presetitariyophil and to stabilize the
luminescence to obtain a linear response fxorfischerj cells were allowed to establish
without any carbon before they were used for tisays

In acid-washed assay vials, negative controls (88)and positive controls with CCS
ranging from 2.5-250ppb CCS were prepared; bothal@D150ppb CCS as “test carbon
samples” were prepared and serially diluted. TB&Ctest carbon samples” were
diluted serially in the following manner: 150, 1@, 37.5, 25, 18.75, 12.5, 9.38, 6.25,
4.69, 3.13 and 2.43ppb in CCS.

Vibrio fischeri stabilization: A new lyophil ofV. fischeriwas hydrated as per PA-2.2.
The luminescence was monitored until Yhdischeriapproached the stationary phase or
the luminescence leveled off (stabilized). AfteeV. fischeristabilized the assay vials
were inoculated and the luminescence was measarneerd&A-2.2.

2.2.7. Assessment of stabilized fischeri cells:

A new lyophil ofV. fischeriwas hydrated and stabilized as outlined aboveZR246).
Negative controls containing no CCS were prepgveditive controls ranging from 2.5-
200ppb CCS were prepared and four “test carbon ledmp200ppb, 175ppb, 150ppb
and 125ppb CCS were prepared. All vials were ifaded with 20r stabilizedV.

fischeri The luminescence was measured using 5sec. atimgand a 3sec. delay.

2.2.8. Metabolism of simple organic compounds kstabilized V. fischeri cells:

To resolve the sensitivity range of stabilized gellarious organic compounds were
tested to determine how well these compounds doeiichetabolized. The various
organic compounds (“test carbon samples”) wereasithe sole carbon source for the
cells. Compounds tested were Glu, Gly, NaOAc an@BFructose (Fru, Sigma
Chemical Co.; St. Louis, MO; cat. no. F2543; Tat)le Two negative controls (no CCS)
and six positive controls, 10, 20, 40, 50, 100 20dppb of CCS were prepared as
standard carbon source following PA-2.2.
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Preparation of “test carbon sample”: A 5 mg-C/mL stock solution was prepared
separately for Glu, Gly, NaOAc and Fru. Then, agd@mL working solution was
prepared by drawingmi of the stock “test carbon sample” into 1ImL of CAB was
utilized to prepare three concentrations (150, 1PBppb Carbon) for each “test carbon
sample”.

Preparation of 150ppb “test carbon sample”: In 2mL DAB, 601 was replaced with
5ppm working solutions.

Preparation of 125ppb “test carbon sample”: In 2mL DAB, 501 was replaced with
5ppm working solutions.

Preparation of 100ppb “test carbon sample”: In 2mL DAB, 401 was replaced with
5ppm working solutions.

The assay vials were inoculated witm®6tabilizedV. fischerisequentially as per PA-
2.2. The luminescence parameters used were Sgatitsn and 3s delay.

2.2.9. Use of Sodium acetate as a standard curve:

To compare methods and the concentration of AOfgusiis assay with Standard
Methods (1998) and other published methods, Sodicetate was used to develop the
standard curve. Acetate-C is used in Standard ddistnd other published assays.

Instead of CCS, Sodium acetate was utilized aslmnasource for the standard curve. A
5mg-C/mL NaOAc stock solution was prepared usingieni-free water. A working
solution (5ppm) was prepared by drawind @f stock NaOAc into 1mL of CAB, it was
used next to prepare the NaOAc standards viale stdndards were prepared as per PA-
2.2 contained 2.5, 5, 10, 20, 50, 100, 150 and @00faOAc-C.

2.2.10. Assessment of water samples for AOC cont&tion:

OCWD secondary municipal wastewater (SMW; Tabled$ analyzed for AOC
concentration. The water sample was collectedguafDC-free glassware. It was
empirically determined that the luminous bact&fidischeriwere sensitive to chlorine
treatment. Therefore, 20ppm of Sodium thiosul{Bta@Thio) was routinely added to the
water sample to neutralize any chlorine that masehzeen present. OCWD SMW
sample was filter sterilized using a On®2 Nylon sterile filter system (Corning Costar,
Corning, NY; cat. no. 25944), then refrigerateddtmrage. As per PA-2.2, NaOAc-C
standards 2.5, 5, 10, 20, 50, 100, 150, and 200sgpé prepared by replacing the
following: a volume of DAB with the same volumeIiipm NaOAc solution,
respectively.
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A new lyophil ofV. fischeriwas hydrated and stabilized as per PA-2.2.6. @reeells
were stabilized, 24 V. fischeriwas added to each assay vial, which were inculzted
per PA-2.2.

2.3. AOC-II Test Kit (Checklight, Ltd., Tivon, Isreal; cat. no. AOCV1510):

A second Checklight AOC-II Test kit was purchasae tb the manufacturer making the
following adjustments to the AOC-II kit: The nunmlzg lyophils ofV. fischerisupplied
were reduced by 10; subsequently, the inoculata@ame for each assay vial was
abridged by 161 of V. fischeri. This increased the number of assay vials periyop
from 25 to 50. An additional practice that wastowred was the use of acid-washed
assay vials. The vials used for the test wateipsesnwere prepared as outlined in PA-2.2
with modifications listed above. The parameterdrioubation and luminescence
measurement were 26-Z8 with orbital spinning at approximately 1200RPMldhe
luminescence read by the TD-20e luminometer aflet B minutes; 5sec integrations
with 3sec delay. A number of carbon sources weatuated using the AOC-II test kit
(Table 3).

2.3.1. Toxicity Evaluation:

Some compounds may interfere with luminescenceywed byV. fischericells,

resulting in diminished light levels in samplesttbantain a low concentration of AOC.

In other cases, where AOC concentrations are linghmore diluted samples may exhibit
higher luminescence than the concentrated santhleso dilution of the toxic agent.

Toxicity testing was performed when the lumineseergsponse was lower for the first
vials compared to the response of the more dils#égdples. Testing for toxicity involved
the preparation of four additional vials. Takin§raL of the test water sample and
placing it into 0.5mL of CAB prepared an 87.5% ranet of the test water sample.
Following that, 1mL aliquots were dispensed intteparate vials. The putative “toxic”
vials (#1-4) were spiked with 10, 20, 40 anaBDCS, respectively. The vials were
inoculated following PA-2.3.

2.3.2. Metabolism of several organic compounds as energy source:

While developing the standard AOC assay, Van daijKested several organic
compounds to determine the nutritional requiremergssatility and sensitivity of the
AOC organisms (P17 and NOX). To test these parnébrV. fischeriseveral organic
compounds (Sodium acetate, Casamino acids, YetaacexSodium citrate, Starch,
Glucose, Glycerol, Benzoic acid, Lysine, MaltoskeRylalanine, and Pyruvic acid;
Table 3) were tested. Two negative controls (mbaasource) and six positive controls,
5, 10, 20, 50, 100 and 200ppb of CCS were prepasétest carbon sources”. For each
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“test carbon source”, either a 5mg-C/mL or a 5Smgfffiok. Casamino acid and Yeast
extract) volume was prepared. It was diluted §ppm concentration of sample. In each
appropriate assay vial, 1, 2, 4, 10, 20q#4df DAB was replaced with an equal volume of
the appropriate 5ppm working “test carbon souradtitson following PA-2.3.

2.3.3. Analysis of test water samples for AOC ceantrations:

Several test water samples (RO-P, OCWD SMW, EC,@D,SC SMW, Table 4) were
analyzed for AOC concentration. The water sampie® collected using AOC-free
glassware. As reported in PA-2.2.10, it was deiteechempirically that the luminous
bacteriaV. fischeriwere sensitive to chlorine treatment. Therefa@ppm of Sodium
thiosulfate (NaThio) was added routinely to eachewaample to neutralize any chlorine
present. All water samples were filter sterilizesing a 0.28m Nylon sterile filter
system (Corning Costar, Corning, NY; cat. No. 2594#4en refrigerated for storage.
The test water samples were prepared and ran iseoin PA-2.3.

2.4. Detection of cell volume increase using Stdard AOC bacteria (P17) and
(NOX)

A different approach was applied for measuring l@esincrease in an attempt to
improve the time required to measure growth forStendard AOC method (1998). It
was hypothesized that growth could be measured asirautomated cell counter, such
as the Beckman Coulter Multisizer Il (CC; Beckmawul@er, Inc., Miami, Fl.), which
would allow one to measure growth in a time frarh&224 hours. Currently, as stated
in the Standard AOC method, biomass increase istored using plate counts that can
require up to two weeks. The objective was to tgvehis method and then apply it to
the OCWD SMW sample several times to validate p@ach with wastewater.

2.4.1. P17 and NOX culture preparation

A lyophil of Pseudomonas fluorescemsl 7 (ATTC no. 49642) antiquasprillum sp.,
NOX (ATTC no. 49643) was obtained from the Ameridampe Culture Collection
(Manassa, VA). Each organism was grown at roonpé&gature in Nutrient broth (NB;
Beckton Dickinson and Co.; Sparks, MD; no. 23400@)ich was prepared as per the
manufacturers instructions. After approximatelyh@dirs and when turbidity was
observed, 1mL aliquot was removed and placed irdilvdion of NB at room
temperature. Typically, turbidity was observed IANB after 12-24h for P17 and 24-
48h for NOX. A 1mL aliquot was removed and plaged/10 HCMM2 media, which
was used as a defined water source.

Preparation of HCMM2: In a 1L Erlenmeyer flask, 939mL of 18Mohm dei@uz

water was added; followed by 20mL of 1M Phosphaitéel stock (28.4g Sodium
phosphate, dibasic; 27.2g Potassium phosphate,lmasimoin 300mL 18Mohm water),
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10mL of 1.8M Ammonium sulfate stock (47.6g Ammonisaifate in 200mL 18Mohm
water), 10mL of 49.5mM Potassium nitrate stock @@Potassium nitrate in 200mL
18Mohm water), 10mL of 20mM Magnesium sulfate st(ickg Magnesium sulfate in
200mL 18Mohm water), 10mL of 6.8mM Calcium Chlorgteck (0.2g Calcium chloride
in 200mL 18Mohm water) and 1mL of Trace metals mihch contained 2.86g of
H3BO,4; 1.53g of MnS0O4; 3.52g Fe(N}2(SQy),; 0.0392g CuS@ 0.0209g ZnCh
0.0406g of CoGlt and 0.0252g N#o0OQOy in one liter. The HCMM2 media was
appropriately diluted to a 1/10 concentration; rinedia was sterilized by heat and
pressure (12 at 15psi) for 20 minutes.

Preparation of P17 and NOX stock cultures (1ppm Na@c-C): In separate 125mL
Erlenmeyer flasks, 49mL of 1/10 HCMM2 media wasedjcand 161 of media was
replaced with an equal volume of stock NaOAc (5migiEresulting in a 1ppm NaOAc-

C solution. Each stock culture was inoculated sepby with 1ml of P17 and NOX

grown in 1/4NB at room temperature until turbiditgs observed, and then cultures were
stored at 4C.

Preparation of P17 and NOX test cultures: In separate 125ml Erlenmeyer flasks, 49ml
of 1/10 HCMM2 media was added. To prepare eadureuivith 5, 10, and 50ppm
NaOAc-C, respectively, 50, 100 and Bd®olumes of media were replaced with equal
volumes of NaOAc stock (5mg-C/ml). Each test aeltwas inoculated with 1ml of the
respective stock culture and grown at room tempegat

Preparation of OCWD SMW test culture: In separate 125ml Erlenmeyer flasks, 49ml
of OCWD SMW test water was added. Each test agltel7 and NOX, was inoculated
with 1ml of the respective stock culture and gratmoom temperature.

2.4.2. Coulter Multisizer evaluation of cell volune:

The evaluation and determination of volume incrdas®17 and NOX cultures were
performed using the CC to measure the increasellin@ume through lag phase, log
phase and stationary phase.

For each culture, multiple volume measurements waken over a period of time using
constant device parameters: Siphon volume airil @@ifice diameter was set at @2;
range at full; coincidence correction is on; t&@mple volume was 10mL; instrument
background was set generally for less than 10%e idhic solution, Isoton Diluent I
(Beckman Coulter, Inc., Fullerton, CA), used foe 8tudy was filter sterilized (0.2&h
Nylon sterile filter system (Corning Costar, CompitNY; 430769) and degassed for 15+
hours before use in sample preparation.

Preparation of CC samples: Into a 20mL plastic CC cuvette, a 10mL aliquotsafton

Il was placed. A 20@ aliquot of the appropriate test culture (5, 10,dm of NaOAc
or OCWD SMW) replaced an equal volume of Isotomwhjch prepared a 1/50 diluted
sample for CC. As the turbidity of the cultureneased, the dilution factor used for the
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CC samples increased to 1/100, 1/500 and 1/10@0ajapropriately the culture aliquots
of the 10ml CC sample volume that were replacedredesed to 100, 20, andri)
respectively. Each prepared CC sample was ruhemstrument within 15 minutes of
preparation. This was done to prevent crenaticghetells in the hypertonic
environment. The test cultures were measured rar@g for a period of time ranging
from 0-335 hours. The raw cell volume determingdhHe CC instrument was converted
into total cell volume/mL and examined against time

3.0. Project Outcome

All readings were performed at 120 minutes to estimthe concentration of AOC for
organic compounds and source waters as per PANEBative controls were run and the
average readings were calculated (Ave. value) alatigthe standard deviations (SD).
Consequently, as stated in the manual supplietidynanufacturer, the Ave. values were
subtracted from all assay readings and grapheddadition, three times the standard
deviation (3XSD) was determined from negative aast(run in triplicate). Generally,
only the luminescence values that exhibited greser 3XSD and were graphically
linear were used to calculate a range of AOC valuksvas strongly recommended by
the manufacturer that values greater than 3XSDskd to calculate the range of AOC
present in the water samples. The manufacturesidered values that were less than
3XSD as background readings, which resulted fromenm the assay.

3.1. Evaluation of the AOC Multi-Shot Test:

The Checklight bioassay was initially performedspscified by the manufacturer, using
the number of vials and buffers provided with teeay (Figure 3). The assay was
performed using the Carbon cocktail solution (C@®yided (Figure 4; Table 5) to
determine its sensitivity range. The responsead@n cocktail standards (after
correction, in which values from the negative consamples were subtracted from all
readings) showed negative values, was non-linegu(& 4) and furthermore, none of the
values were three times the standard deviatiomeatgr (Table 5). As a result, the
sensitivity range could not be determined, thiseexpent showed that the luminescence
response oY. fischericells was very weak and that it did not corretatthe CCS
concentration. Therefore, the cells did not meliabdhe carbon provided.

The cells from the same lyophil were used to t€3tIReedwater (Table 4) that was
diluted in assay buffer (CAB) from 90% to 0.35% centrate (Table 6). As shown in
Figure 5, no response was observed, even wherathels was diluted to 0.35% of the
concentrate. As observed in Table 6, the reldtic@nescence was never greater than
the values obtained from the negative control sampThis suggested that some aspect
of RO-I feedwater might have inhibited bioluminesce. After much investigation, it
was determined that RO-I feedwater contained sdrtmine residual and acidic pH (pH
5.5-5.9) and that the presence of both chlorineaamdic pH can inhibit bioluminescence,
even when samples are diluted. Therefore, all sssrgnalyzed from this point that were
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suspected to contain a chlorine residual were decdlited by adding 5ppm of sodium
thiosulfate to the sample at the time of collecti@ample RO-I feedwater was not
analyzed any further due to chlorine and acidic phstead, OCWD SMW was used,
which could be dechlorinated and the pH was neutral

3.1.1. Test sensitivity using carbon cocktail stalard

Few additional controls were added to the assagtermine the sensitivity range and to
compare results with the standard Van der Kooij Atiéassay. The standard AOC
bioassay has a reported sensitivity range of 1-AB@b acetate carbon (Van der Kooij,
1988), whereas the Checklight assay recommendege ras reported by manufacturer
was between 50-400ppb. Additional positive corgaohples were prepared for each
assay to test a range from 5-400ppb. A new lyophg used to test the sensitivity at this
range. As shown in Table 7, the luminescence resptrom this lyophil was greater and
more consistent (low 3XSD value) than the cellmprevious lyophil. A linear
response that was greater than 3xSD was obsenthd nrange of 10-100ppb (Figure 7)
using CCS as the standard, showing that a cowalain be demonstrated between CCS
metabolism and bioluminescenceWyfischeriin that range. The cells did not correlate
at higher concentrations of CCS, ranging from 200ppb (Figure 6). This experiment
needed to be repeated to confirm the sensitivitgeaand to determine the maximum
threshold of carbon that can be metabolized byetlcefis.

3.1.2. Comparison of normal concentration oY. fischerito diluted cells

Initially the assay was performed using the conegioin of cells recommended by
Checklight (Figure 3). As shown in Table 8, thexal bioluminescence of the cells in
response to CCS was stable (a very low value f@BMith negative controls) and
much greater than observed from previous lyophiserall, a linear response that was
greater than 3XSD was seen between 5-200ppb (F&ur&he relative luminescence
value observed at 50ppb was believed to be an dgydhz may have resulted from cells
sticking or improper mixing. Overall, the respotisat was observed from the previous
lyophil to CCS concentrations was repeated ingRkgeriment (Figure 8). In an
additional experiment, using the same cells, theentration of CCS was serially diluted
from 100 ppb to 0.39 ppb to determine the sengjtieinge (Table 9) and to repeat the
previous observations using the same lyophW diischericells. As seen in Figure 9, a
linear response was observed between 3.13 —1006fgp6S. This repeated the range
that was deciphered in Figure 8, suggesting treasémsitivity range of the assay using
CCS as a carbon source is between 3-100ppb. Xp&iment strongly suggested that
variability in the response observed in previouseginents might be a result of different
lyophils used in the various experiments. Sugggdtiat the physiology of thé.
fischericells in the lyophils may be highly variable.

In most cases, high background readings were obderith negative controls within a
very short time period. Therefore, it was propoged diluting the cells by 1/10
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concentration would result in lowering the ovehathinescence values, which could
improve the sensitivity range of the assay. IruFegl0, the sensitivity range of the assay
was determined to be between 50-100 ppb, a venyitasnge in which a linear response
that was greater than 3XSD was observed. Thisreaisen was also repeated in Figure
11, where CCS was used as a test carbon sampteemderially diluted from 100 ppb
to 0.39ppb and 1/10 concentration of cells werel digethe assay. The overall
luminescence value for the negative control samplesextremely low, as was the
overall response to the carbon cocktail standaadhl€l'10 and Table 11). As expected,
overall luminescence values were approximately dflifbe concentrated values
observed in Tables 8 and 9, respectively. Thanglly suggested that a minimum
concentration of cells was required to performabkgsay and the number of cells could
not be varied to improve the bioluminescence respon

3.1.3. Reproducibility test:

To test the reproducibility of the bioluminescemesponse to carbon cocktail from a
single vial, several sets of assays were run wighrsame concentration of CCS (Figure
12 and Figure 13; Table 12 and Table 13). Bothdf®200 ppb concentration of CCS
resulted in a response that was reasonably conastanbjected result. The
bioluminescence response to 200ppb of CCS wasamress with the 100ppb. As
expected, luminescence values were twice as higo@spb values. This experiment
was considered important because it demonstragtdtté variability observed was
putatively due to the physiology of the cells thatied in each new lyophil.

3.1.4. Test sensitivity using a mixture of compkeorganic compounds

The standard Van der Kooij assay uses P17 and NOXaadard AOC organisms.

These organisms can nutritionally assimilate aergof compounds for the purpose of
increasing their biomass (Table 1 and Table 2).ddtermine a profile of compounds

that can be metabolized My fischerias a carbon source, complex carbon sources were
chosen to start with. A mixture of carbon cock#aitl Casamino acids (CA) was selected
as a standard. All luminescence readings wereatad5 minutes as oppose to 120
minutes due to laboratory conditions. A lineapasse that was 3XSD was observed
between 20 and 200ppb with this mixture that ledel# between 200 and 400 ppb
(Figure 14; Table 14). Providing additional compdarbon did not improve the
resolution of the assay or improve the relativeiheacence readings. The relative
luminescence readings were considered low (Tablesiggesting that the carbon source
might be too complex to be metabolized\hyfischericells. These cells may not be
adapted to utilize complex carbons, since theiun@environments normally do not
contain complex carbon at these concentrations.
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3.1.5. V. fischeri starvation:

It was hypothesized that if thé fischericells were starved, and not provided any carbon
for a period of time, a linear response would rethat was directly proportional to the
amount of carbon provided. In addition, starvihg tells could result in lower
background readings, and in doing so improve theigeity of the assay. In this
experiment, cells were starved for approximatelyanr and that resulted in a response
that was weak (Figure 15) with luminescence vathaswere less than 3XSD of the
negative controls (Table 15). It was suspectetttieacells were injured without the
carbon source. Another possible explanation thakicnot be eliminated was that the
cells present in this lyophil were physiologicatactive and could not respond to the
carbon provided. This experiment was repeatedyudd® ppb of carbon cocktail that
was diluted to 0.75ppb of carbon cocktail (Figuég & weak response was observed that
was linear at the higher dilutions of CCS (50-2d89)pput the response was too weak to
be discernable to correlate to the concentraticcadion (Table 16).

3.1.6. Test response of. fischerion simple and complex organic compounds

To determine the nutritional requirementsvofischerj simple and complex organic
compounds were tested for metabolism. Casamirb(@@) was repeated as a complex
carbon source. As shown in Figure 17, a linegrarse was observed between 20-
400ppb of Casamino acid-Carbon (CA-C), but the heacence response was too weak
to correlate it to the concentration of carbon eneéseven at 200ppb (Table 17). Using
cells from the same lyophil, sodium acetate (NaOA&3 used as an example of a simple
organic compound to develop a linear relationsleippvieen carbon metabolized and
luminescence readings. A linear response was widdetween 20-200ppb, but values
greater than 3xSD were only observed between 5p#06f NaOAc-C (Figure 18). As
seen in Figure 18, the response with NaOAc was esaker than that observed with
CA (Figure 17). Initially, it was speculated thhé response was due to the residual
carbon present in the media used in the lyophsutgtain the cells in a freeze-dried state.
Another possibly explanation was that not all telksan the lyophil were viable,

resulting in relatively poor response to both CA4@ NaOAc-C. To test this possibility,
cells were grown on recommended medium (Marine)dgaV. fischeri It was
determined that all of the cells that grew on thezlia did not illuminate in the dark (data
not shown). Even after subsequent transfer ogithth medium, most of the cells
remained dark. Suggesting that live gene naturally harbored ¥h fischeriwas

unstable and could not be recovered even afteategelating during which the cells
had gone through various growth stages.

It is thought that a combination of the two explamas described above may be
occurring. The relative luminescence that wasnaexwas in response to the residual
carbon present in the lyophil and not all the cili are viable are able to express
bioluminescence. This may explain the weak respans the variability observed in
3xSD values from the two sets of negative contpoépared (Table 17 and Table 18).
The values for 3xSD for the two sets of negativetiaas were significantly different
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even though the cells were removed from the samghly, suggesting that the response
was not uniform and not related to the carbon ssuptovided.

3.2. AOC-II Test Kit

It was communicated by the manufacturer that dltara were being performed to the
bioassay to improve stability of the organism amtbtver background readings.
Therefore, additional AOC bioassay kit was purctased assays were performed using
CCS as per manufacturer recommendations. Figushd®s that the bioluminescence
response to CCS was higher than previously obsemédall values were greater than
3XSD and linear between 5-200ppb (Figure 20). Gibkluminescence response to CCS
was saturated and leveled off after 200ppb (Fi@9e In most cases the level of
response observed correlated to the concentratiGiC8-C provided to the cells (Table
19). The relative luminescence reading for 50ppB@S-C did not correlate with the
other concentrations tested, and seem to be anayndmat may have resulted from
sticky cells or improper mixing in that particulaal.

3.2.1. Testing diversity using simple organic copounds

To test the diversity of organic compounds thatlbametabolized by. fischericells as

a sole carbon and energy source, several simpénmrgompounds were tested. The
carbon cocktail standard (CCS) provided with thends determined to be a complex
carbon source that was not well defined (the egatentration of Yeast extract and
Glucose varied in each kit); therefore, was notlusea carbon source to develop the
standard curve for each of the assays. Instedefi@ed complex carbon such as
Casamino acids (CA) was used as a putative cathodard to develop a standard curve.

Sodium acetate (NaOAc)-C was used as an examplaiafiple organic compound. This
compound was used by Van der Kooij to test P17ND¥, the standard AOC organisms
(Table 1 and Table 2) and to develop a standankdor his assays. As seen in Figure
21, the relative luminescence values were linetwéen 5-50ppb NaOAc-C but none of
the values were greater than 3XSD (Table 20), stggethat NaOAc was not
metabolized by the cells and the relative lumineseeeadings were a result of either
residual carbon or contaminating carbon that magrbeent in the plastic vials provided
with the kit. Using the cells from the same lydp@iasamino acids was used to develop
the standard curve and the result was a respoasw/#s highly variable (Table 21;
Figure 22) and did not compare well to the con@iun of carbon provided (the relative
luminescence values were almost identical betw@®ean8l 400ppb CA-C; Table 21). In
addition, glucose-carbon (Glu-C) was tested ashangy source with the cells from this
specific lyophil. The response was variable afwie compounds tested above (Figure
23) and did not correlate to the concentration lofG provided (Table 22).

Glycerol was used as a simple carbon source tleasity metabolized by the cells to test
variability in the physiology of the cells from ohg@phil to another. Cells from three
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different lyophils were run in parallel using Glyok(Gly) as a carbon source. As seen
in Figure 24 and Table 23, the response was higklynsistent from one lyophil to
another, even for the negative control and 3XShes|Table 23). Lyophils A and B
showed linear regions but the relative luminescesmbees did not compare to the
concentration of Gly-C provided.

As suggested above, a combination of conditions Ineagccurring that result in a highly
inconsistent response by the cells. It was spemlihat residual carbon, variability in
the physiology of the cells and/or contaminatindboa might all contribute to the
inconsistencies observed in the relative lumineseemlues. Each of these possibilities
was explored starting with contaminating carbotheplastic assay vials provided.

3.2.2. Evaluation of Checklight assay vials (pl#s)

As established by Van der Kooij, the standard AGS§ag is a fastidious and sensitive
assay that requires AOC-free glassware (LeChevadlieal., 1998 therefore, Checklight
plastic assay vials were tested for the presenceriminating AOC-carbon since they
were shipped unsealed.

Four different lyophils were tested using CCS aardon source and plastic vials were
used as provided with the kit. As seen in Tabletkd 3XSD values for the negative
control are highly inconsistent but both lyophiteyided a linear response with lyophil B
displaying a liner response that can directly eetatthe concentration of CCS (2.5-
250ppb), since the values were greater than 3X$gu(E 25). Lyophil A corresponded
to CCS concentration that ranged from 20-200pphes€& observations were repeated
when CCS was serially diluted from 300-6.25ppb (Feg26; Table 25), where lyophil B
showed a linear response from 6.25-200ppb, whéyephkil A was linear from 25-
200ppb.

3.2.3. Comparison of “unwashed” and “washed” asgavials

Cells were hydrated and used to inoculate “washeds that were compared with
“unwashed” vials. It was shown that both setsialsvdisplayed similar negative control
values but 3XSD values were considerably lower vitashed” vials and showed
significantly higher relative luminescence valueart “unwashed” vials (Figure 27 and
Figure 28). When the sensitivity ranges were caegpaetween the “washed” set and
unwashed, it was determined to be between 40-208pptb0-200ppb, respectively
(Table 26 and Table 27). The similarity in theges could not be explained.
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3.2.4. Acid-washed assay vials

As outlined in Standard Methods (1998), all AOCagssare performed using glassware
that is acid-washed and heat sterilized to remoyeresidual AOC. This was tested
using glass assay vials that were prepared astped&d Methods.

Two individual lyophils were run separately usinG&as a standard carbon source using
acid-washed assay vials. The 3XSD values werévelalow for both lyophils (Table

28) and the relative luminescence response waarlinem 2.5-250ppb, suggesting that
the cells responded to the carbon source provigiggife 29). At the same time, CCS
was serially diluted and used as a test samplepeat the experiment. As seen in

Figure 30, a linear response was observed fronoappately 35-300ppb and 12.5-
250ppb for lyophil A and B, respectively (Figure, J@&ble 29). Consequently, greater
homogeny was observed in the relative luminesceakes with the acid-washed tubes.
Consequently, acid-washed tubes were used faneth$says performed from this point.

3.2.5. Examination of integration times

It was highly recommended by the manufacturertti@integration and delay times be
shortened to reduce the noise in the assay. Alsiognbon source such as Gly-C was
used to test this using an integration time of & 3@ seconds. As seen in Figure 31, a
linear response that is greater than 3XSD was wvbddyetween 25-200ppb Gly-C with
both integration times (Table 30); since no sigaifit difference was observed, a 5
second integration time was incorporated into tteégeol along with using acid-washed
glass vials. Some anomalies were observed reltditite relative luminescence values
(Table 30) from 0.78-12.5ppb. One explanatiorsiaeh irregularity is that the cells
clumped during the assay and therefore were impiopexed before inoculation.

3.2.6. Vibrio fischeri stabilization

In order to further stabilize the relative luminesce values and to remove the affects of
residual carbon from the media used in the lyoph##is were monitored and allowed to
establish before the assay vials were inoculaBagting the stabilization process, cells
were hydrated in hydration buffer that containscadbon, and the relative luminescence
was monitored until the luminescence values levefédTherefore, all prior values were
considered background noise in response to th@ranesent in the media used for the
lyophil. This was tested using CCS-C ranging frd&s100ppb (Figure 32). It took
approximately 125 minutes before the relative luesgence values stabilized (Figure
32). Essentially, the cells remained dark for agpnately 50 minutes, even though
lingering carbon may be present. Stabilized ce#ige tested with CCS-C for metabolism
and sensitivity (Figure 33; Table 31). The relativminescence values were greater than
observed before and linear even though the 3XSDhegalery relatively high (Figure 33;
Table 31). The results were reproduced when CCSdiiated from 150-2.34 ppb and
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used as a test carbon sample (Table 32; FigureT3¥g.relative luminescence was higher
and linear suggesting that the cells metabolizedX@S-C to produce light. This
demonstrates that by starving the cells for sometiall the residual carbon is utilized by
the cells so that when carbon is provided, liglodpiction is in response to the supplied
carbon.

3.2.7. Assessment of stabilized fischericells

Cells were hydrated from a new lyophil and themisitaed for approximately 115

minutes before they were provided CCS as a carbdrenergy source (Figure 35). Seen
in Table 33, 3XSD values were low and the relalieinescence was significantly
higher (Figure 36). A linear response that is gmethan 3XSD was observed from 5-
200ppb of CCS-C (Figure 36). This was repeatesdnially diluting CCS-C from 200-
2.34ppb and a linear response was observed fronm@ppately 9-200ppb (Figure 37

and Table 34). An erroneous reading was obsenvagpaoximately 20ppb of CCS-C
(Figure 37 and Table 34); one explanation is thatcells had clumped during the assay,
resulting in such a high value.

3.2.8. Metabolism of simple organic compounds kstabilized V. fischeri

To characterize the nutritional profile of stalelizcells, various simple organic
compounds were tested to determine if they coulché&bolized as sole carbon sources.
It was also important to determine the sensitivéiiyges of these compounds since a
variety of these are present at extremely low cotragons in wastewater but can still
support growthV. fischericells were hydrated and then stabilized for apipnaxely 177
minutes prior to use in the assay (Figure 38).séen in Figure 38, cells remained dark
(virtually dark) for approximately 50 minutes folng hydration even though some
residual carbon is present in the system. Indkgeriment, CCS was used as a standard
carbon to compare the response of the organic congso As seen in Figure 39, a linear
response that was greater than 3XSD was observed1®-200ppb of CCS-C (Table

35). This essentially repeated the observatio®sgare 36; strongly suggesting that
stabilizing the cells reproducibly reduced the ahility (low 3XSD values and liner
response).

To determine if the stabilized cells could prodtligbt in response to glucose (Glu) and
glycerol (Gly), several dilutions of Glu and Gly keeprepared as test carbon samples
(Table 36). Both carbon sources produced a liresponse between 9-150ppb of carbon
(Figure 40; Table 36), in which all luminescencéuea were greater than 3XSD. ltis
important to note that light production correlabedter with Glu-C than with Gly-C,
suggesting that these cells preferred Glu-C asargg source (Figure 40; Table 36).

A separate lyophil was used to test metabolismodlitBn acetate (NaOAc) and Fructose
(Fru). These cells were stabilized for approxiryaB®0 minutes and remained fairly
dark for approximately 75 minutes (Figure 41). GC%as used as a standard that
produced a linear response between 10-200ppb ofC@8h exceedingly high relative
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luminescence values (Figure 42; Table 37). Thetgeg were compared with of NaOAc
and Fru, which resulted in a linear response batv@e&50ppm (Figure 43; Table 38) and
all values were greater than 3XSD. This demorestriitat the light production was a
result of metabolizing NaOAc-C and Fru-C carbon aatldue to noise. The overall
light production was greater and linear with FrusGggesting that Fru-C is preferred
over NaOAc (Figure 43; Table 38).

3.2.9. and 3.2.10. Use of Sodium acetate as andi@rd curve and assessment of
water samples for AOC concentration

Many of the AOC assays published, including then@ad Method (1998) use acetate as
a standard. To compare methods, NaOAc-C was testetermine if it could be used as
a standard with stabilized. fischericells. This standard curve was then applied to
estimate the range of AOC present in OCWD seconchanyicipal wastewater (OCWD
SMW). In addition, this sample was also analyzeidgithe Standard Method (assay was
performed at Metropolitan Water District), in tigdte, using AOC bacteria P17 and
NOX. For the Checklight assay, the cells wereibtail for approximately 200 minutes
(Figure 44) and then inoculated with in NaOAc-Chaar that ranged from 2.5-200ppb.
The response was relatively high, linear and grehten 3XSD between 10-100ppb
(Figure 45; Table 39). The stabilized cells wesedito approximate the range of AOC
concentration in OCWD SMW sample that was seridiliyted from 87.5 to 1.36% of
concentrate (Table 40). All relative luminescewakies were greater than 3XSD (Table
40) and linear in that range with afd® approximately 0.99 (Figure 46). It was
calculated (as per manufacturer recommendatioas}his converted to a range of

274.7 - 317.3 ppb of acetate-C (units normally useahonitor AOC concentrations).

The expected range for this water source is betig#0-1,500 ppb, which is based on
empirical TOC values determined by OCWD. It hasrbeeported that characteristically
AOC concentrations are expected to be approxima@dy of TOC (LeChevallier, et. al.,
1993), depending on the treatment process. Thesralogerved with this bioassay does
not reflect 10% of the TOC present in the water@amThis water sample was also
analyzed using Standard Methods, which determined@CWD SMW contained

332.33 ppb of Acetate-C. Therefore, it was speedléhat the range obtained by
Checklight might be within the normal variation this water source due to alterations in
the treatment process. To model this variationCAg@ncentrations need to be
monitored for OCWD SMW over a long period of timedadetermined using both the
Standard Method and the Checklight bioassay.

3.3.2. Metabolism of several organic compounds as energy source

An additional AOC-II kit was purchased to evalutite performance of this assay with a
variety of feedwaters. First, several organic coomuls were tested to describe the
nutritional versatility ofV. fischericells and to determine if the bioassay could be use
with a variety of water sources that contain a omtof these compounds at extremely
low concentrations. It is known that standard A#Cteria use these compounds for
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growth. Second, it was also necessary to deterihmefischericells could metabolize
these compounds without having to become acclimatétem. For each of the assays
performed, acid-washed glass vials were used andeis were stabilized following
hydration. Three different lyophils were used ¢onplete the test; time required to
stabilize the lyophils are presented in Figure #he light output from lyophil C did not
stabilize until after 120 minutes, but cells wesed to inoculate vials at 120 minutes
(Figure 47). As shown in Figure 48, the followic@gmpounds were metabolized Wy
fischericells within the respective range: Pyruvic a@@-200ppb); Starch (20-200ppb);
Acetate (10-200ppb); Lysine (5-200ppb); Maltos(®ppb); Casamino acids (20-
200ppb); Yeast extract (20-200ppb); Glucose (10sp0Y Phenylalanine (50-200ppb);
Citrate (5-200ppb); Benzoic acid (20-200ppb) Glpt€s-200ppb). Following this
characterization, stabilized. fischericells are nutritionally comparable with the stada
AOC bacteria (P17 and NOX), but the sensitivitygamith the standard AOC bacteria
is enhanced. It was observed that with certaiamiggcompounds (i.e. acetate) the
sensitivity range for this AOC-II kit was not asM@s with previous kits purchased. The
manufacturer could not explain this in detail, ottiean that physiology of the cells can
vary from one kit to another.

3.3.3. Analysis of test water samples for AOC ceoentrations

Several test wastewater samples were analyzed®&@ éoncentrations using the
Checklight bioassay. OCWD SMW samples were split\were also analyzed using the
Standard Method (assay was performed at Metropdilfater District of Southern
California), and the values were compared. Wheh bwethods were employed, samples
were prepared similarly, except samples analyzetyube Checklight assay contained
10ppm of NaThio; both methods used sodium acetatestandard. All water samples
were evaluated for interfering compounds (toxic#tge 2.3.1), therefore, all Acetate-C
carbon standards were prepared between 50-400p@d silimited number of lyophils
with V. fischericells were available. It was alleged that if AtetC was linear and

above 3XSD between 50-400, then it should be lingéne lower concentrations.

AOC concentrations in OCWD secondary municipal easter (OCWD SMW) and
Santa Clara secondary municipal wastewater (SC SM&® determined. OCWD
SMW was monitored using both the Checklight biogssal Standard Method. Once
hydrated, the cells were stabilized (Figure 49plaserved in the tests above, the cells
remained fairly dark for approximately 50 minutesl dight production stabilized after
approximately 125 minutes. A NaOAc-C standard masalong with the assays that
resulted in a relatively high and linear respornsevieen 50-400ppb of NaOAc-C (Figure
50; Table 41). The standard was used to deterthaeneoncentration of Acetate-C in the
water samples. In addition, extra vials were mddtermine if the water samples
contained inhibitors that may interfere with lightoduction; no toxicity affects were
observed with either one of the water sources (Eigd). As shown in Table 42, a linear
and high response that was greater than 3XSD yal8&8) was observed between 87.5-
5.46% of the concentrated OCWD SMW sample (Fig@e $uggesting that the cells
metabolized AOC from the conventionally treated teaster. Using the Acetate-C as

28



standard, it was calculated that the range of A@Sent in the sample was between
540.45-549.2 ppb of Acetate-C. This range was @atpwith the Standard Method that
resulted in 624.2 ppb of Acetate-C. It is hypoibed that if OCWD SMW was
monitored for a period of time, a correlative ca@éint factor to convert values to
Standard assay could be modeled that may be afplibe Checklight assay for future
tests.

In contrast, Santa Clara secondary municipal wastEswSC SMW) failed to produce
response fronV. fischericells (Figure 53). A linear response was not oleskwith this
sample, and more importantly, none of the reldtimeinescence values were greater than
3XSD (Table 42), therefore, none of the readingddcbe used to compare to the Acetate
standard. No further opportunities were made atstglto repeat the sample or to have
the sample analyzed using Standard methods. Bihid®tors were not present, it could
not be determined if the sensitivity range of theay was not low enough to detect low
concentrations of AOC in the sample.

A new lyophil was used to analyze RO product wéD-P) and to determine if
inhibitors were present due to the treatment pacad$eV. fischericells were stabilized
for 120 minutes (Figure 54) prior to use in theagssNaOAc-C was used as a standard,
which was linear and all values were greater th&8[3 between 50-400ppb (Figure 55;
Table 43). The presence of inhibitors was deteeghioy adding 50-400ppb of NaOAc-C
to RO-P water. A linear response that was compatalihe acetate standard was
observed (Figure 56), demonstrating that inhibifdrany present) did not impact light
production. RO-P water was diluted from 87-1.3¢¥able 44) and a fairly linear
response was observed between 5.46-43.75% (FigyreThe relative range of
luminescence was much lower than that observedaeiiate, suggesting that the water
contained very low concentrations of AOC. Usingfate-C as a standard, it was
calculated that the range of AOC present in thepdamvas between 0 — 0.891 ppb of
Acetate-C, suggesting that this RO product watsniealy little biofouling potential
during distribution and storage.

Fountain Valley potable drinking water (PD) wasrakzed for AOC. Stabilized cells
were used to execute the assay (Figure 58) and HdDvWas used as a standard (Figure
59; Table 45). The samples were tested to deterihany inhibitors were present that
may interfere with the assay resulting in artifiigidow luminescence values. As
demonstrated in Figure 60, the overall luminesceles@loped was analogous to the
luminescence developed with acetate. Suggestatduiminescence would not be
impacted by inhibitors. However, bioluminesceneadings from diluted PD water were
extremely low (Figure 61) and highly variable, sticat only 43.75% and 87.5% of the
concentrated water resulted in values that weratgréhan 3XSD (Table 46).
Luminescence values mostly leveled out between728785% (Table 46), therefore, a
linear region that can be used to calculate the@amation of AOC could not be
determined, suggesting that the concentration o€CA¢s low and below the detection
limit of the assay. Similar results were experghwhen the assay was repeated (data
not shown). This was communicated to the manufaciend the results were offered to
them for interpretation. The manufacturer caledad range between 34.60-55.27ppb of
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Acetate-C using luminescence values from 5.46%83n8% (Figure 62), with anFof
0.86009.

In addition, deep well injection water (EC) was maed using stabilized cells (Figure
63) and NaOAc-C standard (Figure 65), which resluhea low 3XSD value (Table 47).
Figure 64, demonstrates that the EC water wasttéstehe presence of inhibitors in the
presence of NaOAc-C. A linear response was obddygveen 50-400ppb of carbon,
suggesting that inhibitors should not influencétigroduction. When the water source
was evaluated, relatively a low luminescence respavas seen (Figure 66) that leveled
out between 10.93-87.5% (Table 48), but all valuege greater than 3XSD. Similar
observations were observed when the test was expatt later time. This indicated that
the concentration of AOC was too low to detect witis kit and perhaps the Standard
method would be better suited to reliably monit@@ concentrations in water sources
such as colored groundwater (EC) and Fountain Yakgable drinking water (PD).

3.4.2. Coulter Multizer evaluation of cell volume

To determine an increase in cell volume, which widag converted to an increase in
biomass, P17 and NOX were analyzed using the GdJiiétizer. Several cultures were
started at time O hours and the volume of P17 abX Mas measured at 1, 3, 20, 24, 27,
32, and 48 hours. Each contained either no cafal) or 50ppm of NaoAc-C or filter
sterilized OCWD SMW, as a carbon source. Eachede¢ was separately inoculated
with P17 or NOX and cell volume in tfmL was read. As shown in Table 49, between
10%-10° cells were used to inoculate the various samglesyand time zero represents the
inoculum size. These values were then subtracted the values obtained at the various
time points. Table 50, lists the total volume efi€that were present after 48 hours.
This time frame was chosen as a representativelténause some turbidity was
observed in the cultures containing P17 and NOKeré&fore, data at 48 hours was used
as representative measurements to illustrate tumgistencies observed using this
approach. At 48h, a volume increase was obserubdie no carbon source sample
(Table 49 and Table 50), greater increase was wbdavith P17 than with NOX. This
suggests that the cells utilized some of the inthge carbon present to increase their
volume. Similarly, 5ppm of carbon resulted in aarease in cell volume, suggesting the
cells metabolized acetate-C. Total volume of Ritraased even further with 10ppm of
carbon, as expected, but the total volume of NOXOg@ipm did not increase in proportion
to the amount of carbon supplied. At 50ppm, thalteolume of P17 and NOX did not
correlate to the concentration of carbon suppliedaddition, OCWD SMW was used as
a representative sample to test this approache $ims sample contained the greatest
amount of AOC when last analyzed. As seen in Tablenconsistencies were observed
with a decrease in volume after 48h, which couldb®explained. Volume
measurements taken at other times with these samgsalted in similar inconsistencies
so the approach was not taken any further. Intiaadliit was determined that the Coulter
Multizer is a device that is extremely sensitivevitarations, air bubbles, or anything else
that might clog the aperture. Therefore, all Sohg were prefiltered and required a

30



trained technician to operate the instrument, ssiyuge that the approach would not be
applicable for most water utilities.

4.0. Project Conclusions and Recommendations

4.1. Conclusions

The objective of this study was to evaluate a neathimd for rapid determination of AOC
in treated and or filtered waters, this includag,ib not limited to reverse osmosis (RO)
and microfiltration (MF) feedwaters. AOC measuretseare important because it
represents the fraction of total organic carbon igvenost readily used by
microorganisms for growth and other metabolic psses. Therefore, the AOC
component is of the greatest interest to wateitiasi| since high levels of AOC are
associated with loss of water quality, rapid biafflormation and loss of membrane
performance. An impressive amount of literature b@en published describing different
methods that can be used to determine the contentd AOC, including a Standard
method. Currently, Standard Method is the onlyhodtavailable in which increase of
biomass of test organisms is directly related eodabncentration of AOC. Other methods
that have been developed or are currently undegldement, relate the concentration of
AOC to metabolism of organic compounds. Most meshibat are fully developed are
laborious and costly, which means that when appadomited number of samples are
analyzed and at a low frequency. Therefore, thesthhods cannot be used by water
utilities for monitoring water quality.

Recently, Checklight was able to demonstrate thatOC kit made available could
provide a rapid assay that could be used to mothitotevel of AOC in surface waters.
This assay was not tested with wastewater andetaganship of this test to the Standard
Method was never determined. Therefore, the Cigtldbioassay was systematically
evaluated to determine if this approach could leel sy water utilities to monitor the
level of AOC. Several well-defined tests were parfed to determine the sensitivity,
effectiveness and reliability of the assay.

The Checklight bioassay was initially performedatined by the manufacturer, using
the carbon provided with the assay and using R@«Water (RO-I). Light production in
response to the carbon or RO feedwater was not\@ake However, it was determined
that bioluminescence was inhibited by chlorine aaidic pH. Consequently, all samples
that were further analyzed were dechlorinated Ared pH was monitored. The
sensitivity range of the assay using the carboiktadcsolution provided was determined
between 3-100ppb that is greater than the suggestee by the manufacturer (50-
400ppb). However, significant inconsistencies wadyserved with the lyophils provided
within each kit and further test demonstrated gitsiology of the cells is exceedingly
variable. This explained the lack of reproducipibbserved when tests were performed
at different times. It was also determined thataibthe viable cells were able to produce
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light, demonstrating that the physiology of thd<elovided was variable and therefore,
requiring a new standard curve with each assayuteec

In many of the controlled tests, it was observed the bioluminescence response did not
correlate to the amount of carbon provided to #lksc It was hypnotized that
contaminating carbon or inhibitors may be presenhe vials provided with the Kkit.
Therefore, as outlined in Standard Methods, glaais-that were acid washed and heat
sterilized were used. An improvement was obsemnvele luminescence values as well
as the sensitivity range of the assay. All subsattests were performed using the acid-
washed, heat sterilized vials.

To further remove the affects of any indigenoudoarthat may be present, cells were
stabilized following hydration and monitored unlie light production leveled out before
the cells were utilized in the assay. This appnaatowed thdux genes to be induced by
the carbon provided in the sample and resultediimear correlation between the
concentration of carbon and light production. lany of the stability tests performed, it
took up to 250 minutes for the light productioddweel out and the cells remained dark,
or showed relatively low bioluminescence for u@minutes. As per manufacturer
protocol and prior to stabilization, all assays eveompleted in 120 minutes. This
suggests that full bioluminescence potential waseached by the time the assay was
completed in 120 minutes, explaining the low leseight produced. In most of the
assays where the cells were allowed to stabilieepverall light produced was much
higher than prior to stabilization. Therefore diaation was incorporated into the
protocol when all assays were performed. The fonall assays was extended up to 8
hours due to stabilization.

Since a variety of organic compounds are presemwastewater, the nutritional versatility
and the sensitivity was determined. Sensitivityhef assay is important because many
microorganisms are able to utilize organic compausslan energy source for growth
and other metabolic processes at very low condgmmsa Therefore, several different
organic compounds most that were metabolized bgtdredard AOC bacteria were used
as test carbon source fdr fischericells. The nutritional profile confirmed thet
fischericells were able to metabolize a variety of compsuand produce light in
response. Since overall light production was greaith Glucose and Fructose-carbon
over Glycerol, sodium acetate and the carbon cdcktevas determined that Glucose
and Fructose were preferred as a carbon source sésitivity range for most
compounds was between 5-100ppb. The reportedtistgaf the Standard assay is
between 1-126ppb of acetate carbon, it is suggéstedhe sensitivity of the Standard
assay is greater since it is a growth-based absayses cells that have been acclimated
to the acetate carbon used as a standard.

The Checklight assay was used to examine sevdfatatit waters; a toxicity test was
performed in conjunction to determine the presariaemknown inhibitors. The presence
of inhibitors needed to be determined to evaluateoutcome of the assay. If toxicity is
observed, the relative bioluminescence responslisced then the concentration of
AOC can be determined by diluting the water sarfyptiher. Generally, when toxicity
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was not observed, and a linear response was olos¢iheclevel of AOC in the source
water was calculated. In some instances, like edhinjection water, inhibitors were
not observed and a liner response that was greter3XSD was not obtained,
suggesting that the concentration of AOC was bel@wdetection limit of this assay. An
approach that could further improve the sensitivitthe assay would be to either
concentrate or perhaps pasteurize the sample. wowdhis would further increase the
time required to complete the assay.

The concentration of AOC in OCWD secondary munilcvpastewater was evaluated
using both the Checklight bioassay and Standardhddet The values obtained by both
methods were within approximately 20% of each otl®uwggesting, that if OCWD
secondary municipal wastewater was monitored fogréod of time, a correlative
coefficient could be modeled that can be appliedatth methods. Santa Clara secondary
municipal waste water and deep well injection watas also analyzed using Checklight,
and a value for AOC concentration could not be migitged due to the sensitivity of the
assay. When RO product was used, a range of 0-@@9 of acetate-C was calculated,
suggesting that this water has a low potentiabfofilm formation in its storage or
distribution systems. For Fountain Valley, potatilimking water a range of 34-55 ppb
of acetate-C was calculated.

The Coulter Multizer was used to observe an ine@asell biomass by measuring cell
volume. This method was tested to determine ifQbalter Multizer could be used to
calculate growth, which could then be used in coration with Standard Method to
measure AOC. The inconsistencies observed witeratwef the controlled samples and
OCWD secondary municipal wastewater at differanetintervals suggests that the
device, as used, could not reduce the rate ordsieat which the Standard Method is
performed. The Coulter Multizer is an extremelgsgve instrument that requires
prefiltered solutions to obtain reliable results.addition, a trained technician that is
dedicated to the instrument would be required téope the assay.

4.2. Recommendations

Based on the tests performed and the findings predethe Checklight bioassay is a
promising assay under controlled conditions, predidome of the modification outlined
in this study are implemented. But this assay s¢edbe developed further before it can
be used to monitor AOC levels in treated or filteveater. Currently, the physiology of
V. fischericells varies within each assay and from one kértother, resulting in light
production that is highly variable. It is recommded that the manufacturer use glass
vials and containers for the buffers provided. piblished by Van der Kooij, this is a
fastidious assay that is sensitive to low concéoima of carbon; therefore, all glassware
used in the assay needs to be AOC free.

Based on the findings presented, it is suggesteditieV. fischericells are grown in a
chemostat, which is a bioreactor in which consgmatvth conditions for microorganisms
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are maintained over prolonged period of time. Tosild produce a mass of cells that
are physiologically stable and then can be provisilh the kit. In additiony. fischeri
cells would still need to be stabilized prior teeus an assay to eliminate the impact of
indigenous carbon on the amount of light producgthk cells. This could improve the
sensitivity of the assay. In addition, it is sugjgel that the cells are grown in a defined
carbon source such as acetate, which is used Btémelard Methods. This could also
improve the sensitivity of the assay, since acetatised in most as a standard in most
assays. Finally, it is suggested that if somdnefrecommendations are implemented and
developed into the protocol, then this bioassaybmatested by water utilities to monitor
treated or filtered water to obtain a relative leMeAOC. Once fully developed, this
assay would be easy to use, does not require eixpestguipment or highly trained
personnel and can be completed in a single workday.

4.3. Benefits to California

The increase in population and drought conditionSalifornia has resulted in limited
water supplies. Shortage of potable water hagentd¢he need for treatment of
alternative water sources such as recycled wastewabund and surface waters. The
need for new water sources has initiated the sdardhnovative treatment methods.
Water utilities are continuously striving to redube presence of microbiological
growth; especially pathogens, to supply water ihatliable safe.

Traditional techniques which can require up to eeks to complete for assessment of
microbial growth lack speed and therefore havetéthuse for water utilities in

California. To ensure water quality, water utdgimay over disinfect resulting in
augmented costs. Currently, most water utilitieessseeking rapid and simple methods to
predict microbial growth. Any new method that gaavide rapid measurements to
calculate AOC levels that can predict microbialvgito can be used to prevent biofilm
formation on membranes; predict loss of membram@peance and can be used to
optimize disinfection protocols. These rapid mehoan equate to considerable cost
saving to the water utilities and at the same fimgerove water quality.
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Figure 1. Carbon cocktail as a reference carbon swce demonstrating luminescence is proportional
to the concentration of available organic carbon (tip://www.checklight.co.il/pdf/case_studies/aoc-
case-study.pdf ).
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Figure 2: Accuracy and reliability was establishedy testing 26 different samples of raw drinking
water sources along the Israeli Water Carrier syste. AOC concentrations were measured using
both Checklight AOC test and Standard 7 day test, Wich measured AOC concentration using
acetate (http://www.checklight.co.il/pdf/case_studis/aoc-case-study.pdf).

40



0.25 ml concentrated Assay Buffer o " 17.5 ml clean water
1.75 ml tested water S 2.5 ml concentrated

N

Dispense Tml
of diluted
Assay Buffer to
each vial

Assay Buffer
7 3 9
'm 1m| 1m| 1ml

mix mix
4

,—|— + 0.5 ml cold

Negative Controls

well
G M— Dispense 10yl ——— Incubate@
Hydration Buffer wait 3min. o vials 1-14 -28°C

freeze-dried bacteria

_—

e 60-120 minutes

Ui

Standard Solution

¥
40l

12 13 14
Positive Controls

Record
Luminascence

o

Figure 3: AOC test procedure as outlined by the maufacturer
(http://www.checklight.co.il/new_pdf/AOC-1l_manual_2004_copy.pdf).
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Figure 4: Bioluminescence readings fronV. fischeriof carbon cocktail standard (CCS) ranging from
50-400ppb @ 120 minutes.
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Figure 5: Bioluminescence readings using RO feedtex (RO-I) diluted from 90% to 0.35% of
concentrate byV. fischeri.
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Figure 6: Bioluminescence readings of carbon cockilsstandard (CCS) ranging from 50-400ppb @

120 minutes byV. fischeri.
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Figure 7: A linear response byV. fischeri between 5-100ppb Carbon Cocktail (CCS-C) from Figre

6. Greatest luminescence response was at 100pgie tells did show a slightly positive response
down to 5ppb.
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Figure 8: Bioluminescence readings of carbon cockilsstandards from 5-400ppb@ 120 minutes with

the normal concentration ofV. fischericells.
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Figure 9: Test sample of 100ppb of Carbon CocktafICCS) serially diluted from 100-0.39ppb and

inoculated with normal concentration ofV. fischericells; luminescence readings at 120 minutes.
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Figure 10: Bioluminescence readings of carbon cotil standards from 5-400ppb with diluted V.
fischeri (1/10) cells @ 120 minutes.
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Figure 11: Test sample 100ppb of CCS serially ditad from 100-0.39ppb; inoculated with dilutedV.
fischeri (1/10); luminescence readings @ 120 minutes.
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Figure 12: Replicates of 100ppb Carbon Cocktail sation @ 120 minutes. The standard deviation
value is 0.220 indicating a reproducible/. fischeriresponse to carbon sources.
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Figure 13: Replicates of 200ppb Carbon Cocktail sation @ 120 minutes. The standard deviation
value is 0.273 indicating a reproduciblé/. fischeriresponse to carbon sources

46



0.90
0.80 A
0.70 A
0.60 A
0.50 A
0.40 A
0.30 A
0.20 A
0.10 A
0.00

Luminescence (relative units, min.)

0 50 100 150 200 250 300 350 400 450
Carbon Mixture Concentration (ppb)

‘ —&— Luminscence (RLU, min.) 175" ‘

Figure 14: The bioluminescence response @ 175 miegtofV. fischerito a 50/50 CCS/CA mixture as
a carbon standard. TheV. fischericellsshowed a linear response up to 200ppb carbon mixtar but
values greater than 3XSD were only observed betwed®0 and 200ppb carbon mixture.
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Figure 15: The bioluminescence response to CCS nging from 20-400ppb by starvedv. fischeri
cells.
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Figure 16: The bioluminescence response to a 200p@CS test sample serially diluted from 200-
0.78ppb by starvedV. fischericells.
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Figure 17: Casamino Acids (CA) as a substitute chon source. A linear response by. fischericells
was observed from 20ppb to 400ppb with CA, a higheresponse than with Carbon Cocktail as the

standard carbon source.

0.20
A g

2 0.15 -
c
=}
2 010-
& g
2 g 0.05 - ¢
8 g
2 o
8 0.00 ¢ T T T T
@ 100 200 300 400
£ 005 - *
1S
]
)

-0.10

Sodium Acetate Carbon Concentration (ppb)
@ Luminscence (relative units) 130 min. ‘

Figure 18: Sodium Acetate (NaOAc) as a substitutstandard carbon source. The response by.
fischeri cells was linear from 20ppb — 200ppb. Compared tGA, the luminescence response to

NaOAc was less.
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Figure 19: The bioluminescence response @ 120 mtes to the Carbon Cocktail standards from 5-

400ppb inoculated withV. fischeri.
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Figure 20: Linear segment from Figure 19. The bimminescence response by. fischeriwas linear

from 5-200ppb of Carbon Cocktail with intensity greater than observed with AOC Multi-Shot kit.
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Figure 21: The bioluminescence response at 120 mtes to Sodium Acetate Carbon (5-400ppb)
inoculated with V. fischeri.
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Figure 22: The bioluminescence response at 120 mies to Casamino Acids as a carbon source (5-
400ppb CA) inoculated withV. fischeri. The V. fischeri response was too scattered to use as a
standard curve. Bioluminescence values greater thaBXSD were observed at all CA concentrations.
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Figure 23: The bioluminescence response @ 120 mies to Glucose as a substitute carbon source (5-
400ppb Glu-C) byV. fischeri.

3.00
|

e 2.50 A
S ]
g 2.00 .
E 150 {¢0 * ¢
()
> i 4
E 1.00 PY
£ 050 - Al
@ L 2
8 000 M8 | | !C | | | ‘
()
2 050 50 100 150 200 250 300 350 480 450
g -0.
c
£ -1.00 -
]
-

-1.50

Gly-C concentration (ppb)
@ Lyophil A Luminescence (relative units, min.) @ 120
minutes
M Lyophil B Luminescence (relative units, min.) @ 120
minutac

Figure 24: The bioluminescence response @ 120 mtea to Glycerol (Gly) as a substitute carbon
source (5-400ppb Gly-C) inoculated withV. fischeri cells from three different lyophils.
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Figure 25: The bioluminescence response at 120 rates to the CCS from 2.5-250ppb inoculated
with V. fischeriin plastic assay vials.
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Figure 26: The luminescence response @ 120 minutesCCS in plastic assay vials inoculated with
V. fischeri.
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Figure 27: The bioluminescence response @ 120 mirs to CCS (5-400ppb) in “unwashed” assay
vials inoculated with V. fischeri. Note: response at least 3X standard deviation ¢iie negative
controls began at 20ppb.
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Figure 28: The bioluminescence response @ 120 mtea to CCS (5-400ppb) in “washed” assay vials
inoculated with V. fischeri. Although the response was not as linear with thvashed” vials
compared to the ‘unwashed’ vials, a 3X standard deation luminescence response was exhibited in
the ‘washed’ vials from 5ppb to 200ppb CCS.
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Figure 29: Bioluminescence readings of CCS ranginigom 2.5-250ppb in acid-washed assay vials @
120 minutes byV. fischeri.
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Figure 30: In Acid-washed glass vials, 300ppb CC$ed as test samples were evaluated using
Lyophils A and B @ 120 minutes. The bioluminescercresponse by. fischeri (Lyophil A) was

linear from approximately 25ppb to 300ppb, while the bioluminescence response by Lyophil B was
linear from 12.5ppb to 200ppb. The 3XSD value foLyophils A and B were 0.206 and 0.452,
respectively; therefore,V. fischerihad a better and more consistent response in theid-washed vials.
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Figure 31: The bioluminescence response @120 miegtto Glycerol as a carbon test sample (400-
0.78ppb) in vials inoculated withV. fischeri. A linear response to Glycerol carbon was obserddrom
200 — 25ppb. The luminescence measurements betwé&eand 30-second integration times exhibited
no significant difference in response. Thereforeg 5 second integration time was incorporated into
the protocol.
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Figure 32: A lyophil of V. fischeriwas observed until the luminescence leveled off.h& V. fischeri
cells did not begin to give off large amounts ofdint until approximately 50 minutes after the lyophi
was hydrated.
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Figure 33: The bioluminescence readings of CCS rgmg from 2.5-100ppb using stabilized/.
fischeri @ 120 minutes.
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Figure 34: The bioluminescence readings of CCS tesample ranging from 150-2.34ppb using
stabilized V. fischeri @ 120 minutes.
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Figure 35: The bioluminescence readings for a lydyl of V. fischeriwas observed until the
luminescence leveled off.
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Figure 36: The bioluminescence readings of CCS rgmg from 2.5-200ppb using stabilized/.
fischeri @ 120 minutes.
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Figure 37: The bioluminescence readings of CCS tesample ranging from 200-2.34ppb using
stabilized V. fischeri @ 120 minutes.
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Figure 38: The stabilization of hydratedV. fischeri used to determine the metabolism of CCS-C,
Glucose-C and Glycerol-C.
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Figure 39: The bioluminescence response by stalaéidV. fischericells to CCS ranging from 10-
200ppb @ 120 minutes. Linear responses greater th&XSD value for the negative controls were
observed from 10-200ppb CCS.
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Figure 40: The bioluminescence response @ 130 mies by stabilizedV. fischerito Glu-C and Gly-

C (test carbon samples serially diluted from 150 t8.38ppb). Although the response by the cells was
linear for both the Glu-C and the Gly-C, the cellsexpressed greater luminescence from the
metabolism of the Glu-C as opposed to the Gly-C. lliconcentrations of carbon for both test carbon
samples exhibited a response greater than the 3XSRlue.
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Figure 41: The stabilization of hydratedV. fischeriused in the assay vials that tested the metabolism
of CCS-C, Sodium acetate-C and Fructose-C.
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Figure 42: The bioluminescence readings by staluied V. fischeri cells to CCS-C ranging from 10-
200ppb @120 minutes. Linear responses with valugseater than 3XSD for the negative controls
were observed from 10-200ppb CCS.
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Figure 43: The bioluminescence readings @ 120 mitas by stabilizedV. fischerito NaOAc-C and
Fru-C (test carbon samples serially diluted from 18ppb to 9.38pp). Although the response by the
cells was linear for both the NaOAc-C and the Fru-Cthe cells expressed greater luminescence from
the metabolism of the NaOAc-C as opposed to the F@. All concentrations of carbon for both test
samples exhibited a response greater than the 3XSRlue.
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Figure 44: The stabilization ofV. fischeriused in the assay vials that tested the AOC condegtion

in OCWD SMW sample and the corresponding Sodium ac¢ate standards. As shown above, it took

approximately 200 minutes for the luminescence ohe hydrated cells to stabilize.
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Figure 45: The bioluminescence response by staladéidV. fischerito the Sodium acetate-carbon.
Although a positive response was observed from 5-0fpb NaOAc-C, the 10ppb NaOAc

concentration was the lowest concentration that exbited a response greater than the 3XSD value
for the corresponding negative controls.
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Figure 46: The bioluminescence response by the bilized V. fischerito OCWD SMW sample @ 120
minutes was linear from 87.5% to 1.36%.
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Figure 47: The bioluminescence readings by. fischeri for lyophils used to inoculate the assays ran
to determine the metabolism of organic compounds.
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Figure 48: Bioluminescence readings of organic compinds ranging from 5-20ppb (Figure A) and

50-200ppb (Figure B) @ 120 minutes by. fischeri.
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Figure 49: Bioluminescence readings for the stali@ation of a lyophil of V. fischeri.
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Figure 50: The bioluminescence readings of NaOAc-fanging from 50-400ppb byV. fischeri@ 120

minutes
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Figure 51: The bioluminescence readings for toxity tests ran on OCWD SMW and SC SMW water
samples @ 120 minutes by. fischeri.
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Figure 52: Bioluminescence readings in response @CWD SMW water sample @ 120 minutes by/.
fischeri.
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Figure 53: Bioluminescence readings in response 8C SMW water sample @ 120 minutes by.

fischeri
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Figure 54: Bioluminescence readings for the stabi#ation of aV. fischerilyophil.
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Figure 55: The bioluminescence readings from NaOA€ as a standard of RO-P water @ 120
minutes by V. fischeri
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Figure 56: Bioluminescence readings of NaOAc-C rajing from 50-400ppb in RO-P water (toxicity

test) @ 120 minutes by. fischeri
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Figure 57: The bioluminescence readings for RO-P wer @ 120 minutes byV. fischeri.
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Figure 58: The bioluminescence readings for the dhdization of a V. fischerilyophil.
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Figure 59: The bioluminescence readings for NaOAC-ranging from 50-400ppb @ 120 minutes by

V. fischeri
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Figure 60: The bioluminescence readings of NaOAc-fanging from 50-400ppb in PD water (toxicity
test) @ 120 minutes by. fischeri.
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Figure 61: The bioluminescence readings of PD wat@ 120 minutes byV. fischeri
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Figure 62: Bioluminescence values used by ChecligLtd. to calculate AOC concentration present

in PD water.
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Figure 63: Bioluminescence readings for the stali@ation of a lyophil of V. fischeri
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Figure 64: The bioluminescence readings for NaOAc-@nging from 50-400ppb in EC water
(toxicity test) @ 120 minutes byV. fischeri.
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Figure 65: The bioluminescence readings for NaOAE- ranging from 50-400ppb as the standard @

120 minutes byV. fischeri
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Figure 66: Bioluminescence readings for EC waterasnple @ 120 minutes by. fischeri
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Table 1: Compounds used byseudomonafluorescensstrain P17 as sole carbon and energy source
for growth (Van der Kooij et. al., 1982).

Amino acids Carboxylic acids Carbohydrates and Alcohols Aromatic acids
alanine acetate glucose benzoate
valine propionate galactose hydroxybenzoate
leucine butyrate fructose anthranilate

isoleucine valerate mannose
serine capronate rhamnose
threonine lactate mannitol
lysine pyruvate inositol
arginine malonate adonitol
aspartate fumarate ethanol
asparagine succinate glycerol
glutamate adipate propylene
proline citrate glycol
histidine gluconate
tyrosine maltose
phenylalanine starch
tryptophan
citrulline
ornithine
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Table 2: List of organic compounds used bgpirillum species strain NOX as a carbon source for
growth (Van der Kooij et. al., 1982, Friaset. al., 1994).

Carboxylic acids Amino acids
acetate* alanine*
fumarate* Glycine
glycolate

propionate*

glyoxylate

lactate*

ketoglutarate

malate

malonate

succinate*

oxalate
*Compounds assimilated by ba8pirillum species strain NOX arflseudomonafiuorescenstrain P17 in
the Van der Kooij method (Van der Koei. al., 1982).
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Table 3: Organic compounds used to evaluate thewdirsity of V. fischeriin the Checklight bioassay.

Amino acids Carboxylic acids CEEE TAIEIES S Aromatic acids Others
Alcohols
Lysine Sodium acetate Glucose Benzoic acid yeast extract
phenylalanine Pyruvic acid a fructose carbon cocktalil
Casamino acids Citrate glycerol
maltose
Starch

*Note: Carbon cocktail provided with Checklight AQ@ is a mixed organic carbon source and used as a
reference and positive control for many of the gssserformed.
aNote: Organic compound not evaluated by the seé@d-I kit.

Table 4: Water sources examined for AOC concentr&in to access performance of Checklight

bioassay.

Source water Description
RO-I RO feedwater
RO-P RO product water
OCWD SMW OCWD secondary municipal waste water
EC Deep well injection water (colored ground water)
PD Potable drinking water; Fountain Valley: blend of EC and Metropolitan water
SC SMW Santa Clara secondary municipal waste water

79




Table 5: Bioluminescence readings of carbon cockiasolution (CCS) ranging from 50-400ppb @ 120

minutes by V. fischeri.

Table 6: Bioluminescence readings of RO-I test sangfrom 90% to 0.35% @ 120 minutes by/.

fischeri.

Ave. Value for negative controls
3XSD for negative controls

0.008
0.024

CCs Luminescence
concentration | (relative units, min.)
(ppb) @ 120 minutes
50 0.002
100 -0.003
200 -0.005
400 -0.003

RO-| Luminescence
concentration | (relative units, min.)

(%) @ 120 minutes

90 -0.003

45 -0.001
22.5 -0.005
11.25 -0.002
5.62 -0.001
2.81 -0.002

1.4 -0.003

0.7 -0.001
0.35 0.001
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Table 7: Bioluminescence readings of CCS rangingdm 5-400ppb @ 120 minutes by. fischeri.

Ave. value for negative controls 0.034
3XSD for negative controls 0.012
CCs Luminescence

concentration | (relative units, min.)

(ppb) @ 120 minutes
(ppb) 120 min.
5 0.008
10 0.023
20 0.048
40 0.193
50 0.174
100 0.509
200 0.339
400 -0.004




Table 8: Bioluminescence readings of CCS ranging dm 5-400ppb with normal concentration ofV.

fischeri @ 120 minutes.

Table 9: Bioluminescence readings of a 100ppb CGample diluted to 0.39 pbb with normal

Ave. value for negative controls 0.208
3XSD for negative controls 0.003
CCs Luminescence
concentration |(relative units, min.)
(ppb) @ 120 minutes
(ppb) 120 min.
5 0.321
10 0.408
20 0.625
40 1.147
50 0.543
100 3.993
200 5.226
400 2.860

concentrationV. fischeri @ 120 minutes.

CCs Luminescence
concentration | (relative units, min.)

(ppb) @ 120 minutes
(ppb) 120 min.
100 2.954

50 1.874

25 0.729
12.5 0.463
6.25 0.378
3.13 0.325
1.56 0.376
0.78 0.403
0.39 0.465
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Ave. value for negative controls
3XSD for negative controls

Table 10: Bioluminescence readings of CCS rangingdm 5-400ppb @ 120 minutes by . fischeri.

0.018

0.003

CCs Luminescence
concentration |(relative units, min.)

(ppb) @ 120 minutes
(ppb) 120 min.
5 -0.007
10 -0.008
20 -0.013
40 0.002
50 0.177
100 0.411
200 0.497
400 0.231

Table 11: Bioluminescence readings of a 100ppb CQ&st sample diluted to 0.39ppb with 1/10
diluted V. fischeri @ 120 minutes.

CCs Luminescence
concentration |(relative units, min.)

(ppb) @ 120 minutes
(ppb) 120 min.
100 0.225

50 0.003

25 -0.001
12.5 0.009
6.25 0.003
3.13 0.002
1.56 0.012
0.78 -0.006
0.39 -0.010
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Table 12: Bioluminescence readings by. fischeri of 100ppb CCS replicates @ 120 minutes.

Ave. value for negative controls 0.179
3XSD for negative controls 0.036
Luminescence
Replicate (relative units, min.)
@ 120 minutes
1 1.915
2 2.012
3 2.096
4 2.110
5 2.446
6 2.430
Replicate Ave. value 2.168
Replicate SD 0.220

Table 13: Bioluminescence readings by. fischeri of 200ppb CCS replicates @ 120 minutes.

Luminescence
Replicate (relative units, min.)
@ 120 minutes
1 4.389
2 4.046
3 3.934
4 4.023
5 4.521
6 4.543
Replicate Ave. value 4.242
Replicate SD 0.273




Table 14: Bioluminescence readings by. fischeri of a carbon mixture ranging from 20-400ppb @

175 minutes.

Ave. value for negative controls 0.155
3XSD for negative controls 0.027
Carbon ;
. Luminescence
mixture . ; ;
; (relative units, min.)
concentration @ 175 minutes
(ppRb)
20 0.094
40 0.173
50 0.259
100 0.583
200 0.804
400 0.840
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Table 15: Bioluminescence readings of CCS rangingdm 20-400ppb with starvedV. fischeri @ 120
minutes.

Ave. value for negative controls 0.126
3XSD for negative controls 0.003
CCs Luminescence
concentration (relative units, min.)
(ppb) @ 120 minutes
20 0.029
40 0.037
50 0.126
100 0.127
200 0.308
400 0.261

Table 16: Bioluminescence readings of a 200ppb CQ&st sample with starvedV. fischeri@ 120
minutes.

CCs Luminescence
concentration | (relative units, min.)

(ppb) @ 120 minutes
200 0.297

100 0.091

50 0.034

25 0.044
12.5 0.084
6.25 0.087
3.13 -0.121
1.56 0.082
0.78 0.109
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Table 17: Bioluminescence readings of Casamino asigCA) ranging from 5-400ppb @ 120 minutes

by V. fischeri.
Ave. value for negative controls 0.083
3XSD for negative controls 0.51
CA Luminescence
concentration (relative units, min.)
(ppb) @ 120 minutes
5 0.009
10 0.008
20 0.052
40 0.080
50 0.060
100 0.106
200 0.231
400 0.433

Table 18: Bioluminescence readings of Sodium acetatarbon (NaOAc-C) ranging from 5-400ppb @

130 minutes byV. fischeri.

Ave. value for negative controls 0.095
3XSD for negative controls 0.018
NaOAc-C Luminescence
concentration (relative units, min.)
(ppb) @ 130 minutes

5 0.008
10 -0.008
20 0.021
40 0.030
50 0.064
100 0.077
200 0.180
400 -0.046
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Table 19: Bioluminescence readings by. fischeri of CCS ranging from 5-400ppb @ 120 minutes

Ave. value for negative controls 3.968
3XSD for negative controls 0.802
CCs Luminescence
concentration (relative units, min.)
(ppb) @ 120 minutes
5 1.310
10 1.797
20 2.060
40 3.784
50 2.735
100 6.192
200 14.41
400 13.49

Table 20: Bioluminescence readings by. fischeri of Sodium acetate-carbon as a substitute carbon
source ranging from 5-400ppb @ 120 minutes

Ave. value for negative controls 1.835
3XSD for negative controls 2.206
NaOAc-C Luminescence
concentration (relative units, min.)
(ppb) @ 120 minutes

5 0.466
10 0.510
20 1.179
40 1.603
50 1.860
100 1.101
200 -1.389
400 -1.790
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Table 21: Bioluminescence readings by. fischeri of Casamino acids as a substitute carbon source
ranging from 5-400ppb @ 120 minutes

Ave. value for negative controls 1.843
3XSD for negative controls 0.266
CA Luminescence
concentration | (relative units, min.)
(ppb) @ 120 minutes
5 3.003
10 7.001
20 5.521
40 4.278
50 5.755
100 5.502
200 5.330
400 5.305

Table 22: Bioluminescence readings by. fischeri of Glucose-carbon (Glu-C) as a substitute carbon
source ranging from 5-400ppb @ 120 minutes

Ave. value for negative controls 1.030
3XSD for negative controls 0.406
Glu-C Luminescence
concentration | (relative units, min.)
(ppb) @ 120 minutes
5 -0.008

10 0.102
20 0.280
40 4.625
50 4.889
100 1.749
200 3.439
400 1571
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Table 23: Bioluminescence readings by. fischeri of Glycerol-carbon (Gly-C) as a substitute carbon
source ranging from 5-400ppb @ 120 minutes (threefterent lyophils)

Lyophil A Lyophil B Lyophil C
Ave. value for negative controls 2.096 0.969 0.881
3XSD for negative controls 0.028 0.371 0.110
Lyophil A Lyophil B Lyophil C
Gly-C' Luminescence Luminescence Luminescence
concentration . . : . . : . ; -
(relative units, min.)  [(relative units, min.) | (relative units, min.)
(ppb) @ 120 minutes @ 120 minutes @ 120 minutes
5 1.098 0.046 0.069
10 1.437 0.156 0.541
20 1.497 0.175 2.427
40 1.632 0.350 2.733
50 1.823 2.724 0.504
100 1.597 0.540 0.524
200 0.867 0.072 -0.475
400 0.203 -0.311 -0.863
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Table 24: Bioluminescence readings by. fischeri of CCS ranging from 2.5-250ppb @ 120 minutes
ran in plastic assay vials; Lyophils A and B

Lyophil A Lyophil B
Ave. value for negative controls 4,922 3.076
3XSD for negative controls 1.928 0.239
ccs . Ly_ophil A: . Ly_ophil B:
concentration | (oizive units, min,) | (relative unts, min.
(ppb) @ 120 minutes @ 120 minutes
25 0.629 0.741
5 0.214 1.136
10 1.354 1.192
20 2.301 2.003
40 3.710 4.030
50 5.659 5.040
100 11.05 9.464
200 19.04 14.57
250 18.43 15.14

ccs Ly_ophil A: Ly_ophil B:
concentration | (.juive i, min) | Gelative unts, min)

(ppb) @ 120 minutes @ 120 minutes
(ppb) 120 min. 120 min.
300 26.65 13.99
250 17.32 14.67
200 17.45 14.16
150 15.07 10.79
100 9.329 7.284

75 15.44 5.816

50 5.729 4.330
37.5 4.339 3.957

25 3.823 2.947
12.5 3.383 1.628
9.38 3.005 2.349
6.25 3.215 2.160

Table 25: Bioluminescence readings by. fischeri of a 300ppb CCS test sample @ 120 minutes ran
in the plastic assay vials; Lyophils A and B
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Table 26: Bioluminescence readings by. fischeri of CCS ranging from 5-400ppb in “unwashed”
assay vials @ 120 minutes

Ave. value for negative controls 5.120
3XSD for negative controls 2.938
CCS Luminescence
concentration (relative units, min.)
(ppb) @ 120 minutes
5 0.497
10 0.797
20 18.37
40 7.450
50 5.880
100 8.380
200 15.78
400 5.530

Table 27: Bioluminescence readings by. fischeri of CCS ranging from 5-400ppb in “washed” vials
@ 120 minutes

Ave. value for negative controls 5.297
3XSD for negative controls 0.743
CCs Luminescence
concentration (relative units, min.)
(ppb) @ 120 minutes
5 10.97
10 13.93
20 -4.933
40 3.803
50 4.083
100 30.14
200 39.64
400 0.523
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Table 28: Bioluminescence readings by. fischeri of CCS ranging from 2.5-250ppb ran in acid-
washed glass assay vials @ 120 minutes; LyophilsaAd B

Lyophil A Lyophil B
Ave. value for negative controls 0.652 2.837
3XSD for negative controls 0.206 0.452
ccs Ly_ophil A: Ly_ophil B:
concentration | oLy | (relative unis, min)
(ppb) @ 120 minutes @ 120 minutes
25 0.153 0.372
5 0.236 0.502
10 0.444 1.477
20 4.231 2.466
40 1.250 3.759
50 1.569 4.439
100 4.436 9.253
200 11.29 17.98
250 15.58 18.68

ccs Ly_ophil A: Lypphil B:
concentration | c.iaive une. min) | (relatve unis, miny)

(ppb) @ 120 minutes @ 120 minutes
300 16.36 16.39
250 12.27 16.82
200 9.12 15.68
150 6.51 12.20
100 3.401 8.253

75 2.33 5.887

50 1.521 4.429
37.5 1.325 3.671

25 2.478 2.897
12.5 0.227 2.004
9.38 0.585 2.311
6.25 0.657 2.258

Table 29: Bioluminescence readings by. fischeri of a 300ppb CCS test sample @ 120 minutes ran
in acid-washed glass vials; Lyophils A and B
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Table 30: Bioluminescence readings by. fischeri of a 200ppb Glycerol-carbon test sample @ 120
minutes integrated for 5 and 30 seconds

5sec Integration 30sec Integration

Ave. value for negative controls 5.908 5.927
3XSD for negative controls 1.191 0.866
Gly-C Luminescence

concentration (relative units, sec)

(ppb) @ 120 minutes

5sec 30sec
integration integration

200 10.53 10.79
100 5.782 6.013
50 3.102 3.243
25 1.729 1.835
12.5 13.71 14.18
6.25 14.54 15.02
3.13 11.33 11.80
1.56 8.442 8.553
0.78 9.562 10.12

94



Table 31: Bioluminescence readings of CCS rangirfgom 2.5-100ppb @ 120 minutes using

stabilized V. fischeri.

Ave. value for negative controls 30.82
3XSD for negative controls 5.234
CCs Luminescence
concentration  |(relative units, min.)
(ppb) @ 120 minutes
25 4.183
5 4.203
10 6.743
20 12.03
40 20.43
50 23.91
100 42.10

Table 32: Bioluminescence readings of a 150ppb CQ&st sample @ 120 minutes using stabilizad

fischeri.

CCs Luminescence
concentration (relative units, min.)

(ppb) @ 120 minutes
150 56.75

100 34.59

50 18.11
37.5 16.20

25 14.10
18.75 11.88
12.5 10.66
9.38 11.21
6.25 9.18

4.69 9.25

3.13 10.42
2.34 11.43
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Table 33: Bioluminescence readings of CCS rangirfgom 2.5-200ppb @ 120 minutes using
stabilized V. fischeri.

Ave. value for negative controls 6.381
3XSD for negative controls 0.703
CCs Luminescence
concentration  |(relative units, sec.)
(ppb) @ 120 minutes
25 0.293
5 0.103
10 1.181
20 2.110
40 5.549
50 7.309
75 11.88
100 16.14
200 43.84

Table 34: Bioluminescence readings of a 200ppb CGS a test sample @ 120 minutes using
stabilized V. fischeri.

CCs Luminescence
concentration  |(relative units, sec.)

(ppb) @ 120 minutes
200 46.74

150 30.92

100 17.59
87.5 16.20

75 13.08
62.5 10.55

50 8.10

37.5 5.54
18.75 20.98
9.38 1.34
4.69 2.43

2.34 1.95




Table 35: CCS standards @ 130 minutes with statiled V. fischericells.

Ave. value for negative controls 10.98
3XSD for negative controls 0.679
CCs Luminescence
concentration (relative units, sec)
(ppb) @ 130 minutes
10 3.230
20 5.820
40 9.960
50 12.92
100 26.68
200 59.22

Table 36: Glucose-C and Glycerol-C as test carbo® 130 minutes ran with stabilizedv. fischeri.

Luminescence Luminescence
Test carbon . . . .
: (relative units, sec) (relative units, sec)
concentration
(ppb) (GIucose—Qarbon) (GcheroI-C_arbon)
@ 130 minutes @ 130 minutes
150 52.75 32.48
100 28.66 21.42
75 23.95 17.73
62.5 17.16 16.28
50 15.91 13.38
37.5 12.03 11.28
18.75 6.42 6.58
9.38 4.89 5.31




Table 37: CCS standard @ 120 minutes with stabiled V. fischeri.

Ave. value for negative controls 28.08
3XSD for negative controls 3.203
CCs Luminescence
concentration (relative units, sec)
(ppb) @ 120 minutes
10 3.755
20 8.185
40 18.43
50 20.81
100 39.58
200 100.4

Table 38: Sodium acetate-C and Fructose-C as tesamples @120 minutes ran with stabilized'.
fischeri.

Test carbon Luminescence Luminescence
concentration (relative units, sec) (relative units, sec)
odium acetate-carbon ructose-carbon
(ppb) (Sodi bon) (F bon)
PP @ 120 minutes @ 120 minutes
150 42.87 53.07
100 30.41 40.91
75 21.98 33.50
62.5 22.62 32.79
50 20.87 24.03
37.5 15.70 20.60
18.75 12.47 16.05
9.38 9.37 8.53




Table 39: Bioluminescence readings of Sodium acétacarbon ranging from 2.5-200ppb as a
standard carbon source for an OCWD SMW sample @ 12finutes using stabilizeadV. fischeri

Ave. value for negative controls 7.08
3XSD for negative controls 1.59
NaOAc-C Luminescence
concentration (relative unit s, min.)

(ppb) @ 120 minutes

25 0.832

5 1.409

10 4.460

20 10.51

50 37.90
100 69.90
150 54.38
200 25.19

Table 40: Bioluminescence readings of an OCWD SM\Weést sample ranging from 87.5%1.36% @
120 minutes using stabilized/. fischeri

OCWD SMW Luminescence
water (relative units, sec.)
(%) @ 120 minutes
87.5 12.03
43.75 6.94
21.87 4.80
10.93 4.08
5.46 3.43
2.73 2.86
1.36 2.03
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Table 41: Bioluminescence readings for NaOAc-C rangg from 50-400ppb (standard curve) by V.

fischeri @ 120 minutes.

Ave. value for negative controls 10.07
3XSD for negative controls 3.818
NaOAc-C Luminescence
concentation (relative units, sec)
(ppb) @ 120 minutes

50 6.400
100 10.97
200 33.22
400 67.48

Table 42: Bioluminescence readings for water soues SC SMW and OCWD SMW by stabilized/.

fischeri @ 120 minutes

Luminescence Luminescence
Test water (relative units, sec) (relative units, sec)
(%) SC SMW water OCWD SMW water
@ 120 minutes @ 120 minutes
87.5 2.72 17.33
43.75 2.95 13.17
21.87 2.48 6.80
10.93 1.71 5.48
5.46 0.19 4.41
2.73 2.00 2.79
1.36 0.78 2.60
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Table 43: The bioluminescence readings by. fischeri for NaOAc-C ranging from 50-400ppb @ 120
minutes

Ave. value for negative controls 2.068

3XSD for negative controls 1.025
Luminescence
NaOﬁc-C (relative units, sec)
(Ppb) @ 120 minutes
50 2.504
100 8.573
200 16.643
400 35.07

Table 44: The bioluminescence readings by. fischeri for RO-P water ranging from 87.5-1.36% @
120 minutes.

Luminescence
RO—I(DO/\;\)/ater (relative units, sec)
@ 120 minutes
87.5 2.350
43.75 2.775
21.87 2.276
10.93 1.134
5.46 1.130
2.73 0.850
1.36 0.414
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Table 45: Bioluminescence readings by. fischeri for NaOAc-C ranging from 50-400ppb (standard)
@ 120 minutes

Ave. value for negative controls 1.402

3XSD for negative controls 0.492
NaOAc-C Luminescence
(opb) (relative units, sec)
PP @ 120 minutes
50 0.659
100 2.918
200 7.565
400 24.22

Table 46: Bioluminescence readings by. fischeri for PD water sample @ 120 minutes

PD water Luminescence
(%) (relative units, sec)

@ 120 minutes
87.5 0.673
43.75 0.503
21.87 0.383
10.93 0.090
5.46 0.157
2.73 0.343
1.36 0.543
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Table 47: Bioluminescence readings by. fischeri for NaOAc-C ranging from 50-400ppb as the
standard carbon source @ 120 minutes

Ave. value for negative controls 2.529

3XSD for negative controls 0.066
NaOAc-C Luminescence
(opb) (relative units, sec)
PP @ 120 minutes
50 2.127
100 4.312
200 9.672
400 23.70

Table 48: Bioluminescence readings by. fischeri for EC water sample @ 120 minutes

EC water Lur_ninesc_:ence
(%) (relative unl_ts, sec)

@ 120 minutes
87.5 1.156
43.75 0.884
21.87 0.874
10.93 0.838
5.46 1.073
2.73 1.038
1.36 1.256
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Table 49: Cell volume determined by Coulter Counte(CC) @ 0 hours

Total Volume of P17

Total Volume of NOX

Sample Type (um”3/mL) (um”3/mL)

@ 0 hours @ 0 hours

No carbon source 1.21X10° 1.26X10°
5ppm of NaOAc-C 4.2X10° 6.45X10°
10ppm of NaOAc-C 3.66X10° 2.10X10°
50ppm of NaOAc-C 7.9X10° 2.7X10°
OCWD SMW 1.48X10’ 1.2X10’

Table 50: Cell volume determined by Coulter Counte(CC) @ 48 hours

Total Volume of P17

Total Volume of NOX

Sample Type (um”3/mL) @ 48 (um”3/mL)
hours @ 48 hours
No carbon source 1.48X10’ 1.72X10°
5ppm of NaOAc-C 2.98X10° 4.85X10°
10ppm of NaOAc-C 1.86X10° 2.12X10°
50ppm of NaOAc-C 1.99X10° 9.9X10°
OCWD SMW 7.25X10° 7.2X10°




