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~ Harmful Algal Blooms (HABs)
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Diversity of HAB Species & Toxins
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Complex interactions between external & internal
environmental/ecological factors control growth,

accumulation, toxicity & fate of freshwater (marine) HABs
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HAB moritoring, management & research
in marine and freshwater systems requires
hear-real time, in-situ observations

» early warning of HAB development and toxin
production in support of management decisions

.+ requlatory applications mandated to ensure water
is safe for drinking and recreational activities

+ near-real time data for assimilation into models
for HAB forecasting &'long-term trends

+» assess HAB growth/toxicity for ecophysiological
studies to ID environmental drivers/predictors




Why is it important to design sensors to

detect both HAB species and toxins?

For HAB management & mitigation, it is critical to detect
organisms and foxins due to fluctuations in toxicity caused
by a changing (marine/freshwater) environment: -
high cell numbers don't always mean high toxin levels
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fThe Vision: in late 1990s, NOAA/NCCOS partnered with

MBARI to develop technology enabling the auf&ngus,
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Autonomous. underwater detection of HABs with the ESD...
when you cant actually be there =

3G ESP-LRAULY



Sensor development - Stage 1: 16 & 26
Environmental Sample Processor -
autonomous, in-situ HAB spp/toxin detection




Current Capabilities of 26 ESP

+ Real-time application of DNA probe
arrays (SHA): algae, bacteria, inverts
|+ Real-time application of protein/Ab
arrays (cELISA); phycotoxins
= s Sample archival
| i % whole cell microscopy/FISH
% nucleic acids (gene libraries)

%+ phycotoxins

~~__ + Real-time application of quantitative

-

PCR (gPCR); various target genes

~0.5m
% Two-way communications

2G ESP instrument located at
NOAA/NCCOS Laboratory <+ Mfg by McLane Research Laboratories



5 rows of
toxin-OVA ——
spots (1-14)
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toxin-OVA —<<
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Developing an Array-based cELISA

o competitive (c) ELISA membrane-based array

Internal Control spots

SSSS (Slegige); o employs toxin-protein (OVA) spots for detection

» a-toxin antibody (monoclonal or polyclonal) is

selected based on target affinity and cross-
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reactivity among toxin variants or congeners

* ‘In-assay’ detection limit in low ng/mL range
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Toxin Detection Strategy: cELISA

substrate substrate
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DA curves
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Detection and quantification limits

(in water concentrations based on 1L sample; PNW pDA alert level ~200 ng/L)

EC50 = 78 ng/L
ULOQ = 1240 ng/L
LLOQ = 4.9 ng/L
LLOD = 2.6 ng/L




@ESP Web Portal for ESP data access

MONTEREY BAY AQUARIUM RESEARCH INSTITUTE

2014 ECOHAB = ESP Portal

Mack From | Apr2,2014 | To | Apr9, 2014

Bruce

Protocol Runs
Samples

Select source & type of § =

Errors

data to display —_—

Light Tx Thursday, Apr 3
Temp Bruce CTD Depth (meter:

o ) W Depth recording from

CTD on ESPDlgruce

Can & 12:00 8. Apr

% Humidity

Inst Curr 24 Mar

Bruce Images

Uaresreu 1% 12,013 L 1T | £ U VS,

hab14mar2418h40s.tif

03/24/2014 12:20 hab14mar2412h500mi40s.tif
03/24/2014 12:20 hab14mar2412h500ml.tif
03/24/2014 14:29 daldmar2414h500ml.tif
03/24/2014 14:29 daldmar2414h500mi15s.tif
03/24/2014 14:30 dal4mar2414h500mI30s.tif
.
Se I ect H A B o r toxl n 03/24/2014 14:31 dal4mar2414h500mI70s.tif
. . 03/24/2014 18:15 hab14mar2418h160s.tif
a rray Image to dlsplay 03/24/2014 18:16 hab14mar2418h40s.tif

03/24/2014 18:18 hab14mar2418h.tif

03/25/2014 18:17 hab14mar2518h300mi160s.tif

03/25/2014 18:17 hab14mar2518h300ml40s.tif

03/25/2014 18:18 hab14mar2518h300ml.tif

03/25/2014 19:54 dal4mar2519h300mL.tif

03/25/2014 19:54 dal4mar2519h300mi1 5s.tif
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e desktop or smartphone app

DA array image

e 24/7 communications with team
members before, during, and
after ESP deployments

* real-time, remote access to
review ESP operations & array
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Many 26 ESP HAB-Related Applications in US
Coastal Waters & Great Lakes

4 deployments - WA coast

3 deployments — near Toledo
water intake (L. Erie)

many deployments — MB, S. CA

many deployments - Gulf of ME




26 ESP deployments in the PNW: P-n. transport
path from Juan de Fuca Eddy to coast

Summer / Fall Summer / Fall
good weather weak storms
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=

‘ ESP encased in syntactic foam float
T SBE 37 MicroCAT CTD

inductive coupler (ICC)

EsPfriday deployme T



Apps \?{ NOAA's National Oc: & Gmail: Email from Go - [] Mew Tab @ ESP Web Application %% Settings

ean Observing System

Contact
Disclaimer

Site Map
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Products

Education

Merchandise

tina.mikulski@no

Account Settings

Log Out




M~ PMNW ESP alert - domoic X @ Real-time HABs : HAB M. X Y FE] Mational Oceanic and At X e — X
« => C 0 (® www.nanoos.org/products/real-time_habs/esp_now/hab_measurements.php @ T

=5 Apps \'.'; NOAA's National Gce & Gmail: Email from Ge [ New Tab ﬂ’ ESP Web Application ¥® Settings
Species Abundance Species Present / Not Detected Toxins

Pseudo-nitzschia australis Alexandrium Species Domoic Acid Concentration

Pseudo-nitzschia multiseries Heterosigma akashiwo

REALTIME

Pseudo-nitzschia fraudulenta

Pseudo-nitzschia pungens

Pseudo-nitzschia australis (Abundance)
ESP Then

Apr2017 May2017 Jun2017 Jul2017  Aug2017 Sep2017 Oct 201

About 5 : 5 _ s : : 3
Media nien 1l

People < LLOQ: 4,724 cells/L 6 Sep 2017 7:47p

Partners
Disclaimer
Contact

Manage Data

Quantitative cell abundances of Pseudo-nitzschia australis. This species can sometimes produce the
toxin domoic acid which can cause amnesic shellfish poisoning in humans.
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i Apps & NOAA's National Oc: & Gmail: Email from Ge [ MewTab ) ESP Web Application #} Settings

Pseudo-nitzschia fraudulenta

Pseudo-nitzschia pungens

REALTIME

Domoic Acid Concentration

May 2017 Jun2017 Jul2017  Aug2017 Sep2017 Oct2017 Nov 2017

ESP Now
ESP Then
About
Media
People
Partners
Disclaimer
Contact

Manage Data

Concentration of particulate domoic acid in seawater. Domoic acid is a toxin produced by some species
of phytoplankton in the genus Pseudo-nitzschia. If domoic acid concentrations are detected above the
Lower Limit Of Quantification (LLOQ, see description below), this means that one or more Pseudo-
nitzschia species are producing the toxin. There is no regulatory threshold for domoic acid in seawater,
rather the toxin is regulated based on its concentration in the tissues of shellfish where 20 ppm is a
"no-harvest" limit (see the Washington State Department of Health Beach Closures site). However, a
high seawater domoic acid concentration may provide an early warning of a HAB event.
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i Apps & NOAA's National Oc: & Gmail: Email from Ge [ MewTab ) ESP Web Application #} Settings

Pseudo-nitzschia australis Alexandrium Species Domoic Acid Concentration

REALT I ME Pseudo-nitzschia multiseries Heterosigma akashiwo

Pseudo-nitzschia fraudulenta

Pseudo-nitzschia pungens

Home Domoic Acid Concentration
ESP Now
ESP Then
About
Media
People
Partners
Disclaimer
Contact

Manage Data

Concentration of particulate domoic acid in seawater. Domoic acid is a toxin produced by some species
of phytoplankton in the genus Pseudo-nitzschia. If domoic acid concentrations are detected above the
Lower Limit Of Quantification (LLOQ, see description below), this means that one or more Pseudo-
nitzschia species are producing the toxin. There is no regulatory threshold for domoic acid in seawater,
rather the toxin is regulated based on its concentration in the tissues of shellfish where 20 ppm is a
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University of Washirgmn

Pacific Northwest HAB risk key:
Harmful Algal Blooms Bulletin © -/~

@ = medium

Oct 25, 2017 HAB risk = @ ® o T

The statements, findings, conclusions, and recommendations do not
necessarlly reflect the views of NOAA or the Department of Commence.

JISAO © School of Oceanography
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. Fseudo-nitzschia (FN) abundances are quantified for large and small cell morphologies using light microscopy. Threshold
r;gmpﬂnf%a T "f.;: T:;m:;{ values of 50,000 cells/L for large cells, and 1,000,000 cells/L for small cells trigger additional testing for water column
“pmall PN = 455200 oL . particolate domoic acid (pDA). Water column pDA values =200 ng/L often lead to toxin accumulation in shellfish such as
= . razor clams. Sampling sites, colored by relative PN abundance (high: > threshold value for either cell morphology;
moderafe: > 1/3 threshold value; low: < 1/3 theshold value) and pDA, are shown in the upper left two panels. “Not recent™
indicates that there were no data within the previous 15 days. Time series of PN abundance (cells per liter = ¢/L) and pDA at
§ select beaches are shown in the upper right main two panels. Offshore samples (lower left) are collected and analyzed at ~2
“-| week intervals during late summer/early fall. Additional samples are collected by a remotely operated Environmental
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Longituda [*W] Longituds [*W] unde:sta.nﬂmg and predicting the onset, duration, and magnitude of toxin outbreaks as well as their impacts.




HAB growth and toxicity, and thus their
r,;j*?poten‘rial impact, change conﬁnuously over

time and space...so instead of a sta

tionary
instrument (e.g., 26 ESP), wouldn't ?% be
cool if we could actually track a bIooh

. zand intelligently/adaptively sample the §

population & water mass



CANON: Controlled, Agile, Novel Observing Network:
uses multiple platforms to track & sample HABs

Chloraphyll Cancentration, ug/liter

e, e SRl [ A M
:;’20 10
Q

a4 5

12 3 4 5 & 1 8 9 1
Elapsed Time (5 o

Phase 4: Targeted/intelligent sample
collection (time series of patch)

Phase 5: Analysis
(laboratory-based:
‘human-in-the-loop")

Phase 1: Bloom reconnaissance




The 'Robot Ballet’... |

Chlorophyll (mg m™)
5 10

» Drifter

Tethys: long range
(10 days) AUV for
bloom patch mapping

121.92
12194
12196 | gty

Dorado: ‘smart’ short range (24 hrs) AUV
‘gulpers’ for intelligent sampling of microo




What can we learn from this new approach? |

Temperature (°C)
13 135

Particulate DA

« 0-50
e 50-100

® 100-200 nq |
@ 200-300

) 300-400

Chlorophyll (ug L™")

4 6 8 10 12 14

Pseudo-
nitzschia

+ 0-25 5
+ 255 x10 ’
+ 5-75 cellsL

+ 7.5-10

—+10-125

high cellular
toxicity
(hi DA/Io P-n)

adaptive/intelligent: AUV -based sampling provides a 3-D picture of
phytoplankton assemblage & water column structure over time;
shows changes in Pseudo-n. and pDA conc. (bloom toxicity)



Sensor development - stage 3: 36 ESP-LRAUV

autonomous detection + mobility/tracking

36 ESP-LRAUV

‘l - ESP integrated with Tethys-class

- ey long-range AUV (LRAUV)
ESP on moorings, patch tracking » synergism of ESP sampling/
drifters, & intelligent processing technology & LRAUV
benthic sampling for mobility and ‘smarts’
installations for molecular > flexible repertoire of analytical

autonomous detect.  analyses modules (SPR, dPCR)



3G ESP/Long-Range AUV

J Mission Duration: 3 weeks/1800 km

malcai E l ‘

28" Extension

Creating positive outcomes

for future generations.
“AFOIUINDATION



SPR chips

first MOBILE, long-range
AUV-based HAB spp. and toxin
detection

adaptive, intelligent tracking &
sampling of target features

novel, self-contained sample
prep cartridge & miniature
toxin sensor chips

all results transmitted in near-
real time

deployed in marine and
freshwater (in 2018) systems



3G ESP-LRAUV Prototype: The Deployments

Credit: J. Birch



3G ESP: showing off its ‘smarts’!

~_ ' | multiple 3G prototype flights in
byt ol Monterey Bay, CA since Nov. 2014

comparison

> 3 Feb mission demonstrates ability
to locate/sample near Chl peak

> MILESTONE: first autonomous,
end-to-end SPR-based domoic acid
measurement on 36 ESP-LRAUV

Image credit: Y. Zhang

36 ESP SPR-based MCY - full 60-cartridge field

test planned for late summer 2018 in Lake Erie




Emergi Role ? be Sstems in HAB
Detection & Forecasting - Many Challenges!
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Emerging Role of Observing Systems in HAB
Detection & Forecasting - Many Challenges!

{80 Oceanographic Decisio
« C https://odss.mbari.org/odss/

Situational Awareness | Planning | Cosci | Data Analysis | Water Management | STOQS

Oceanographic Decision Support System (ODSS}

Platforms

[ pAllanB (DAB)
M paphne {dph)

Dorado (drdo)
M tethys (thys)

stella10l (s1
stellal02 (s1
stella103 (s1
stellal0d (s1
stella10s (s1
stella106 (s1
stellal07 (s1

L S S 3 3 A I 4

Chlorophyll-a, MODIS 1-day Compasite
a Chlorophyll-a, MODIS 3-day Compasite
A sset I annin d e I ovme nt Chloraphyl-a, MODIS 8-tay Compsite
p g ) p y Y Chlorophyll-a, MODIS Experimental
55T 1 Day Composite
d d - t - 55T 3 Day Composite
ana cooraination e
55T Aqua MODIS
55T NOAA GOES
55T NOAA POES AVHRR
Fluocrescence, Aqua MODIS
e — Ekman Upwelling, METOP ASCAT
Photosyntheically Available Radiation, MODIS
AIS 10-minute Marine Traffic

ERRDAP.html 04/22/13 17:18

ODSSReadMe.html 03/07/13 13:30

THREDDS.html 04/22/13 17:19
[ Yellowfin

Longitude Latitude  Depth Deseription
:26: -1178.. 31588 0.00 1.5 ft diam Mola
10013c01.hdr 04/10/13 07:37 18/31/, -1218..  36.805.. 0.00 cwiahl pCO2 wave glider deployed
010013202 hdr 04/10/13 08:13 f 2 -1218.. 3680B.. 0.00 cwahl poo2 wave glider recovered! looks like it might have been hit by a boat. hull damaged,
10013¢03 .har 5 -1217.. | 36.803.. 0.00 I just android test
7413c01 asc 03/15/13 16:14 = y T T T s ety retisTe
L] BiD /06/ 1217..  36802.. 0.00 a test of new version 2.0 iscilog on ipad2 05 5.1.1 Wind is picking up. 1:46pm
il 03/15/13 16:14 (06} : -1217.. 36B0Z. 0.00 LRAUV Tethys has been launched. ETA at the line 7 pm PDT. LRAUV Daphne leaving th




Emerging Role of Observing Systems in HAB

Detection & Forecasting: GLERL-ReCON Network

-----------

N

Cont. Monitoring: SRP, T, C,

Aim to leverage existing and

8 emerging observing network

infrastructure for locating

CHAB-specific platforms

|| ~ integrate real-time physico-

chemical data & CHAB-specific
(cells/toxins) measurements

‘ ®w| ~ early warning of CHAB events &

understanding of environmental
drivers of bloom growth/toxicity

> support for CHAB forecasts

CHL, PC, PE,

Turbidity, CDOM, pH, DO




Emerging Role of Observing Systems in HAB

Detection & Forecasting - NOAA HAB OFS

Lake Erie Harmful Algal Bloom Bulletin

18 September, 2017, Bulletin 20

nues in the western basin, a igan and Ohio coasts, extending around the islands
entral basin. Obs winds since Thursday {9/14-12) caused an increase in surface concentrations, and allowed for the
formation of scum. Scums were visible nort fthe B slands. Measured trations are below recreational thre
throughout most of the bloom extent, but concentrations can exceed the threshold east of Maumee Bay State Park and n
Bass Islands where the m is most dense {appearing green from a boat).

vinds {5-11kn) today through Thurs f18-8/21) may reduce the po scum formation and minimi
g Microcystis concentrations. The water temperature is approaching or below F {20°C) thr ut the

Please check Ohi #'s site on harmful algal blooms for safety informati in.gov/ha ae.a p your pets and
yourself out of the water in areas where scum is formi NOAA's GLERL provides additional HAB da
persistent cyanobacteria bloom i dusky Bay continues. Cyanobacteria is

sible in the central basin extendil Fshore Headlands Beach State Park to Presque ksle State Park. --Ludema, Davis
The Imqes belcmI are "GeoPDF". To see lhe longitude and latitude under your cursor, select "'I'anls-x.i.nalpe > Geuipallal Location Ti

Cyanobacterial Density

-

indicates clouds or missing

Figure 1. Cyanobacterial Index from MASA MODIS-Aqua data coll
data. The estimated threshold yanobacteria detection is 20,000 cells/mL.

eptember, 2017 at 13:31

NOAA/NOS/CO-0PS Winds at Marblehead OH
NOAA/NWS/NDFD Forecast srurtlnn Sep 19, 2017

o
2 o

Speed In knots

Figure 2. O ial Index from NASA MODIS-Agua data
collected 17 September, 2017 at 13:31.

from Marblehead, OH. Blooms m
d speeds greater than 15 knats (or 7.7 mys).

provide user-friendly data tools &
accurate forecasts to resource
managers (fisheries, drinking/

recreational water)

support timely decision making to

protect public health, coastal
resources, ecosystem services, and

local economies

assimilate data streams from

autonomous, in-situ sensors into

predictive models for forecasting

bloom biomass, trajectory, toxicity



What will the future look like &
wha’r are some of our new challenges?

> Imagining the next steps

smaller, better, faster, cheaper,
easier to manufacture

> Adopting interface standards

‘plug-and-play’ modular sampling
and analytical modules

> Exporting the technology

Transitioning research fo
application & operations

enabling others to address
diverse questions

Adapted from C. Scholin



MBART & NCCOS ESP TEAM

the D'w1d
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