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EXECUTIVE SUMMARY

The Alliance for Coastal Technology (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 fisld te diverse coastal
environments. 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 GateLakes Environmental Research
Laboratory (GLERL). In total, 40 different exposure trials were conducted within these Lab tests.
Five different field testing apjglations wereconducted includinghree continuous underway
surface mapping cruises and tmoored deployments. Underway mapping cruises were
conducted in San Francisco Bay, in Monterey Bay, and in western Lake Erierwdgdruises
covered between 75150km and each included seven isolated targosure comparisons
comprising two timepoirstover 30 minutes. The first moorkeld test was conducted over 13
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
rackdeployed off the research pier of the 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 countialgoratoriesat the University of
Mi nnesota Duluthds Natur al Re s o uEncrensnenRle sear ch
Research Center. Instrument performance was evaluated against extracted chlorophyll, extracted
phycocyanin, and algal species clisation at the functional group level on the basis of estimated
biovolume contribution within each samplé total of 243reference samples were collected
direct instrument comparisons. For each reference saixpleplicatesverefil tered for pgment
analysiswith two replicatesnalyzed forchlorophyll and three replicatemalyzedor phycobilins.
One filterwasreserved in storagend used when the variance in analytical replicates exceeded a
10 percent threshold. Field duplicates and figfglblanks were collected during each test
application as a measure of Quality Assurance.

This document presents the results of the JFE Nixititer whichmakes use of nine
wavelength excitation spectra to quantify the total phytoplankton biomass (dinytira) and
estimate phytoplankton group composition. The Light Emitting Diodes (LED) hit the water with
their peaks centered at 375, 400, 420, 435, 470, 505, 525, 570, and 590 nm. These excitation
wavelengths were chosen considering the maximum absogdtighotosynthetic pigments at
wavelengths shorter than 600 nm. The MHElticiter detects fluorescence emitted from 630 nm to
approximately 1000 nm, where phytoplankton commonly emits a distinguishable red fluorescence
near 680 nm. This fluorometer wasvdbped to have high sensitivity to chloropkgllallowing
for detection at concentrations of 0.1 eg/L
noiseeffect from reflectance of suspended particles A single instrument was provided for the
enire round of lab and field testing and all tests were conducted undsartteeconfiguration,
with no attempt to optimize response within a given environment or community compaosition.

Instrument performance across all lab and field tests based on ligesssien of the JFE
Multi-Excitertotal chlorophyll estimation against extracted chlorophyll is given beiovable 1
along with a summary of successful data returns for each of the tests comgleezdll the Multi
Exciter undetestimated total chlordyyll and the response slopes decreased in Lab tests when
CDOM additions were added as a matrix challenge (ML Day 3 and 5) or when cyanobacteria
contributed a higher proportion of the biomass (GLERL). It is unclear why the chlorophyill
estimation were so ¢owf range for the underway mapping in San Francisco Bay and Monterey
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Bay since the emission spectra appeared to respond to changes in species composition. The low
response slope for the western Lake Erie underway test occurred in the presence a¢ansignif
colonialMicrocystisbloom which isknownto exhibit a low in situ fluorescence response.

Table 1. Summargf the JFE Multi-Excitertotal chlorophyll fluorometric response compared as regressed against

extracted chlorophyll measurements and datametacross all of the laboratory and field tests completed during the
ACT technology evaluation.

Test Response Regressior] # Ref | Instrument Data Distance or
Slope R-squared| Samples OBS Return % | Duration
LAB Tests
ML Test 1 0.66 98 8 8 100 1d
ML Test2 0.80 99 10 10 100 1d
ML Test 3 0.33 85 31 31 100 1d
ML Test 4 0.63 97 19 19 100 1d
ML Test 5 0.39 96 21 21 100 1d
GLERL 0.32 80 10 10 100 1d
Field Test Underway
SF Bay -0.01 0.1 16 1604 100 150 km
Monterey Bay -0.05 6.4 14 1418 100 75 km
WLE 0.05 52 14 2076 100 75 km
Field Test Moored
Maumee River 0.32 84 31 623 100 13d
Chesapeake Bay 0.25 15 60 1293 100 28d

The Multi-Exciter as tested was not configured to predict specific algal group so emission
spectra were simply compared grapHicalgainst algal group biovolume proportion estimates
derived from microscopic counts and established shape formWasecognize that biovolume is
not a direct equivalent for fluorescence contribution but provided the best proxy of community
compositionThe Multi-Exciter stronglyresponded to the presence of phycobilin pigments
associated with Cyanobacteria and Cryptophytes with enhanced fluorescence emission at 570 nm
The instrument also strongly responded to the presence of CDOM with elevatedresrass70
and 400 nm during both Laboratory aiddexperiments and in natural waters during field testing.
Phytoplankton in the green and imm algal groupshowed typicakmissionmaxima at the 420
and 435 nm wavelength&mission strength was well cetated with extracted CHL during all
Lab tests but only for two of the five field tests. Itis likely the fidlwough tank design for
underway field surveys strongly influenced instrument response.

The manufacturer was given the opportunity to respailecthe 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 validation of existing and emerging
technologies is essential to soppboth coastal science and resource managernidt overall
goal of ACTOSs VvistoproVide mdustiy with anppporginityatonhave a tipafty
test their instruments in both controlled laboratory settings and in diverse field appteatioss
a range of coastal environmemsorderto provide users of this technology with an independent
and credible assessment of instrument performance. To this end, the dataramatioh on
performance characteristics were focused on the typefoomation users most need. Itis
important to note that ACT does not certify technologies or guarantee that a technology will
always, or under circumstances other than those used in testing, operate at the levels verified. ACT
does not seek to detemei 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
determine fibest available technologydo in any

As part of our service to the @stal community, ACT conducted a performance verification
of commercially available, in situ muiixcitation fluorometers that are designed to discriminate
among classes of phytoplankton and may be used to enhance the detection of harmful algae and
cyanolacteria. 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 chexiatics 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 diverse range of coastal environments.

INSTRUMENT TECHNOLOGY TES TED

The Multi-Exciter makes use of nine wavelength excitation spectra to quantify the total
phytoplankton biomass (chlorophyd) and estimate phytoplankton group composition. This
fluorometer was developed to have high sensitivity to chloroghyéllowng for detection at
concentr at iLomless. Aldo, the .indtrungegt has a low stvity to turbidity with a
reduced noiseffect from reflectance of suspended particles in water (detection error of 0.6% FS
or less when turbidity is at 109 FTU)herefore, this instrument can be deployed in the open ocean
(low phytoplankton concentration), as well as, in coastal waters, lakes and marshes (relatively high
turbidity).

The Multi-Exciter has a depth rating of
500 m and it is available in two verag the
internal memory version that allows lotgym
autonomous observations and the wired
version, which is easily integrated on r&aile
monitoring platforms. The Light Emitting
Diodes (LED) hit the water with their peaks
centered at 375, 400, 420, 430, 505, 525,

570, and 590 nm. These excitation
wavelengths were chosen considering the
maximum  absorption of photosynthetic
pigments at wavelengths shorter than 600 nm.
The Multi-Exciter detects fluorescence emitted
from 630 nm to approximately 1000 nm
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where phytoplankton commonly emits a distinguishable red fluorescence near 680 nm. The
detector of the instrument is a Si (silicon) photodiode and there are optical filters to intercept stray
light generated through light scattering in the excitation &3 well as in the fihotodiode
detector. The MultExciter has additional temperature, depth, and turbidity sensors and it is
provided with a mechanical wiper to prevent fouling and/okfbiding on its optical window,

which allows for stable and aceate optical data during lorigrm deployments.

The measured fluorescence excitation spectra can be applied to estimate phytoplankton
group composition by multiple regression analysis. Each phytoplankton grougp distinctive
spectral signature and by ngithose different signatures, it is possible to estimate phytoplankton
composition by using a multiple regression algorithm.

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 diversity enables broad
discrimination through microscopic examination and light scattering properties. Photosynthetic
pigment composition is also taxon specific and their inhetesdration and fluorescence
properties provide an additional, sensitive targetrf@itu detection and discrimination. This
verification study evaluated the field and laboratory performance of instruments leveraging the
capacity for fluoresceneeased pesingof phytoplankton community compositiorevaluations
focused on the ability of these technologies to determine presence and abundance of cyanobacteria
and potentially harmful eukaryotic phytoplankton (diatoms, dinoflagellates, prymnesiophytes)
within mixed natural communities.

A single instrument was provided to ACT by JFE and used in all subsequent testing without
any further calibration or servicing by the companyy ACT personnel Prior to testing, all ACT
personnel participated in a full dayining session from the manufacturer ingetand operations.
Since testing was performed in many different environments and algal communities, no effort was
made to optimize performance or calibration for any given #sthe start of testing at e of
the three ACT facilities, instrument output was referenced to defined Basic Blue 3 (BB3) solutions
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 submitted to the evaluation with instrument
specific details for the JFE Mulkxciter defined as appropriate.

Laboratory Tests

Laboratorytests of response linesyj precision, range, and reliabilityaneconducted at
Moss Landing Marine Laboratories (MLML)Instrument response to several individual
freshwater and marine cultures was quantified at various concentration levels. Instruments were
exposed to mixturesf different phytoplanktomssemblages within freshwater or marine media.
Lastly, matrix effects of turbidity and dissolved organic carbon were assessed through addition of
specified concentrations to mixed algal assemblaljeshould be noted that marf the lab
cultures were contaminated and we were not able to quantify specific response functions to
individual algal taxon.
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The varioudestconditions vereproduced immechanically mixediemperature controlled
water baths where instrumentemgsubmeged for testing.Test tanks were equipped with a multi
parameter YSI EXO2 sonde to continuously monitor temperature, salinity, turbidity, fDOM, pH,
DO, CHL, and BGA during all laboratory testing. All laboratory tests were conducted at a fixed
temperatur@and salinity level neahe closest optimal growth temperature for all phytoplankton
taxa utilized. Fluorometric response and discrimination were tested on both freshwater and marine
algal species utilizingnown mixtures and concentrations of lsmgtures added into a background
matrix of filtered deionized water or seawater, supplemented with appropriate salt and nutrient
additives (BG11+Si and L1 respectively). Freshwater and seawater were obtained from the MLML
aquaculture facility.

Phytoplankton @&xai Algal cultures came from a variety of sources including the traceable
commercial entities UTEX and NCMA, however, 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 digidmlassiosiraspp.), a

dinoflagellate Amphidinium carterag and a cyanobacteriurSynechooccusspp.). Cultures

were grown in |l arge 20L batch cul tasteSlighunder
dark cycles at AT) using appropriate gwth media as indicated above to Aod phase

(determined by cell counts).

Response Linearity and Rarig&or linearity or range tests, comparative measurements of

instrument and reference samples were generated from instrument readings@iriintesals,

after the instruments were allowed at least 15 minutes to equilibrate to each new test condition
change. The instrument mean and standard deviation (SD) were computed from readings averaged
around a onaninute interval for each reference samplegfimint. For each test conditibmo or

three reference samples were taken at roughlyrfiveite intervals following the equilibration

period. Each reference sample was analyzed for CHL, PC, PE, and algal biovolume as described
below. Mixturesof phytopankt on taxa were titrated based o
chlorophyll concentration. Given that taxa vary according to their pigment quotas, it is recognized
that actual cell densities will not be present in the ratios defined, given that tharatio@sed on

pigment content. All additions and test conditions were maintained at low ambient light (< 75

umol photon rif ). Individual algal species were added sequentially to produce different ratios

and concentrations. The exact CHL concentrattested varied depending on culture yields,
howevewonlre@@lranges were targeted. A regress
CHL was examined to estimate the potential linear environmental detection range.

CDOM and Turbidity ChallengdsSensitivity to water clarity and natural fluorescence was

assessed by exposing the test instruments to sequential additions of background CDOM (Pahokee
Peat leachate reference material) and turbidity (Elliot Silt Loam reference material). Instruments
were hitially placed in a test bath at 20 and fluorescence response measured at three algal
concentratiosover 15minute exposures, after which, they were challenged with the CDOM and/or
turbidity additions. For some tests, following the CDOM and turbatigitions, additional algal

culture was added to examine instrument linearity under the matrix challenge conditions. For each
challenge condition, the tank was equilibrated for 15 minutes to ensure uniform mixing (TO0),
followed by 15 minutes of instrumenteasurements (T15) for analysis against reference samples.
Continuous monitoring of CDOM and turbidity within the test tank was conducted -ationge

intervals with the EXO sonde verify the stability of the test conditions. Challenge CDOM
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concentrdons were increased from background to levels ranging fre@02ng/L (as DOC) and
turbidity increased to levels between-1000 NTU. Turbidity concentrations of the discrete
reference samples were measured using a Hach 2100 benchtop turbidity sidmsoed in NTU.
CDOM concentrations on the discrete reference samples were measured on filtered reference
samples analyzed by absorbance spectroscopy (see below).

Reliability 7 Instrument reliability during the laboratory test was determined by congpaentent
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 responsgsiat all additions followed the exact described
method due to time and handling constraints. For clarity, the actual conditions of each trial within
a daily lab test are presented at the beginning of the results for each lab test. In addition, a second
lab test was established at the NOAA Great Lakes Environmental Research Lab using clean,
monac-culture freshwater algal cultures. For this test instruments were exposed to four individual
species in small 2L batches, followed by mixtures of all speciggher at four different
composition ratios, and finally a repeat of the last mixture with CDOM and turbidity enhancements
at similar levels to the previous lab test.

Field Tests

A rigorous field testing component was conducted to provide a varielgafcomposition
and densities within various ecosystems including riverine, lake, estuarine, and marine. Exact
environmental conditions were constrained by the available testing windows available at each site,
but the schedule was designed to maxintieepotential of including exposure to known harmful
algal bloom communities within each field deploymelmistrumentperformance anceliability
weredetermined irbothmooredandsurface mappingpplications. Instrument reliability for each
of the fieldtests was assessleygl comparing percent of data recovered versus percent of data
expected. Comments on problems or instrument failuegenecorded.

Moored Deployment

In situevaluations of instrument performance in a moored application were conducted a
two ACT Partner Institution sites. The first moored deployment was conducted in-thiftavgh
tank sampling water from the Maumee River at a location adjacent to the City of Bowling Green,
OH, public water utility. The deployment occurtdeover 13conscutive days and provided a wide
range of chlorophyll concentrations (10 to 120 pg/L), high turbidity (up to 100 NTU), and variable
concentrations of cyanobacteria. A second moored application was conducted at the Chesapeake
Biological Laboratory in Solowns, MD. Instruments were deployed on a dsidemooring in
Chesapeake Bay for Z®ntinuous days. Test conditions provided a range of salinity and
temperature conditions and variable algal composition and abundance as a function of tidal cycle
and varable riverine input. This environment is also known for high rates of both soft and hard
biofouling, and an additional objective of this test application was to evaluate the abilityrof the
situinstruments to maintain performance levels under high biiofg.

Instrument SetupPrior to deployment, all instruments were setup according to the

recommendations and training by the manufacturer. The instruments were tested as supplied and

no calibration procedures were applied by ACT stdffuorometersvere programmed to record

data at a minimum frequency of every 15 minutes during the entire field deployment. All internal
8



Ref. No. [UMCES] CBL 201009
ACT \51904

clocks were set to local time using www.time.gov as the time standard. Before deployment, all
instruments were exposed to a DI blamid two concentrations &8B3 (0.05 and 0.5 pg/mL) dye
produced from a common stock prepared and distributed by MLML. Responses to the dye
exposure were used to ensure good working order and establish any calibration offset across
different test applicains. Photographs of instruments were taken just prior to deployment and just
after recovery to provide a qualitative 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 were deployed with a separation distance of at least one insdiametsr to

minimize the potential for cross interference. For the Maumee Rivem&stiments were

deployed in &00 L,1 m deep flowthrough tank with sensor heads at approximately 20cm off 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 swfaccounting for variance due to tidal state or
river stage. For each deployment a calibrated CTD and/or apauitmeter EXO2 sonde was
attached to the mooring and programmed to provide an independent record of temperature,
conductivity, CDOM, turbidy, CHL, and PC at the same depth and the sanmeidbte intervals

as the test instruments. For the CBL deployment, light intensity was also measured continuously
with a LI-COR LI-193 underwater spherical PAR sensor mounted on a S&RHEEA11CTD at

the @ame depth as the sensors.

Sampling ScheduleFor the Maumee River deployment we collected two references samples 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 gadnge. When possible we varied the sampling
timepoints between morning and afternoon on different days to capture some variation in light
history. For the CBL deployment, we evaluated diurnal responses across-tiigidaspectrum

on three occasionséluding day 2, day 3, and day 27 of the deployment. On thgsenda

collected four reference samples throughout the day at instrument sampling timepoints: 06:00,
10:00, 15:00, and 20:00. During all other sampling events, reference samples weraldolieete

a day with one in the morning and one in the afternoon.

Water Samplet At the Maumee River test site reference 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 colleutitd a 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 allowedwbatefor one minute prior to sample
collection. The bottle was triggered to close at the same time as instrument sampling to ensure that
the same water mass was being evaluated. For each reference sample, six replicates (two for CHL,
three for PC/E, one reserve) were filtered under low light and low vacuum conditions, and stored

in a-80°C freezer until analysis (methods described beld®gll abundances of coarse taxonomic
groupings (e.g. diatoms, dinoflagellates, chlorophytes, cyanophytess)aihd biovolumewere
determined ot u g dixed sample aliquots. A whole water subsample was collected to measure
turbidity using a Hach model2100AN Turbidometer. Lastly, filtrate was collected using acid

cleaned filters and shipped to MLML for CDO&halysis. Fieldluplicates were collected during

one sampling event per week at each test site. Duplicates were collected by deploying two Van
Dorn bottles (or two dipped 1 L bottles) sibg-side, and were processed in identical fashion.
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Surface Mapphg Deployment

In situevaluations of instrument performance in surface mapping applications were
conducted at three locations including freshwater, estuarine, and marine environments. ®n July 6
a surface mapping cruise was conducted in San Francigca Ballaboration with Dr. Raphe
Kudela of UC Santa Cruz and Dr. Jim Cloern of USGS following their existing HihR:g
program sampling ovex 15&m transect ranging from Palo Alto in the south to the Richmond
bridge in the northOn July 1% a secondwwface mapping cruise was conducted in Monterey Bay
over a transit distance @bkm covering a range from outside the harbor to open ocean
environments. On August $3he third surface mapping cruise wamducted in the western
basin of Lake Erie dimg a known period d¥licrocystisblooms. Thesurvey covered
approximately 7%m of transit and included regions dominated by cyanobacteria near the mouth of
the Maumee River to regions further offshore to the north and east with lower abundance and a
more diverse composition.

Instrument SetupFor the underway surface mapping test instruments were programmed to record
data at one second intervalSubmersible instruments were deployed in a fthrough tank with a
known exchange rate (nominally-16 mn). The tank was kept shaded under cover. A calibrated
multi-parameter sonde was positioned within the tank to provide an independent record of
temperature, conductivity, CDOM, turbidity, CHL, and PC continuously at 1 minute measurement
intervals.

Wate Samples Seven or eighstations vereselected during eacgurface mappingurveyto

make comparative reference sample measurements. Stations were selected to cover a diversity of
phytoplankton abundance and composition. At each selected stationinahgeflowthrough

tank was isolated for a period of 30 minutes, keeping it well mixed with manual stirring. After an
initial equilibration period of 15 minutes, reference samples were taken at timepoints of 20 and 30
minutes from the point of isolatio Subsamples of the composited sample draw were used to
expose the one bentbp test instrument. Samples were collected under shade to minimize light
exposure and immediately taken into a shipboard laboratory (or a shaded deck space for Lake Erie)
andprocessed using the same protocols as defined for the field mooring deployments. Reference
samples were analyzéaor extractive chlorophyla and phycobilins, fixed cell counts, CDOM, and
turbidity as describeldelow.

Reference Sample Analysis
PigmentQuantification

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 | ocati on -gd(CHLYcOnGenNt of thfiltered@aterial wasp h y | |
determined by fluorescence analysis of dimethylformamide (DMF) extracts using the non
acidification method (Speziale et. al. 1984) on a Turner Designs 10 AU fluorometer calibrated
against certified chlorophyél standard (Turner Dagns). Phycobilin (phycocyanin, PC;
phycoerythrin, PE) content of filtered water samples was determined by fluorescence analysis of
phosphate buffer (50 mM, pH 6.8) extracts following 3 frethzev cycles and sonication to
maximize pigment extraction (Laemz et al. 2011) on a Turner Aquaflor fluorometer calibrated
with certified PC and PE standards (Prozyme Idl)sample handling for pigment extraction was

10
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conducted under low light to minimize sample degradation. All fluorometer calibrations and
extract readings were done at room temperature, typicaltrolledat 20 + 1.0°C.

A total of six replicates was filtered for each reference sample and steBfiP@t
immediately after processing. Filters for chlorophyll were stored and extracted ingladser
vials. Filters for PC/PE were stored and analyzed in 15 ml opaquecgrblgnate centrifuge
tubes. Pigment analysis was conducted on two replicates for chlorophyll and three replicates for
phycobilins. One filter was reserved in storage88°C and subsequently analyzed when the
variability in the initial results were above a threshold of 20% in coefficient of variation. All
reference sample pigment analyses were performed by the same trained ACT personnel using the
same instrumentation andogedures.

Species Identification, Abundance and Biovolume

Whole water samplg®00mL) wer e f i xed wi(l®olinalaxancedtration, e d L
v/v) andconcentrate@s necessary by settling or gentle centrifugation (3000 rpm, 10 min). Total
cell amundance was enumerated microscopically and assigned to coarse taxonomic groups (i.e.
diatoms, dinoflagellates, chlorophytes, prymnesiophwss cyanobacteria), or to the lowest
taxonomic category needed to assign appropriate biovolume conversionabu®elance was
converted tdiovolumes using sitepecific dimensional relationships based on equivalent
spherical diameter. Data are reported as total phytoplankton abundance and biovolume of each
group after adjustment for volume dilutions.

For the stface mapping survey in S&mancisco Bayphytoplanktorabundance was
determined from image libraries generated with an Imaging FlowCytobot (IFCB) operated by UC
Santa Cruz personnel. For field sampling in Monterey Bay and San Francisco Bay, additional su
samples were preserved with paraformaldehyde at a final concentration of 0.24% and evaluated
using flow cytometry. For these test sites all phytoplankton analysis and cytometric quantification
was performed by ACT staff at MLML based on local knowledge experience in these analyses.

For the Great Lakes tests, phytoplankton counting was conducted under a contract to Dr.
Euan Reavie of the National Resourcesdaesh Institute in Duluth, MNThe SOPs for counting
Great Lakes samples follow protocolsthe USEPA Great Lakes National Program Office
(GLNPO) Biological Surveillance Program which has been in place for over thirty years. Details
of the SOPs may be found at: http://www3.epa.g@dtiakes/monitoring/sop/chapiéig401.pdf.
For the Chesagake Bay tests, phytoplankton counting was conducted under a contract to Tim
Mullady of the Smithsonian Environmental Research Center in Edgewater, MD. Phytoplankton
analyses were conducted using an Utermohl settling chamber and inverted phase/fluorescent
microscope following the Maritime Environmental Resoweater SOP entitled, Live Organisms
O 10 to < 50 um Standard Operating Procedures
have performed microscopy services as part of previous ACT/Naval Research Lab fluorometer
testing under a ballast water complce monitoring study, and have undergone previous Technical
Audits by ACT6s Quality Assurance Manager and
certifications.

Colored Dissolved Organic Matter (CDOM)

Approximately 40 ml of sample filtrate was used ttsé the collection flask and the 50 m
BD Falcon centrifuge tubes, and then discarded. Following the rinse, an additional 45 mls of the
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CDOM designated sample was filtered uséiigmm GF/F filters (0.7 pum pore siz&)th low

vacuum pressure (<5 in Hg).h@ filtrate was captured in the centrifuge tube, capped, wrapped
with Parafilm, labeled, and stored in a refrigerator (4° C) until analysis. All samples were shipped
to MLML on dry ice for analysis using a calibrated laboratgrgde spectrophotometerh&

sample and MilliCblankwere equilibrated to room temperature apdctrophotometriccans

were run between 250 and 800 atril nm intervals, with a-8 nm slit width. Absorption from

optical density wscalculated by subtracting the optical densityz® nm to correct for residual
scatteringand reported as the absorption at wavelength 400.

Turbidity

Turbidity was measured on gently mixed raw water samples using a Hach 2100AN
Turbidimeter, calibrated with certified turbimetric standards (Hachadétition, continuoug situ
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 tigauges, meteorological stations, and visual observations of
the water. Sampling information was logged on standardized datasheets and transmitted weekly to
the ACT Chief Scientist for data archiving and QA/QC performance checks.

Quality Management

Alt echnical activities conducted by ACT col
System (QMS), which includes the policies, objectives, procedures, authority, and accountability
needed to ensure quality in ACTO6s wovidestmer oces

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

review of data collection activities and the use of data in deemsaking, and quality control. The

QMS also ensures that all ACT data collection amatgssing activities are carried 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 performance. AC6 s QMS meet s the require@Gmerdls of
requirements for the competence of testing and calibration laboratdhe#\merican National

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

guality standards for environmental data collection, production, and use.
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RESULTS

All i nstrument testresults are presented in units ofig/L (or ppb) but we emphasize
that the Multi -Exciter was not calibrated for each test condition or environmentand
acknowledge that for the most accurate quantification direct empirical calibration undethe
specificapplication would be required.

LABORATORY TEST

Instrument accuracgf chlorophyll and phycocyanin determinations, and their resulting
ratios,wasevaluated in two separate laboratory tests which took place at Moss Landing Marine
Laboratory (MLML) and the NOAA Great Lakes Environmental Research Laboratory (GLERL).
In bothcases the tests involved a series of stewyrh exposures to various cultured phytoplankton
species along with aeid matrix challenge$or turbidity and CDOM.

Moss Landing Marine Lab

Four lab tests with cultured algae were conducted from Jun€@6e29, 2017. Each test
was conducted over the course of one day and involved a series of individug0 Hinute trials.
The test conditions for each indivigurial are defined imables 2 6, immediately preceding the
presentation of results for thady. For the June 26 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 freshwater algal culture trials were conducted using two different lev@telastrum
additions (ca. 10 and 20 pg/L CHL) and one leveliadrocystis(ca. 25ug/L CHL and 1 pg/L
PC) (Table 2

Table 2 Test conditions for each trial of the J@&MLML laboratory tests. This lab test focused on instrument
response to two different freshwater algal spe@eslastrumandMicrocystis as well as, responses to DI and
freshwater culture media. (n = number of reference samples taken during tearex@i and C2 refer to
concentration level from additional culture addition).

Trial Coelastrum Microcystis
DI (n=1) - -

FW Media(n = 2 - -
FWTL(n=2 C1 -
FWT2(n=2 C2 -
FWT3(n=2 - C1

Two reference samples were collected from d@ashbatch including one immediately after
sample preparation and the second at the end of all instrument exposures (approximately 45
minutes later). Results are plotted as a time series of instrument readings compared to extracted
pigment concentratioria pug/L determined on the reference samples (Figure The JFE showed
no response in terms of estimated CHL fluorescence to background DI or the freshwater media.
The absolute difference between instrument estimation and reference measurementliatteas
higher concentration levels. TRHHL estimation for théMicrocystiscultureaddition was slightly
more undeipredicted than for th€oelastrunculture addition(Fig. 1 and 2)although this could
not be tested statistically given the experimiedésign.

A oneto-one cross plot of JFE readings compared to reference samgdeimaments for
13



Ref. No. [UMCES] CBL 201009
ACT \51904

CHL is shown iniigure 2. The regression for the CHL response over the tested range of 0 to 32
ug/L was statistically significant (p<0.001) with a” & 0.9 and a slope of 0.66.
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Figure 1. Plobf instrument (blue) and referenced) measurements of chlorophglin the freshwater indiglual

algae tests, including background readings for DI and the freshwater culture media. The plotted refeesce valu
represent the average and standard deviation of the two reference measurements taken at the beginning and end of the
exposure period. Instrument estimations were generated from the 3 second readings averaged over 1 minute, following
an equilibration tine of 3 minutes.
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Figure2. Cross plot of instrument readings versus extracted reference sample pigmehtsrégrhylladuring the
freshwater individual algae lab trials
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A comparison of algal classificatidrom microscope counts on preserved reference
samples against the JFE emission measurements at edefi@xevavelength are shown igdire
3. Emmision strength clearly matched algal concentraéiod there was a noticeable decrease in
the 470 nm regnse for the Cyanobacterial culture versus the Green algae culhee. T
wavelength emmision response at 570 nm slighitly lessfor this exposuréhanfor asubsequent
lab test exposure on Junel2®sed on comparing the proportion of the emission tereiltie peak
emission at 435 of the total CHL estimétee Fig. 15) We do note that some contaminatimn
Microcystisin theCoelastrunculture was discovered in subsequent trials (and was seen from
phycocyanin measurements) but was not picked up imiti®scopy analysis of the reference-sub

samples countedSo the emission response in trials 1 and 2 may not reflect a response to a pure
chlorophyte culture.

FW T1 FWT2
4 20
100 100
§:3' 880 §15— 880
© ©
& on < =60
€ 24 §6° $ 101 §60
£ | cHL=79 il g CHL = 33.2 540
- = Q. = 2 &
w ! 20 4 w s 20 —
e . 0 T O rT——T—TTT T T T 7 0 T
LSS LLLLLLE FW T1 SF&HSFLSf LS8 &e L8 FW T2
S AL LSS S S ST TS
P FEFEF LS P FFFEF
FW T3
15
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D, -
S0 @80 [[__] Reference Bluegreen
kS geo -
é 5 $40 1
§ 7| cHL= 260 <, |
VT T T 71T T T 3 0 T
L L LfLELELfLEL FW T3
& FFFTFTF S

Figure 3 Algal classification from microscope counts on preserved reference samplpeesraage of biomass
grouped at the functional class level, compdeethe JFE emission measurements at each excitation wavelength.
Algal counts were grouped at the functional class level.
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Four individual trials were conducted using saltwater algalieg along with the DI and
saltwater media blanks (Tablg 3Trials 1 and 2 used two different levels of the goldeswn
haptophytdsochrysisat approximately 5 and 22 ug/L CHL, respectively. Trials 3 and 4 used two
different levels of the dinoflageite Amphidiniumadded at concentrations of approximately 5 and
20 Og/ L CHL, respectively. This culture is d
indicated it was contaminated with other goldeown diatoms that likely brokenrough the
seawtder filtration system.

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

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

as OAC Mi xd6 because it was not a pure culture) along w
(n = number of reference samples collected during the trial; C1 and C2 refer to increasing concentrations from

additional culture adton).

Trial Isochrysis AC Mix
DI (n=1) - -
SW Media(n = 2 - -
SWTL(n=2 C1 -
SWT2(n=2 C2 -
SWT3(n=2 - C1
SWT4(n=2 - C2

Results of instrument readings comgrto extracted pigment concentrations determined
on thereferene samples anglotted in fgure 4. The JFEshoweda small but positive response to
thebackgroundseawater medigesponse and tracked chorophyll levalsrecloselyacross the
higher concentration range for thesarinespecies than the previous freshwatgecies.Seawater
media was made from DI and added salts so should not have contributed any unexpected cells to
the culture additions.Ther was no apparent difference in response across thaawinealgal
species tested but this was not examinatissically given the experimental design.

A oneto-onecross plot of thdFECHL estimationcompared to reference sample

measurementduring the saltwater trials ghown infigure5. The regressiofor the CHL
responsevas highlysignificant (p<0.001) with an R of 0.99 and a slope 0.80.
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Figure 4. Plotf instrument (blue) and reference (red) measurements of chlor@pimythe saltwater indidual algae

tests including background readings for DI and saltwater media. The plotted refakmserepresent the average

and standard deviation of the two reference measurements taken at the beginning and end of the exposure period.
Instrument estimations were generated from the 1 second readings averaged over 1 minute, following amoequilibrat
time of 3 minutes.
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Figure 5 Cross plot of instrument readings versus extracted reference sample pigments for chlardptinty the
saltwater individual algae lab trials.
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A comparison of algal classificatidrom microscope counts on preserved reference
samples against the JFE emission measurements at edali@xwavelength is shown imnglre
6. We recognize that contaminatiwas present in the AC mix amticroscopic analysimdicate
a significant prescence of diatoms in tleellture However, o phycobilins wee detected in
reference sample pigment extraictsm these trials. Emission strength was well matched to algal
abundance. The emission curves were quite similar across the two culturessligith a
increasead response at 525 nm for the AC mixture relative to the Isochrysis citaigsion
spectra appeared quitensistent across the two concentrations of the same culture addition.
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Figure 6 Algal classifcation from microscope counts on preserved reference saogtgsared to emission spectra of
the JFE.Algal counts were grouped at the functional class lamdlrepresented as a percentage of biovalume
Estimations of Isocrysis in trials 1 and 2 weeséd orexamination of the culture and knowulture additionvolumes
and not directly confirmed with microscopic couatsthe reference sample aliquots
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On June 27th, 11 different trials were conducted using four lev8lgrafchococcusith
addin matrix challenges of three CDOM levels and two turbidity levels, phiskdround culture
media (Table ¥ Each test condition was made up in a 40 L container and reference samples were
withdrawn at three timepoints over the course of a 30 minute exposuod. ComparativéFE
Multi-Exciterresults were generated from 3 minute averages bracketing each referencé point.
must be noted that ti&ynechococcusulture became contaminated with large marine Diatoms
which ended up dominating the communityenms of biovolume (98%) even though the
numerical abundance of the sm@jinechococcusells was greater.

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

Trial Synechococcus CDOM (A400) Turbidity (NTU)
SW Media(n = 1) (0.25) (0.69)
SWTL(n=3) Cl1 (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)
SWT7(n=3) C4 (38) C3 (2.86) (1.0
SW T8 (n = 3) C4 (40) C3 (2.90) Cl (3.3
SW T9 (n = 3) C4 (37) C3 (2.90) C2 (23)
SW T10 (n = 3) C4 (36) C3 (2.97) C3 (50

Over the ten algal trialseference sampl€HL levels ranged from 3.2 to 40 jigAnd PC
levels ranged from 0 to 1.5 pg/lAcross the trialsCDOM concentrations weri@creased frona
background level of approximately 0.25 up to 3.0, and turbvdiyincreasedrom a background
levelof 0.5 up to 50 NTU.

Comparative results of itrement readings versus reference sarpie concentrations in
Mg/L are plotted irfigure 7. The JFEexpressed smallpositive response toackgroundseawater
mediaandcloselyestimated concentrations during the first five trials when CHL levels wsse le
than 10ug/L. There was a slight positive bi@sgher prediction)n the JFECHL estimagsacross
the three levels of CDOM additio®\\VtrialsT3-T5). Ba s e d o-up as tesedhe HE t
significantly under predicted CHL at the higher concatian anda new calibration would be
required to appropriately measure these higher concentratitvesadtition of turbidity at levels
of 23 and 50 NTUT9-10 versus T8) further decreased the JFE CHL estimation relative to
reference CHL.
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Figure?7. Plotof instrument (blupand eference (redmeasurements ohtorophyll a inthe saltwater CDOM and
turbidity additiontrials covering4 algae, 3 CDOM an8 turbidity concentratiofevels. Three replicate reference
measurements were made at eastell with only one read in blank medihe JFEdata was averaged oveEminute
bracketing each reference point.

A oneto-one cross plot of the JFE CHL estimations compared to reference sample
measurements during the saltwater matrix challengéstsiown in figure 8. Overall, the
regression for the CHL response was highly significant (p<0.001) wittf ah@R85 but with a
slope of only 0.33 The overall response slope is noticeably lower than for the previous saltwater
culture addition Lab tes®he variability in instrument responsesatilar CHL levelsfor trials T7
i T10(Fig. 8) indicate thathe JFE CHL estimation decreasgdhe highest turbidity additions of
23 and 50 NTUlarger proportiorof decline than for the reference CHL) nére wasno
noticeable impact in responsetheturbidity increase between 1 aBB NTUacross trials 7 and
8.
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Figure8. Crossplot of instrument readings versus extracted reference sample pigments for chlorophyll during the
saltwaterSynechococcuagae exposure with add in matrix challenges for CDOM and Turbdite blue line
represents the linear regression of the data.

A comparison of algal classification from microscope counts on preserved reference
samples against¢hJFE emission measurements at eachagian wavelength is shown inglure
9. Prior to the experimental we discovered tihaSynechococcusulturewas heavily
contaminated with marine diatom species which dominated the biovolume propodion
cyanobaterial biovolume only represent less than two percEot.each of the ten trials td&E
emission spectra were very consistent across the three replicate measurements madeaQover the
minute incubation test.The JFEemission curves wemesponsive tohe increased CDOM
concentration across trials' &, with an increased emission contribution at the lower wavelengths.
As CHL concentration assubsequently increased against the CDOM level at trial 5, the emission
peak at 435 became more prevelant. @yanobacterial responsive emission at 570 nm remained
similar throughout all trials with most of the response differences occuring at wavelengths less than
505 nm. The addition of turbiditp similar phytoplankton concentratiomstrials 8-10 indicate
that turbidityreduedthe overall emission strengtiut produced very similar spectral curves.
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Figure 9 Algal classification from microscope counts on preserved reference samples compared to emission spectra of
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—&— b Instrument Emission
—®— c Instrument Emission

the JFE. Algal counts were groupattthe functional class level and represented as a percentage of biov&aohe.
row represents three timepoint replicates of the same batch of algae and matrix conditions.
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For the June 28 lab test, 6 different trials were conducted using varixiuses of
CoelastrumMicrocystisandPeridiniumat varying concentrationalong with a blankdr the
freshwater media (Table.5Each test condition was made up in a 40 L container and reference
samples were withdrawn at three timepoints over the cours@lfranute exposure perio@ver
thesix algal trials, CHL levels ranged from830 25 ug/L and PC levels ranged froi3to 6.7

Mo/L.
Table 5 June 28 test conditions with exposures to combinations of freshwater algal cultures at various consentratio

(n = number of reference samples 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) Cl - -

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 sa@hrtipleoncentrations in
pg/L for the June 28 lab teate plotted irfigure 10. The JFEshowedno backgroud responséo
thefreshwatemediaandtheagreement to reference CHL measuremesats again proportional to
the concentration with very strong linear response across the range teBteale wereno
obvious differencein responsecross the three spesitested.

A oneto-one ¢oss plotof theJFEreadingsversusreference sampléHL measurements

for the June 2&eshwater algal mixturest isshown infigure1l. The regressioaf the JFECHL
responsevas highly significant (0.001) with an Rof 0.97 anda slope of 0.63.

23



Ref. No. [UMCES] CBL 201009
ACT \51904

30 - . E
o X

N
o
1

I-‘E}EE}
erfE :

Chlorophyll a ug/L
>

—
o
1

()

B [ ]
e @ 9
e & O
0 -? T T T T T T
6\® «'\ ,<L ,<’.) «b‘ «‘D ,\(O
R R R

Trial

Figurel0. Plot of instrument (bluednd eference (redmeasurements ohtorophyll a inthe freshwater algamixture
trials coveringd concentration rangesd mixtures o8 different alga. Three replicate reference measuents were
made at each leveghe JFE data was averaged ovanihutes, bracketing each reference point.

30

R?=0.97
25 Slope =0.63

20 +

Instrument Chlorophyll a ug/L

0 T T T T T T
0 5 10 15 20 25 30

Reference Chlorophyll a ug/L

Figurell. Cross plot of instrument readings versus extracted reference sample pigmelniisrégrhyl a during the
June 28 freshwater algal mixtures lab trials. The blue lines represent the linear regression of the data.
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A comparison of algal classification from microscope counts on preserved reference
samples against the JFE emission measuremeeésla exitation wavelength is shown imnglre
12. There was more variance in the replicate readings across the 30 minute exposure which may
reflect some heterogeneity in algae distributions within the tank. Emission strength at the 435 nm
peak was welmatched to overall abundance as estimated by CHL extrddte JFE exhibited an
elevated response at 570 nm in trial 1 for@oelastrunonly addition. We recognize that the
Coelastrunculture was not pure even though we did not pick it up in ountsoélthough we
foundno measurable PC in trial 1, we did find abowigil. PC in trial 2 vihenhigher leves of
Coelastrumwere added There was not a strong response toMieocystisadditions inthe
subsequent trials-8 whenadded in combination wi Coelastrumeven though reference sample
PC levels were up to 6j@g/L. The most notable pattern was for increase in the emission at 420
nm and a decline in the emission at 47Q especiallywith the addition othe dinoflagellate
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Figure 12.Algal classification from microscope counts on preserved reference samples compared to emission spectra
of the JFE. Algal counts were grouped at the functional class level and represented as a percentage of biovolume.
Each row represents thremgpoint replicates of the same batch of algae and matrix conditions.
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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 addition of turbidity (Table)s Each test condition was made up in a 40
L container and reference samples were withdrawn at two or three timepoints over the course of a
30 minute exposure period. Over the eight algae trialg, IE¥€ls ranged from 5.3 to 59 pg/L and
PC levels ranged from 0.2 to 9.8 pug/L. CDOM additions increased concentrations from a
background level of 0.43 up to 4.7, and the turbidity additions increased concentrations from a
background of 1 NTU up to 25 NTU.

Table 6 June 29 test conditions with exposures to combinations of freshwater algal cultures at various concentrations
with addin challenges of turbidity and CDONDesignations with C# indicate additions, or concentration levels of the
specific paramet. Measured concentrations of CDOM and turbidity for reference samples are provided in parenthesis.

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

FWTLl(n=3) C1 (0.43) - (0.25)
FW T2 (n = 3) C2 (0.43) - (0.39)
FW T3 (n=3) Cc2 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)
FWT7(n=2) C3 C3 (4.6) C1 (1.2)
FW T8 (n=2) C3 C3 (4.7) C1 C1 (25)

Results for the June 29 lab test with freakev algal mixtures and CDOM and turbidity
additions are plotted as a time series of instrument readings ahrtpareference sample CHL in
Mg/L (Figure 13).As was seen during the Junesaltwater specidab test, theddition of
CDOM produced a smigbositive bias in the JFE estimation of CHL (see comparison across trials
2-5). JFE estimations of CHL were again mareerpredicted for the higher CHL
concentrationsiear 25 and 60 pgresulting from theparticular seup that came with the
instrument and recalibration would be required to quantify these higher concentratiorthis
Lab testhere did not appear to bayalarge effect from the turbidity addition at a concentration of
25 NTU, i.e there was not a big change across in responseuraey across trial 7 and 8Ve
note here was significant variation in the two reference sample CHL estimates f@r(graly
symbol) but not for the]JFE Cell counts irtwo replicates for trial 7 were also 25% lower so
suggest some patchiness in thek during the sulsampling butwe consider the second reference
sample replicate to be tepresentative of the trial conditions based on known additions and
should not be interpreted asnissed respon$s theJFE.

A oneto-one cross plot of #h JFEreadings compared to reference sample measurements
for CHL during the freshwater agmixture trials are shown imgure 14, with the suspect
reference measurement noted above omitted. The regression line was highly significant (p<0.001)
with an R of 0.96 and a slope of 0.39.
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A comparison of algal classification from microscope counts esgoved reference
samples against the JFE emission measurements at edali@xwavelength is shown imnglre
15. For trial 1 and 2 with onllicrocystispresent thee was a recognizable increased response at
570 nm. ASCDOM was added to thdicrocydis in increasing amounts duringals 3-6, there
was a notable increase in the emission strength at 375 and 400 nm. The addition of more
Microcystisduring trials 68, brought back the signaf an elevated 570 nm emission and
dampened the proportionstrength of the lower wavelengths due to the increased CHie
addition ofCoelastrunduring trials 7 and ®roducedhe most noticeable change in the emission
at 470 nm.Thefurtheraddition of turbidity in trial 8 did ngbroduce any obvious shifts o
decreases in emission strength across the the wavelength spectra, but conditions in the tank seemed

more variable and made it slightly harder to interpret the response patterns.

Figure 15 Algal classification from microscope counts on preservesreece samples compared to emission spectra
of the JFE. Algal counts were grouped at the functional class level and represented as a percentage of biovolume.
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Each row representa/d timepoint replicates of the same batch of algae and matrix conditions.
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Great Lakes FreshwaterLab Test

A second laboratory test with freshwater algal cultures was conducted at the NOAA Great
Lakes Environmental Research Lab (GLERL) on August 10, 201i&.td8t was added after the
development of the original test protocol&p address the contamination that occurred in the
MLML lab cultures and to test at higher levelscganobacteria anBC. The GLERL freshwater
lab testwas conducted over the course of one day and involved a senies ofdividual trials
(Table7). The first four trials were exposures to single algae monocultdi€klorella,
Cryptomonas, AphanizomenandPeridiniumat concenttions levels defined in table The
next four trials used a mixture of all four algal species to access the abdisctoninate among
thedistinct algal taxa when present in different ratios. The last trial incorporated challenge
additions of both CDOM and turbidity to the same composd®the proceeding trial. Each test
solution was made up instirete2 L batclesby combining known quantities of the cultures into a
fixed volume of freshwater media.

Table7. Great Lakes lab test conditions conducted on Auty0i$tvith exposures to four individual freshver algal
cultures followed by four mixtures of all 4lgal speciest various ratios, followed by an aétdchallenge of turbidity
andCDOM. For the mixtures, a capital letiarthe trial IDdenotes abundane¢ the higher C2 level which wadout
five times higher than th€1 level Reference samplgHL concentrations in pug/L for eacultureaddition(directly
measured for monocultures and based on volumetric addition for mixéweegjovided in parenthesis.

Trial Chlorella Cryptomonas | Aphanizomenon| Peridinium | CDOM | Turbidity
A C2 (12.1) - - - - -
B - C2 (12.7) - - - -
C - - C2 (28.6) - - -
D - - - C2 (12.4) - -

Abcd C2 (12.1) C1 (2.5) C1 (5.7) C1 (2.5) - -

ABcd C2 (12.1) C2 (12.7) C1 (5.7) C1 (2.5 - -

ABCd C2 (12.1) C2 (12.7) C2 (28.6) C1 (2.5) - -

ABCD C2 (12.1) C2 (12.7) C2 (28.6) C2 (12.4) - -
ABCD C1 C1
+Turb+tCDOM | C2 (12.1) C2 (12.7) C2 (28.6) C2 (12.4) (6.0) (33)

Resultsfor this Lab testare plotted as a time series of instruntaesurementsompared
to extractedhlorophyll aconcentrations in pug/L determined the reference samplasfigure 16.
As with previous test the JFE un¢gmedicted total CHlat higher concentratiorthie to the
response slope&ithin the unit as tested and-calibrationwould be required to better quantify the
test exposuresTherelative estimations by the JFE were consistent for individual species test with
Chlorella, CryptomonasandPeridinium however, the amount of undestimation was nearly
three times greater withphanizomenonSubsequently, the accuracy of the total CHedaction
in the following five algal mixtures trials was dependent on the relative contribution of
Aphanizomenowithin the mixture. The addition of CDOM and turbidity in the last trial did not
produce anyoticeableeffect onthe JFE total CHL prediction

A cross plot of the JFE readings compared to reference sample measurements during the
freshwater algal mixture trials is shown in figure 17. The regression line was highly significant
(p=0.001) with an Rof 0.80 and a slope of 0.32The greatevariation in instrument response
again reflectedlifferencesn the proportions afpecific algal species.
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A comparison of algal classification from microscope counts on preserved reference
samples agast theJFE emission spectra for tHiabtest is shown in figure 18. Treewas a
strong emission response at 570 fomboth theCryptomonasandAphanizomenospecies. The
relatively low response in the CHL emission wavelength#&fidranizomenowasdistinguished
by 570:435 Chl excitation ratios >>1, whereasGoytomonaghe ration was closer to one. In
contrast green and brown algae exhibited 570:435 ratios3udl peaks at 435 and 570 nm were
observed for all mixed algal exposures with theiatieé strengths proportional the percent of
cyanobacteria and cryptophytes present. For all tests, emission strength was proportional to overall

abundance as estimated by total CHL.
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Figure 18. Algal classification from microscope counts on preed reference samples compared to emission spectra
of the JFE. Algal counts were grouped at the functional class level and represented as a percentage of biovolume.
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FIELD TESTS

Five field tests were conducted as part of the performance evaluattJ&Eincluding
three underway surface mapping applications and two mooring applications. The three surface
mapping applicationere conducteth San Francisco Bay, Monterey Bay, and western Lake
Erie. The two moored deployment testsre conductech the Maumee River, Waterville, OH and
in Chesapeake Bay, Solomons Island, MD. Further descriptions of each test are provided below.
Beforethe beginning ofield testng at each sitehe local ACT Partner performed a reference dye
test using two concérations of a commonly prepared BB3 dye from MLML, and a DI reading.
The dye readings were done to check the working order dFRand the consistency of its
response ovehedurationof the evaluation.

Table8. Results of the prdeploymenDI andBB3 dyecheck for theJFEfor eachtestingsite. (n.d. denotes no data
for that observation.)

Date Deployment Site DI BB3 0.05uM | BB3 0.50 uM
6/25/17 MLML 0.03+0.01 1.30+£0.01 12.3+0.01
8/10/17 UM 0.04+0.01 1.52+0.01 14.0 £ 0.01
9/0517 CBL n.d. n.d. n.d.

Surface Mapping Applications
San Francisco Bay, CA

USGS Menlo Park has conducted monthly water
guality surveys along the axis of South San Francisco E ¢
through the central bay, San Pablo and Susuin Bay anc?_.-:
into the Sacramento delta sint@68 £
(https://stbay.wr.usgs.gov/access/wqgdata/index)hifiis
historical and ongoing set of observations has revealed
tremendous plankon diversity along the transect rangini
from protistan grazer dominated communities in the  ©
shallow warmer South Bay, ticeanic influenced
communities in the Central Bay through the Golden Gags™ |
and freshwater influenced communities eastward throu@
the northern bays and Sacramento River. &hgoing
collaboration with USGS enabled us to leverage their
transect design anésearch platform for a dedicated
surface mapping cruise on 6 July 2017 onboardRihe
David H. Peterson.The cruise departed from thertteat |
the Redwood City Yacht Club on Redwood Creek, nortig
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 Redwool s
Creek to sample the shallow, warm and lower salinitievgaof the southern reach of the South
Bay before returning to dock (Fig. 16puring thel50km underway mapping cruiseight
stations vereselectedo 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 aghrbull 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 top and these were
attached to valves which allowed us to control flowgatéo the tank. Flow rate was sufficient to
fill the exposure tank to the overflow port within 2 milmstruments were hung from a PW#@me
within the tankwith sensors oriented toward the botto@oordinated rotation of the rack and

intruments was sl to clear instruments
Legend of accumulated bubbles and debris. Port

valves were open between station transit
to permit continuous turnover of the
contaned water. The tanlkd was kept
closed except when sampling and to mix
exposure water. Once on statiore th
inflow port valve was closed after 2 min
and instruments were allowed to
equilibrate for 10 min, then two refmce
samples were withdrawn at 10 and 20
minutes after isolation. Sampling was
below the water surface near thesen
depth. After the 20 mi sampling period,
the tank was reopened to flow through
while transiting to the next station.

JFE CHL (ug/L)
17

Figure19. Chlorophyll data contours from the
| JFE during the nderwaysurface mappingurvey
in San Francisconthe USGSR/V Peterson
Green tranglesdenote isolated, comive
sampling stations.

During the San Francisco Bay survey the JFE produced 1604 measurements all of which
were consider acceptable values for a su¢gkdata return of 100% (Figure 19CHL
concentrations determindégbm reference samples ranged from 4.4 to 204 /ouer the entire
survey. Other water quality conditions and descriptions of algal classifications are described
below.

A YSI EXO2 sonde in the tank provided continuous monitoresyiitsduring both
undeway and isolated time periods with measurements taken &8egcondgFigure 20.
Continuougmeasurements indicated that conditions in the tank during isolation periods were
relatively stable.Reference samples ansgsfor CDOM and turbidity are plééd over the sonde
data for cosistency with other testuring the San Francisco Bay cruise temperatamged
from 17 to 22°C and salinity ranged from 21.5 to PBU
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Figure20. Time series of @&ter conditions encountered during the surface nmgppuisein San Francisco Bayrop
Panel: Variation in temperature (blue) asdlinity (red) at the depth of the sensors in the flow through tank, measured
by an EXO 2 Sondesecond Panel:Turbidity (brown) as measured by the EXO 2 &®WCH 2100AN Turbidmeter
analysis of reference grakamples (black triangles) taken from tegposuretank Third Panel: Continuous
fluorescentDOM (fDOM, olive) measured by the EXO 2,and CDOdidsorptance (black trianglesheasuredon

reference samples. Bottom Panel: Time series of dissolved chlorophydl (green) andcyanobacterial(blue)
fluorescenceneasured by the EXO 2 Sonde
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A time series of the CHL measurements fromREand reference samples during the
isolated exposuresishown figure 21 Extractable chlorophly a proxy for total phytoplankton
biomass, ranged froowa. 3to16e g/ L al ong the sampling transect
encountered in the southern end of &dBay (station 7). The JREHL measurements ranged
from1to44¢e g/ L overall dnderestimated tlerresponding reference sampéedigher
concentratios Extractable phycocyanin, a proxy for cyanobacterial biomassaisatow
throughout the survey, ranging only from 0 to
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Figure21. Plot of instrument (blue) and reference (redasurements ohtorophyll a during San Francisco Bay
suface mappingTwo reference measurements were made at each statdnstrument data was averaged over 2
minutes bracketing the reference samples.
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A linear regression of th&Echlorophyll measurements against tixtracted chlorophyll
(Fig. 22) wasnot significant(p=0.97 with an B=0.001and a slope 0{0.01
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Figure22. San Francisc8ay surface mapping response mbthe JFEchlorophyll measurements compared to
reference chlorophyll measured

A comparison of algal classification from microscope counts on preserved reference
samples from the survey transects relative to the JFE-Bxdtter chlorophyll excitation spectra
for thephytoplankton communities enaatered along the San FransiBay survey trackre
shown in fgure 23. Microscopic analysis of preserved reference samples indicate a dominance of
ciliates in South Bay with diatoms and dinoflagellates dominating in central San Fransico Bay
(Stations 1,2,6). The JFE spectral shapee consistent with a dominance of Chlorophyll
containing alge in these communities (see figQréor reference spectra). In general there was a
relative increases in the 570 nm excitation contribution in stations were chlorophyte algae were
observednicroscopically. The high 570:435 signal observed at station 7, in the southern most
reaches of the bay are attributable to higher CDOM load$&andhlorophyll biomass in the
water. It was nopossible to distinguish whether ciliates were non fluorésmefiuorescent due to
recent consumption of phytoplankton prey.
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Figure 23 Algal classification from microscope counts on preserved reference samples compared to emission spectra
of the JFEduring the San Francisco Bay underway mapping surigyal counts were grouped at the functional class
level and represented as a percentage of biovolliraeh row represents two timepoint replicates of the same batch of
algae and matrix conditions.

37



Ref. No. [UMCES] CBL 201009
ACT \51904

Monterey Bay, CA

A 75 kmsurface mapping cruise waadertaken in Monterey Bay, CA on 13 July 2017
usi ng MLMLOGs c o athetR&/UH Matigte asess ihstrumens peréoimance in
nearshore to oceanic water conditions. R®& JH Martinwas also equipped with a Headhunter
T StingRay continuouow pump which drew water via a througpll port near the bow and
supplied the vessel 6s un dasplumbed intd thd sameaxpasure s i t i
tank setup as described above. Flow to the tank was stopped during reference samplitkg and tan
water mixed by the sampling process with samples being taken 10 and 20 msokftem 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 Qaayds to the western, oceanic
edge of the bay, then NNW, backto the shelf toward Santa Criaassespotentialimpacs
from urbanand agriculturatunoff intothe coastal waters (Fig3).

A YSI EXO2 sonde in the tank provided continuous mamitpresults during both
underway and isolated time periods with measuremakéntevery 15 secondsidbre 29.
Continuous measurements indicated that conditions in the tank during isolation periods were more
variable than for the previous surveflate 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 S) and lower temperature watersi(14b.5°C). Reference samples analyses for
CDOM (0.03 to 0.1) and turbidity(0.5 to 1.3 NTU 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 statios indicating
the presence of small marine cyanobacterial populations.
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Figure 24. Water conditions encountered during the surface mapping in Montere{ &ayanel:Variation in

temperature (blue) and Conductivity (red) at the depth of the sengbesflow through tank, measured by an EXO 2
Sonde Second PanelVariation of turbidity (brown) as measured by the EXO 2 and discrete samples (black triangles)
taken from the tank during reference sampling and measured on a HACH 2100AN Turbidith@ttPanel:fDOM
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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 Manterey Bay survey the JFE produced 1418 measurements all of which were
consideedacceptable values for a sucdetslata return of 100% (Fig. 25 CHL concentrations
determined from reference samples ranged from 4.8 toeld.7oMer the entire survey. The range
in extracted phycocyanin from reference samples was only 0.1 ¢o@.&nd did not represent a
good environment to evaluate fluorescence response to Cyanob&atieeawater quality
conditions and descriptions algal classifications are described below.

Legend

JFE CHL (ug/L)

-1?
- 1275

Figure25. JFEcontinuous underwaghlorophyll dataduring thesurface mapping cruise Monterey Bay Triangles
denote statins wherehe flow-through tankvas isolated and comparative reference sasrghalyzed

A time series of the JFEHL measurements are plotted against the corresponding
reference measurements for thdased exposure stations (Figure) 26or the isolate@xposures
JFECHL measurements ranged fram. 2to 4 ¢ g /cdmpared to a range of 4.7 to 14.7 ffoL
the reference datdt was unclear why there was high variability in reference sample CHL at
station 2 and 7 whictloesaffectthe ability to accurately assess the respoii$e low overall
response by th@&~E and variable reference values resulting in asigmificantlinear regression
for instrument versus referen€L estimation(p=0.3§ with an R=0.06and a slope 0{0.05
(Figure 27.
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A comparison of algal classification from microscope counts on preserved reference
samples from the survegansects relative to the JFE Mdilikciter spectra for the phytoplankton
communities encaitered along the Monterey Bay say track are shown ifigure 28
Microscopic analysis of preserved reference samples indicate that surface waters in this region
where generally dominated by chlorophyltontaining diatoms and dinoflagellates. Present
throughout the survey at lower abundance were ciliate grazers and nannoflagellates of unknown
pigment composition along with chlorophyll b containing euglenoid ceddyThe JFE
chlorophyll excitation spectra broadly captured the photosynthetic phytoplankton classifications
being dominated by a diatom/dinoflagellate signature with a degllimear shouldebeing
prevalent in dinoflagellate dominated waters. ThenB7@xcitation again was responsive to
presence of chlorophytes above 10% biovolume. It was not possible to distinguish whether ciliates
were non fluorescent or fluorescent due to recent consumption of phytoplankton prey.
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Figure 28 Algal classificaton from microscope counts on preserved reference samples compared to emission spectra
of the JFE during the Monterey Bay underway mapping survey. Algal counts were grouped at the functional class
level and represented as a percentage of biovolliraeh pw represents two timepoint replicates of the same batch of
algae and matrix conditions.
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Lake Erie Surface Mapping

The western Lake Erie surface mapping cruise was conducted on Au§ust héard the
NOAA GLERL R/\4108(photo belowand covered &5 km rangeincluding sitesnearthe mouth
of the Maumee Riveoutto open waters 20 km offshor&he survey occurred during an intense
Microcystiscyanobacterial bloomDuring the underway mappirgyirvey,sevenstations were
selected to make comparative refere sample measurements. At each selected station, water in
the tank was isolated for a period of 25 minuéeslkept well mixed with manually stirring. After
an initial equilibrationreference samples were taken at timepointsafd 2 minutes fronthe
point of isolation.

A YSI EXO2 sonde in the tank provided continuous monitoring results during both
underway and isolated time periods with measwents taken every 15 secondg(ife D).
Continuous measurements indicated that conditiotfseitank during isolation periods were more
variablefor stations with high amounts of cyanobacteiidis result likely reflects their highly
buoyant nature and clumpiness of large colorRegerence samples analyses for CDOM and
turbidity are plottedver the sonde data for consistency with other td3tsing the western Lake
Erie cruise temperature ranged from 24 to 26.2nd specific conductivity ranged from 260 to
370 uS/cm. Reference sample analysis showed that CHL ranged fror833u/L, PC ranged
from 0.9 to705ug/L, turbidity ranged from 2.4 to 141 NTU, and CDOM ranged from 0.5 to 1.7.
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Figure29. Water conditions encountered during theface mapping iwesternLake Erie Top Panel:Variation in
temperature (blue) andrductvity (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 the EXO 2 and discrete samples (black triangles)
taken from the tank during reference sampling andsoreal on a HACH 2100AN Turbidimetethird Panel:fDOM

(olive) as measured by the EXO 2,and CDOM measured in discrete sampleg\gitent 8453 spectrometd&ottom

Panel: Time series of dissolved chlorophyll a (green) and bluegreen algae (blue)sasedday the EXO 2 Sonde.
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During the survey the JFE produced 2076 readings all of which were considered
acceptable values for a sucdessdata return of 100% (Fig. 30 CHL estimations from the JFE
ranged from 1.5 to 24 g /oMer the entire survey compared to a range of 11 te 883foLthe
extracted chlorophyll reference samples. The range in extracted phycocyanin from reference
samples was 0.8 to 7@59g / Algal classifications during the survey are described below.

Legend

JFE CHL (ug/L)

Figure 30 JFEcontinuous underwaghlorophyll dataduringthe surface mapping cruise irestern Lake Erie.
Triangles denote statiis where the flowhrough tankwas isolated and comparative referesamples analyzed.

A time seres of the JFE and corresponding reference sample chlorophyll measurements for
the isolated xposures is plotted in figure 3XCHL measurements for the JFE during the isolated
sampling periods ranged from 2.5 to 18.7 pg/L and were significantly lowethtbabserved
reference sample concentrations which averaged from 11 to g9®\er the isolation timepoints.
Pigment concentratiorat station WLEOGvere clearly out ofange for any meaningfu situ
fluorescence measurement.

A oneto-one crosplot of the JFE versus reference sample measurements, with data from
WLEO06 ommitted, is shown in figure 32The linear regression was significant (p=0.008) with an
R?=0.52, but with a slope of only 0.050. The much lower instrument response per witiactfee!
chlorophyll was not unexpectdésed on the calibration agb and further impacted by large
Microcystiscoloniesthat are known to produsery low fluorescent responses.
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Figure31. Time series plot of théFEchlorophyll(blue) and refemece (red during surface mapping deployment on
Lake Erie. Two reference measurements were made at each stattament data was averaged over 2 minutes
bracketing the reference sample time.
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A comparison of algal classification from microscope counts on preserved reference
samples against the JFE emission spectra for the Lakeriierway surfee mapping is shown in
figure 33 There was substantial variance among the timepoint replicates at four of the seven
stations despite the constant manual mixing. We notdvicabcystiscolonies were extremely
buoyant and difficult to kgeevenly distributed. Emission spectra clearly responded to variations
in the amount of gynobacterigresent as noted by the relative strength of the 570 nm emission
compared t@missions between 420 and 470 nm. At statidmr@diatoms dominated the
biovolume (WE2, WE12, WE13) peak emissionswoed at 420 and 435, but theepence of
cyanobacteria was still clearly distirighable at the higher wavelength
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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, ORidate Treatment PlanfFigure 34. 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 up river from
the water treatment intake and appnoately 35 km from the Maumee outflow 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 mirftdesomparative
reference sanmes the flow was isolated and mixed 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 tankervidng the supply of river water to the test instrumeritght).

During theMaumee Rivemoored deploymeriestthe JFE collected 628bservatios all
of which were accepted values fodata returrof 100% of the planned testTime series results of
ambeent conditions for temperature, specific conductivity, turbidi¥pM, chlorophyll and
bluegreen algameasured by the YSI EXC#e given in figur&5. During the deployment,
temperature ranged from 23.29.4C and discharge covered ddd range fron2,000 to 10,000
cfs. Reference sample turbidity and CD@iyhre overlaid for better comparison across {esgith
turbidity rangingfrom 21.6 to 78.3 NTU and CDOM absorbamaegingfrom 4.5 to 5.6.The
continuous sonde data indicated afdld range inchlorophylland phycocyanifluorescencever
the deployment with noticeable patterns across diurnal cycles and river discharge cycles.
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Figure35. Environmentatonditions encountered during the 12 day freshwater deployment in the Maumee River at
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A time series of thdFECHL measurements plotted against # corresponding reference
measurements for the MaemRiver deployment in figures3 Chlorophylimeasurements for the
JFEranged fron¥.0 to 62 pg/L duringthe deployment, whil€HL from corresponding reference
samples ranged fros5 to119 pg/L

120 - 5

100 - 3

(o]
o
1
N o @
e

Chlorophyll a ug/L

Date

Figure 36. Time serieplot of theJFEmeasurements (blue) and reference measumsnieed of chlorophylladuring
the freshwater deployment in the Maumee River at Waterville, @Hter samples were typically collected 1 hour
apart, with either two or fowsamples on a given day.

A oneto-onecross plot of thdFEmeasurementgersus reference sample measurements is
shown in figure 3. Thelinear regressioof the paired datavashighly significant (p<0.001with
an R=0.84 and a slope of 0.32
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Figure37. Cross plof JFEand reference sampbhlorophyllmeasurements during thdaumee Rivefield
deploymentand resulting linear regression

A comparison of algal classification from microscope counts on preserved reference
samples against the JFE emission spectra fdvithemee River field tess shown in igure 38
As wasseen in individual species Lab testitlte prescence of either Cyanobacteria or
Cryptophytes produckmeasureable increases in the 570 nm emissionila8ly the prescence of
Chlorophytes produckemeasureable increases in the 420 and 435 nm emidsiwas notpossible
to compute specific proportions of algal classifications from the emission sfuedtnes test but
patterns and signal strengtlearlyreflecieddifferences in abundance and composition.
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g

Figure 39. Instrument photographs prior to deployment (top) and upon retrieval (bottom)
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Field Deployment at Chesapeake Biological Laboratory (CBL)

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

Déplovment Site

Figure40. Aerial view of CBL deployment sitdeft) and instrument deployment radécatednext toCBL dock
(right).

The JFEoperated for thentiredeploymentcollecting 1293 accepted observatidmsa
data returrof 100% of the planned testContinuous monitoring cimbient conditions for
temperature, salinity, turbidityDOM, chlorophyll and bluegreen algaeeasured by an EXO 2
sondeat 15 minute intervalare given inigure41. During the deployment, temperature ranged
from 22.4 to 26L°C and salinity from 8.1 to 13.2 PSWReference sample turbidity and CDGyyl
are overlaid for better comparison across tesith turbidity ranging narrowly from 0.6 to 1.5
NTU and CDOM absorbance ranging from 0.9 to IT'&e continuous sonde data icated a
roughly 5fold range in chlorophyll and phycocyanin over the deployment with very strong diurnal
cycles and a small overall decline in phycocyanin as satieityeased
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Figure41. Environmental caditionsencountered during the 281y CBL mooreddeploymentTop Panel Variation
in temperature (green) and salinity (red) at depth of instrument sensor detected by an EXO3soodé Panel
Variation in turbidity (browh as measured by the EXO 2 soraaeldiscrete samples measured on a HAZL00AN
(black.) Third Panel: fDOM (dark yellow as measured by the EXO 2 and CDfMneasurean an Agilent 8453
spectrometerBottom PanelChlorophyll (greelpand bluegreen algae (blue).
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A time series of the JFEeasurements of chlorophglie plotted against the corresponding
reference measurement figure 42 Chlorophyl measurements for the JFE ranged from 0.13 to
12.7ug/L compaed totherange in reference samples of ©421.7ug/L for the entire test period
Phycocyanin concentratis from reference samples ranges from 0.6 to 5.5 pg/Lt shduld be
noted that this was the only site where we also saw measureable levels of phycoerithythrin in the
reference samples which concentrations ranging from 0 to 3.4 gaifant plotted. The JFE
showed a diminished diurnal range and diminished magnitude of response after the first week and
it is likely that the wiping system did not completely prev@etimpactof biofouling (see
instrument photodsig. 45,). The ratio of instrumentHL to extracted CHL declined from nearly
70% at the beginning of the deployment to less than 15% at the final week.

Chlorophyll a ug/L

Date
Figure42. Timeseries plot of thdFE(blue) and reference measurements (red) of chloropluylting the CBL
moored deployment in Solomons, MD.

A oneto-onecross plot of thdFEversus reference sample measurements of chlorophyll
for theChesapeake Bay field tastshown in figuret3. Despite rather high variability,lmear
regressiorof the datawvas significant(p=0.0045 butwith an F=0.15and a slope d.25 Again
biofouling appeato have impacted the response over time and this regression does not represent a
full characterization of the potential response in this environnk@rtexamplethe regression
over the first 8 days of the deployment show an improved relationship wiRF-@®2 and a slope

of 0.34.
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Figure 8. Crossplot of JFEand reference sample measurements durin@Biefield deployment.

A comparison of algal classification from microscope counts on preserved reference
samples against the JFE emission spectra for the Chesapedied#pst is shown inigure 44
The prescence tie gzanobacteriespeciesSynechococcyzoducal measureable increases in the
570 nm emissionlt was more difficult to discern consistent differences in the pattern of the
emission spectra based on the relative proportion of Diatoms versus Dinoflagellates. Both groups
caused measureable incsea in emission at lower wavelengths, most notably at 373 mnder
the current setip of the instrument, it is impossible to compute specific proportions of algal
classifications from the emission spectra, but patterns and signal strength are refifetiengces
in abundance and composition.
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Figure 4. Referencesell counts as percentagEliomass compared to emission measured byEfor the
Chesapeake Bay field deployment test.
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