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EXECUTIVE SUMMARY

The Alliance for Coastal Techna@wg (ACT) conducted a sensor verification study of in situ
multispectral fluorometerduring 20%7-2018to characterize performance measures of accuracy
and reliability in a series of controlled laboratory studies and field tests in diverse coastal
environmets. Laboratory tests using known algal cultures both individually and in various
combinations along with adld matrix challenges for turbidity and CDOM were conducted at
Moss Landing Marine Laboratory (MLML) and NOAA Great Lakes Environmental Research
Laboratory (GLERL). In total, 40 different exposure trials were conducted within these Lab tests.
Five different field testing apjglations were conducted includitigree continuous underway
surface mapping cruises and two moored deployments. Undera@yimg cruises were
conducted in San Francisco Bay, in Monterey Bay, and in western Lake Erie. dpdenses
covered between 75150 km and each included seven isolated fexjosure comparisons
comprising two timepoints over 30 minateThe first mored field testvas conducted ovei3l
days in a flowthrough tank using Maumee River source water at the Bowling Green Municipal
Water Treatment Plant. The secondaring test was conducted for 88ys from a submerged
rack deployed off the research pafithe Chesapeake Biological Research Lab in Solomons, MD.
Instrument performance was evaluated against reference samples collected and analyzed by ACT
staff or through sukcontracts at certified Phytoplankton counting laboratoriéseatUniversity @
Mi nnesota Duluthds Natur al Resources Research
Research Center. Instrument performance was evaluated against extracted chlorophyll, extracted
phycocyanin, and algal species classification at the functiongb dewel on the basis of estimated
biovolume contribution within each sample. A total of 243 reference samples were cdbected
direct instrument comparisons. For each reference saixpleplicatesverefil tered for pgment
analysiswith two replicaesanalyzed fochlorophyll and three replicatemalyzedor phycobilins.
One filterwasreserved in storagend used when the variance in analytical replicates exceeded a
10 percent threshold. Field duplicates and field trip blanks were collected @ach test
application as a measure of Quality Assurance.

This document presents the results of the Turner Designs PhytoFindisvaith situ
Algal Classification tool that distinguishes among algal groups using specific fluorescence
signaturesThreeoptical sensors with preset excitation and emission filters are used to determine
the abundance of mixed algal groups:@htaining algae (e.g. Cryptophytes),-B@htaining
algae (Cyanobacteria), and the Gr&rown group (all other algae). PhytoFind udes
convolution algorithms dependent on the fluorescence responses detected to calculate group
abundances\ fourth sensor corrects for interference from dissolved organic materials (DOM)
thereby increasing accuracy in estimates. Sensors are optimizegefiing interference from
suspended sedimeritsminimizeinterference from turbidity A single instrument was provided
for all lab and field testing and tests were conducted under the same configuration, with no attempt
to optimize response within avgin environment or community composition.

Instrument performance across all lab and field tests based on linear regression of the
PhytoFind total chlorophyll estimation against extracted chlorophyll is given heltakle 1
along with a summary of suca#gl data returns for each of the tests completed. Overall the
PhytoFind ovesestimated total chlorophyll in the Lab tests and wadtimated chlorophyll in the
field tests CDOM challenge additions exacerbated the @simation sinc€DOM blanking for
the Lab tests wasnly applied to blank media There was no known explanation for the very low
response in Monterey Bay, whereas the low respfamgbe western Lake Erie underway tests
not completely unexpected duethe presence of a significarlonial Microcystisbloom which is
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known to exhibit a low in situ fluorescence responBailure of the external battery compartment
occurred during both moored field deployments which limited the utility of those test applications.
Table 1.Summaryof the PhytoFind total chlorophyll fluorometric response regressed against extracted chlorophyll

measurement®or each of the laboratory and field tests completed during the ACT technology evaluation along with a
summary of potential reference comparisonsactdaldata returns

Test Response Regressior] # Ref | Instrument Data Distance or
Slope R-squared| Samples OBS Return % | Duration
LAB Tests
ML Test 1 15 94 8 8 100 1d
ML Test 2 1.6 97 10 10 100 1d
ML Test 3 0.78 62 31 31 100 1d
ML Test 4 2.1 99 19 19 100 1d
ML Test 5 1.8 84 21 21 100 1d
GLERL 0.93 73 10 10 100 1d
Field Test Underway
SF Bay 0.79 95 16 1263 99 150 km
Monterey Bay 0.21 11 14 1265 99 75km
WLE 0.52 93 14 2072 100 75 km
Field Test Moored
Maumee River -0.61 12 31 222 of 620 36 50f13d
Chesapeake Bay 1.0 51 60 120 of 642 19 50f28d

Algal classification results reported by the PhytoRiede compared graphically against
algal group biovolume proportion estimates derived from microscopic counts and established
shape formulasWe recognize that biovolume is not a direct equivalent for fluorescence contribution but
provided the best proxy of community compositiddicroscopic analysis differentiated several more
groups than the PhytoFind so the main response to consideomwads/€ocyanin and
phycoerythrin containing groups. The PhytoFind clearly responded to phyeatmliaining
communities but with a general tendency to guexdict the proportion of Cyanobacteria during
the Lab tests and owpredict the proportion of Mied or phycoerythrin species in the Field tests.
The addition of CDOMas a matrix challenge thelab tests resulted emincreasedlassification
of theMixed group A similar response occurredtime field test when natur@DOM content was
likely elevated from riverine inputsThese results indicate the importance of the CDOM blanking
procedureand highlight the challenge of applying a single correction at the beginning of a test or
field deployment when the matrix is likely to be variable over time

The manufacturer was given the opportunity to respond to the findings and presentation
of this evaluation and their response is provided at the end of the report.
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BACKGROUND AND OBJECTIVES

ACT was established on the premise that instrument validatieristing and emerging
technologies is essential to support both coastal science and resource managbamenerall
goal of ACTOSs visto proVide industiy with anppporginmityatonhave a tipatty
test their instruments in both cooited laboratory settings and in diverse field applicateeress
a range of coastal environmeimsorderto provide users of this technology with an independent
and credible assessment of instrument performance. To this end, the dataramation m
performance characteristics were focused on the types of information users most need. ltis
important to note that ACT does not certify technologies or guarantee that a technology will
always, or under circumstances other than those used in testirgteagitethe levels verified. ACT
does not seek to determine regulatory compliance; does not rank technologies or compare their
performance; does not label or list technologies as acceptable or unacceptable; and does not seek to
deter mi ne fAdelsrntolaoway d aibh eanty f or m.

As part of our service to the coastal community, ACT conducted a performance verification
of commercially available, in situ muléixcitation fluorometers that are designed to discriminate
among classes of phytoplankton and maysed to enhance the detection of harmful algae and
cyanobacteria. The fundamental objectives of this Performance Verification were to: (1) highlight
the potential capabilities of particular in situ fluorometers for monitoring harmful algal blooms; (2)
verify the claims of manufacturers on the performance characteristics of these instruments when
tested in a controlled laboratory setting, and (3) verify performance characteristics of these
instruments when applied in real world applications in a divensger of coastal environments.

INSTRUMENT TECHNOLOGY TESTED

PhytoFind is ann situ Algal Classification tool that distinguishes among algal groups using
specific fluorescence signatur@$iree optical sensors with preset excitation and emission filters
are used to determine the abundance of mixed algal grougrR&ining algae (e.qg.
Cryptophytes), P&€ontaining algae (Cyanobacteria), and the Gigeawn group (all other algae).
PhytoFind uses deonvolution algorithms dependent
on the fluorescence nesnses detected to calculate
group abundance&. fourth sensodetects and
correcsfor interference from dissolved organic
materials (DOMY}herebyincreasing accuradan
estimatesSensorsare optimized for rejecting
interference from suspended sedimgimterference
from turbidity is minimal
PhytoFind is factorcalibratedand field ready; no
calibration is requiredThe durableéDelrin plastic
housing is resistant to harsh environmentd damage
caused by fouling organisms. Additional anti
biofouling mechanisms include amtegrated wiper
and/or attachable copper plate. PhytoFind has a depth
rating of 600 meters and comes withaatbry
installed temperature and depth sengaiher
accessoriesuch as the high capacity external battery, flow cap,shade cap asvailable to
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accommodatearious sampling modes. PhytoFican be programmed usiagimple Windowé
based graphical user interface (GUI) that allows users to view and capture data udinggreal
mode, configure the instrument for interdatalogging mode, and download data. Data reported
include group abundances as percent of total population along with temperature, depth, and
chlorophyll (ng/L) concentratian If desired, these data may be used to calculate chlorophyll
concentration gtimates for each algal group.

PERFORMANCE EVALU ATION TEST PLAN

Phytoplankton and cyanobacteria offer a range of inherent characteristics that enable their
discrimination and classification. Their morphological and cell surface diversitiesri@bad
discrimination through microscopic examination and light scattering properties. Photosynthetic
pigment composition is also taxon specific and their inherent absorption and fluorescence
properties provide an additional, sensitive targetrf@itu detection and discriminatiorilhis
verification study evaluated the field and laboratory performance of instruments leveraging the
capacity for fluoresceneeased parsing of phytoplankton community composition. Evaluations
focused on the ability of #se technologies to determine presence and abundance of cyanobacteria
andpotentiallyharmful eukaryotic phytoplankton (diatoms, dinoflagellates, prymnesiophytes)
within mixed natural communities.

A single instrument was provided to ACT by Turner Desems used in all subsequent
testing without any further calibration or servicing by the company. Prior to testing, all ACT
personnel participated in a full day training session from the manufacturerup astl operations.
Since testing was performednmany different environments and algal communities, no effort was
made to optimize performance or calibration for any given tisthe start of testing at each of
the three ACT facilities, instrument output was referenced to defined Basic Blue 3 @BER)s
at concentrations levels of 0.05 and 0.5 uM under standard conditions to ensure good working
order and consistenperational response (see Tab)e 8he following text summarizes the test
protocols used by ACT for all of the instruments todkaluation with instrument specific details
for the PhytoFind defined as appropriate.

Laboratory Tests

Laboratory tests of response linearity, precision, range, and reliability were conducted at
Moss Landing Marine Laboratories (MLML)nstrument resposto several individual freshwater
and marine cultures was quantified at various concentration levels. Instruments were #xposed
mixtures of different phytoplankton assemblages within freshwater or marine media. Lastly,
matrix effects of turbidity andisisolved organic carbon were assessed through addition of
specified concentrations to mixed algal assemblafjehould be noted that many of the lab
cultures were contaminated and we were not able to quantify specific response functions to
individual algal taxon.

The various test conditions were produced in mechanically mixed, temperature controlled
water baths where instruments were submerged for testing. Test tanks were equipped with a multi
parameter YSI EXO2 sonde to continuously monitor temperagataity, turbidity, fDOM, pH,

DO, CHL, and BGA during all laboratory testing. All laboratory tests were conducted at a fixed
temperature and salinity level near the closest optimal growth temperature for all phytoplankton
taxa utilized. Fluorometric sponse and discrimination were tested on both freshwater and marine
algal species utilizing known mixtures and concentrations of live cultures added into a background
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matrix of filtered deionized water or seawater, supplemented with appropriate saltrartt nu
additives (BG11+Si and L1 respectively). Freshwater and seawater were obtained from the
MLML aquaculture facility.

Phytoplankton Taxa Algal cultures came from a variety of sources including the traceable
commercial entities UTEX and NCMA, hower, when those stocks did not propagate well in

large batch cultures, additional cultures from personal collections at the NOAA Great Lakes
Environmental Research Lab were included. Freshwater taxa from NOAA collections included a
cyanobacteriumMlicrocystisspp.), a chlorophyteQoelastrun), and a dinoflagellatePeridinium).

Marine taxa generated from the NCMA collection included a diaidmléssiosiraspp.), a

dinoflagellate Amphidinium carterag and a cyanobacteriurBynechooccusspp.). Culture

were grown in |l arge 20L batch cul tasteSlighunder
dark cycles at AT) using appropriate growth media as indicated above tdagighase

(determined by cell counts).

Response Linearity and Raiigeor lineaity or range tests, comparative measurements of

instrument and reference samples were generated from instrument readingea@iriintervals,

after the instruments were allowed at least 15 minutes to equilibrate to each new test condition
changeThe nstrument mean and standard deviation (SD) were computed from readings averaged
around a onaninute interval for each reference sample timepo#br each test condition two or

three reference samples were taken at roughlyrfiveite intervalgollowing the equilibration

period. Each reference sample was analyzed for CHL, PC, PE, and algal biovolume as described
bel ow. Mi xtures of phytoplankton taxa were t
chlorophyll concentration. Given that taxa vary adoay to their pigment quotas, it is recognized

that actual cell densities will not be present in the ratios defined, given that the ratios are based on
pigment content. All additions and test conditions were maintained at low ambient light (< 75

umol phobn m? s?). Individual algal species were added sequentially to produce different ratios

and concentrations. The exact CHL concentrations tested varied depending on culture yields,
howevewonlr@@l ranges wer e t ar gdubresdencevelsustomlgr es s
CHL was examined to estimate the potential linear environmental detection range.

CDOM and Turbidity ChallengésSensitivity to water clarity and natural fluorescence was
assessed by exposing the test instruments to sequentissidi background CDOM (Pahokee

Peat leachate reference material) and turbidity (Elliot Silt Loam reference material). Instruments
were initially placed in a test bath at ZD and fluorescence response measured at three algal
concentration over 15minuéxposures, after which, they were challenged with the CDOM and/or
turbidity additions. For some tests, following the CDOM and turbidity additions, additional algal
culture was added to examine instrument linearity under the matrix challenge condiborsch
challenge condition, the tank was equilibrated for 15 minutes to ensure uniform mixing (TO0),
followed by 15 minutes of instrument measurements (T15) for analysis against reference samples.
Continuous monitoring of CDOM and turbidiyithin the testankwas conducted at ofmainute

intervals with the EXO sonde verify the stability of the test conditions. Challenge CDOM
concentrations were increased from background to levels ranging fr@@ @g/L (as DOC) and
turbidity increased to levels beten 10- 100 NTU. Turbidity concentrations of the discrete

reference samples were measured using a Hach 2100 benchtop turbidity sensor calibrated in NTU.
CDOM concentrations on the discrete reference samples were measured on filtered reference
samples aayzed by absorbance spectroscopy (see below)
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Reliability 7 Instrumentreliability duringthe laboratoryest wasdetermined by comparing percent
of data recovered versus percent of data expected. Comments on problems or instrument failures
were noted

Due to contamination of several of the freshwater and marine cultures we were not able to
conduct the intended single species responses and not all additions followed the exact described
method due to time and handling constrairiisr clarity, he actuatonditions of each trial within
a daily lab test are presented at the beginning of the results for each lab test for clarity. In addition,
a second lab test was established at the NOAA Great Lakes Environmental Research Lab using
clean, moneculture freskvater algal cultures. For this teite PhytoFind wasxposed to four
individual speciesn small 2L batchedollowed by mixtures of all species together at four
different composition ratios, and finally a repeat of the last mixture with CDOM andityrbid
enhancements at similar levétsthe previous lab test.

Field Tesing

A rigorous field testing component was conducted to provide a variety of algal composition
and densities within various ecosystems including riverine, lake, estuarine, ane. nkaact
environmental conditions were constrained by the available testing windows available at each site,
but the schedule was designed to maximize the potential of including exposure to known harmful
algal bloom communities within each field deploymémstrumentperformance anceliability
weredetermined irbothmooredandsurface mappingpplications. Instrument reliability for each
of the field tests was assessgdcomparing percent of data recovered versus percent of data
expected. Comments ongblems or instrument failuresaenerecorded.

Moored Deployment

In situevaluations of instrument performance in a moored application were conducted at
two ACT Partner Institution sites. The first moored deployment was conducted in-thftavgh
tank sanpling water from the Maumee River at a location adjacent to the City of Bowling Green,
OH, public water utility. The deployment occurred over &é8nsecutive days and provided a wide
range of chlorophyll concentrations (10 to 120 pg/L), high turbiditytgupO0 NTU), and variable
concentrations of cyanobacteria. A second moored application was conducted at the Chesapeake
Biological Laboratory in Solomons, MD. Instruments were deployed on asideknooring in
Chesapeake Bay for 2Z®ntinuous days. Tesonditions provided a range of salinity and
temperature conditions and variable algal composition and abundance as a function of tidal cycle
and variable riverine input. This environment is also known for high rates of both soft and hard
biofouling, andan additional objective of this test application was to evaluate the ability of the
situinstruments tanaintain performance levels under high biofouling.

Instrument SetupPrior to deployment, all instruments were setup according to the
recommendatins and training by the manufacturer. The instruments were tested as supplied and
no calibration procedures were applied by ACT stfforometers were programmed to record

data at a minimum frequency of every 15 minutes during the entire field deployAlemtternal

clocks were set to local time using www.time.gov as the time standard. Before deployment, all
instruments were exposed to a DI blank and two concentratiddB3{0.05 and 0.5ug/mL) dye
produced from a common stock prepared and dis&ibhy MLML. Responses to the dye

exposure were used to ensure good working order and establish any calibration offset across
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different test applications. Photographs of instruments were taken just prior to deployment and just
after recovery to provide gualitative estimate of biofouling during the field tests.

Deployment RackAll test instrument packages were deployed-figlside on a common

mooring rack such that all sensor measurement windows were at the same depth. Instrument
sensor heads wedeployed with a separation distance of at least one instreoir@neter to

minimize the potential for cross interference. For the Maumee River test, instruments were
deployed in &00 L,1 m deep flowthrough tank with sensor heads at approximately 20€the
bottom. For the CBL moored deployment, the rack was deployed so that all of the fluorometers
remained a minimum of 1 m below the water surface, accounting for variance due to tidal state or
river stage. For each deployment a calibrated CTD aadfaultiparameter EXO2 sonde was
attached to the mooring and programmed to provide an independent record of temperature,
conductivity, CDOM, turbidity, CHL, and PC at the same depth and the samelg intervals

as the test instruments. For the CBLIdgment, light intensity was also measured continuously
with a LI-COR LI-193 underwater spherical PAR sensor mounted on a S&REM 1 CTD at

the same depth as the sensors.

Sampling ScheduleFor the Maumee River deployment we collected two refereraaeples per

day approximately one hour apart during the work week, however, once each week we sampled
four times within a day to capture a larger daily range. When possible we varied the sampling
timepoints between morning and afternoon on different dagapture some variation in light

history. For the CBL deployment, we evaluated diurnal responses across-tiigldaspectrum

on three occasions including day 2, day 3, and day 27 of the deployment. On {sose da

collected four reference samplesaihghout the day at instrument sampling timepoints: 06:00,

10:00, 15:00, and 20:00. During all other sampling events, reference samples were collected twice
a day with one in the morning and one in the afternoon.

Water Samplet At the Maumee River testteireference samples were collected by dipping two 1

L polypropylene bottles directly into the tank. Bottles were rinsed a minimum of three times

before final collection. At CBL reference samples were collesitda standard 4 liter Van Dorn

bottle. The sampling bottle was lowered into the center of the sensor rack at the same depth and as
close as safely possible to the fluorometers and allowedubatefor one minute prior to sample
collection. The bottle was triggered to close at the same snms@ument sampling to ensure that

the same water mass was being evaluated. For each reference sample, six replicates (two for CHL,
three for PC/PE, one reserve) were filtered under low light and low vacuum conditions, and stored
in a-80°C freezer unt analysis (methods described belov@ell abundances of coarse taxonomic
groupings (e.g. diatoms, dinoflagellates, chlorophytes, cyanophytes, others) and biovatuenes
determined othugolé fixed sample aliquots. A whole water subsample was colléoteteasure

turbidity using a Hach model2100AN Turbidometer. Lastly, filtrate was collected using acid

cleaned filters and shipped to MLML for CDOM analysis. Fohalglicates were collected during

one sampling event per week at each test site. Dudieagse collected by deploying two Van

Dorn bottles (otwo dipped 1 L bottles) sidby-side, and were processed in identical fashion.

Surface Mapping Deployment

In situevaluations of instrument performance in surface mapping applisatene
conductedt three locations including freshwater, estuarine, and marine environments. Oh July 6
a surface mapping cruise was conducted in San Franciscda Bajaboration with Dr. Raphe
Kudela of UC Santa Cruz and Dr. Jim Cloern of USGS following thesting HAB survey
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program sampling over B5km transectanging from Palo Alto in the south to the Richmond
bridge in the northOn July 1% a second surface mapping cruise was conducted in Monterey Bay
over a transit distance @bkm covering a range fromutside the harbor to open ocean
environments. On August 13he third surface mapping cruise wamducted in the western

basin of Lake Erie during a known period\iicrocystisblooms. Thesurvey covered
approximately75 km of transit and included geons dominated by cyanobacteria near the mouth of
the Maumee Riveto regions further offshore to the north and east with lower abundance and a
more diverse&omposition.

Instrument SetupFor the underway surface mapping test instruments were progratomesabrd

data at one second intervaBubmersible instruments were deployed in a ftbmough tank with a
known exchange rate (nominally-18 min). The tank was kept shaded under cover. A calibrated
multi-parameter sonde was positioned within tmk t® provide an independent record of
temperature, conductivity, CDOM, turbidity, CHL, and PC continuously at 1 minute measurement
intervals.

Water Samplek Seven or eighstations vereselected during eadurface mappingurveyto

make comparative ference sample measurements. Stations were selected to cover a dversity
phytoplankton abundance and composition. At each selected station, watdtawttieough

tank was isolated for a period of 30 minutes, keeping it well mixed with manumgstikfter an

initial equilibration period of 15 minuteseference samples were taken at timepoints of 20 and 30
minutes from the point of isolation. Sghmples of the composited sample draw were used to
expose the one benthp test instrument. Sangsd were collected under shade to minimize light
exposure and immediately taken into a shipboard laboratory (or a shaded deck space for Lake Erie)
and processed using the same protocols as defined for the field mooring deployments. Reference
samples wereralyzedfor extractive chlorophyla and phycobilins, fixed cell counts, CDOM, and
turbidity as describeldelow.

Reference Sample Analysis
Pigment Quantification

Water samples were collected onto 25 mm Whatman GF/F filters under low vacuum
filtration (<5 in Hg). Filtered volumes (sufficient to discern coloration of filters) varied by
sampling |l ocati on -g(CHLIcONENt of thy filtered matevial was h y | |
determined by fluorescence analysis of dimethylformamide (DMF) extracts usingthe no
acidification method (Speziale et. al. 1984) on a Turner Designs 10 AU fluorometer calibrated
against certified chlorophyé standard (Turner Designs). Phycobilin (phycocyanin, PC;
phycoerythrin, PE) content of filtered water samples was determinaiobgscence analysis of
phosphate buffer (50 mM, pH 6.8) extracts following 3 frettev cycles and sonication to
maximize pigment extraction (Lawrenz et al. 2011) on a Turner Aquaflor fluorometer calibrated
with certified PC and PE standards (Prozyme)InAll sample handling for pigment extraction was
conducted under low light to minimize sample degradation. All fluorometer calibrations and
extract readings were done at room temperature, typically controlled at 20G: 1.0

A total of six replicatesverefiltered for each reference sample and store@@&C
immediately after processing. Filters for chlorophyll were stored and extracted in amber glass
vials. Filters for PC/PE were stored and analyzed in 15 ml opaquesgrtlgnate centrifuge
tubes. Pigment analysis was conducted on two replicates for chlorophyll and three replicates for
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phycobilins. One filter was reserved in storage88°C and subsequently analyzed when the
variability in the initial results were above a threshold of 20%owfficient of variation. All

reference sample pigment analyses were performed by the same trained ACT personnel using the
same instrumentation and procedures.

Species Identification, Abundance and Biovolume

Whole water samplg®00 mL) were fixedwi h aci di f{1P6oé&ndl cdneemgration) s
v/v) andconcentrate@s necessary by settling or gentle centrifugation (3000 rpm, 10 min). Total
cell abundance was enumerated microscopically and assigned to coarse taxonomic groups (i.e.
diatoms, dinoflagddtes, chlorophytes, prymnesiophytasd cyanobacteria), or to the lowest
taxonomic category needed to assign appropriate biovolume conversions. Cell abundance was
converted to biovolumes using s&pecific dimensional relationships based on equivalent
spherical diameterData are reported as total phytoplankton abundance and biovolume of each
group after adjustment for volume dilutions.

For the surface mapping survey in San Franciscq @agtoplankton abundance was
determined from image librarieggerated wittan Imaging FlowCytobot (IFCB) operated by UC
Santa Cruz personnélor field sampling in Monterey Bay and San Francisco Bay, additional sub
samples were preserved with paraformaldehyde at a final concentration of 0.24% and evaluated
using flov cytometry. For these test sites all phytoplankton anadysiscytometric quantification
was performed by ACT staff at MLML based on local knowledge and experience in these analyses.

For the Great Lakes tests, phytoplankton counting was conductedaindntract t®r.
Euan Reavie of the National Resources Research Institute in Duluth, MN. The SOPs for counting
Great Lakes samples foll@s protocols of the USEPA Great Lakes National Program Office
(GLNPO) Biological Surveillance Program which hasmé place for over thirty years. Details
of the SOPs may be found attp://www3.epa.gov/gratlakes/monitoring/sop/chapiéig401.pdf
For the Chesapeake Bay tests, phytoplankton counting was conducted under a contract to Tim
Mullady of the Smithsomin Environmental Research Center in Edgewater, MD. Phytoplankton
analyses wreconducted using an Utermohl settling chamber and inverted phase/fluorescent
microscope following the Maritime Environmental Resource Center SOP entitled, Live Organisms
O 10 to < 50 um Standard Oper at BahgonPatlaisedur es
have performed microscopy services as part of previous ACT/Naval Research Lab fluorometer
testing under a ballast water compliance monitoring study, and have undergone previous Technical
Audits by ACTO6s Quality AssgomouwsprotecolsMadnager and
certifications

Colored Dissolved Organic Matter (CDOM)

Approximately 40 ml of sample filtrate was used to rinse the collection flask and the 50 ml
BD Falcon centrifuge tubes, and then discarded. Following the rinse, an add&ionks df the
CDOM designated sample was filtered ustiigmm GF/F filters (0.7 um pore siz@jth low
vacuum pressure (<5 in Hg). The filtrate was captured in the centrifuge tube, capped, wrapped
with Parafilm, labeled, and stored in a refrigerator (46i@) analysis. All samples were shipped
to MLML on dry ice for analysis using a calibrated laboratprgde spectrophotometer. The
sample and MilliQblankwere equilibrated to room temperature apdctrophotometriccains
were run between 250 and 80 at 1nm intervals, with a-8 nm slit width. Absorption from
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optical density wscalculated by subtracting the optical density at 750 nm to correct for residual
scatteringand reported as the absorption at wavelength 400.

Turbidity

Turbidity was meased on gently mixed raw water samples using a Hach 2100AN
Turbidimeter, calibrated with certified turbimetric standards (Hach). In addition, contiimusitis
turbidity measurements were generated during all testing with a calibrated EXO2 sonde.

Ancillary Data

In conjunction with each water sample collection, ACT personnel recordespsitéic
conditions from nearby river and tide gauges, meteorological stations, and visual observations of
the water. Sampling information was logged on standardizedhdsgts and transmitted weekly to
the ACT Chief Scientist for data archiving and QA/QC performance checks.

Quality Management

All technical activities conducted by ACT
System (QMS), which includes the policies, olijexs, procedures, authority, and accountability
needed to ensure quality in ACT6s work proces

framework for quality assurance (QA) functions, which cover planning, implementation, and

review of data collean activities and the use of data in decismaking, and quality control. The

QMS also ensures that all ACT data collection and processing activities are carried out in a
consistent manner, to produce data of known and documented quality that canwithuadtdgh

degree of certainty by the intended user to support specific decisions or actions regarding
technol ogy performance. ACT6s QMS me eGegerat he r
requirements for the competence of testing and calibrasibarhtories the American National

Standards Institute (ANSI)/American Society for Quality (ASQ)2B04Quality Systems for
Environmental Data and Technology Prograrasd U.S. Environmental Protection Agency,

guality standards for environmental data ection, production, and use.

12
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RESULTS OF LABORATORY TEST

Instrument accuracy of chlorophyll and phycocyanin determinations, and their resulting
ratios,wasevaluated in two separate laboratgtswhich took place avloss Landing Marine
Laboratory MLML) and the NOAA Great Lakes Environmental Research Laboratory (GLERL).
In both cases the tests involved a series of gbam exposures to various cultured phytoplankton
species along with aeid matrix challenge$or turbidity and CDOM. The CDOM blaking
procedure was applied before each lab test using only culture media and did not account for
CDOM addition as part of a matrix challenge.

Moss Landing Marine Lab

Four lab tests with cultured algae were conducted from June@6e 29, 2017. Eachst
was conducted over the course of one day and involved a series of individugd Hinute trials.
The test conditions for each individual trial are defined ife@Bi 6, immediately preceding the
presentation of results for that day. For theeJ2@ lab test, trials were conducted on individual
freshwater and saltwater algal species made up in discrete 3 L batches. Prior to the algal
exposures, background readings were taken on DI and the freshwater or saltwater culture media.
Three freshwatealgal culture trials were conducted using two different leve(Sagflastrum
additions (ca. 10 and 20 pg/L CHL) and one leveMafrocystis(ca. 25ug/L CHL and 1 pg/L
PC) (Table 2

Table 2 Test conditions for each trial of the June 26 MLML labanatests. This lab test focused on instrument
response to two different freshwater algal spe@eslastrumandMicrocystis as well as, responses to DI and the
freshwater culture media. (n = number of reference samples taken during the exposureCZ tediedto increasing
concentrations from additional culture addition).

Trial Coelastrum Microcystis
DI (n=1) - -

FW Media(n = 2 - -
FWTLl(n=2 Cl -
FWT2(n=2 C2 -
FWT3(n=2 - C1l

Two reference samples were collectemm eachtestbatchincluding one immediately after
sample prepationand the second at the end of all instrument expostesults are plotted as a
time series of instrument readings conguhtoextracted pigment concentrationgug/L
determined on the referencansples (Figure 1)The absolute difference between instrument
estimation and reference measurement increased at the higher concentration levels. There was no
apparent difference in accuracy across the two species, although this could not be tested
statigically given the experimental design.

A cross plot of PhytoFind readings compared to reference sample measurements for CHL is
shown infigure 2. The regression line for the CHL respomser the tested range of 0 to 32 pg/L
wasstatisticallysignificart (p=0.03) with an R of 0.9%4 and a slope of .46, resulting in over
predictions by the PhytoFirat higher concentrations
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Figurel. Plot of instrument (blueand eference (refilmeasurements ohtorophylla inthefreshwater indiuiual
algaetests, including background readings frand thefreshwaterculturemedia Two replicatereference
measurementsere maddrom subsamples taken at the beginning and end of exposwgteurhenestimations were
generated from the i€econdeadngsaverajed over2 minutes following an equilibration time of 5 minutes
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Figure2. Cross plot of instrument readings versus extracted reference sample pigmehtsrfiphylla during the
freshwater individual algae lab trialBhe blue line represents tlierear regression of the data.
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A comparison of algal classification from microscope counts on preserved reference
samples against the PhytoBiclassifications is shown ifgtire 3. We do note that some
contamination oMicrocystisin the Coelastumculture was discovered in subsequent trials (and
noted byphycocyanin measurements) but was not detected in the microscopy analysis of the
reference susamples counted. The PhytoFind did not accurately distinguish between green algae
and cyanobacteriduringthe Microcystiscultureexposure in trial 3.

FWwTi FW T2

100 100 -
o 80 - 80 -
(o))
©
T 60 - 60 -
o)
;:; 40 + 40 +
Q

20 - 20 -

0 - 0
Reference Instrument Reference Instrument
FW T3
100 - [ Reference Green Algae
[ Reference Diatoms
g 89 Reference Dinoflagellates
() [ Reference Bluegreen Algae
*g 60 - Reference Synechococcus
] [ Reference Nanos & Other
o
O 40 A
Q
[ /nstrument Green & Brown Algae
20 H I /nstrument Mixed Algae
" [ Instrument Cyanobacteria
T

Reference Instrument

Figure 3 Algal classification from microscope counts on preserved reference samples against the PhytoFind
classifications as percentage of biomassith instrument algae categories in peregyat of total chlorophyll @lgal
counts were grouped at the functional class level.
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Four individual trials were conducted using saltwater algal cultures along with the DI and
saltwater media blanks (Tablg 3Trials 1 and 2 used two different levefsloe golderbrown
haptophytdsochrysisat approximately 5 and 22 ug/L CHL, respectively. Trials 3 and 4 used two
different levels of the dinoflagellatemphidiniumadded at concentrations of approximately 5 and
20 pg/L CHL, respectively. Thisculturei denot ed as OAC Mi x06 becaus
indicated it was contaminated with other goldeown diatoms that likely brokenrough the
seawater filtration system.

Table 3 Testconditions for the individual saltwater algal culture expostoethe June 26 MLML laboratory tests.

The test examined instrument response to two different saltwater algal sfseabgysisand Amphidinium(denoted

as OAC Mi xd because it was not a pure cul tculiurejpedia.l ong w
(n = number of reference samples collected during the trial; C1 and C2 refer to increasing concentrations from

additional culture addition).

Trial Isochrysis AC Mix
DI (n=1) - -
SW Media(n = 2 - -
SWTL(n=2 Cl -
SWT2(n=2 C2 -
SWT3(n=2 - Cl
SWT4(n=2 - C2

Results of instrument readings comgrito extracted pigment concentrations determined
on thereference samples gofotted in fgure 4. ThePhytoFindshowed low background response
to the seawater medaad tracked clorophyll levelsmore accurately at the lower concentrations
for both speciethanduring thesecondhigher concentration addition3.here was no apparent
difference in response across the two algal species tested but this was not exatistied|ky
given the experimental design.

A oneto-onecross plot of th&hytoFindchlorophyll estimationsompared to reference
sampleCHL measurementduring the saltwater trials ghown infigure5. The regression line for
the CHL responseashighly significant (p=0002) with an R of 0.97and a slope 1.630 again
the instrumenbverpredicted concentratiolmsed on theurrent calibration settingss tested
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Figure4. Plot of instrument (blue) and reference (r€jL measurements imé saltwater indivual algae tests

including readings for DI and saltwater media. Plotted reference values represent the average and standard deviation
of the two reference measurements taken at the beginning and end of the exposure period. lastinaions

were generated from the 3 second readings averaged over 1 minute, following an equilibration time of 3 minutes.
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Figure 5 Cross plot of instrument readings versus extracted reference sample pigments fphglarduring the
saltwater individual algae lab trialBhe blue line represents the linear regression of the data.
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A comparison of algal classification from microscope counts on preserved reference
samples against the PhytoBiclassifications is slwn in figure 6. The PhytoFind largely
classified the cultured samples in the grbeown category as expected, but also called out
contributions from cyanobacteria and mixed spetoe trials 1 and 3. We recoge that some
contamination may have bepresent that was not picked up in our microscopic analysis for these
cultures, but unlikely at the percentages indicatEphycobilins were detected in reference
samples from these trialdt is not known why thelassifications were not consistent &g the
two concentrations of the same culture addifian, between T1 and T2 and between T3 and T4)

SWT1 SW T2
100 - 100 4
o 801 80
>
o]
T 60 1 60 4
@
g 40 40 4
Q
20 20
0 T 0 T
Reference Instrument Reference Instrument
SWT3 SWT4
100 3 % 100 - SN
4 AZ i
NN o
]
S 60 PN 60 -
I AL
E o] B
Q )
20 A 20 4
0 T 0 T
Reference Instrument Reference Instrument
[ Reference Green Algae [ Instrument Green & Brown Algae
[ Reference Diatoms Il Instrument Mixed Algae
EZ2] Reference Isocrysis [ Instrument Cyanobacteria

Reference Dinoflagellates
[ Instrument Cyanobacteria
[ Reference Bluegreen
Reference Synechococcus
] Reference Nanos & Other

Figure 6. Algal classification from microscope counts on preserved reference samples agdnmstttirénd

classificatons as a percentage of biomass with instrument algae categories in percentage of total chlorophyll a. Algal
counts were grouped at the functional class level. Estimations of Isocrysis in trials 1 and 2 were based on examination
of the culture and known tture addition volumes and not directly confirmed with microscopic counts on the

reference sample aliquots.
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On June 27th, 11 different trials were conducted using four lev8lgrafchococcusith
addin matrix challenges of three CDOM levaisd two turbidity levels, plus background culture
media (Table ¥ It should be noted that the CDOM blanking procedure was only applied to the
seawater media at the beginning of the t&stch test condition was made up in a 40 L container
and referenceamples were withdrawn at three timepoints over the course of a 30 minute exposure
period. ComparativBhytoFindresults were generated from 3 minute averages bracketing each
reference point. It must be noted that 8ymechococcusulture became contanmated with large
marine Diatoms which ended up dominating the community in terms of biovolume (98%) even
though the numerical abundance of the si@gliechococcusells was greater.

Table 4 June 27 test conditions with exposures to combinationdtofasar algal cultures at various concentrations
with addin challenges of turbidity and CDOM. (n = reference samples collected during the exposure and the values in
parenthesis show averaged concentrations determined on the reference samples).

Trial Synehococcus CDOM (A400) Turbidity (NTU)
SW Media(n = 1) (0.25) (0.69
SWTL(n=3) Cl (3.2) (0.25) (0.55
SWT2(n=3) C2 (6.4) (0.24) (0.59
SWT3(n=3) C2 (6.1) C1 (0.83) (0.39
SW T4 (n = 3) C2 (6.2) C2 (1.76) (0.48
SWT5(n=3) C2 (6.0) C3 (3.25) (0.49
SW T6 (n = 3) C3 (19) C3 (3.05) (0.65)
SW T7 (n = 3) C4 (38) C3 (2.86) (1.0
SWT8(n=3) C4 (40) C3 (2.90) C1 (3.3
SW T9 (n = 3) C4 (37) C3 (2.90) C2 (23)
SW TI10 (n = 3) C4 (36) C3 (2.97) C3 (50

Over the teralgal trials reference sampl€HL levels ranged from 3.2 to 40 pg/L and PC
levels ranged from 0 to 1.5 pg/lAcross the trialsCDOM concentrations weriacreased frona
background level of approximately 0.25 up to 3.0, and turbvdigincreasedrom abackground
levelof 0.5 up to 50 NTU.

Comparative results of instrument readings versus reference S@hrtipleoncentrations in
Mg/L are plotted irfigure 7. ThePhytoFindshowed low background respornsdhe seawater
mediaandoveralltrackedthe chlorophyll additions, however, there was alssti@ngpositivebias
to CDOM additions as seen by the greater offset during trials 3, 4, and$result was expected
since CDOM blanking was only applied using the seawater media which had almost no CDOM.
There did not appear to be any strong bias in the response during the turbidity atdeicr@s
10).
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Figure?7. Plot of instrumen{blue) and eference (redmeasurements ohtorophyll a inthe saltwater CDOM and
turbidity additiontrials covering4 algae, 3 CDOM an8 turbidity concentratiofevels. Three replicate reference
measurements were made at each level with only one read in blank Rted@Find datavereaveraged oves
minutes, bracketing each reference point.

A oneto-onecross plot of the PhytoFind readings compared to reference sample
measurements for CHL during the saltwater trials is shoviigume 8. The regression line for the
CHL response was highly significant (p<0.001) with &oR0.62 and a slope of 0.78 his
response slope is noticeably lower than for the previousaivtests and the variation in response
is clearly noticed for the trials with CDOM additions centered around a reference CHL
concentration of 6.2 pg/LAgain, CDOM blanking with an appropreasample matrix is necessary
to provide a more accurate CHL estimation.
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Figure8. Crossplot of instrument readings versus extracted reference sample pigments for chlorophyll during the
saltwaterSynechococcualgae exposure with ddn matrix challenges for CDOM and turbidity. The blue line
represents the linear regression of the data.

A comparison of algal classification from microscope counts on preserved reference
samples against the PhytoFind classifications foSgmeecbcoccusvith CDOM and turbidity
additionsis shown irfigure 9. The PhytoFind classificationgere consisterdcross the three
timepoint replicates (reps a,b,c within a row) for each of the triads.trial 1, (Synechococcus
only) the PhytoFind class#d the test solution as roughly 20% Gr&own and 80%
cyanobacteriaAs more culture was added in trial 2 PhytoFind increased the Gresm
classification to 40%, consistent with counts showing more diatoms an&ylesshococcus.

With the additiorof CDOM starting in trial 3, the PhytoFirafassified from 25 to 70% of the
fluorescence response as Mixed Algae in direct proportion to the amount of CDOM added. It must
be noted for these Lab test no CDOM blank correction was applied to the instrantewe did

not try to assess how effective the blanking procedure would be for improving classification
accuracy. The PhytoFind did continue to classify about 25% of the fluorescence to Cyanobacteria
which likely reflected the prescen&gnechococcus,thbugh by bivolume it was at a much lower
percent. There was no obvious influence from the addition of turbidity on the classification
estimations.
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Figure 9 Reference cell counts apercentage of biomass comparedhtirument algae categoriasa percentage of
total chlorophyll a.Each row represents three timepoint replicéed, c)of the same batch of algae and matrix
conditions.
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For theJune 28 lab test 6 different trials were conductaegsing various mixtures of
CoelastrumMicrocystisandPeridiniumat varying concentrationalong with a blank for the
freshwatemedia(Table 5) Each test conditiowas made up in a 40 L container and reference
samples were withdrawn at three timepoints over the course of a 30 minute exposuareQver
thesix algal trials, CHL levels ranged from830 25 ug/L and PC levels ranged froi3to 6.7

Mo/L.

Table5. June 28 test conditions with exposures to combinations of freshwateatlgrious concentration@ =
number of referenceamples taken during the exposure; C1 and C2 represent concentrations levels from culture
additions).

Trial Coelastrum Microcystis Peridinium

FW Media(n = 1) - - -

FW T1(n = 3) c1 - -

FW T2 (n = 3) C2 - -

FW T3 (n = 3) C2 Cl -

FW T4 (n = 3) C2 C2 -

FW T5 (n = 3) C2 C3 -

FW T6 (n = 3) C2 C3 C1

Comparative results of instrument readings versus reference sahtlpleoncentrations in
Mg/L for the June 28 lab teate plotted irfigure 10. The PhytoFindshowed low background
responséo thefreshwatermediaandgenerallytracked chorophyll levelacross all mixtures of the
three algal groupsver thetestrange from 4 to 2pg/L, but with aslopesignificantly greatethan
one Therefore the magnitude of measurement difference against the cefesgnples was
proportional to the concentration.

A oneto-one coss plos of the PhytoFindeadings compared to reference sample
measurements for CHL during tfreshwater algal mixturgials areshown infigure11. The
regression line was highsignificant (p<0.001) with an Rof 0.99 andh slope of 2.12resulting in
over estimations of CHht higher concentrations
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Figure10. Plot of instrument (blueand eference (redmeasurements ohtorophyll a inthe freshwater algamixture
trials covering6 concentration rangesd mixtures o8 different alga. Three replicate reference measurements were
made at each level, and the PhytoFind data were averaged over the 2 minutes bracketing each reference point.
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Figurell. Cross plot of instrument readings versus extracted reference sample pigmeisréghyll aduring the
June 28 freshwater algal mixtures lab trials. The bluerépessertthe linear regression of the data.
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A comparison ohlgal classification from microscope counts on preserved reference

samples against the PhytoFind classifications for the frashwahyal mixtures is shown iiglire

12. In the first two trials, the PhytoFind attributed approximately 20% of the fluaresgmal to
Cyanobacteria and Mixed species. We do recognize th&@&abkastrunculture was not pure even
though it was not detected in aeference sampleounts. Although we saw no measurable PC in
trial 1, we did find about fug/L PC in trial 2 wih the higher addition dfoelastruncells In

subsequent trials-8 with addition ofMicrocystis the PhytoFind called out a consistent

Cyanobacteria contributioandthe percent contribution did not vary across the trials even though
the abundance dflicrocystiswas increased by a factor of seven at the highest levels (based on
extracted PC and volumetric addition to the test tank).
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Figure 12 Reference cell counts apercentage of biomass comparedPtytoFind portioning oélgd categories aa
percentage of total chlorophyll a.
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For the June 29 lab test, eight different trials (plus a media blank) were conducted using
three levels oMicrocystiswith addin matrix challenges of three CDOM levels, an addition of
Coelastrumand lastly a adlition of turbidity (Table §. It should be noted that the CDOM
blanking procedure was only applied to the freshwater media at the beginning of tiatdstest
condition was made up in a 40 L container and reference samples were withdrawn ahtee or t
timepoints over the course of a 30 minute exposure period. Over the eight algae trials, CHL levels
ranged from 5.3 to 59 ug/L and PC levels ranged from 0.2 to 9.8 ug/L. CDOM additions increased
concentrations from a background level of 0.43 up7pa&hd the turbidity additions increased
concentrations from a background of 1 NTU up to 25 NTU.

Table6. June 29 test conditions with exposures to combinations of freshwater algal cultures at various concentrations
with addin challenges of turbidityrad CDOM (n = number of reference samples taken during the exposure; C#

denotes increasing concentration from additional culamd neasured concentratisnf CDOM andturbidity for

reference sampdeare provided in parenthekis

Trial Microcystis CDOM (A400) Coelastrum Turbidity (NTU)
FW Media(n = 1) - - - -

FW T1 (n = 3) Cl (0.43) - (0.25)
FW T2 (n = 3) C2 (0.43) - (0.39)
FW T3 (n = 3) C2 C1 (1.5) - (0.38)
FW T4 (n = 3) C2 C2 (3.3) - (0.45)
FW T5 (n = 2) C2 C3 (6.4) - (0.56)
FW T6 (n = 2) C3 C3 (4.6) - (0.86)
FW T7 (n = 2) C3 C3 (4.6) Cl (1.1)

FW T8 (n = 2) C3 C3 (4.7) Cl C1 (25)

Results for the June 29 lab test with freshwater algal mixtures and CDOM and turbidity
additions are plotted as a time series of instrument readings cahtpareference samp@HL in
pg/L (Figure 13).As was seen during the June 27 lab tést,RhytoFind showed low background
response and overall tracked théocbphyll additionsut with a response slope significantly
greater than 1.nlthistesttherewas also &trong positive bias to CDOM additions as seen by the
greater offset during trials 3, 4, anavBen chlorophyll concentration was held relatively constant
There did not appear to be any strong bias in the response during the turbidignadttital8).
There was significant variation in the two reference sample CHL estimates for(trialy8
symbol) but not for the PhytoFindCell counts in replicate twior trial 8 were also 25% lower so
suggest some patchiness in the tank duringubesampling but should not be interpreted as an
inaccurate reading by the PhytoFifat the timepoints within that trial

A oneto-one coss plot of the PhytoFind readings compared to reference sample
measurements for CHL during the freshwater algature trials are shown in figure 1#ith the
suspect reference measurement omitfHue regression line was highly significant (p<0.001) with
an R of 0.84 and a slope of 1.8Not blanking for CDOM likely contributed to the higher
response slope as live
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Figure 13.Plot of instrument (blue) and reference (red) measurements of chlorophyll a during the'Jlat®28ory
test with the freshwater algddicrocystisandCoelastrumand challenge additions of CDOM and turbidity. Three
replicate refenece measurements were made for trialls fwo replicates were made for trial86and one replicate

for the blank media. PhytoFind data were averaged over the 3 minutes bracketing each reference sample.
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Figure 14. Regmse plot for PhytoFind chlorophyll a compared to reference samples for the freshwater algae addition
lab trials. The blue line represents the linear regression of the data.
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A comparison of algal classification from microscope counts on preserved oeferen
samples against the PhytoFind classifications for the freshwater algal mixtures is shigwrein
15. For triak 1 and 2 (Microcystisonly) the PhytoFindassignedpproximately 70 % of the
fluorescence signal to the GreBrown classification. Whe@DOM was added to thdicrocystis
culture in trial 3 the PhytoFind classified about 40% of the fluorescence to the Mixed category.
When CDOM was increased in trials 4 and 5, the PhytoFind gdropately classified a greater
percentage of the fluorescertoehe Mixed categoryAgain we note CDOM blanking was only
done on the media which contained almost no CDQ@Mrial 6, additionalMicrocystiswas added
but the PhytoFin@ssignedhis contributionto the GreerBrown algaecategory. The PhytoFind
more accurately characterzéhe addition ofCoelastrunminto thematrix during trials 7 and 8.
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Figure 15 Reference cell counts apercentage of biomass compared to instrument algae categagipsrasntage
of total chlorophyHa.
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Great Lakes Freshwater Lab Test

A second laboratory test with freshwater algal cultures was conducted at the NOAA Great
Lakes Environmental Research Lab (GLERL) on August 10, 2017. This test was added after the
development of the original test protocols to helgrads the contamination that occurred in the
MLML lab cultures and to test higher levels of cyanobacteria and PC. The GLERL freshwater lab
test was conducted over the course of one day and involved a series of nine individual trials (Table
6). The firstfour trials involved exposures to single algae monocultur&htdrella,
CryptomonasAphanizomengrandPeridiniumat concentitions levels defined irable 7 The
next four trials used a mixture of all four algal species to access the ability tontiste among
the distinct algal taxa when present in different ratios. The last trial incorporated challenge
additions of both CDOM and turbidity to the same composition agrée=dingrial. CDOM
blanking was applied only using the freshwater me#iach test solution was made up in discrete
2 L batches by combining known quantities of the cultures into a fixed volume of freshwater
media. PhytoFind results are taken as an average of 10 second readings ardlititroigls 7th
minutes of exposure.

Table 7 Great Lakes lab test conditions conducted on Augsivith exposures to four individual freshwater algal
cultures followed by four mixtures of all 4 algal species at various ratios, followed by an edallenge of turbidity

and CDOM. Forhie mixtures, a capital letter denotes abundance at the higher C2 level and a lower case letter denotes
the C1 abundance level which was 20% of C2. Reference sample CHL concentrations in pg/L for each culture
addition (measured for monocultures and basedodumetric addition for mixtures) are provided in parenthesis.

Chlorella | Cryptomonas| Aphanizomenor] Peridinium | CDOM | Turbidity

Trial (ug/L) (ug/L) (ug/L) (Hg/L) (A400) (NTU)
A C2 (12.1) - - - - -
B - C2 (12.7) - - - -
C - - C2 (28.6) - - -
D - - - C2 (12.4) - -
Abcd C2 (12.1) Cl (2.5) C1 (5.7) C1 (2.5) - -
ABcd C2 (12.1) C2 (12.7) Cl (5.7) Cl1 (2.5) - -
ABCd C2 (12.1) C2 (12.7) C2 (28.6) C1l (2.5) - -
ABCD C2 (12.1) C2 (12.7) C2 (28.6) C2 (12.4) - -
ABCD C1 C1

+Turb+CDOM | C2 (12.1) C2 (12.7) C2 (28.6) C2 (12.4) | (6.0) (33)

Results for this lab test are plotted (Figure 16) as a time series of instrument measurements
compared to extracted chlorophyll a concentrations in pg/L determined in the reference samples.
Overall, the PittoFind tracked the CHL concentration over the tested range from 12 to 66 pg/L,
however the accuracy of predicted CHL concentrations was species dependent. The PhytoFind had
a much greater ovarstimation of CHL for th€hlorellaandCryptomonasulturesrelative to the
AphanizomenoandPeridiniumcultures. The response to the mixtures was therefore dependent
on the proportions of these species. Individual response curves for the monocultures were not
established to accurately quantify these biases.
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Figure16. Plot of instrument (blue) andference (refimeasurements ohtorophylla in the Great Lakes laboratory
trial over4 individual algae cultureg mixtures and a CDOM and turbidity additioBnereference measuremenés
made at each levahd instrumenmeasurements weeseraged over 5 minute periods.

A oneto-onecross plot of théhytoFindreadings compared to reference sample
measurements during the freshwater algal unéxtrialsis shown infigure 17 The regression line
washighly significant (p=0.03) with an R of 0.73and a slope 00.93. Thegreatewariation in
instrument responsa the lowest concentratiamasdue to measurement differences among
specific algal speciesnd to the addition of CDOM at the last trial

A comparison of algal classification from microscope counts on preserved reference
samples against the PhytoFind classifications figiftashwateiab tesis shown infigure 18. The
PhytoFind ovetreported the contribution of cyanobacteria in the [@hkorella andPeridinium
cultures and for th€ryptomonasulture attributed about 50% to B@natures10% to PE
signaturesand 40% to CHL signatures. The classification percentages become relatively more
accuratewithin the mixtures but with a positiveds of assigning cyanobacteria when
Cryptomonasvas present. The addition of CDOM produced a strong positivie bias in the Mixed
Algae classification as was noted in the earlier ledbstr
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FIELD TESTS

Five field tests were conducted as part of the performance evaluationR¥fyttod-ind
including three underway surface mapping applications and two mooring applications. The three
surface mapping applicationsere conductedh San Francisco Bay, Monterey Bay, and western
Lake Erie. The two moored deployment tesese conductedh the Maumee River, Waterville,
OH and in Chesapeake Bay, Solomons Island, MD. Further descriptions téstaate provided
below. Beforghe beginning ofield testng at each sitghe local ACT Partner performed a
reference dye test using two concentrations of a commonly prepared BB3 dye from MLML, and a
Dl reading. The dye readings were done to checkvttking order of thd>hytoFindand the
consistency of its response oviee durationof the evaluation.The CDOM Wanking procedure
was appliedo the PhytoFind using dogide ambient watdyeforethe start okachfield test

Table8. Results of tb predeploymenDI andBB3 dyecheck for thePhytoFindfor eachtestingsite. (n.d. denotes no
data for that observation.)

Date Deployment Site DI BB3 0.05 uM BB3 0.50 uM
6/25/17 MLML 0.0+0.0 42.0+0.28 351.2+0.71
8/10/17 UM 0.01£0.01 38.1+0.B 322.3+0.51
9/05/17 CBL n.d. 38.3+£0.31 323.3+0.31

Surface Mapping Applications
San Francisco Bay, CA

USGS Menlo Park has conducted monthly water
quality surveys along the axis of South San Francisco Bay, 1
through the central bay, San Pablo anduin Bay and |nt0gs—‘> :
the Sacramento delta since 1968
(https://sfbay.wr.usgs.gov/access/wqgdata/index.html). This
historical and ongoing set of observations has revealed
tremendous plarikn diversity along the transect ranging |
from protistan grazer dominatedramunities in the
shallow warmer South Bay, to oceanic influenced -
communities in the Central Bay through the Golden Gatg
and freshwater influenced communities eastward throug
the northern bays and Sacramento River. &hgoing
collaboration with USGSrebled us to leverage their
transect design and research platform for a dedicated
surface mapping cruise on 6 July 2017 onboardRihe
David H. Petersorfphoto at righ}. The cruise departed
from the beth at the Redwood City Yacht Club on
Redwood Creelknorth along the axis of the South Bay,
transited north to the Golden Gate Bridge in the west . :
Central Bay, north into San Pablo Bay and returned southward below Rie@nemk to sample
the shallow, warm and lower salinity waters of the southern reacle &atth Bay before
returning to dock (Figre 19). During thel50 kmunderway mapping cruiseightstations were
selected to make comparative reference sample measurements.
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TheR/V Petersotis equipped with a flovthrough seawater system powered by a
Headhunter Stingray continuous flow pump (20GPM) drawing from a through hull port at
approximately 1 m depth near the bow. A 40 gal black polyethylene trash can was plumbed with
oneinch PVC inflow ports 1 inch from the bottom and 4 inches below the topttached to
valves to control flow rates into the tank. Flow rate was sufficient to fill the tank to overflow
within 2 min Instruments were hung from a P¥W@mewith sensors oriented toward the bottom
of the tank.Coordinated rotation of the rack amdtruments was used to clear accumulated

bubbles and debris. Port valves
Legend were open between station transits
’ to permit continuous turnover of the
PhytoFind CHL (ug/L) contained water. The tank lid was
w17 ket closed except whemixing and
[ sampling. Once on station, the
inflow port valve was closed after 2
min and instruments were allowed
to equilibrate for 10 min, then two
reference samples were withdrawn
#1 at 10 and 20 minutes after isolation.
| Sampling was below the water
surface near the sensor depth.

Figure19. Chlorophyll data contours from
i the PhytoFind during thenderwaysurface

| mappingsurvey in San Francisc8ayon

| the USGSR/V PetersonGreen triangles
denote isolated, comparatigampling
stations

During the survey, the PhytoFind produced 12&limgs, of which 10 values were
considered outliers for a successful data return of 99% (Figure 19). CHL estimations from the
PhytoFind ranged from 4.4 to 2G8/L over the entire surveyOther water quality conditions and
descriptions of algal classifitions are described below.

A YSI EXO2 sonde in the tank provided continuous monitoresgiitsduring both
underway and isolated time periods with measurements takenl&segondgFigure 20).
Continuousmeasurements indicated that conditions intémé& during isolation periods were
relatively stable.Reference sample anabsfor CDOM and turbidity are plotted over the sonde
data for cosistency with other testBuring the San Francisco Bay cruise temperatuaneged
from 17 to 22°C and salinityanged from 21.5 to 2PSU
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Figure20. Time series of water conditions encountered during the surface mapping cruise in San Franciop Bay.
Panel: Variation in temperature (blue) and salinity (red) at the depth of the sensors in the flow thrdyghdasured
by an EXO 2 Sondesecond PanelTurbidity (brown) as measured by the EXO 2 and HACH 2100AN Turbidometer
analysis of reference grab samples (black triangles) taken from the exposunehtahkR.anel:Continuous fluorescent
DOM (fDOM, olive) measured by the EXO 2, and CD@Mabsorbance (black triangles) measured on reference

samples.Bottom Panel:Time series of dissolved chlorophyll a (green) and cyanobacterial (blue) fluorescence
measured by the EXO 2 Sonde.
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A time series of the CHL measuments from the PhytoFind and reference samples during
the isolated exposuresshownfigure 2.. Extractable chlorophyll, a proxy for total phytoplankton
biomass, ranged from3to 161¢ g/ L al ong t he sampling transec!|
encountered in the southern end of South Bay (station 7). TheHA#iy CHL measurements
ranged from#4to20. 8 e€eg/ L and were congruent winth the
contrast gtractable phycocyanin, a proxy for cyanobacterial biomass, was low throughout the
survey, rangi ng THePhyoFind estinmatiod of dy2hobaaterial(hased on the %
classification times total T6&HIUYB wags/ Lb efloorw sOt.a5
and 1 ¢g/ L(datamotshewnlat i on 8
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Figure21. Plot of instrument (blue) and reference (redasurements ohtorophyll a during San Francisco Bay
surface mappingrwo reference measurements were made at each statidtine instrument dataereaveraged over
two minutes bracketing the reference samples.
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A linear regression of the PhytoFind chlorophyll measurements against the extracted
chlorophyll (Figure 22) washighly significant(p<0.001) with an R=0.95 ad a slope of 0.79

20
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R*=0.95
5 Slope = 0.79

Instrument Chlorophyll a ug/L

O T T T
0 5 10 15 20

Reference Chlorophyll a ug/L

Figure22. San Francisco Bay surface mapping responseoplbie PhyoFind chlorophyll measurements compared to
reference chlorophyll measurethe blue line represents the linear regression of the data.

Algal classificatiom from the PhytoFind across the tw@asuremertmepoints (T10 and
T20) for each station isolation were very consistent for all eight sampling stationse@y The
majority of the fluorescence signal was attributed to the GaedBrown algae Thecontribution
of fluorescence ascribed @yanobacteriar Mixed Algaeranged from a few percent at station 1 to
a maximum omore tham0% at station 7. Tharoportion designated &sixed Algaedid not
appear to be directly influenced by the amount ofdBDpresen{as measured from the reference
samples This suggestthat the CDOM blanking procedure applied by the PhytoBtritle
beginning otthe surveyhelped eliminate the bias observed during the Lab tests with CDOM
additions. In generathere waselatively good agreement between the PhytoFind and
phytoplankton lassificationggenerated with the onboard Imaging Foytobot (IFCB). One
notableexceptionis that the ciliate portiomof the counts were not assignable to a specific algal
classificationand specific cyanobacterial populatiamsre not identified The largest calbut of
cyanobacteria by the PhytoFind oaadrat the most optically complex water in the southern part
of the bay where there was both high CDOM and high turbidityu(Ei2@). Extracted PC at
station 7 was barely measureaffled3 ug/L) but higher than all other sites.
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Figure B. Reference cell counts apercentage of biomass compared to instrument algae categagipsrasntage of
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Monterey Bay, CA

A 75 kmsurface mappingruise was undertaken in Monterey Bay, CA on 13 July 2017
usi ng MLMLOs c oas tR&UH Matigte assesslinstruneest perfbrmeitich e
nearshore to oceanic water conditiofphoto below. The R/V JH Martirwas equipped with a
Headhuntef StingRay continuous flow pump which drew water via a threluglhport near the
bow and supplied the vessel dwaspumbed ntawtheysantekat a a
exposure tank setup as described above. Flow to the tank was stopped during reference sampling,
and tank water was mixed manually during the sampling process. Comparative reference samples
were taken 10 and 20 min after isadat The cruise headed out of Moss Landing Harbor, with
intial samples taken near the entry to the Elkhorn Slough estuary, continuing WSW along the
Monterey Bay Canyon axis to the western, oceanic edge of the bay, then NNW, back onto the shelf
toward Sard Cruz, then along the 30 m isobath to assess near shore communities impacted by the
combination of urban and agricultural watersheds feeding the coastal waters from Santa Cruz to
Moss Landing Harbor.

A YSI EXO2 sonde in the tank provided continuous monitoring results during both
underway and isolated time periods with measuremeakéntevery 15 seconds (Figus.2
Continuous measurements indicated that conditions in thedtaiig isolation periods were more
variable than for the previous surveylater quality conditions along this sampling transect were
in sharp contrast to the SF Bay observations and encompassed higher salinities over a narrow range
(33.61 33.9 PSU) antbwer temperature waters (1416.5°C). Reference samples analyses for
CDOM absorbanced(03 to 0.16) and turbidity(0.5 to 1.3 NTUY were also lower and less variable.
Concentrations oéxtracted chlorophyll were similar in range (ca 5 eg/L) to SF Bay and
phycocyanin was detected at low but measurable levelsi{@@Eeg/L) at all stations, indicating
the presence of small marine cyanobacterial populations.
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Figure 2. Water conditions encountered during the surface mapping irtévley Bay.Top PanelVariation in
temperature (blue) andrductivity (red) at the depth of the sensors in the flow through tank, measured by an EXO 2
Sonde Second PaneNariation of turbidity (brown) as measured by the EXO 2 and discrete sampldstfidagles)
taken from the tank during reference sampling and measured on a HACH 2100AN Turbidimateients observed
between reference sample periods in the EXO 2 time series for T, S and fDOM, reflect periods of partial draining of
the exposure tdnto promote enhanced water exchange for the next reference sahiplePanel:fDOM (olive) as

measured by the EXO 2, and CD@yimeasured in discrete samples on an Agilent 8453 spectrometer (black

triangles). Bottom Panel:Time series of dissolved @rbphyll a (green) and bluegreen algae (blue) as measured by
the EXO 2 Sonde.
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During the survey the PhytoFind produced 1273 readings (8 values were considered
outliers) for a successful data return of 99%. CHL estimatfrons the PhytoFindanged fron4.9
to 17.3¢ g /louer the entire survey (Figure 25). The range in extracted phycocyanin from reference
sampleswas0.1to0e3g/ L and correspondingly the PhytoFi
contribution of cyanobacteridPhytoplankton community compasihs encountered along the
survey transect are described below.

{ TR RS . 8 T
A 'y

Legend
PhytoFind CHL (ug/L)
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85
- ;.25

Data MBAR

Data CSUMBISEML, CA'GPC

Figure 5. PhytoFind chlorophyll dataontours during the continuous underway surface mapping cruideriterey
Bayonbaord thd?/V JH Martin Triangles denote stations where tlesvithrough tank wagsolated and comparative
reference samples analyzed.

A time series of the PhytoFir@HL measurements are plotted against the corresponding
reference measuremelfits the isolated exposure stationggife 26). For the isolated exorres,
PhytoFindCHL measurements ranged fr@mo 16 ¢ g /cdmpared to a range of84o 14.7¢ g/ L
for the reference datal here washowever significant variability in both the PhytoFind and
reference sample grabs within the tank during the isolatinacpehich limits the ability to
accurately assess the response. To that point, the linear regression for instrument versus reference
CHL estimation was not significant (p=0.25) with af&11 and a slope of 0.21 (i 27).
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Figure &. Plot of instrument (blue) and reference (red) measurements of chlorophyll a during Monterey Bay surface
mapping. Two reference measurements were made at each station level while instrument measurements were averaged
over 2 minutes bracketing the reference sample.
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Algal classification from the PhytoFindrass the two timepoints (T10 and T20) for each
station isolation wergenerallyconsistent for alkevensampling stations (Fige28). Thevast
majority of the fluorescence sigrfar the PhytoFindvas attributed to the Greddrown category
with only a snall contribution(2-15%) attributed to the Mixed algal category. The highest
contribution of Mixed Algae was noted for statioinZhe deeper offshore waters. While extracted
PE was barely detectable at this sitevas the sitef highest extracted PRut at a value of only
0.26ug/L. Microscopic analysis of reference samples generally found cells within the Green,
Diatom, and Dinoflagellate groups which would all map onto the PhytoFind Bmeswm
classification. Microscopy also noted a fairly heflundancef ciliates and nanoplankton which
could not be assigned to a specific algal group, but could be contributarggriall amount of
Mixed algae signatures for the PhytoFind. As noted for the SF Bay mafig@ngoportion
designated allixed did rot appear to be influenced by the amount of CDOM pregssnneasured
from the reference samp)esiowever,the amount and range of measured CDOM was low.
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total chlorophyll a.

42



Ref. No. [UMCES] CBL 201008
ACT V51903

Lake Erie Surface Mapping

A surface mapping cruise was conducted irnviesternbasin ofLake Erie on August 16
onboard the NOAA GLERIR/V4108(photobelow). The surveycovered &5 km range,
including sies fromnearthe mouth of the Maumee River out to open waters 20 km offshbne
survey occurred during an intense cyanobacterial bloom dominatdettncystis During the
underway mapping cruissevernstations were selected to make comparativeeater sample
measurements. At each selected station, water in the tank was isolated for a period of 25 minutes,
keeping it well mixed with manual stirring. After an initial equilibration period of 5 minutes,
reference samples were taken at timepoingasfd D minutes from the time of isolation.

A YSI EXO2 sonde in the tank provided continuous monitoring results during the
underway and isolated time periods with measurements taken every 15 seconds (Figure 29).
Continuous measurements indicatieat conditions in the tank during isolation were more variable
at high bloom stations, likely reflecting the colonial naturdafrocystisand its high buoyancy
when isolated. Reference sample analyses for CDOM and turbidity are plotted over theatmnde d
for comparison with CDOM absorbance ranging from 0.5 to 1.7 and turbidity ranging from 2.4 to
141 NTU. During the survey, temperature ranged from 24 to°25a2d specific conductivity
ranged from 260 to 370 uS/cm, reflecting a gradient in nea¥sbapen lake conditions he
continuos CHL and BGA readings from the sonde showed significant spikes in cyanobacterial
abudance as the survey transited nearshore, especially outside of Maumee Bay.
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Figure29. Water conditions encountered dgithe surface mapping in Western Lake Efiep Panel:Variation in
temperature (blue) andnductivity (red) at the depth of the sensors in the flow through tank, measured by an EXO 2
Sonde Second PanelVariation of turbidity (brown) as measured by %0 2 and discrete samples (black triangles)
taken from the tank during reference sampling and measured on a HACH 2100AN TurbiddrhetePanel:fDOM
(olive) as measured by the EXO 2, and CDfyvheasured in discrete samples on an Agilent 8453 speetieo

(black triangles)Bottom Panel:Time series of dissolved chlorophyll a (green) and bluegreen algae (blue) as
measured by the EXO 2 Sonde.
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During the survey, the PhytoFind produced 2076 readings, of which 4 values were
considered outliers for a stessful data return of 99.9% (Figud@®. CHL estimationdy the
PhytoFindk anged from 5.2 to 215 e€g/ L over 88Bhe ent.
eg/ L for extracted chlorophyll sampl es. The
sampes was 0.9 td05¢ g /(data not shown) anthé percent contribution of cyanobacteria called
out by the PhytoFind ranged from 31 to 90%. Algal classifications during the survey are described
below.

Legend

PhytoFind CHL (uglL)

-21
- 160

Figure30. PhytoFind continuous underway chlorophyditdcontoursduring the surface mapping cruise in Western
Lake Erie. Triangles denote stais where the flovthrough tank wassolated and comparative reference samples
analyzed.

A time series of the PhytoFirahd corresponding reference sample chdbyd
measurement®r the isolated exposuresplotted infigure 3. CHL measurements for the
PhybFind during the isolation periods rangdm 5.17 to 215 ug/land were consistently lower
than the observed reference sample concentrations which avéragell to 792 g /oder the
isolation timepoints. Pigment concentrations at station WEQ6 were clearly out of range for any
meaningful in situ fluorescence measurement.

A oneto-onecross plot of the PhytoFind versus reference sample measuremiémigata
from WEO6 omitted is shown infigure 2. The linear regressiomas significant (p<0.001) with
an R=0.93, anda slope 00.52. The much lower instrument response per unit of extracted
chlorophyll was not completely unexpected since it is wabhvikn thatMicrocystiscolonies like
those present during thidoom, have very low fluoresceeresponses.
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Figure 31.Time series plot of the PhytoFind chlorophyll (blue) and reference (red) during surface mapping
deployment on Lake Erie. Two refe@ measurements were made at each station, and instrument data were averaged
over 2 minutes bracketing the reference sample time.
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Figure 32 Lake Erie surface mapping response plot for the PhytoFind chlorophyll measurements compared to
reference chlmphyll a. The blue line represents the linear regression of the data.
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Algal classification from the PhytoFinglasconsistenficross the two timepoints §&nd
T20) for each isolad sampldor all seven stationdespite the variability noted from the
continuous sonde daf&igure 33). A significant contribution from Cyanobacteria was measured
by the PhytoFind at all statioffsut with the greatest proportions found at staMfi.E 06 and
WLE 08 which generally agreed with microscopy and extracted pigresults. However, the
percent contribution from Cyanobacteria at the other stations was higher from the PhytoFind than
found in cell counts. Cell counts had a significantly higilrmdancef diatoms than was
classified by the PhytoFind. Cell countsahada low percentage of Cryptophyteghereas the
PhytoFind attributed between 10 to 40 % to the comparable Mixed algae caldgory.
contribution of Mixed algae was inversely proportional to the amount of CO@i¢h may
reflect the use of a singieitial sampleto blank for CDOM effects. Overalit appears that the
Mixed Algae classification was a misregentation of diatoms.
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Figure 33. Reference cell counts as a percentage of biomass compared to instrument algae categories as a percentage

of total chlorophyll a.
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Field Deployment at Maumee River Waterville, Ohio

A 13-dayfield deploymenin the Maumee Riveoccurred from July 25 through August 7,
at the facilities of the Bowling Green, ORidater Treatment Plant (Figurd)3 The deployment
site was located at 41.48° N, 83.74° W, in a filmough tank located in the water treatment plant
pump house. The pump house is located above the Maumee, approximately 200 m upriver from the
water treatment intake and approximately 35 km from the Mawuilew into Lake Erie. River
water was continuously pumped into a 180 gallon test tank where it was mixed using a shaft
propeller. The residence time in the tank was approximately 10 mifatesomparative reference
samplesthe flow was isolated and red for 5 minutes prior to an instrument measurement and
reference grab sample.

»
e L

DeploymentSite ——

Figure34. Aerial view of the Maumee Riveand Bowling Green Water Treatment pléeft) and the flowthrough
deployment tankervicing the supply of river water the test instrumenisight).

During ths moored deployment the PhytoFind collected 220 accepted obseswatilbn
only 3 omitted outliers between July®28nd30" (and two more isolated observations on 7/31)
and then stopped dueadattery failure. The data return represented 36% of the planned test.

Time series results of ambient conditions for temperature, specific conductivity, turbidity,
fDOM, chlorophyll and bluegreen algae measured in the-flomugh tanky an EXO2 sonde are
given in figure 35. Reference sample turbidity and CDiydre overlaid for comparison with
turbidity ranging from 21.6 to 78.3 NTU and CDOM absorbance ranging from 4.5 to 5.6. During
the deployment, temperature ranged from 239.4C and dischargeovered a Hold rangefrom
2000 to 10,000 cfs. The continuous sonde data indicatedadltange in chlorophyll and
phycocyanin RFU over the deployment, with noticeable patterns across diurnal cycles and river
discharge cycles.
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Figure 35. Environmentalonditionsencountered during the Iy freshwater deployment in the Maumee River at
Waterville, OH. Top PanelVariation in temperature (blue) and Conductivity (red) at the depth of the sensors,
measured by an EXO 2 Son@&=zcond and Third Panel¥ariation of tubidity (brown) and fDOM (olive) at the depth
of the sensors, measured by an EXO2 Sonde and C@iasured in discrete samples on an Agilent 8453
spectrometer (black triangle®ottom Panel:Time series of chlorophyll (green) and bluegreen algae (bkie)
measured by the EXO 2 Sonde.
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A time series of the PhytoFin@HL measurements against the corresponding reference
sample CHLmeasurements fahe Maumee River deploymeistshownin figure 36. Chlorophyll
measurements for the PhytoFind ranged 8088 to 69.3ug/L during its period of operation.

During that same period CHL from corresponding reference samples ranged from 9.5 to 69 pg/L,
whereas the range for the total deployment reached 119 pg/L. The PhytoFind stopped recording
data on 730 (02:30) de to a flooded battery, though it reported 2 final data points on 7/31 {15:00
15:30) that lined up with theearbyreference samples.
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Figure36. Time series plot of thBhytoFindmeasurements (blue) and reference measumsnied of chlorophylla
during the freshwater deployment in the Maumee River at Waterville \@ater samples were typically collected 1
hour apart, with either two or four samples on a given day.

A oneto-onecross plot of the PhytoFind versus reference sample measuremewtsns sh
in figure ¥. The limited data resulted in a linear regression that was not significant (p<0.326) with
an F=0.12 and a slope 80.61. The negative slope may indicate the ultimate failure was also
affecting performance during its operating perikut this was also a very limited test rantje
should be notethat he data from 7/31 is not included because the instrument observation was not
at the exact time of the isolated reference sample.
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Figure 37. Crosplot of PhytoFind and referencamaple measurements during the Maumee River field deployment.
The data represent observations from 6 days ofday3leploymenitThe blue line represents the linear regression of
the data.

A comparison of algal group classification from the PhytoFirdiraference sample cell
counts is given ifigure 3B. Data are available only forafiirst 5 days of the deployment due to
early instrument failureUnfortunately these dates are all before a noteable increase in CHL and
PC(as seen in the sonde detad therefor@rovide a small range of composition and abundance.
Two samples were taken each dayt were not true replicates since they were acquinedor two
hours apart.The PhytoFind appeared to rassign the Greens, Diatoms, and Dinoflagellatts
the Mixed Algae category in these waters. CDOM and turbidity were both singificantly higher in
the river water than in the open Lake or coastal qgearhaps making the optically complex water
more difficult to resolve fluorescentlilicroscopiccel countsonly found ameasureable
contribution to Cyanobacteria on July&hen itcontributed to approximatel0% of the
biovolume, whereas the PhytoFind attrédiapproximately 20% of the fluescent signal to
Cyanobacteria for most samples. ExieddPC during these five days ranged between 0.1 to 0.6
Mg/L, suggesting the cell counts more accuratélgracterized the phytoplankton community
composition.
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Figure 3. Reference cell counts apercentage of biomass compared to instrument alg@gories aa percentage of
total chlorophyHha estimated by the PhytoFind for the Maumee River field deployment test
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Field Deployment at Chesapeake Biological Laboratory (CBL)

A 28-day moored field test was conductadChesapeake Bdyom September 6 to October
3, 2017 The deployment was locatati38.32°N, 76.45°W attached to the side of a floating pier at
the mouthof the PatuxenRiverwithin Chesapeake Ba¥igure40). The site was brackish with an
average water depth 8f2 m at the test site.

[ ]
Deéplovment Site

Figure40. Aerial view of CBL deployment sitdgft) and instrumentack deployedhext to thedock(right).

The PhytoFind peratedonly for the firstfive days of this deployment and stopped on 9/11
at 14:00 due to another apparent battery failure. Dutsiwgorking periodthe PhytoFindtollected
120 accepted observat®fwith 2 omitted outliers)however the data were muotore variable
than expected and may have indicated improper functioriiihg data return represente®o of
the planned testA brand new, fully charged battery was installed prior to the deployment but
appeared to have leaked upon inspection aftevezgo

Continuous monitoring of ambient conditions for temperature, salinity, turbidity, fDOM,
chlorophyll and bluegreen algae measured by an EXO 2 sonde at 15 imiexals are given in
figure 41 Reference sample turbidity and CD@pare overlaid focomparison with turbidity
ranging from 0.7 to 2.1 NTU and CDOM absorbance ranging from 0.9 to 1.7, indicating a much
less optically challenging environment than the previous river deployment. During the
deployment, temperature ranged from 22.4 to Z64drid salinity from 8.1 to 13.2 PSU. The
continuous sonde data indicated a roughfgl8 range in chlorophyll and phycocyanin over the
deployment with very strong diurnal cycles from tidal flows and a small overall decline in
phycocyanin as salinity desaised.
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Figure 41 Environmental conditions encountered during thelag CBL moored deploymentop Panel: Variation

in temperature (green) and salinity (red) at depth of instrument sensor detected by an EXO3soodé Panel

Variation in tubidity (brown) as measured by the EXO 2 sonde and discrete samples measured on a HACH 2100AN
(black triangles)Third Panel:fDOM (olive) as measured by the EXO 2 and CDfdvineasured on an Agilent 8453
spectrometer (black trianglesiRottom PanelChlorgphyll (green) and bluegreen algae (blue).
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A time series of the PhytoFind measurements of chlorophyll a plotted against the
corresponding refrence measurements igure 42 Chlorophyll measurements for the PhytoFind
ranged from 3.6 to 28 pg/L comeatto the range in reference samples of 8.5tagIL during
this same time period. For the entire test period, reference chlorophyll ranged from 7.4 to 21.7
Mg/L. Phycocyanin concentrations from reference samples ranged from 0.6 to 5.5 pg/L and it
shauld be noted that this was the only site where we also saw measureable levels of phycoerythrin
in the reference samples, with concentrations ranging from 0 to 3.4 ug/L (data not plotted).
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A oneto-onecross plot of the PhytoFind versus reference sample measurements of
chlorophyllfor the five days of data collectioa shown irfigure 43. The linear regression for
CHL was significant (p=0.02with an R=051and a slope of.01.

22

20 4

§’ 16
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A comparison of algal group classification from the PhytoFind and reference sample cell
countsfor the Chesapeake Bay deyphoentis given infigure44. Data are available only foreh
first 6 days of the deployment due to early instrument faildree comparative sample is available
on September'®and 11", while four samples per day were collected on thartl &' to cagure
finer-scale diurnal respons¥élith the exception of the 9/7 14:00 samphe PhytoFind
classifications matched the microscopic biawvoe classificatons reasonably well. For that sample
the PhytoFind misssignediatom and Dinoflagellates into theikéd algae category. In general,
the PhytoFind classifiedpproximately25% of the fluorescence contribution to the Mixed algae
class whereas counts suggested these contributamsefrom smallSynechococcu#\s noted
above, this sampling site did haveasureable amounts of extracted PE, which for these first five
days ranged from 0.1 to 2.4 pgMowever, the value was near the minimum on 9/7 14:00 so that
abrupt change in the PhytoFind was not an accurate designation of community composition.
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Figure 44. Reference cell counts apercentage of biomass compared to instrument algae categaosipsrasntage
of total chlorophyll estimated by the PhytoFind for @leesapeake Bdield deployment test.
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Figure 45. Instrument photographs prior to deploymeop) and upon retrievabptton).
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GLOBAL RESPONSE

A cross plot of PistoFindversus referencehlorophylifor all field tests were combined
into a single plo{Figure 4). Data from each field test are col@ded so that the variance in
fluorescence response across different environments and phytoplankton communites can be
observedThe variation in response for CHL was quite large across environmentespitnse
slopes varying from a minimum 6f21 for theMonterey Bay surface mapping to 1.01 for the CBL
moored deployment. A single regression fit through all the data resulted in a linear regression (p <
0.001) with a slope of 0.25 and R 0.97. This regression ighly skeweddy the high
concentration irwestern Lake ErieA regression without the Lake Erie results, which covered a
muchlower andnarrower range, resulted in a regresgjos 0.00) with a slope 0D.79and R =
0.54

120
All Data
100 ~ R?=0.97
Slope =0.25
Without Lake Erie Mapping
801  R=054
Slope =0.79
60 -

Instrument Chlorophyll a ug/L

@® Monterey Bay Surface Mapping

@ San Francisco Bay Surface Mapping
O GL Maumee River Deployment

@ Lake Erie Surface Mapping

@ CBL Deployment

20 40 60 80 100 120

Reference Chlorophyll a ug/L

Figure 46 Global response plot for the PhytoFind CHL estimatiompared to extracted chlorophyll for all five ACT
field trials. The blue line represents the linear regressiaalafataand the cyan line represents the regression without
Lake Erie data included
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Quiality Assurance and Quality Control

All techndogy evaluationsconducted byACT comply with its Quality Management
System (QMS), which includes the policies, objectives, procedures, authority, and accountability
needed to ensure quality in work processes, products, and serviceQMS provides the
framework for quality assurance (QA) functions, which cover planning, implementation, and
review of data collection activities and the use of data in deemgking, and quality control. The
QMS also ensures that all data collection and processing actigigecarried out in a consistent
manner, to produce data of known and documented quality that can be used with a high degree of
certainty by the intended user to support specific decisions or actions regarding technology
performanceACT 6 s QMSJ.Snkavednmental Protection Agencguality standards for
environmental data collection, production, and ,ussd the requirements of ISO/IEC
17025:2005(E)General requirements for the competence of testing and calibration laboratories

Quality Control Samm@ Analysis

As part of the sample analysis quality control evaluation two field blank samples 8Jable
and two field duplicate samples (Tab®11) were collected duringach otthe moored field
testing applications in the Maumee River and in Chesapgake Results of the referee sample
field blanks (Table Pwere quite consistent across all samples at both sites and did not indicate the
presence of any contamination or bias associated with sample processing or analysis.

Table9. Results of refemce sample Field Blank analysis.

Sample ID| Collection| Turbidity | CDOM | CHLa(pg/L) | PC (ug/L) PE (pg/L)
(NTU) (As00) (stdev) (stdev) (stdev)
GL14 7/28/17 0.097 0.02 0.02 0.20 -0.23
10:00 (0.02) (0.22) (.002)
GL24 8/2/17 0.08 0.08 0.07 -0.06 -0.28
09:30 (0.03) (0.08) (.002)
CBL39 9/27/17 0.23 0.07 0.04 -0.17 -0.14
10:00 (0.01) (0.15) (0.002)
CBL55 10/2/17 0.18 0.06 0.03 -0.17 -0.06
10:00 (0.01) (0.15) ((0.08)

Results of the laboratory analysis for referesample field duplicates (Table @ere

quite consistent across all samples at both sites and did not indicate the presence of any
contamination or bias associated with sample processing or analysis. Coefficients of variance were
elevated when concentrations were low or near detectiotslimi
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Table10. Comparison of reference sample analysis for Field Duplicates from the Maumee River, OH and Chesapeake

Biological Laboratory, MD mooring tests.
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Sample ID| Sample Turbidity CDOM CHLa PC PE
Type (NTU) (A400) (Ho/L) (Hg/L) (HglL)
GL10 Ref 63.6 5.46 10.9 0.23 0.036
GL11 Field Dup 63.0 5.54 10.7 0.42 0.046
Mean 63.3 5.51 10.8 0.32 0.04
(stdev) (0.42) (0.06) (0.10) (0.13) (0.01)
Coeff Var 0.67 1.08 0.94 41.9 16.9
GL20 Ref 30.3 5.17 87.6 10.1 0.14
GL21 Field Dup 30.1 5.15 89.5 8.7 0.11
Mean 30.2 5.16 88.6 9.4 0.12
(stdev) (0.14) (0.01) (1.3) (1.0) (0.03)
Coeff Var 0.47 0.20 1.5 10.3 20.7
CBL41 Ref 1.28 1.31 12.7 1.62 1.39
CBL42 Field Dup 1.28 1.05 134 1.18 0.96
Mean 1.28 1.18 13.1 1.40 1.18
(stdev) (0.00) (0.18) (0.44) (0.32) (0.3)
Coeff Var 0.00 15.6 3.4 22.4 25.5
CBL57 Ref 0.98 1.59 13.4 2.01 3.25
CBL58 Field Dup 1.23 0.94 13.6 2.33 2.75
Mean 1.10 1.26 13.5 2.17 3.00
(stdev) (0.18) (0.46) (0.18) (0.23) (0.35)
Coeff Var 16.1 36.4 1.4 10.6 11.8

A comparison of microscopy results for field duplicate reference samples collected during
the Maumee moored depiment test is shown in Table.1Total biovolume differed by a factor
of 2 at low cell abundance (GL10 and GL11), but with similar ratfasomposition across species.
At higher abundance (GL20 and GL2&)al abundance agreed to within approximately 20% and
relative species composition wesnsistenbetween the two replicates.
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Table11. Comparison of reference sample analysis foldARuplicates from the Maumee River, OH mooring test.

Sample ID GL10 GL11 GL20 GL21
Sample Type Ref Field Ref Field

Dup Dup

Biovolume | Biovolume | St Dev Biovolume | Biovolume | StDev
@ac @ac 10 10
um3/mL) um3/mL) pum3/mL) um3/mL)

Greens 141 298 111 2081 1081 707
Diatoms 332 696 257 3794 5187 985
Bluegreens 1 181 127 0 5 na
Chrysophytes 1 229 161 150 343 137
Cryptophytes 165 0 na 731 1891 820
Dinoflagellates 0 0 na 875 1258 270
Miscellaneous 40 2 27 0 68 na
Syn/Picos 0.32 0.24 0.06 0.27 0.37 0.07
Total 680 1406 513 7631 9833 1557

A comparison of microscopy results for field duplicate reference samples collected during
the Chesapeake Bay moored agphent test is shown in Table.1Zor the first set of field
replicates (CBL 41 and 42) total biovolume differed by a factor of 3 but the species composition
ratios were fairly consistent. For the second set of field replicates (CBL 57 and 58) total
biovolume differed by only 15% and the species composition ratios wereamesistent.

Tablel2. Comparison of reference sample analysis for Field Duplicates from the Chesapeake Bay, MD mooring test.

Sample ID CBL41 CBL42 CBL57 CBL58
Sample Type Ref Field Ref Field
Dup Dup
Biovolume | Biovolume St Biovolume | Biovolume St
(1°m¥mL) | (10°m¥mL) | Dev (10°m¥mL) | (10°m¥mL) | Dev
Diatoms 656 1596 665 1713 1676 26.2
Dinoflagellates 232 1323 772 122 475 249
Euglenoids 21.4 21.4 0 0 0 0
Syn/Picos 54.0 79.8 18.3 57.8 54.3 2.5
Total 964 3021 1455 1894 2206 220
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