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Protocols for Verifying the Performance of Fluorometers
to Detect Harmful Algae and Cyanobacteria

1.  Background and Objectives
The Alliance for Coastal Technologies (ACT) is a NOAA- and EPA-funded component of the US Integrated Ocean Observing System (IOOS) and a partnership of research institutions, state and regional resource managers, and private sector companies that are interested in developing, improving, and applying sensor technologies for monitoring coastal and freshwater environments.  ACT was established on the premise that instrument validation of existing and emerging technologies is essential to support both coastal science and resource management.  The overall goals of ACT’s verification program are to provide industry with an opportunity to have a third-party (ACT) test their instruments in both controlled laboratory settings and in diverse field applications within a range of coastal environments and to provide users of this technology with an independent and credible assessment of instrument performance.  

The following protocols describe how ACT will verify the environmental performance characteristics of commercial-ready, in situ fluorometers to interrogate phytoplankton community composition to enhance detection of harmful algae and cyanobacteria through the evaluation of objective and quality assured data.  The goal of this evaluation program is to provide technology users with an independent and credible assessment of instrument performance in a variety of environments.  Therefore, the data and information on performance characteristics will cover pertinent information that users need.  ACT will not simply verify vendor claims, but instead looks to the broader community to define the data and operational parameters that are valuable in guiding instrument purchase and deployment decisions.  

It is 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 determine regulatory compliance; does not rank technologies or compare their performance; does not label or list technologies as acceptable or unacceptable; and does not seek to determine “best available technology” in any form.  ACT will avoid all potential pathways to picking “winners and losers”.  Therefore, although the following protocols will apply to all instruments evaluated, no direct comparisons will be made between instruments from different manufacturers.  Also, instrument-specific Verification Statements will be released to the public for each instrument type as a final report.

2.  Introduction to Technology

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 inherent absorption and fluorescence properties provide an additional, sensitive target for in situ detection and discrimination.  This verification study will evaluate the field and laboratory performance of instruments leveraging the capacity for microscopic discrimination or fluorescence discrimination of phytoplankton community composition.  Evaluations will focus on the capacity of these technologies to discriminate presence and abundance of cyanobacteria and harmful eukaryotic phytoplankton (diatoms, dinoflagellates, prymnesiophytes) within mixed natural communities. 
3. Definitions of Test Parameters
Laboratory cultures will be used to establish known mixtures of marine and freshwater algae (3 representative groups each) to examine instrument response linearity, precision, and range.  Field tests will focus on reliability/stability and the ability of the instrument to quantitatively measure natural changes in concentrations and phytoplankton taxon distributions under surface mapping and moored applications.
· Accuracy:  Closeness of agreement between the result of a measurement and reference, targets (dye proxies, live cells) as defined in the following paragraphs. Accuracy is estimated by repeated comparisons between instrument measurements and reference water samples, and is reported as the absolute and relative difference between reference and measured values.

· Precision – Precision is a measure of the repeatability of a measurement obtained under stipulated controlled conditions.  Instrument precision will be determined by calculating the coefficient of variation (100 x Standard Deviation/Mean) of 5 replicate fluorometer measurements at 3 different reference cell concentrations fixed in the laboratory. 
· Range: Upper and lower limits of detection and quantification. Determined as a measure of the minimum and maximum concentration of specific phytoplankton taxa that the instrument can distinguish from background and previous reference levels, respectively.
· Response Linearity – Stability of a predetermined response or calibration factor, computed as: (fluorometer measurement in sample solution – fluorometer measurement in blank solution) / [reference standard] over a range of reference standard concentrations.  Reference standards will be determined by pigment concentration and cell counts of known additions of cultured algae into filtered natural water.  The influence of turbidity (light scattering particles) and CDOM on fluorometric response will also be assessed through addition experiments.
· Deployment Length: Amount of time the instrument can operate in a submerged deployment setting at a depth of one meter below the surface without needed maintenance or recalibration. Successful deployment requires the sensor to perform within the targeted ranges of accuracy throughout the expected deployment application and duration. Also, comparisons will be made of the percent of data recovered as a proportion of the data that an instrument was designed to collect during its deployment period.

· Reliability – Reliability is the ability to maintain integrity or stability of the instrument and data collections over time.  Reliability of instruments will be determined in two ways.  In both laboratory and field tests, comparisons will be made between percent of data recovered and percent of data expected.  In field tests, instrument stability will be determined by pre- and post-measures of blanks and reference dyes to quantify drift during deployment periods.  Comments on the physical condition of the instruments (e.g., physical damage, flooding, corrosion, battery failure, etc.) will also be recorded.

4. Summary of Basic Verification Approach

These Test Protocols are based on consensus recommendations of the ACT Technical Advisory Committee, ACT staff, and participating Manufacturers. In summary, the test will: 
· Utilize standard, approved laboratory analytical methods including microscopy and extracted pigment analyses to assess abundance of target phytoplankton taxonomic groups and fluorochromes, respectively, in both field and laboratory assessments.
· Include a laboratory evaluation of instrument performance employing mixed phytoplankton suspensions of known composition as the standard of reference for determining instrument performance characteristics in the absence and presence of CDOM and turbidity proxies.  Phytoplankton mixtures will be composed of a single species from three distinct taxonomic groups for marine and freshwater assemblages using grown out culture collections of diatoms, dinoflagellates, cryptophytes, chlorophytes, and/or cyanophytes.

· Include field evaluations utilizing dock-based mooring, underway surface mapping, and vertical profiling trials under a variety of environmental conditions including riverine and lacustrine freshwater (representing drinking water sources), estuarine, and marine ecosystems that exhibit a wide range of water quality characteristics (e.g. nutrients, CDOM, turbidity).
· Qualified personnel affiliated with ACT will conduct all tests.  All personnel involved in this verification exercise will be properly trained on use of instruments by manufacturer representatives and on a standardized water sampling, storage, and shipping method. 

4.1. Pigment Quantification


Water samples will be collected onto 25 mm Whatman GF/F filters under low vacuum filtration (<5 in Hg).  Volumes filtered will vary by sampling location with volumes sufficient to discern coloration of filters (≥ 100 mL). Chlorophyll-a (CHL) content of the filtered material will be 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 chlorophyll a standard dilutions in DMF.  Phycobilin (phycocyanin, PC and phycoerythrin, PE) content of filter collected water samples will be determined by fluorescence analysis of phosphate buffer (50 mM, pH 6.8) extracts following 3 freeze-thaw daily cycles and sonication to maximize pigment extraction (Lawrenz et al. 2011) on a Turner Aquaflor fluorometer calibrated with authentic PC and PE standards (Prozyme Inc.). All sample handling for pigment extraction will be conducted under low light conditions and low temperatures to minimize sample degradation. All calibrations and extract readings will be done at the same temperature with extract sample temperatures regulated in a water bath at 20 ±0.2 oC or at room temperature if stable to within 1 oC of the desired temperature. 

A total of six replicates will be filtered for each reference sample and stored at -80 oC immediately after processing.  Filters for chlorophyll will be stored and extracted in amber glass vials.  Filters for PC/PE will be stored and analyzed in 15 ml opaque, poly-carbonate centrifuge tubes.  Pigment analysis will be conducted on two replicates chlorophyll and three replicates for phycobilins.  One filter will be reserved in storage at -80 oC as a potential back-up should there be unexpected variability in the initial results and a sub-set of these filters may be used for pigment analysis by HPLC if further algal pigment classification is warranted.   

All pigment analysis will be performed by trained ACT personnel at the respective field testing locations.  Each site will use a common set of Standard Operating Procedures, same fluorometers, same water baths, and common sources for reagents and calibration standards.   The chief scientist will oversee the training of sample processing and analysis for pigments prior to the initiation of any testing.  
4.2.  Species Identification, Abundance and Biovolume

Whole water samples (500 mL) will be fixed with acidic Lugol’s (ca 1% v/v) and concentrated as necessary by settling or gentle centrifugation (3000 rpm, 10 min).  Total cell abundance will be enumerated microscopically and assigned to coarse taxonomic groups (i.e. diatoms, dinoflagellates, chlorophytes, prymnesiophytes, and cyanobacteria), or to the lowest taxonomic category needed to assign appropriate biovolume conversions.  Cell abundances will be converted to biovolumes using site-specific dimensional relationships based on equivalent spherical diameter.  For the marine samples in Monterey Bay and San Francisco Bay, additional samples during field testing will be prescreened by reverse filtration through a 20 um nytex screen and preserved with paraformaldehyde at  a final concentration of 0.24%.  Replicate preserved samples will be flash frozen in liquid nitrogen and stored at -80 oC until analysis.   All cytometric quantification will be performed by ACT staff at the MLML.    Data will be reported as total phytoplankton abundance and biovolume of each group after adjustment for volume dilutions.  Relative contribution to overall chlorophyll fluorescence will be estimated based on CHL / cell estimates for laboratory cultures and ‘biovolume’ estimates. 


Analytical contracts will be obtained for phytoplankton counting in the Great Lakes and in Chesapeake Bay to ensure the best local knowledge of the taxa.  In both cases the contract Labs selected have performed microscopy services as part of previous ACT/Naval Research Lab fluorometer testing under a ballast water compliance monitoring study.   To that end, both Laboratories have undergone previous Technical Audits by ACT’s Quality Assurance Manager and both maintain rigorous protocols and certifications.   The analytical contract for the Great Lakes samples will be handled by Euan D. Reavie of the National Resources Research Institute in Duluth, MN.  The SOPs for counting Great Lakes samples will follow protocols of the 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.gov/greatlakes/monitoring/sop/chapter_4/lg401.pdf.  The NRRI team has conducted the phytoplankton analysis for GLNPO for more than 10 years.  The contract for the Chesapeake Bay samples will be supervised by Tim Mullady of the Smithsonian Environmental Research Center in Edgewater, MD.  Phytoplankton analyses will be conducted using an Utermohl settling chamber and inverted phase/fluorescent microscope following the Maritime Environmental Resource Center SOP entitled, Live Organisms ≥ 10 to < 50 um Standard Operating Procedures, Rev No. 4.0, Feb 02, 2017.  For the lab studies and surface mapping in Monterey Bay and San Francisco Bay, ACT personnel at Moss Landing Marine Laboratory have the local knowledge and experience to conduct the analysis directly.  
4.3. Laboratory Tests 

Laboratory tests of response linearity, precision, range, and reliability will be conducted at the Moss Landing Marine Laboratory.   First, instrument output will first be referenced to defined Basic Blue 3 (BB3) and/or Rhodamine WT (RWT) concentrations under standard reference conditions by immersion in one or two-point standardization solutions as suggested by each manufacturer. Basic Blue 3 (BB3, C.I. 51004, CAS 33203-82-6, M.W. 359.9) has been employed as a wide wavelength range (220 -700nm) quantum counter for correction of fluorescence emission spectra (Kopf and Heinze 1984).  BB3 is readily soluble in both deionized and sea-water (>>1 mg / mL or > 2.8 mM) without substantial shifts in absorbance properties (λmax  = 654, εM,654 = 88954, λem = 661 nm).  We will also do initial response against a Rhodamine WT reference standard (RWT, λmax  = 497, λem = 523 nm) as numerous fluorometer manufacturers have based chlorophyll or cell equivalents estimation to this dye response.  Second, instrument response to each of the individual freshwater and marine cultures used in the testing will be quantified at three concentration levels, approximating 0, 10, and 50 µg/L as CHL. Third, instruments will be exposed to a mixture of three different phytoplankton species within freshwater and marine cultures as described below.  Lastly, matrix effects of turbidity and dissolved organic carbon will be assessed through add in additions to range of mixed assemblage concentrations as described below.
The various test conditions defined below will be produced in well-mixed (via mechanical paddles), temperature controlled (monitored at two locations in each bath), water baths where instruments will be submerged for testing (as appropriate). For those instruments needing manual sample exposure, a corresponding sub-samples will be dispersed from a common reference sample draw at each reference sampling timepoint. Test tanks will be equipped with a multi-parameter YSI EXO2 sondes to continuously monitor temperature, salinity, turbidity, fdom, pH, DO, CHL, and BGA during all laboratory testing. All laboratory testing will be conducted at a fixed temperature and salinity level, and these conditions will not be manipulated to evaluate their effects on fluorescence response.  Specifically, only a single test temperature will be utilized targeting the closest optimal growth temperature for all phytoplankton taxa utilized.  Fluorometric response and discrimination will be tested on both freshwater and marine algal species, utilizing cultures of live algae that are added into a background matrix of filtered deionized water or seawater supplemented with appropriate salt and nutrient additives ( BG11+Si and L1 respectively) at known mixtures and concentrations.  Freshwater and seawater will be obtained from the MLML aquaculture facility.  

Response Linearity and Range– For the linearity or stability tests, a mean and standard deviation of 5 instrument readings at 5-minute intervals for each test condition will be collected after the instruments are allowed at least 30 minutes to equilibrate after condition changes.  The instrument mean and standard deviation (SD) will be compared to the mean and SD of 3 pairs of reference water samples composited from two sampling points across the tank taken at the first, third, and fifth instrument sampling timepoint.  Each reference sample will be analyzed for CHL, PC, PE, and algal biovolume as described above.  The response linearity test will include seven concentrations of algal biomass (determined as total CHL in µg/L) above background to provide a tested range of 0-81 µg/L (see Table 1).  It is recognized that this test range may be below the reported complete operating range of test instruments.  If time permits we will attempt to test the response at a CHL level approaching 200 µg/L.  Mixtures of three phytoplankton taxa will be titrated based on stock cultures’ volumetric chlorophyll concentration.  Given that taxa will vary according to their pigment quotas, it is recognized that actual cell densities will not be present in the ratio’s defined, and that the ratios are based on pigment content.  All additions and test conditions will be maintained at low ambient light (< 75 umol photon m-2 s-1).  Individual species will be added sequentially to produce different ratios and concentrations of algae as defined in Table 1.  The exact CHL concentrations tested may vary depending on instrument response or gain settings and culture yields.  A regression of instrument fluorescence versus total CHL will be examined against the specified instrument maximum fluorescence to estimate the potential full environmental detection range.
Table 1.  Summary of relative concentrations of algal mixtures and targeted levels of total cell concentration based on ug/l of chlorophyll for the laboratory test of response linearity and accuracy.  Mixtures will be produced for both freshwater and marine phytoplankton assemblages using three distinct taxa defined below and denoted here by the letters a, b, c.  The capitalization of a letter denotes that species will be added at 3 times the level of the other two.
	Mixture
	Filtered  Ambient
	abc
	Abc
	abc
	aBc
	abc
	abC
	abc

	Total CHL (ug/L)
	‘0’
	3
	5
	9
	15
	27
	45
	81

	Ind Species CHL (ug/L)
	0-0-0
	1-1-1
	3-1-1
	3-3-3
	3-9-3
	9-9-9
	9-9-27
	27-27-27



Discrimination of Phytoplankton Taxa – Algal cultures will be purchased from established, traceable source collections.  Freshwater taxa will be obtained from the UTEX collection and will include a cyanobacteria (Microcystis spp.), a diatom (Nitzschia spp.), and a chlorophyte (Scenedesmus spp.).  Marine taxa will be obtained from the NCMA collection and will include a diatom (Thalassiosira spp.), a chlorophyte (Dunaliella spp.), and a cyanobacteria (Synechococcus spp.).   Cultures will be grown in large 20L batch cultures under cool LED light (ca 75 μmol quanta m-2 s-1) using 16-8 light dark cycles at 20oC) using appropriate growth media as indicated above to mid-log phase (determined by cell counts), then propagated in semi-continuous culture at ca. 0.2 /d to maintain cell concentration at a level required for the dilution test.  

Precision – Precision will be evaluated as the variance of the five instrument fluorescence measurements collected over the 30 minute exposure period for each concentration, relative to the variance determined on reference samples collected over the same interval.  Variance will be computed as the standard deviation of the mean, as well as, the coefficient of variation. 

CDOM and Turbidity – Sensitivity to water clarity and natural fluorescence will be assessed by exposing the test instruments to varying levels of background CDOM and turbidity using sequential additions of a soil extract (Elliot Silt Loam) to serve as a non-organic light scattering particle and CDOM reference material (Pahoke Peat leachate, 100 mg/L).  If time and resources allow we will conduct this challenge using both freshwater and marine algal species.  If we are only able to conduct a single test we will use the freshwater mixtures.  Matrix effects on fluorometric response should be specific to the excitation wavelengths and optical windows of the instrument and be proportionately the same for freshwater and seawater.  

Test instruments will be initially placed in a test bath at 20 oC and fluorescence response measured at three algal concentration (0, 3, 6 µg/L CHL) over 15minute exposures.  After the third timepoint, 3 levels of CDOM will be sequentially produced to examine effects on response.  Following the CDOM addition we will sequentially add 3 levels of sediment based turbidity to examine additional effects on response.  For each challenge condition, the tank will be equilibrated for 15 minutes to insure uniform mixing and then an additional 15 minutes of instrument measurements will be used for analysis against reference samples.  A single reference sample for extracted pigments, cell counts, CDOM, and turbidity will be collected after 20 minutes of each challenge, or 5 minutes into the comparative instrument measurement period.  Continuous monitoring of CDOM and turbidity throughout the entire challenge will also be conducted at one-minute intervals with the EXO sondes to verify the stability of the test conditions.  Challenge CDOM levels will be targeted to increase background levels by 2, 10, and 20 mg/L (as DOC) and turbidity levels by 10, 50, and 100 NTU.  Following all CDOM and turbidity additions, two additional increases in algal concentrations (24 and 48 µg/L CHL) will be conducted to examine for a continued linear response in fluorescence above the offsets created by the matrix contributions.  Turbidity concentrations of the discrete reference samples will be measured using a Hach 2100 benchtop turbidity sensor calibrated in NTU.  CDOM concentrations on the discrete reference samples will measured on filtered reference samples analyzed by absorbance spectroscopy (see below).

Reliability – Finally, instrument reliability in the laboratory will be determined by comparing percent of data recovered versus percent of data expected.  Comments on problems or instrument failures will also be recorded.

4.4. Field Tests 


A rigorous field testing program has been designed to provide a wide variety of algal composition and densities within various ecosystems including riverine, lake, estuarine, and marine.  Exact conditions will be dictated by the available testing windows available at each site, but the schedule was designed to maximize the potential of including exposure to known harmful algal bloom communities within each field deployment.   Each ACT Partner will assemble existing historical data on HABS within their proposed test sites to guide selection of appropriate sampling requirements and expected phytoplankton composition.  Instrument performance and reliability will be determined in both moored and surface mapping applications.    Instrument reliability for each of the field tests will be assessed by comparing percent of data recovered versus percent of data expected.  Comments on problems or instrument failures will also be recorded.

4.4.1. Moored Deployment 

In situ evaluations of instrument performance in a moored application will be conducted at two ACT Partner Institution sites (see section 10 for site descriptions).  The first moored deployment will be conducted by the University of Michigan ACT Partner.  Instruments will be moored in a flow-through tank sampling water from the Maumee River at a location adjacent to the City of Bowling Green, OH, public water utility.  The deployment will occur over 14 consecutive days.  Test conditions are expected to exhibit high chlorophyll (up to 100 µg/L), high turbidity (up to 100 NTU), and variable concentrations of cyanobacteria.
A second moored application will be conducted by the University of Maryland ACT Partner at the Chesapeake Biological Laboratory in Solomons, MD.  Instruments will be deployed on a dock-side mooring in Chesapeake Bay for 30 continuous days.  Instruments will only be removed from the water after the test period is complete or in the event of a problem such as a weather event that could jeopardize the safety of the instruments. Test conditions will provide for various salinity and temperature conditions and variable compositions and abundances of algae as a function of tidal cycle and variable riverine input. This environment is also known for high rates of both soft and hard biofouling, and a main objective of this test application is to determine the ability of the in situ instruments to maintain performance levels under high biofouling.  For test instruments that are not submersible and require manual sample exposure, the instruments will be set-up in adjacent buildings and a sub-sample of every reference sample will be used for direct exposure.  We recognize this will not address biofouling concerns but will still provide for performance verification under variable natural conditions.
Instrument Setup - Prior to deployment, all instruments will be setup and calibrated at the field sites as suggested in individual manufacturer manuals.  Fluorometers will then be programmed to record data at a minimum frequency of every 15 minutes during the entire field deployment.  All internal clocks will be set to local time using www.time.gov as the time standard.  Before deployment, all instruments will be placed in a bath of deionized water (as a blank) and then a container of 1 µg / mL of BB3 and one with RWT as the reference standards (from stocks prepared and distributed by MLML as described above) to ensure working function and help establish any calibration offset. Photographs of each individual fluorometer and the entire instrument rack will be taken just prior to deployment and just after recovery to provide a qualitative estimate of biofouling during the field tests.   


Deployment Rack - All instrument packages to be tested in situ will be deployed side-by-side such that all sensor measurement windows are at the same depth.  Instrument sensor heads will be deployed with a separation distance of at least 1 instrument diameter to minimize the potential for cross interference.  At MI, instruments will be deployed in a 1 m deep field flow-through tank with sensor heads at approximately 20cm off the bottom.  At CBL, the rack will be deployed so that all of the fluorometers remain a minimum of 1 m below the water surface, accounting for some variance due to tidal state or river stage.  For each deployment a calibrated CTD and multi-parameter EXO2 sonde will be attached to the mooring and programmed to provide an independent record of temperature, conductivity, CDOM, turbidity, CHL, and PC at the same depth and the same 15-minute intervals as the test instruments.  Water clarity and light intensity will be determined during each sampling event by profiling a LI-COR LI-193 underwater spherical PAR sensor.


Sampling Schedule – For the Maumee River deployment, building access is limited to the standard working day so only daytime sampling, during the work week will be possible.  During each working day we will collect two references samples approximately one hour apart.  We will vary the sampling timepoints between morning and afternoon on different days of the week to capture some variation in light history.  For the CBL deployment, we will evaluate diurnal responses across the day-night spectrum on three occasions during the first week of the deployment.  On those days we will collect four reference samples throughout the day at timepoints including: one hour before dawn, 10:00, 15:00, and 20:00, each corresponding to instrument sampling points.  The pigment concentrations, PAR levels, and instrument fluorescence values determined for these samples will be used to assess a photochemical quenching impact on fluorescence response.   During all subsequent sampling days for the CBL deployment, reference samples will be collected only twice a day with one in the morning and one in the afternoon.  Moorings will be situated to ensure that all test instruments are exposed to similar light environments (i.e., uniformly shaded or uniformly lit).
Water Samples - A standard 2 or 4 liter Van Dorn bottle will be used at each field test site to collect reference samples for cell counts and extractive CHL and Phycobilin pigment analysis. These samples will be used as the standard for examining instrument performance/stability through time.  The bottles will be lowered into the center of the sensor rack at the same depth and as close as physically and safely possible to the fluorometers.  The bottle will be triggered to close at the same time as instrument sampling to ensure that the same water mass is being compared to in situ pigment concentration measurements.  Six replicates (two for CHL, three for PC/PE, one reserve) will be filtered under low light and low vacuum conditions, and stored for pigment analysis as described above (Section 4.1).  Cell abundances of coarse taxonomic groupings (e.g. diatoms, dinoflagellates, chlorophytes, cyanophytes, others) and biovolumes will be determined on fixed sample aliquots as described above (Section 4.2).  A whole water subsample will also be collected to measure turbidity using a Hach model2100AN Turbidometer.  Lastly, filtrate will be collected using acid-cleaned filters and bottles and shipped to MLML for CDOM analysis (see method below).  The Van Dorn bottle will be wiped with a clean cloth and rinsed with copious DI water (>5 rinses) between each use.  Field duplicates will be collected during one sampling event, once per week, at each test site.  Duplicates will be collected by deploying two Van Dorn bottles side-by-side, and processing the samples in identical fashion. 

Filtering - All reference pigment samples from each test site will be filtered on 25 mm Whatman GF/F membranes immediately after collection (<30 min). Sufficient volume of sample water will be filtered to get visible color on filter surface and the precise volume filtered (400 mL maximum) will be recorded.  All filtrations will be done in low light (i.e. not in front of window, away from sunlight), with low vacuum pressure (<5 in Hg).  As soon as fluid runs through the filter, it will be removed, folded in half with the sample on the internal surface, placed in opaque 15 ml polycarbonate centrifuge tubes and immediately placed on dry ice and kept dark until they can be transferred into a -80 oC freezer back at the laboratory. 
Cleaning – The filtration apparatus and sample storage vessels will be cleaned between uses by wiping with a clean cloth and with copious DI water rinses (>5).  Once per week (typically Fridays after sampling) filtration apparatus will be wiped, rinsed and soaked overnight in a 2% solution of Micro-90 or equivalent detergent, followed by a second round of copious rinsing with DI water.

4.4.2. Surface Mapping Deployment 

In situ evaluations of instrument performance in a surface mapping application will be conducted at three locations including freshwater, estuarine, and marine coastal environments.    The University of Michigan ACT Partner will conduct a surface mapping test in the western basin of Lake Erie during a known period of Microcystis blooms.  The survey will cover approximately 70 km of transit and will include regions dominated by cyanobacterial and high nutrient input of the Maumee River in the south, to low abundance, diverse composition in the north for waters influenced by the Detroit River (see map below).  The Moss Landing Marine Lab ACT Partner will conduct a second surface mapping test in Monterey Bay over a transit distance of 60-70km covering a range from outside the harbor to open ocean environments (see map below).  A third surface mapping test will be conducted in collaboration with Dr. Raphe Kudela of UC Santa Cruz and Dr. Jim Cloern of USGS following their ongoing surveys of San Francisco Bay that cover over 90km ranging from near Palo Alto, CA, in the south to the Golden Gate bridge in the north.  
Instrument Setup - Each of the test sites will use one instrument provided by the manufacturer for the ship-based testing if appropriate for this type of application.  Prior to deployment, all instruments will be calibrated as suggested in individual manufacturer manuals and with a blank, BB3 and RWT at the field sites (as described above). The fluorometers will then be programmed to record data as fast as possible (ideally ≤ once per minute) for the surface mapping tests, depending upon the manufacturer’s recommendation, and their internal clocks set to local time using www.time.gov as the time standard.  Submersible instruments will be deployed in a flow-through tank with a known exchange rate (nominally 10-15 min).  The tank will be kept shaded under cover.  A calibrated CTD and multi-parameter sonde will be positioned within the tank to provide an independent record of temperature, conductivity, CDOM, turbidity, CHL, and PC continuously at 1 minute measurement intervals.  If the selected stations do not produce the desired range in algal abundance, concentrated algae will be collected with a phytoplankton net tow and added to the isolated tank to increase abundance.   The resultant concentration can be monitored with the independent sonde and targeted for a chlorophyll level of approximately 20 µg/L.  
  Water Samples - Approximately 10 stations will be selected during each surface mapping survey to make comparative reference sample measurements.  Stations will be selected to cover a maximum diversity in phytoplankton abundance and composition.  At each station, we will isolate the flow-through tank for a period of 30 minutes, keeping it well mixed with manually stirring.  Reference samples will be created by compositing water draws from 2-3 locations within the tank after 15 minutes from the point of isolation.  Sub-samples of the composited sample draw will be used to expose bench-top instruments.  Samples will be collected under shade to minimize light exposure and immediately taken into a shipboard laboratory and processed using the same protocols as defined for the field mooring deployments.  Reference samples will be analyzed for extractive chlorophyll a and phycobilins, fixed cell counts, CDOM, and turbidity as described above.  
4.5. Water Quality Characterization of Reference Samples
4.5.1. Colored Dissolved Organic Matter (CDOM)

Sample Preparation –  Approximately 40 ml of sample water will be filtered and used to rinse the sides of the flask and the 50 ml BD Falcon storage centrifuge tubes, and then discarded.  Following the rinse, an additional 45 mls of the CDOM designated sample will be subsequently filtered using 47 mm GF/F filters (0.7 µm pore size) with low vacuum pressure (<5 in Hg).  The filtrate will be place in the centrifuge tube, capped, wrapped with Parafilm, labeled, and stored in a refrigerator (4° C) until analysis.  All samples will be shipped to MLML on dry ice for analysis using a calibrated laboratory-grade spectrophotometer.

Sample Spectrophotometric Analysis – The sample and 200-300 ml of MilliQ will be equilibrated to room temperature (failure to match the blank and sample temperature results in an artifactual feature in the spectrum at long wavelengths). The spectrophotometer will be allowed to warm up (30-40 min) before scanning and the scanning set for 1-2 nm intervals, with a 4-6 nm slit width.

The blank will be set with MilliQ water in cuvettes in both the sample and reference positions (dual-beam instrument) or by setting 0 and 100% transmission with a MilliQ blank (single-beam instrument).  Matched 10 cm quartz or optical glass cells will be used for a dual-beam spectrophotometer and a single cell in a single-beam spectrophotometer.  A rescan of the blank will be run to verify that the instrument has not drifted and to define the amplitude of noise.

The sample will be mixed by rocking the centrifuge tube before decanting the sample.  The sample cuvette will be emptied and rinsed with 10-15 ml of sample prior to filling with sample and checked to ensure that there are no air bubbles in the light path when filled.  Scans will be run between 250 and 800 nm (quartz) and electronic files will be saved for each sample.  The cuvette will then be rinsed with MilliQ between samples.  A MilliQ blank will be run after every 5th sample.  When using a single-beam spectrophotometer, it will be reset at 0 and 100% T.  For dilute samples (those that are not significantly yellow in color when viewed down the 10 cm pathlength of the cuvette or have OD < 0.2 at 400 nm), triplicate scans of each sample will be run and averaged to reduce the effect of noise.

Parameterizing Absorption – The absorption spectrum of CDOM follows an approximately exponential decline in the visible (400-700) wavelengths.  Absorption from optical density will be calculated by subtracting the optical density at 750 nm to correct for residual scattering and converted as:



[image: image2.emf]
(1)

where a[] is absorption (m-1) at wavelength  (nm), OD is optical density (dimensionless), and d is pathlength (0.1 m).

Because the magnitude of the parameters that describe the CDOM fit are dependent on the range and means of the curve fitting, it is critical to employ the same protocol.  A non-linear fit over the range 400 – 700 nm (Equation 2) will be used.  This equation minimizes the effect of the unfavorable signal:noise ratio at long wavelengths on the goodness-of-fit at the wavelengths of most interests (i.e. the excitation wavelengths in the 400 – 500 nm range); is less sensitive to thermal artifacts at long wavelength; and is less sensitive to the range of wavelengths used than the linear fit (Equation 3).
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(2)

a[] is absorption (m-1) at wavelength , a[] is absorption (m-1) at the anchor wavelength of 400 nm, and S is the spectral slope (nm-1).  Note that wavelength must be expressed as  – 400 before fitting for the anchor value to be at 400 nm.

An alternative for those without a non-linear fitting package is to log-transform the absorption data and fit to the linear equivalent.
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(3)

Note that the anchor wavelength must be expressed as the anti-log for reporting.  Because the linearized fit is sensitive to the dispersion due to noise at long wavelengths, this is best fit only for the interval 400-500 nm.

The parameter estimates and standard errors for a[],  S  will be reported along with the R2.

4.5.2. Turbidity 
Turbidity will be measured on gently mixed grab samples using a Hach 2100AN Turbidimeter calibrated with certified turbimetric standards (Hach).  In addition to turbidity measurements on discrete reference samples, mooring and profiling field tests will have continuous in situ turbidity measured with a calibrated EXO2 sonde.
4.5.3. Ancillary Data

In conjunction with each water sample collection, each deployment site will also record site-specific conditions.   The following information, logged on standardized datasheets, will be transmitted on a weekly basis to the ACT Chief Scientist, for data archiving and ACT personnel performance QA/QC:  

· Date and time (local) of water sample collection.

· Ambient light in air by PAR sensor <50 meters away from the deployment rack (recorded continuously during deployment).

· Weather conditions (e.g., haze, % cloud cover, rain, wind speed/direction) and air temperature at time of water sample collection.

· Recent large weather event or other potential natural or anthropogenic disturbances.

· Tidal state and distance from bottom of sensor rack at time of water sample collection.

· Any obvious problems or failures with instruments.

5.0. Verification Schedule (planned dates but may vary).  
· The Final Verification Protocols and ACT Verification Contract will be sent to Manufacturers on June 5, 2017.
· Signed contracts are due back to ACT Headquarters by June 17, 2017.
· All instruments to be tested will be delivered to MLML by June 20, 2017 or brought directly by the manufacturer for their scheduled training date.
· ACT Chief Scientist, Technical Coordinators, Quality Manager, and Manufacturer Representatives will meet at MLML for instrument use/operation/deployment training from June 21-25, 2017.  Each manufacturer will have one full day to train ACT staff on use of instrument(s).  Additional time for independent set-up on calibration before training can be arranged.  
· ACT will conduct training on sample collection, storage, analysis, and shipping on June 26, 2017.
· Selected ACT staff will conduct the laboratory verification tests on June 27-July 2, 2017.
· The first field deployment test involving surface mapping of San Francisco Bay aboard the R/V Peterson, in collaboration with USGS, will be conducted from July 5-7, 2017.  
· The second field deployment test involving surface mapping of Monterey Bay aboard the R/V Martin will be conducted from July 10-14, 2017.  

· Instruments will be shipped to CILER-University of Michigan for the second set of field testing, to be received no later than July 20, 2017.
· Instruments will be deployed in the Maumee River at the Bowling Green Water Intake in Waterville, OH for a two week period from July 24-August 8, 2017.
· Instruments will be cleaned and re-tested with dyes and then deployed on a surface mapping survey of western Lake Erie from August 16-17, 2017.  
· Instruments will be shipped to CBL-UMCES, to be received no later than August 28, 2017.
· Instruments will be tested in a moored field deployment in Chesapeake Bay off the CBL research pier at Solomons, MD from September 5 to October 4, 2017.  
· ACT Chief Scientist, Technical Coordinators, Technical Advisory Committee, and Quality Manager, will meet in November 2017 to analyze results and evaluate the Verification processes in November, 2017.
· ACT Verification Statements for each individual instrument will be drafted and sent out for review by, Technical Advisory Committee, Technical Coordinators, Quality Manager, Partners, and Stakeholders in February, 2018. 

· Final Verification Statements will be sent to Manufacturers by the end of March 2018.
· One page comment letters from Manufacturers are due by mid-April 2018.
· Final Verification Statements will be released to the public by the end of April 2018.
6. Data Collection, Review and Distribution

A variety of data will be acquired and recorded electronically and manually by ACT staff during each deployment. Results from the reference method and ancillary measurement will be documented in a field/laboratory record book and on the data sheet/chain-of-custody forms (Table 2).  An electronic copy of these raw data will be transferred to the ACT Chief Scientist, who will organize and store the study data.  

Table 2.  Summary of ancillary and reference method information to be recorded by ACT staff during each field deployment as part of the Fluorometer Challenge.

	Data to be Recorded
	Responsible Party 
	Where Recorded
	How Often Recorded
	Purpose of Data


	Dates, times of sampling events
	Each ACT Site
	Field record

book/data sheets


	Each reference sample

collection and laboratory analysis
	Used to organize/check

test results; manually

incorporate data into

spreadsheets - stored in study binder

	Test parameters (site conditions)


	Each ACT Site
	Field record

book/data sheets


	Each reference sample

collection


	Used to define site characteristics; manually

incorporate data into

spreadsheets - stored in study binder


All data will be recorded directly in the field/laboratory record book as soon as they are available.  Records will be written in waterproof ink and written legibly. Any corrections will be crossed out with a line (not blackened or white-out), and the correction made, with initials of the person making the correction and date of correction.  These data will include electronic data, entries in field/laboratory record books, operating data from the test sites, and equipment calibration records.  Records will be spot-checked within one week of the measurement to ensure that the data are recorded correctly.  The reviewer will not be the individual who originally entered the data.  Data entries will be checked in general for obvious errors and a minimum of 10 percent of all records will be checked in detail.  Errors detected in this manner will be corrected immediately.  The person performing the review will add their initials and the date to a hard copy of the record being reviewed.  ACT staff will place this hard copy in the files at each ACT test site and a copy will be provided to the ACT Chief Scientist.
7. Quality Management 

All technical activities conducted by ACT comply with ACT’s Quality Management System (QMS), which includes the policies, objectives, procedures, authority, and accountability needed to ensure quality in ACT’s work processes, products, and services.  The QMS provides the framework for quality assurance (QA) functions, which cover planning, implementation, and review of data collection activities and the use of data in decision-making, and quality control. The QMS also ensures that all ACT data collection and processing activities are carried out in a consistent manner, to produce data of known and documented quality that can be used with a high degree of certainty by the intended user to support specific decisions or actions regarding technology performance. ACT’s QMS meets the requirements of ISO/IEC 17025:2005(E), General requirements for the competence of testing and calibration laboratories; the American National Standards Institute (ANSI)/American Society for Quality (ASQ) E4-2004 Quality Systems for Environmental Data and Technology Programs; and U.S. Environmental Protection Agency, quality standards for environmental data collection, production, and use.

Preventive actions will be taken throughout the tests to anticipate and resolve any problems before the quality of performance is compromised. QA/QC procedures for this Performance Verification will follow the requirements described in these Protocols; any participant specified requirements, and the general principles and specific QA/QC from technical documents for measuring phytoplankton in aquatic systems. ACT technical staff has the responsibility to identify problems that could affect data quality or the ability to use the data. Any problems that are identified will be reported to the ACT Chief Scientist, who will work with the ACT Quality Assurance (QA) Manager and Technical Advisory Committee to resolve any issues. Action will be taken to control the problem, identify a solution to the problem, and minimize losses and correct data, where possible.

7.1. Quality Control for Field Samples and Laboratory Analyses

Field quality control represents the total integrated program for assuring the reliability of measurement data. It consists of the daily field logs and sample handling and custody procedures described above. QC samples will include: 

· Field Trip Blank: Sample containers filled with reagent water (Type 1 reagent grade deionized water) are taken to the field and processed identically to field reference samples to evaluate contamination introduced during sampling, storage and transport.  Four field trip blanks will be collected for each field test spaced evenly throughout the deployment period.  
· Field Duplicates – we will collect two reference sample water bottles simultaneously at approximately 10% of the sampling points to examine fine scale spatial heterogeneity within the mooring arrangement.

7.2. Quality Assurance Technical Assessments

ACT assessments include technical audits and data quality assessments. Fundamental principles of the ACT assessment process include:

· Assessments are performed by the ACT QA Manager, who is independent of direct responsibility for performance of the Verification.

· Each assessment is fully documented.

· Each assessment must be responded to by the appropriate level of the ACT team. ACT quality assessment reports require a written response by the person performing the inspected activity, and acknowledgment of the assessment by the ACT Director.

· Corrective action must be documented and approved on the original assessment report, with detailed narrative in response to the assessor’s finding. Initials and date are required for each corrective action response. Acknowledgment of the response will be provided by the ACT Director.

Technical Audits - Technical audits are systematic and objective examinations of the verification test implementation to determine whether data collection activities and related results comply with the Test Protocols, are implemented effectively, and are suitable to achieve its data quality goals. Audits for the HABS Fluorometry Verification will include: (1) technical system audits (TSAs) and audits of data quality (ADQs). 

A TSA is a thorough, systematic, and qualitative evaluation of the sampling and measurement systems associated with a Verification test.  The objective of the TSA is to assess and document the conformance of on-site testing procedures with the requirements of the Test Protocols, published reference methods, and associated SOPs.  The TSA assesses test facilities, equipment maintenance and calibration procedures, reporting requirements, sample collection, analytical activities, and QC procedures. Both laboratory and field TSAs are performed.  The QA Manager will conduct a TSA of the laboratory component and at least one field test during the verification.  The TSA is performed following the EPA document Guidance on Technical Audits and Related Assessments for Environmental Data Operations, EPA QA/G-7, January; 2000.A TSA checklist based on the Test Protocol is prepared by the QA Manager prior to the TSA and reviewed by the ACT Chief Scientist.  At the close of the TSA, an immediate informal debriefing will be conducted.  Non-conformances are addressed through corrective action.  The QA Manager will document the results of TSAs and any corrective actions in a formal audit report.

An ADQ is a quantitative evaluation of the verification test data.  The objective of the ADQ is to determine if the test data were collected according to the requirements of the Test Protocols and associated SOPs and whether the data were accumulated, transferred, reduced, calculated, summarized, and reported correctly. The ADQ assesses data accuracy, completeness, quality, and traceability.  The ACT QA Manager conducts the ADQ after data have been 100% verified by the ACT Chief Scientist.  The ADQ entails tracing data through their processing steps and duplicating intermediate calculations.  A representative set of the data (10%) is traced in detail from raw data and instrument readouts through data transcription or transference through data manipulation through data reduction to summary data, data calculations, and final reported data.  The focus is on identifying a clear, logical connection between the steps. Particular attention is paid to the use of QC data in evaluating and reporting the data set.  Problems that could impact data quality are immediately communicated to the ACT Chief Scientist.  The results of the ADQ are documented in a formal audit report with conclusions about the quality of the data from the verification and their fitness for their intended use.

Data Quality Assessment - ACT reviews technology testing data to ensure that only sound data that are of known and documented quality and meet ACT technology testing quality objectives are used in making decisions about technology performance.  Data assessment is conducted in two phases.  The first phase consists of reviewing and determining the validity of the analytical data – data verification and validation.  The second phase consists of interpreting the data to determine its applicability for its intended use – usability assessment.

Data verification is the process of evaluating the completeness, correctness, and consistency of the test data sets against the requirements specified in the Test Protocols.  Data verification is conducted by the ACT QA Manager.  The process includes verifying that:

· the raw data records are complete, understandable, well-labeled, and traceable;

· all data identified in the Test Protocols has been collected;

· instrument calibration and QC criteria were achieved;

· data calculations are accurate.

Corrective action procedures are implemented if data verification identifies any non-compliance issues.

Data validation evaluates data quality in terms of accomplishment of measurement quality objectives, such as precision, bias, representativeness, completeness, comparability, and sensitivity. Data validation:

· establishes that required sampling methods were used and that any deviations were noted;

· ensures that the sampling procedures and field measurements met performance criteria and that any deviations were noted;

· establishes that required analytical methods were used and that any deviations were noted;

· verifies that QC measures were obtained and criteria were achieved; and that any deviations were noted.

Data validation is performed by the ACT QA Manager. Any limitations on the data and recommendations for limitations on data usability are documented.

Data usability assessments determine the adequacy of the verified and validated data as related to the data quality objectives defined in the Test Protocols.  All types of data and associated information (e.g., sampling design, sampling technique, analytical methodologies) are evaluated to determine if the data appear to be appropriate and sufficient to support decisions on technology performance.  A data usability assessment has an analytical and a field component. An analytical data usability assessment is used to evaluate whether analytical data points are scientifically valid and of a sufficient level of precision, accuracy, and sensitivity.  The field data usability assessment evaluates whether the sampling procedure (e.g., sampling method, sample preservation and hold times) ensures that the sample that is collected for analysis is representative.

Corrective Action - Corrective action is implemented in response to any situation that compromises the quality of testing or data generated by ACT.  The need for corrective action can be identified by any ACT personnel and implemented with the prior approval of the ACT Chief Scientist, in consultation with the QA Manager.  The Chief Scientist is responsible for determining appropriate corrective action to address an issue.  Any findings that have a direct impact on the conduct of the verification test will be corrected immediately following notification of the finding.  Implementation of corrective actions must be verified by the ACT QA Manager to ensure that corrective actions are adequate and have been completed.  This will be done in real-time if corrective actions can be immediately performed. All corrective actions are documented.  Any impact that an adverse finding had on the quality of the test data is addressed in the test report.

Audit Reporting - The ACT QA Manager is responsible for all audit reports. These written reports:

· identify and document problems that affect quality and the achievement of objectives required by the Test Protocols and any associated SOPs;

· propose recommendations (if requested) for resolving problems that affect quality;

· independently confirm implementation and effectiveness of solutions;

· identify and cite noteworthy practices that may be shared with others to improve the quality of their operations and products;

· provide documented assurance that when problems are identified, further work performed is monitored carefully until the problems are suitably resolved.

8. Roles and Responsibilities 

The ACT Chief Scientist has the overall responsibility for ensuring that the technical goals and schedule established for the verification are met. The ACT Chief Scientist will: 

· Prepare the Test Protocols in consultation with ACT TAC and staff.

· Coordinate testing, measurement parameters, and schedules at each ACT Partner institution testing site. 

· Ensure that all quality procedures specified in the Test Protocols are followed.

· Respond to any issues that may arise during the tests. 

· Serve as the primary point of contact for participants and ACT staff.

· Ensure that confidentiality of proprietary participant technology and information is maintained.

The ACT QA Manager will: 

· Review the Challenge Test Protocols.

· Conduct technical audit and data quality assessments. 

· Notify the ACT Chief Scientist if a stop work order should be issued if audits indicate that data quality is being compromised or if proper safety practices are not followed

· Verify implementation of any necessary corrective action. 

· Prepare audit reports.

 ACT Technical Coordinators at each ACT Partner institution will: 

· Assist in developing the Test Protocols.

· Select a secure location for the tests. 

· Support participants in the deployment and recovery of instruments as needed. 

· Perform sample collections as detailed in the Test Protocols.

· Provide all test data to the ACT Chief Scientist electronically, in a mutually agreed upon format. 

Verification participants will: 

· Commit to a specific set of locations and dates for testing according to the Test Protocols.

· Setup, calibrate, deploy, and recover test instruments at the locations and dates agreed to. 

· Provide all materials, supplies and equipment needed to setup, calibrate, deploy, operate, maintain and recover test instruments.

The Technical Advisory Committee will: 

· Review and comment on Test Protocols. 

· Provide specific advice during testing, as needed.
9. Fluorometer Technical Advisory Committee

· Brian Bergamaschi, USGS

· Thomas Bridgeman, University of Toledo
· Christopher Gobler, Stony Brook University

· Mary Jane Perry, University of Maine

· Alan Wilson, Auburn University

10. Field Test Site Descriptions

Chesapeake Biological Laboratory Field Test Site –

The ACT Partner at Chesapeake Biological Laboratory (CBL), University of Maryland Center for Environmental Science, has established a Technology Verification Field Test Site on a fixed pier (Lat: 38°19.039 N, Lon: 76°27.065 W, with an average depth of 7 ft) at the mouth of the Patuxent River, a tributary of the Chesapeake Bay.  The Chesapeake is a nutrient rich estuary with a watershed that encompasses portions of six states and the District of Columbia.  Water temperatures at the testing location range from 0° to 35°C and salinities range from 5ppt to 20ppt depending on season, rainfall, wind, and other external factors.

Cooperative Institute of Limnology and Ecosystem Research Field Test Site –

The ACT Partner at the Cooperative Institute for Limnology and Ecosystems Research, University of Michigan, has established a test site on the Maumee River near Waterville Ohio (83 44.32 N, 41 28.65 W), located within the pump house of the City of Bowling Green Municipal Water Treatment Plant.  The Maumee River main stem flows 137 km before flowing into the Maumee Bay of Lake Erie at the city of Toledo, Ohio.  The Maumee watershed is the largest watershed of any Great Lakes river with 8,316 square miles.  The majority of the watershed is cultivated crop land, mostly corn and soybeans, though concentrated areas of pasture are located in the northwestern and southeastern areas of the watershed.  In addition, CILER along with NOAA GLERL can develop a buoy mooring within western Lake Erie located adjacent to a municipal water intake.  
CILER will work with NOAA-GLERL to provide vessel access for surface mapping within the western basin of Lake Erie.  CILER and NOAA-GLERL conduct a weekly monitoring program at 8 fixed stations throughout the western basin (see below). The total transit distance for each survey is approximately 60 km and covers a wide range of water quality conditions and HABS distribution based on the distinct influences of the Detroit and Maumee Rivers.  A surface flow-through system will be developed that would provide for spatial resolution on the order of 0.5 km based on a tank residence time of approximately 10 minutes.
Moss Landing Marine Laboratories Field Test Site –

The ACT Partner at Moss Landing Marine Laboratories (MLML) will conduct a surface mapping survey throughout Monterey Bay aboard the MLML’s R/V John H. Martin (see below).  The survey track (outlined in green) will be conducted from near the entry to the Elkhorn slough seaward to Monterey Bay proper.  This will expose instrumentation from an estuarine environment, coastal ocean to open ocean waters. Shaded topography is provided to highlight position of sampling relative to major geomorphological features of the Monterey Bay region.  Track spanned several watershed outfalls as well as coastal ocean conditions over the Monterey Canyon.  Approximately ten locations will be selected over the survey to do direct reference sample comparisons against instrument measurements.  

Western Lake Erie Surface Mapping Transect
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Monterey Bay Surface Mapping Transect
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