ACT VS08-06

“m WIALLIANCE
FORCOASTAL

TECHNOLOGIES

PERFORMANCE VERIFICATION STATEMENT

for the YSI Inc. Model 6025 Chlorophyll Probe

TECHNOLOGY TYPE: Fluorometer

APPLICATION : In situ estimates of chlorophyll concentrations

PARAMETERS EVALUATED : Response linearity, precision, range, and rdiigbi

TYPE OF EVALUATION : Laboratory and Field Performance Verification @éten
ACT Partner sites

DATE OF EVALUATION : Testing conducted from May through September 2005

EVALUATION PERSONNEL: M. Carroll, D. Chigounis, S. Gilbert, K. Gundersen,

K. Hayashi, C. Janzen, T. Johengen, T. Koles, Erieg
T. McKissack, L. Meadows, C. Metcalfe, C. Robertson
D. Schar, J. Seiter, G.J. Smith, M. Tamburri and\lls.

NOTICE:

ACT verifications are based on an evaluation ohitetogy performance under specific, agreed-
upon protocols, criteria, and quality assurancegadares. ACT and its Partner Institutions do rotify
that a technology will always operate as verified anake no expressed or implied guarantee as to the
performance of the technology or that a technoldlyalways, or under circumstances other than ¢hos
used in testing, operate at the levels verifiedCTAdoes not seek to determine regulatory compliance
does not rank technologies nor compare their pedoce; does not label or list technologies as
acceptable or unacceptable; and does not seekeordee “best available technology” in any formher
end user is solely responsible for complying withy a&and all applicable federal, state, and local
requirements.

This document has been peer reviewed by ACT Rahs#éitutions and a technology-specific
advisory committee and was recommended for puklease. Mention of trade names or commercial
products does not constitute endorsement or recomation by ACT for use.

Questions and comments should be directed to:MBrio Tamburri
Alliance for Coastal Technologies
Chesapeake Biological Laboratory
PO Box 38 / One Williams Street
Solomons, Maryland 20688, USA
Email: tamburri@cbl.umces.edu

UMCES Technical Report Series: Ref. No. [UMCES]C#-054



ACT VS08-06

EXECUTIVE SUMMARY

Instrument performance verification is necessaryhst effective existing technologies can be recagh
and so that promising new technologies can becoaiahle to support coastal science, resource neameagt, and
ocean observing systems. The Alliance for Coastehmologies (ACT) has therefore completed an etialuaf in
situ fluorometers designed for measuring chloroph@hlorophyll measurements are widely used by usso
managers and researchers to estimate phytoplartiondance and distribution. Chlorophyll is also thest
important light-capturing molecule for photosyntiseend is an important variable in models of priynaroduction.
While there are various techniques available féordphyll determinations, in situ fluorescence islely accepted
for its simplicity, sensitivity, versatility, anacenomical advantages.

As described below in more detail, field tests tbatnpare manufacturer’s chlorophyll values to those
determined by extractive HPLC analysis were desigmdy to examine an instrument’s ability to traztkanges in
chlorophyll concentrations through time or deptll &OT to determine how well the instrument’s valuestched
those from extractive analysis. The use of fluor@meto determine chlorophyll levels in nature iieggilocal
calibration to take into account species compasitfgthysiology and the effect of ambient irradiangasticularly
photoquenching.

In this Verification Statement, we present the @enfance results of the YSI Model 6025 Chlorophyll
Probe evaluated in the laboratory and under divisek conditions in both moored and profiling ®sA total of
nine different field sites or conditions were uded testing, including tropical coral reef, highrhidity estuary,
open-ocean, and freshwater lake environments. Beaafuthe complexity of the tests conducted andtimber of
variables examined, a concise summary is not gesd¥e encourage readers to review the entire dentifand
supporting material found at www.ysi.com) for a @wehensive understanding of instrument performance.
However, specific subsection of parameters testedrid environments tested in can be more quiddyntified
using the Table of Contents below.
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BACKGROUND:

Instrument performance verification is necessaryhat effective existing technologies can be
recognized and so that promising new technologaes ltecome available to support coastal science,
resource management, and ocean observing systemisisTend, the NOAA-funded Alliance for Coastal
Technologies (ACT) serves as an unbiased, thirty pestbed for evaluating sensors and sensor ptasfo
for use in coastal environments. ACT also serves esmprehensive data and information clearinghouse
on coastal technologies and a forum for capacitiding through workshops on specific technology
topics (for more information visit www.act-us.info)

This document summarizes the procedures used esudty of an ACT Evaluation to verify
manufacturer claims regarding the performance effBl 6025 Chlorophyll Probe incorporated as part
of the 6600 EDS. Detailed protocols, including Q&/@nhethods, are described in tReotocols for the
ACT Verification of In Stu Fluorometers (ACT TV05-01), which can be downloaded from the TAC
website (www.act-us.info/evaluation_reports.phppp@ndix 1 is an interpretation of the Performance
Verification results from the manufacturer's pahview.

TECHNOLOGY TYPE:

Chlorophyll measurements are widely used by resounanagers and researchers to estimate
phytoplankton abundance and distribution and camdes as a tool in assessing eutrophication status.
Chlorophyll is also the most important light-cajtgr molecule for photosynthesis and is an important
variable in models of primary production. Theseadate used for numerous industrial applications as
well, including water quality management, wateatngent, ecosystem health studies, and aquaculture.
There are various techniques available for chloythptieterminations, including spectrophotometry,
bench-top fluorometry and high performance liqudacnatography (HPLC) using samples collected on
filters and extracted in solvent. However, chlorgpimeasurement by in situ fluorescence is widely
accepted for its simplicity, sensitivity, versdsiliand economical advantages.

In situ fluorometers are designed to detect chloyt in living algal and cyanobacterial cells in
aguatic environments. The excitation light from theorometer passes through the water and excites
photosynthetic pigments, including chlorophyll viitithe living cells of the algae present. A small
fraction of this absorbed light is re-emitted byotbphyll a as red fluorescence. As light absorption by
chlorophyll and its accessory pigments and the d&tabsorbed photons are biophysical events driving
photosynthesis that are under physiological cons@Veral factors make in situ fluorescence monigor
of chlorophyll, a semi-quantitative measure at bEéstvironmental conditions, phytoplankton community
composition, physiological status, cell morpholagyd irradiance history all play a role in alteritge
relationship between fluorescence and the condeisaof chlorophyll. Also interfering materials such
as other plant pigments, degradation products assblded organic matter, can compete with light
absorption or change the optical path of fluoredaggd. Even with these diverse natural constraimts
situ fluorescence in a variety of deployment modess supply valuable information on the relative
temporal and/or spatial distribution of chlorophgtincentrations in the water column and under aimil
conditions correlates well with extracted chlorojplaysamples.

YSI developed the 6025 sensor for the determinatb chlorophyll in spot sampling and
continuous monitoring applications. It is equippeith a wiper that cleans the optics automaticafly i
unattended studies and can be controlled manuallgampling applications. The 6025 determine
chlorophyll in situ without disrupting cells astine extractive analysis methods. The light sourcewur
probe is an LED that has a peak wavelength of 470LED's with this specification produce radiatian
the visible region of the light spectrum with thght appearing blue to the eye. On irradiation viftb
blue light chlorophyll resident in the whole cedimits light in the 650 - 700 nm region of the spatt
The system detector is a photo diode with highiteitg and a filter to restrict detected light. iBHfilter
prevents the 470 nm exciting light from being detdowhen it is back scattered off of particleshe t
water. Without the filter turbid or cloudy water wid appear to contain fluorescent phytoplanktomeve
though none were present. The manufacturer’s ghdadi performance specifications for the YSI 6025
fluorometer include: Range 0 to 49§ L™ (0 to 100 % full scale), Resolution of +/- 0.1, L™ (0.1 %



ACT VS08-06

full scale) and Operating Depth of 0 to 61 mete260( feet). More information can be found at
WWW.ysi.com.

APPLICATION - OBJECTIVES AND FOCUS OF PERFORMANCE VERIFICATION :

The basic application and parameters evaluate@ wetermined by surveying users of in situ
fluorometers. Almost equal numbers of respondemtsur needs and use assessment indicated in situ
fluorometers were commonly deployed on remote @tat§ in estuarine and near shore environments and
used in profiling applications, typically down to laast 100 meters depth. Therefore, this perfooman
verification focused on these two applicationswhs also clear from the user survey that accuracy,
precision, range (i.e., detection limits), and aleliity are the most important parameters guiding
instrument selection decisions. Given that in vaven situ fluorometry is a relative measuremerthwio
absolute “true value” reference (see discussiorv@baccuracy in the measurement of chlorophyll in
vivo cannot be determined directly. Much of theiaton in fluorescence as a measure of chlorophyll
due to physiological and taxonomic factors thatehamthing to do with any particular instrument.
Therefore, a surrogate for accuracy was used m Rarformance Verification; response linearity or
stability of the response/calibration factor toedinked reference (see below). Protocols were dpeelo
with the aid of manufacturers and Technical AdysBommittee to evaluate these specific areas.

PARAMETERS EVALUATED :

Definitions below were agreed upon with the maatufeer as part of the verification protocols.

Response Linearity— Stability of a predetermined response or cdiibmnafactor, computed as:
(fluorometer measurement in sample solution — uweter measurement in blank solution) / [reference
standard] over a range of reference standard ctiatems. As relative fluorescence is temperature
dependent, response factors were quantified iath@atory for each test temperature and the infiee
of reference dye and algal concentrations, vargtagdard turbidity concentrations, and light canda
were assessed.

Precision— Precision is a measure of the repeatability of asmeement. Instrument precision
was determined by calculating the coefficient ofiaton (STD/Mean x 100) of replicate fluorometer
measurements at 3 different reference dye condemsaand a fixed temperature in the laboratory.

Range— Range or detection limit is a measure of the mim and maximum concentration of
specific reference dyes and in vivo chlorophylthe instrument can accurately (see definition apov
measure. Range and linearity were determined oituiod series of dye and algal concentrations in
water under total darkness.

Reliability — Reliability is the ability to maintain integrityr stability of the instrument and data
collections over time. Reliability of instrument@svdetermined in two ways. In both laboratory aeld f
tests, comparisons were be made of the perceratafrdcovered versus percent of data expectedelth f
tests, instrument stability was determined by pamed post-measures of blanks and reference dyes to
qguantify drift during deployment periods. Commeatsthe physical condition of the instruments (e.qg.,
physical damage, flooding, corrosion, battery fa&jwetc.) were also recorded.

TYPE OF EVALUATIONS - SUMMARY OF VERIFICATION PROTOCOLS:

In conference with the participating instrument ofacturers and the Technical Advisory
Committee, it was determined that the verificatijgmotocols would: (A) employ reference dyes and
extractive chlorophyll a analysis through HPLC las standards of reference for determining instramen
performance characteristics; (B) include controleabratory tests; and (C) include field tests\aleate
performance under a variety of environmental cooalt

The HPLC method used for chlorophyll analysis fatlothat of Zapata et al. (2000, MEPS
195:29-45). Analyses were conducted by the laborabd Dr. Nick Welschmeyer at Moss Landing
Marine Laboratories (MLML, the West Coast ACT Partinstitution). All samples from Partner sites
were frozen in liquid Mand shipped by overnight courier in liquid try shippers to MLML. Frozen
samples were logged in by ACT staff upon receit stored in liquid N dewars along with the MLML
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samples. Samples were then extracted by physigadigg and in N-purged 90% acetone overnight,

followed by autosampler HPLC processing commenthegfollowing day. Extracts were simultaneously
analyzed by a standard fluorometric technique (@heteyer 1994, L&O 39: 1985-1992) to complement
HPLC assays described above.

All laboratory tests of response linearity, premigirange, and reliability were also conducted at
MLML in well-mixed (submersible circulating pumpggmperature controlled water baths. As the goal
of the laboratory tests was to assess performahdbeofluorescence detection systems rather than
biologically based variation in chlorophyll fluoence, an inert fluorochrome was employed as the
reference standard. Basic Blue 3 (BB3, C.I. 51@DAS 33203-82-6, M.W. 359.9) was selected as the
primary fluorometric reference standard (Kopf aneirtae 1984Anal. Chem. 56, 1931-1935). BB3 is
readily soluble in both deionized and sea-waterl(mg.mL* or > 2.8 mM) without substantial shifts in
absorbance propertied fx = 654, emesa = 88954,hem = 661 NM). At the request of the participating
manufactures and on recommendation of the scierdiivisory panel, the dye Rhodamine WT (RWT,
max = 497, %em = 523 Nm) was also used in a limited number okgehdent test conditions to permit
cross calibration of BB3 and RWT fluorescence dgniastrument output was first “calibrated” to BB3
and/or RWT concentration under standard referermalitons by immersion in one or two-point
standardization solutions as suggested by eachfawtater.

Moored field tests were conducted by seven ACTrearnstitutes at a fixed depth of 1 m from
secure deployment sites representing a range afommvental conditions, representative of the raofe
coastal environments in North America. Field sitesluded the Chesapeake Biological Laboratory
(Solomons, University of Maryland), NOAA/GLERL Lak#lichigan Field Station (Muskegon,
Michigan, CILER/University of Michigan), Darling Mee Center (Walpole, Maine,
GoMOOS/University of Maine), Moss Landing Harbor d84 Landing, California, MLML), western
shore of Skidaway Island (Skidaway, Georgia, SkK3neohe Bay Barrier Reef (Kaneohe Bay, Hawalii,
University of Hawaii), and Bayboro Harbor (TampayB&lorida, University of South Florida). Similar
profiling tests were conducted at two sites, CILBRersity of Michigan and GoMOQOS/University of
Maine.

Instruments tested, both in the laboratory andhénfield, were incorporated in the YSI 6600 EDS
a stand-alone package, which included mechanigaihgisystem (biofouling prevention), data logging,
data transformation/conversion equations, and iedeéent power, provided by the manufacturer. A total
of four fluorometers were evaluated and all instents were reconditioned by the manufacturer pdor t
the second set of deployments at the remaining R&fner test sites.

For moored tests, instruments were programmedctwdealata every 15 minutes and both prior to
and after deployment, a series of blanks (DI waser) dyes (BB3 and RWT) were presented to the
instruments at the field sites as baseline refe@®nd/ater samples for HPLC chlorophyll analysisewer
collected (at the same depth and as close as po$sithe sensor heads) at least twice a day, Menda
through Fridays during the four-week field testita time instruments were programmed to sample. In
conjunction with each water sample collection,-specific conditions were also noted (e.g., datee;t
weather conditions, natural or anthropogenic disioces, and tidal state). Identical methods weed us
for profiling test with the instrument programmaeu record at one second intervals and water sample
collected at varying depths.

* Detailed fluorometer performance verification protocols can be downloaded at:
www.act-us.info/evaluation_reports.php

Quality Assurance/Quality Control — This performance verification was implemented
according to the test/QA plans and technical doecusngrepared during planning of the verificatiosite
Prescribed procedures and a sequence for the wer defined during the planning stages, and work
performed followed those procedures and sequeneehnical procedures included methods to assure
proper handling and care of test instruments, sesnphnd data. Performance evaluation, technical
system, and data quality audits were performed Byp@sonnel independent of direct responsibility fo
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the verification test. All implementation activsievere documented and are traceable to the tegi/@A
and to test personnel.

The main component to the QA plan included techrsgstems audits (TSA), conducted by ACT
Quality Assurance Specialists at four of the ACTrtRa test sites selected at random (MLML;
CILER/University of Michigan, SklO, and Universitf Hawaii). These audits were designed to ensure
that the verification test was performed in accamdawith the test protocols and the AQIality
Assurance Guiddlines. (e.g., reviews of sample collection, analysis atiter test procedures to those
specified in the test protocols, and data acqaisitand handling). During the verification tests, no
deviations from the test protocols were necessary.

The environmental samples used for determinationiotd! chlorophylla content by HPLC
analysis were subject to several levels of qualdyurance control. First, addition of the intestahdard
(trans-beta-8-carotenal; Fluka) to the 90% aceximcts was used to control for variation is ifift
volume and potential sample dilution/evaporatiomirdy tissue-grinding extraction. Second, HPLC
chromatograms were visually inspected to ensureracg of peak and baseline calls and corrected as
needed. Third, as an independent check on theamcof the HPLC chlorophyh estimates, roughly
two-thirds of the samples were selected from eattl §ite and the extracts assayed on calibratddlsn
bench fluorometers using standard protocols (sisggp fluorometry: Welschmeyer, 1994 and
acidification fluorometry: Yentsch et al. 1965).

Sample discrepancies>%0% difference in estimate) identified by direct comparison of
chlorophylla estimates obtained by these independent methadsresevaluated for accuracy by checks
of the original chromatogram calls, spreadsheeiesnaind if necessary re-injection of the sampléeun
consideration. When standardized against pureapihyll a in 90% acetone, the simple fluorometric
assays inherently overestimate chlorophgllin natural samples because of additional fluomgsce
compounds contained in the natural pigment mathis overestimate is typically ca. 10%, but can be
greater when large portions of chl b, chl c1, &lahl3 and pheopigments are present in naturgblesm

HOw TO INTERPRET THE RESULTS:

As described above, fluorometers are sensors d=signdetect the fluorescent energy emitted by
certain molecules of interest, such as chlorophyhen working with pure analyte solutions, the
fluorescence value measured by an in situ fluoremsttypically proportional to the concentratidrtioe
molecules present. The laboratory tests therefoceised on instrument parameters such as response
linearity to dye solutions under varying concentreg and conditions. However, the relationship leemv
fluorescence and the concentration of chloroplylin living cells is strongly influenced by many
biophysical and physiological factors. For exampléprophyll fluorescence in vivo is a functionligfht
absorbed by all photosynthetic pigments in thedisd sample, whereas in an extract, it is onlylighe
absorbed by chlorophyll molecules. This makes #soence of chlorophyll in an extract a poor proky o
chlorophyll fluorescence in vivo. Field tests, whicompare fluorometer values to those determined by
extractive HPLC analysis, were therefore designalg tb examine the instrument’s ability to reliably
track changes in chlorophyll concentrations throtigte or depth and NOT to determine how well the
instrument’s values match those form extractivdyeig Ancillary water quality measures taken dgrin
the field trials (CDOM and TSS) might be used tdphassess the underlying cause (optical path
interference versus instrument electronic noisplgitoplankton, physiology) of any deviations betwee
measured fluorescence and extracted chlorophyll.

* Data is presented agig L™ of Chl a as calculated and reported by the instrument. Fordditional
corrections, interpretation and analysis of resultsplease visit www.ysi.com.
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SUMMARY OF VERIFICATION RESULTS, LABORATORY TESTS

Because of the inherent limitations of in situ floimetry and the inability to control various
factors that can impact the data during field tegisponse linearity, precision and range wereraebed
in the laboratory only.

Response Linearity and Detection Range

Figure 1: Instruments were equilibrated in temperature regdlavater baths and programmed to sample
at 1 minute intervals while being exposed to setjaleincreases in BB3 concentrations. YSI fluoroenet
output was highly linear through the maximum BB3Jha@entrations detected indicating an equivalent
instrument detection capacity in excess of ih@SL'l of Chlorophylla (Chl a). The average instrument
response in dye-free water was -0.173 + O.;Z@?L'l Chl a, indicating a limit of detection at 3 s.d. of
0.770 ug L of Chl a above the baseline reading. The fluorescence yel8B3 is temperature-
dependent (-1.56% + 0.06% P&, G. J. Smith, pers. Obs; Kopf and Heinz 1984).daployed in the
YSI 6600 sonde configuration, the YSI fluorometensor response did not exhibit any significant
temperature hysteresis, yielding a BB3 temperatependence of -1.58% + 0.26% P€r. Regression
analysis encompassed the entire test dye condentrange tested for all experiments reported.dalia
plotted as mean and standard deviation of botlctigteesponse and analyte concentration.
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Response Precision

Figure 2: Detector noise, here expressed as the standaratida of 10 sequential samples at 1 minute
intervals in fixed temperature and BB3 dye coneditns exhibited no significant trends with mean
detector response. Over the instrument detectiogeraf 0-155.g L™ of Chla, the absolute signal noise
was * 0.272 (0.170 — 0.38Q) L™ of Chla. All data plotted as mean and standard deviatfoboth
detector response and analyte concentration.
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Response Linearity and Fluorochrome Response

Figure 3: The YSI fluorometer detector response was lineagr asomparable concentration
ranges of two distinct test fluorochromes BB34 654 nm) and Fluorescent Red (Rhodamine)
WT (Amax 555 nm). The higher molar response slope exhildftedRWT is consistent with its
blue shifted absorbance indicating some spectsatidnination for this sensoAll data plotted as
mean and standard deviation of both detector regpand analyte concentration.
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Response Linearity and Phytoplankton Chlorophyll Fuorescence

Figure 4: Detection of Phytoplankton Chlorophyll Fluorescence. Instruments were equilibrated f/2-
enriched seawater in a temperature controlled &r#6°C in darkened conditions. Total chlorophall
concentration in the media was manipulated by apdliquots of late log-phase cultures (276.85 B8&9.
ng L™ of Chla) of the diatoniThalassiosira pseudonana Clone 3H (CCMP 1335) which had been grown
in f/2 enriched seawater under constant illumimatd 15°C. Instrument response was linear with total
extractable diatom chlorophy#i concentrations throughg L™ of Chl a. Subsequently, media Chl
concentrations were amended by addition of log-@hasgtures (80.9 + 3.79g L™ of Chl a) of the
cyanobacterial strai®ynechococcus sp. CCMP 1282 grown in parallel with the diatonitunes. The
instrument did not detect the cyanobacterial pag#tadhlorophylla with the same efficiency observed for
the diatom packaged chlorophyll. Response regmessior diatom additions wagig L™ of Chl a
=0.510[Chla]+ 0.166, f=0.999, p<0.001 whereas the response to subseqyanbbacterial additions
was ca. 85% lowerpg L™ of Chla =0.070[Chla]+0.087, f=0.517, p=0.171. Instrument noise in the
background seawater media was + QU89 of Chla. No significant instrument response was observed
below an added dose of Quf L™ of Chla consistent with the predicted limit of detectidnal7 ug L™

of Chla.
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Response Linearity and Sensitivity to ambient turbility, CDOM and irradiance

Figure 5: Instrument response to the test fluorochrome BBS agsessed in a temperature regulated bath
at 15°C. Instrument detection of added BB3 was in goag@mgent (+15%) with the prior, independent
calibration to BB3 concentration (see Fig. 1). Fh#oroprobe was relative insensitive to formaziigjed

as a proxy for turbidity. Coffee extract, used apraxy for CDOM, did induce a 2-times UVLED-
dependent signal enhancement consistent with gigr@exd function. Conversely the LED channels 1-4
exhibited a signal depression demonstrating thegded feedbacks in the detector hardware. Whilé bot
proxies of water quality components induced anetéf$n detector response, this represents a sshyte

in instrument baseline. The Fluoroprobe was depldpethe test tanks without its external light $thie
collar and exposure of the tanks to a downwellindase irradiance of ca. 5q0nol quanta M s* PAR
(artificial light) consistently induced a depressim recorded signal output again pointing to deresi
hardware based feedbacks on detector responsdataliplotted as mean and standard deviation of both
detector response and analyte concentration.

Instrument Sensitivity to
Ambient Irradiance, Turbidity and CDOM

200 . . . r T T

P [

~ 175F —e—

g g ] ® BB3, Dark

O 150 ] BB3, Light

? ® BB3+ Formazin (22.840 mg/L TSS), Dark

g 2%t "7 | ®  BB3+Formazin, Light

£ gk ] ® BB3 + Formazin+ CDOM1 (A[470] 1.380 m"),Dark
a g ] BB3 + Formazin+ CDOMT, Light

& 75k " . ® BB3+ Formazin+ CDOM2 (A[470] 2.472 m"), Dark
T:' L ] BB3 + Formazin+ CDOM2, Light

g SAF 1 ® +BB3 + Formazin+ CDOM2, Dark

= - g ] ] ® +BB3 + Formazint CDOM2, Light

E ’ E e = || Response Calibration to [ BB3 ] at 15° C

= oo™ .

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

Added [ BB3], uM

Laboratory Reliability

Prior to the laboratory evaluation, the test umit ot function correctly because of a softwareésdt
was therefore replaced by YSI before lab testingabe All expected data points were successfully
downloaded from the replacement instrument andpdotted above. There were no other obvious
instrument malfunctions.
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SUMMARY OF VERIFICATION RESULTS, FIELD MOORED TESTS.

Field Conditions

ACT VS08-06

TABLE 1. Lists the field conditions during the mooring tagt{fw = freshwater).

SITES Temperature °C | Salinity PSU| TSSmg.I* | cDOM A [470 nm], m*

Chesapeake Bay Minimum 25.68 12.86 0.88 0.37
Maximum 30.08 14.94 18.53 0.93
Average 27.59 14.13 6.74 0.56

STDev 1.00 0.38 3.32 0.13

Lake Michigan | Minimum 14.02 fw 0.94 0.47
Maximum 26.56 fw 14.71 0.94

Average 20.17 fw 2.21 0.68

STDev 2.08 fw 1.79 0.11

Hawaii Minimum 26.22 34.64 3.60 0.05
Maximum 28.72 35.43 38.00 0.34

Average 27.49 35.29 8.50 0.18

STDev 0.51 0.08 6.60 0.05

Gulf of Maine Minimum 14.37 28.61 2.58 0.18
Maximum 22.78 31.02 11.48 0.54

Average 16.61 30.59 5.03 0.34

STDev 0.95 0.21 1.80 0.09

Moss Landing | Minimum 10.6 31.34 8.98 0.08
Maximum 19.42 33.29 34.08 0.93

Average 14.67 32.73 19.41 0.33

STDev 1.59 0.29 5.22 0.12

Skidaway Island | Minimum 26.28 12.31 9.30 0.69
Maximum 31.35 24.43 54.86 1.22

Average 28.68 18.28 20.07 0.96

STDev 1.09 2.03 8.79 0.15

Tampa Bay Minimum 26.21 6.15 0.16 0.45
Maximum 31.42 27.25 34.85 1.48

Average 29.51 25.64 7.23 0.76

STDev 0.93 1.90 6.12 0.18

12




ACT VS08-06

Field Moored Tests

Field Performance:

Figures, 6A, 7A, 8A, 9A, 10A, 11A and 12A on thdéldaiing pages display chlorophydl concentrations

in ng L (green line) measured by the instrument throughe timonth/day on x axis) with the
corresponding mean chlorophgliconcentrations from extractive HPLC analysis (yelidots inug L™,

n = 3, standard deviation is plotted although valaee smaller than symbols used in graphs) taken
periodically during the four-week field deployments

Field Ancillary Data:

Figure, 6B, 7B, 8B, 9B, 10B, 11B and 12B displag tbtal suspended solid (grey squares, TSS in mg
L) measured by weight and the colored dissolved mcgamatter (CDOM) estimated by
spectrophotometric analysis (purple triangles, giigm coefficient at 470 nm) both derived from
samples taken periodically during the four-weeldfigeployments.

Field Ancillary Data:

Figure 6C, 7C, 8C, 9C, 10C, 11C and 12C shows ¢theegponding temperature (degree Celsius) and
salinity (PSU) at field site during deployments.

Figure 6D, 7D, 8D, 9D, 10D, 11D and 12D features Ehotosynthetically Active Radiation (PAR in
mMol s* m?) at field site during deployments.

Pre and Post-depl oyment tests:

Table 2, 3, 4, 5, 6, 7 and 8. Instrument respohsddank (DI water) and dyes (BB3, RHOD) before
deployment (PRE) and after deployment (POST). Tis&rument response to blank and dyes after the
deployment was tested in two stages, pre-cleanitiy tive biofouling remaining on the instrument and
post-cleaning with the biofouling removed®lease use caution when interpreting these resuithile
each test site attempted to remove all materidligy influence fluorometer performance for thetpos
cleaning blank and dye readings, we can not gueeahiat the instruments were restored completely to
the pre-deployment state.

13
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Figure 6: Field Performance — Patuxent River, Chegzeake Bay, Maryland (estuary)
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TABLE 2
PRE POST pre-cleaning POST post-cleaning
Mean (ug I'Y) STD + Mean fug I STD + Mean fug I STD +
Blk/DI -0.27 0.23 8.27 1.42 -0.63 0.15
BB3 29.70 2.41 32.27 0.55 28.53 0.86
Rhod 112.90 0.66 58.13 0.91 53.20 0.2§

Sensor before the four weeks deployment.

15
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Sensor after the four weeks deployment.
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Figure 7: Field Performance — Muskegon, Lake Michign (freshwater)
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ACT VS08-06

TABLE 3

Note: Missing values due to a problem with pre-dgplent standard solutions, not an instrument
malfunction.

n/a= non available since it was possible to takg one sample for the PRE and POST dye tests,mot a
instrument malfunction.

PRE POST pre-cleaning POST post-cleaning
Mean (ug I") STD + Mean fug I STD + Mean (g I STD +
BIk/DI 1.1 n/a 0.5 n/a
BB3 24 n/a 23.2 n/a
Rhod 42.7 n/a 42.4 n/a

Sensor before the four weeks deployment. ns&@aeafter the four weeks deployment.
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Figure 8: Field Performance — Coconut Island, Hawai(coral reef)

ACT VS08-06

Note: The missing PAR data were due to data Idgsimmg a malfunction of the ACT datalogger.
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TABLE 4
n/a= non available due to biofouling, not an instemt malfunction
PRE POST pre-cleaning POST post-cleaning
Mean (ug I') STD + Mean (g I') STD + Mean (g I') STD +
BIk/DI -0.77 0.15 1.87 0.80 -0.27 0.42
BB3 29.03 3.66 n/a n/a 28.47 0.57
Rhod 63.40 0.96 n/a n/a 60.37 0.31

Sensor before the four weeks deployment. Safse the four weeks deployment.
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Figure 9: Field Performance — Damariscotta River Esiary, Gulf of Maine (tidal embayment)
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TABLE 5
PRE POST pre-cleaning POST post-cleaning
Mean (ug 1) STD + Mean fug I STD + Mean fug I STD +
BIk/DI -0.23 0.15 80.30 133.9¢ 0.08 0.32
BB3 37.00 0.44 239.85 184.84 39.23 0.43
Rhod 56.63 0.32 92.23 29.93 57.13 0.64

Sensor before the four weeks deployment.

21

ens& after the four weeks deployment.
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Figure 10: Field Performance — Moss Landing, Califmia (estuary)
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ACT VS08-06

TABLE 6
n/a= non available due to biofouling, not an instemt malfunction.
PRE POST pre-cleaning POST post-cleaning
Mean (ug 1) STD + Mean fug I STD + Mean (g I STD +
BIk/DI -0.35 0.06 4.92 2.51 -0.33 0.35
BB3 25.28 1.23 n/a n/a 19.78 0.65
Rhod 47.25 0.38 n/a n/a 45.50 0.26

Sensor before the four weeks deployment. Serisorthe four weeks deployment.
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Figure 11: Field Performance — Skidaway Island, Geagia (estuary)
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TABLE 7
PRE POST pre-cleaning POST post-cleaning
Mean (ug ") STD + Mean @g I STD + Mean @g I STD +
BIk/DI -0.73 0.12 78.24 45.16 -0.05 0.24
BB3 20.17 0.47 66.28 43.45 21.43 1.17
Rhod 37.97 0.67 49.90 0.72 39.87 0.31

Sensor before the four weeks deployment. Sensor after the four weeks deployment.
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Figure 12: Field Performance — Bayboro Harbor, Tamp@ Bay, Florida (estuary)
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ACT VS08-06

TABLE 8
PRE POST pre-cleaning POST post-cleaning
Mean (ug I STD + Mean (g I') STD + Mean (g I') STD +
BIk/DI -0.27 0.12 1.23 0.15 0.23 0.15
BB3 20.07 0.29 14.67 0.38 17.93 0.40
Rhod 80.20 1.30 55.90 0.20 65.97 0.8§
[ -

Sensor before the four weeks deployment.

27

@eafter the four weeks deployment.



ACT VS08-06

Moored Reliability

As with the laboratory evaluations, one YSI Sondd Boftware problems prior to deployment in Hawaii
moored tests. Additional devise configurations wpslaneeded to be downloaded and applied before the
unit was put in the field. The fluorometers weregrammed to collect and record chlorophyll dataeve
15 minutes during the four-week moored deploymantsach of the ACT test sites. All expected data

points were successfully downloaded from each itegtument and are plotted above. There were no
obvious instrument malfunctions.
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SUMMARY OF VERIFICATION RESULTS, FIELD PROFILING TESTS.

Figures 13A, 14A and 15A, display depth profiles of chlong) a concentrations img L™ (green line)
measured during the up-cast by the instrument thighcorresponding chlorophyl concentrations from
extractive HPLC analysis (yellow dots jug L™, n = 3, standard deviation is plotted althoughugalare
smaller than symbols used in graphs) taken at &etes depth throughout the water column during the
up-cast.

Figures 13C, 14C and 15C display the total suspended gy squares, TSS in mg'Lmeasured by
weight and the colored dissolved organic matter Q80 estimated by spectrophotometric analysis
(purple triangles, absorption coefficient at 470) frath derived from samples taken at 6 discretehdep
throughout the water column during the up-cast.

Figures 16A, 17A and 18A, display depth profiles of chlong) a concentrations img L™ (green line)
measured during the down-cast by the instrumerit thieé corresponding chlorophyl concentrations
from extractive HPLC analysis (yellow dotsyig L™, n = 3, standard deviation is plotted althoughugal
are smaller than symbols used in graphs) takerdescéete depth throughout the water column dutfireg
down-cast.

Figures 16C, 17C and 18C display the total suspended gy squares, TSS in mg'Lmeasured by
weight and the colored dissolved organic matter Q80 estimated by spectrophotometric analysis
(purple triangles absorption coefficient at 470 rbojh derived from samples taken at 6 discretehdept
throughout the water column during the down-cast.

Figures 13B, 14B, 15B 16B, 17B, 18B display shows the cgpoading temperature (degree Celsius)
salinity (PSU when available) the Photosynthetjcaélctive Radiation (PAR in mMol Sn? when
available) throughout the water column during tbevd-cast.
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Figure 13: MAINE Profile 1 - Position: Penobscot By, Upper Bay near Castine44 21.258, Lon: 68
50.062. Start Down ~ 17:58:00 EST
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Figure 14: MAINE Profile 2 - Penobscot Bay, Bay Moth Channel, Lat: 44 06.395, Lon: 68 59.447

Start Down ~ 21:15:49 EST
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ACT VS08-06

Figure 15: MAINE Profile 3 - Position: Penobscot By, Southern Passagd.at: 44 19.850, Lon: 68
56.322. Start Down ~ 00:47:15 EST
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Temperature

Chlorophyll a

Figure 16: Michigan Profile 1 — Lake Michigan

Start Down ~ 7:00:00 EST
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Figure 17: Michigan Profile 2 - Lake Michigan
Start Down ~ 9:10:04 EST

A Chlorophyll a B Temperature / PAR
o7 ° 8 ®? ® o s w sw
|
| ° Instrument Chla (pg.l'l) 2 |
o -1 — Temp (OC)
HPLC Chla (ng.l 7) 1 2
41 — PAR (mMol.s ".m )
2 -
6
8 4
4 -
10
1 B
= 12
2
67 o 14
1 16
8 18 }
| 20 J
22 |
10
24 4
12 C TSS / CDOM
= 0 1 2 3 4 5
o 0
fa)
5 1A O Tss(mgl} o
14 - A CDOM A[470]
4
61 A [m]
16
[
8 4
10 4
18
S A o
< 10
e
1 a
[}
o 14/
20
161a o
18 4
22
20 1
o o
22 4
24 - A o
24 4

34



ACT VS08-06

Figure 18: Michigan Profile 3 - Lake Michigan
Start Down ~ 17:27:49 EST
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5/9/06
To Whom It May Concern,

YSI Inc. would first like to thank the ACT scientists, technicians and staff that made this challenging
evaluation possible. YSI feels that this is a very valuable service that ACT provides to the monitoring
community and strongly supports the ACT Program. We believe the results effectively characterize the
performance of the YSI chlorophyll sensor and highlight the effectiveness of the sensor for real-time
monitoring and profiling applications in a wide range of natural environments. All sensors were
equipped with the patented EDS (Extended Deployment System) Wiper System that provides an
effective means of preventing the impacts of biofouling organisms, thus extended the deployment times
of the sondes. Below we have commented on some of the results from the field sites that we feel
require further explanation. You may contact us directly if you have specific questions regarding this
report. Please call Endeco/YSI at 800 363 3269 and ask for Robert Ellison or Michael Lizotte. We will
comment below on some results that require further explanation as well as on the results from the field
trials.

1) Some field performance data from Skidaway Island, GA and Damariscotta River Estuary, ME was
lost due to intense bio-fouling of the wiper. A recently developed sonde firm-ware update for YSI optical
sensors will reduce or eliminate this type of interference on future deployments is now available. All
existing YSI customers using our optical sensors will benefit from this update. Please visit
www.ysi.com/edownloads for your free copy.

2) The QA method used was HPLC analysis. It is important to note that in the field trials, despite the
effort to collect samples for HPLC analysis as close to the sensors as possible, some of the
disagreement between HPLC and sensor signal can be attributed to changes in the spatial algal
distribution.

3) Some fouling that grew on the wiper accounted for the out of tolerance Post Calibration numbers that
were recorded before cleaning.

4) In the vertical profiling data, the sensor was stopped at a number of depths during the cast and a
series of data points were collected at the depth. Some of the variability of sensor readings at these
fixed depths can be attributed to movements of the sensor at a given depth due to sea-state and
environmental conditions.

5) The 6600 EDS sonde that recorded this data also recorded Turbidity, Depth, Temperature and
Salinity. The Raw data is available from YSI upon request.

Overall we are very pleased with the performance of the YSI 6025 Chlorophyll Sensor in the deployed
and profiling applications.

Best Regards,

Robert Ellison

Global Market/Business Development Manager
YSI Environmental

YSI

1700/1725 Brannum lane 800 897 4151
Pure Data for a Healthy Planet.™ Yel prings, OH Q37 767 7241
45387 USA 937 767 1058 fax






