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Overview: SDI Organization



Overview: Stressors

• Alter state of ecosystem

• Include

– Harmful algal blooms

– Chemical contaminants

– Nutrients

– Pathogens

• Impacts

– Species

– Ecosystems

– People

– Economies



HABHRCA Authorization 

• Increase the availability to appropriate 

public and private entities

– Analytical facilities & technologies

– Reference and research materials

– Operational forecasts

– Mitigate adverse impacts of HABs

• Working cooperatively and avoiding 

duplication



PRIORITY: Stressor Impacts &Mitigation

SDI

CRP

SUBPRIORITIES
Harmful Algal Bloom 

Detection & 
Forecasting 

Bioeffects of 
Contaminants & 

Nutrients

HAB Forecasting 
Branch

HAB Monitoring & 
Reference 

Branch



• Develops monitoring technology

• Validates methods (human & autonomous)

• Validates measurements

• Serves as reference laboratory

• Trains managers and volunteers

HAB 
Monitoring & 
Reference 

Branch

HAB 
Forecast 
Branch

SDI: HAB Detection & Forecasting

• Conducts applied research needed to inform 
ecological forecasts 

• Advances satellite methods for detecting HABs

• Develops and delivers ecological forecasts

• Helps stakeholders mitigate HAB impacts



HAB Monitoring and Reference Branch
•Supervisory Research Physiologist (1)
•Research Chemist (3)
•Chemist (1)
•Research Oceanographer (2)
•Laboratory Technician (2)
•Contract Oceanographer (2)
•Contract Mass Spectrometrist (1)

SDI People

HAB Forecast Branch
•Supervisory Research Ecologist (1)
•Fish Biologist (molecular biologist) (1)
•Oceanographer (5)
•Physical Scientist (1)
•Contract Oceanographer (5)
•Contract Meteorologist (1)
•NRC Post Doc (1)



SDI Facilities

NCCOS Program Office and Headquarters — Silver Spring, MD. 
• Offices and state of the art computational facilities 
• Recognized internationally for work on HAB, contaminants and Marine spatial ecology

The NOAA Beaufort NC  Laboratory
• Shared with NOAA Fisheries and National Estuarine Research Reserve
• Recognized research on harmful algal blooms, seagrasses, coral reefs, seafloor mapping, 

aquaculture, and salt marsh ecology.

NCCOS’s Charleston SC Laboratory and Hollings Marine Laboratories (HML)
• Charleston lab: Recognized for HAB research, chemistry, toxicology, molecular, microbiology, 

and ecology
• HML:  partnership between NCCOS, the NIST, MUSC, SC Dept. Natural Resources, and the 

College of Charleston

“….R&D essential to accomplishing NOAA’s missions depends on sophisticated 

research facilities and hardware, including laboratories, 
instrumentation....... “ NAO 216-115A



Where We Work Nationally



Global Collaborations



NCCOS HAB Implementation Plan

Focus Area 1
• Lake Erie HAB Forecast
• Gulf of Maine Forecast
• Gulf of Mexico Forecast
• Assess R&D forecasts for 

potential transition

Focus Area 3
• Phytoplankton Monitoring 

Network
• Expand customer accessibility 

to HAB observations
• Phytoplankton monitoring 

network technologies

Focus Area 4
• Second Generation ESPs
• Third Generation ESPs
• Flow Cytobot
• Multiple toxin sampling and 

detection
• Address detection technology gaps

Focus Area 5
• Assure harmonized standard methods 

and reference material
• Publish guidance seafood safety mangers
• Analytical method development
• Reference material calibration
• Promote user laboratories



Internal collaboration



Next Up

• Dr. Wayne Litaker, Chief, HAB Forecasting 

Branch

• Dr. John Ramsdell, Chief, HAB Monitoring 

& Reference Branch



Harmful Algal Bloom Forecasting Branch 
To develop and maintain products useful for the American public

• Seek stakeholder engagement

• Evaluate if significant HAB issue present

• Can we fill critical gaps not provided by others

• Engage community involved in research activities and participate providing observations

To accomplish this we:
• Participate in maintenance and growth of observations networks

o Ever improving satellite surveillance

o Utilization and improvement of robust computing platforms,

• Cross-NOAA coordination and engagement with regional decision makers and partners

o IOOS, Regional Associations [RAs]

o Non-governmental organizations [NGOs] and academic institutions) who drive 
product development and implementation

• Conduct laboratory and field research essential to inform forecast products

SDI HAB Forecasting



• Projects involving ecological, toxicological and molecular expertise

• Alaska paralytic shellfish poisoning

• Ciguatera fish poisoning

• Future Directions

• Transition activities

• Chesapeake Bay

• North Carolina 

• Layer on National map for aquaculture

Overview

SDI HAB Forecasting



Issue: Alexandrium & Paralytic Shellfish Poisoning in Alaska 

Paralytic Shellfish Poisoning

• Alexandrium species

• Saxitoxins (>20 forms)

• Potent neurotoxins

Effects

• Human illness, only place US results in death

• Shellfish closures

• Economic burden

• Marine mammals & seabird mortality?

Potentially lethal > 500 µg STX equivalents 
per 100 g shellfish

SDI HAB Forecasting



NOAA Kasitsna Bay 
Laboratory, AK

NOAA Beaufort Laboratory, NC Partners

SDI HAB Forecasting



• A. catenella*

• A. ostenfeldeii

• Developed species-
specific qPCR assays

• Widely distributed

We Developed Methods for Mapping 
& Detection Toxic Species in AK
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Distribution & Abundance of Alexandrium
catenella in Kachemak Bay & Lower Cook Inlet

Objectives:

Use qPCR assay to:

Characterize distribution & abundance

Document local bloom seasonality

Governing environmental factors

2012 – 2016

During North Pacific warming event

SDI HAB Forecasting

Cook Inlet

Kachemak Bay



Seasonal Alexandrium bloom cycle

Drivers? Temperature

Salinity

Solar Radiation

Daily Precipitation

Water Temperature

Salinity

Alexandrium

SDI HAB Forecasting



Our model led to HAB Risk 
Assessment Tool

Forecast Webpage http://www.aoos.org/k-bay-hab/

• Allows estimated risk

• Lets multiple user groups post 

toxicity data real time

• Direct link to customers

SDI HAB Forecasting

2016 2017



Other Drivers ?

Nitrate + Nitrite Alexandrium blooms Kachemak Bay

• Start April - May

• After main phytoplankton bloom

• Peak in Aug-Sep (Temp.)

• Nutrients not limiting

Ammonium

Phosphate

• Hydrodynamics

• Cyst beds

• Grazing

Chlorophyll

Alexandrium

SDI HAB forecasting



2014

The warm water blob

2015 2016

SDI HAB 
forecasting



Regional Warming vs Bloom Intensity

Alexandrium response to increase in temperatures over course the study  

Ave. January temps from different regional stations

Alexandrium catenella
cell concentrations



• >0.5 - 1⁰C temperature 
anomalies associated with 
increased toxicity and closure 
shellfish beds in K-Bay

• Means small changes 
temperature significantly 
increase risk PSP

Temperature anomalies and PSP Risk

SDI HAB forecasting



Objectives

• Improve HAB Monitoring and identify environmental drivers of 

Alexandrium abundance.

• Test bagged shellfish as monitoring tool.

Toxicity
Monitors

Oyster
Cages

FY14 and FY16 Portfolio Project: Risk Assessment in Kachemak Bay

2016

SDI HAB forecasting



Used mussels and oysters as sentinel species

2014

2016
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• 100 Alexandrium cells L-1 toxicity increases substantially

• ~500 (400 – 600) Alexandrium cells L-1 toxicity increases 
above regulatory limits



Rapid Test Kit  Testing in Old Harbor, Ouzinkie and Kodiak City

Measure 5-10 minutes, easy to run with 
minimal training



Train shellfish sampling groups in Kodiak Communities for monthly sample 
collection of Butter Clams in Old Harbor, Ouzinkie, and Kodiak City.

• Project kickoff workshop – Aug 2016
Ouzinkie, Old Harbor site visits
Coordination of sample collection
Receive samples & ship to Beaufort Lab for analysis

Slated to go out twice this year to do more training, 
particularly with respect to the tissue study described next.
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SDI HAB forecasting
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Issue: Ciguatera Fish Poisoning - CFP
• CFP most common non-bacterial seafood related 

illness

• ~ 50,000 estimated cases annually

• Ciguatoxins (CTXs) produced by benthic microalgae,       
genera Gambierdiscus and Fukuyoa

• Concentrates in marine food chain

• Symptoms include gastrointestinal distress, mild to 
severe neurological and cardiovascular symptoms, 
rarely death 

Gambierdiscus cells

Ciguatoxin CTX1B (many congeners)
SDI HAB forecasting

CSCOR

http://upload.wikimedia.org/wikipedia/commons/7/7d/Ciguatoxin.svg


• How many species exist and how are they 
distributed?

• Are some species more toxic than others?

• Best sampling method?

• Can toxin screening methods be improved?

Unknowns

Gambierdiscus habitats

Partners

Gambierdiscus

SDI HAB forecasting



silvae

Now in 

genus 

Fukuyoa

scabrosus

Revised Taxonomy

SDI HAB forecasting



Established Caribbean Gambierdiscus Distribution
Pacific species not 
present in Caribbean

G. australes
G. pacificus
G. polynesiensis
G. toxicus
F. yasumotoi

*
*

*
*

F.

silvae

Developed species-specific 
PCR assays

Vandersea et al. 2012, J. Phycol.
Litaker et al. 2018, submitted J. Phycol.

* = found in both Caribbean and Pacific 

• Species indistinguishable by 
light microscopy

• Have to use molecular 
identification

• Found widely distributed
SDI HAB forecasting

0

2000

4000

6000

8000

10000

0 2000 4000 6000 8000 10000

Es
ti

m
at

e
d

  c
e

ll
s

(c
e

ll
 s

td
 c

u
rv

e
)

Cells

y = 1.0144x
R² = 0.84



Determined Species toxicity

• G. excentricus and G. silvae
most toxic

• Developed species-specific 
PCR assays 

• Test if abundance of high 
toxicity species correlates with 
CFP occurrence

Litaker et al. 2017, PLoS ONE
Pisapia et al. 2017, Marine Drugs
Pisapia et al. 2017, Harmful Algae

G. excentricus

G. excentricus

G. silvae

G. silvae

F. ruetzleri

F. ruetzleri



Alternative Toxin Detection Methods

• Ciguatoxins difficult & expensive to measure

• Looking for alternatives screening methods

• Co-developed fluorescent receptor binding 
assay for ciguatoxins

• Commercialized by
(http://www.marbionc.org/gallery/detail.aspx?id=2274946)

• Rapid calcium flux assay for detecting 
ciguatoxins and maitotoxins

Litaker et al. 2014, ICHA proceedings
Hardison et al., 2016 PLoS ONE
Lewis et al., 2016 PLoS ONE

Ciguatoxins compete with BODIPY-labeled brevetoxin-2

BODIPY

Voltage 
gated 
sodium 
channel

Brevetoxin

Site 5



Are Invasive Lionfish Ciguatoxic?

• Lionfish causing reef destruction

• Good to eat so - can fishery be developed as control 
mechanism?

• Depends on how likely are they to become ciguatoxic?

• Tested 293 Lionfish (13 locations, 74 sampling sites) in 
the Caribbean and Gulf of Mexico 

• Found, lionfish in most parts Caribbean likely safe, 
particularly with moderate consumption (NOT A 
RECOMMENDATION)

• Management must be nuanced

Lionfish and rang extension since first introduced 
Caribbean and Gulf of Mexico

Hardison et al., 2018  accepted PLoS ONE
Darius et al. 2017, Toxins

SDI HAB forecasting



Improved Sampling Method Using Artificial Substrates

Kibler et al. (2014) Harmful Algae
Leaw et al. (2018) In press Harmful Algae
Method now used worldwide

• 24 h incubation

• Simple to use

• Replication / non destructive

• Clean samples

• Obtain cells cm-2 (cells 100cm-2)



Patapsco R.

Back R.

Gunpowder R.

OLCI “true color”

Relative  
chlorophyll

Bush R.

Chlorophyll  
fluorescence

Low High Low High

Karlodinium

Heterocapsa

Chesapeake Bay near

Gwynn’s Island

M. polykrikoides Aug 10, 2016 A. monilatum Aug 29, 2016

Non-fluorescing 
algae

Ocean and Land Colour Instrument (OLCI) from ESA is providing 
higher resolution (300 m) imagery for tributary monitoring

MD blooms December 20, 2016

*Photos courtesy of Dr. Wolfgang Volgelbein, VIMS
*Modified Copernicus Sentinel data processed by EUMETSAT, Sentinel 3 
L1b, sample data was produced and used for this work, in support of 
Sentinel 3 evaluation

New Directions: Chesapeake Bay

Emerging HABs threaten oyster aquaculture industry



• Blooms can be hard to distinguish

• FY18 activities

• Provide satellite imagery to states and universities

• Collect spectral data to improve satellite algorithms

• Conduct lab culture studies needed to improve algorithm 
development

• Imitate development habitat based model to identify blooms 

Stakeholders

• VIMS, VA and MD State Departments of Environmental 
Quality

SDI HAB forecasting

Blooms occurring in upper Chesapeake Bay

Develop Habitat Model



HAB Monitoring in NC

• Provide imagery to stakeholders in Albemarle 
Sound, NC

• Collaborate with NCSU on testing passive sampling 
devices for toxins

• Develop web site automatically delivers these data 
to the public

True Color Image

Warmer color – Higher Chla



HAB Layer for National Aquaculture Planning Tool 

• HABs can 
devastate 
offshore 
aquaculture 
facilities

• Crucial that 
HAB 
information is 
included in 
National Plan

SDI HAB forecasting



HAB Monitoring & Reference Branch Overview

QUALITY PERFORMANCE

A measure of soundness, 
accuracy and reproducibility of a 

specific body of research

In essence this criterion asks for “what would 
not have happened if NCCOS did not exist, and 

how much would society have missed?”

An ability to manage to produce 
identifiable results, both 
effectively and efficiently 

John Ramsdell, Branch Chief

RELEVANCE

NAO 216-115A:  RESEARCH AND DEVELOPMENT IN NOAA: Section 3.08

Accountability: NOAA’s R&D will be regularly evaluated and adjusted based on objective reviews.



"Before 1992, the Federal government did not expend much direct effort on HABs. Some funding was spent

on a case-by-case basis if a new HAB occurred, but there was neither a pro-active orientation, nor a

significant ongoing program dedicated to the HAB problem. Overall, federal funding levels were very low

relative to the scope, complexity, and importance of HABs. As concerns about the problem increased in

the 1990's, the Federal government began to devote greater attention to HABs. In 1992, NOAA sponsored a

workshop with the HAB research community to develop a National Plan.

The workshop yielded a national research agenda and the creation of a Marine Biotoxins Program in NOAA."

OVERVIEW

HARMFUL ALGAL BLOOM AND HYPOXIA RESEARCH AND CONTROL ACT OF 1998

R E P O R T

OF THE

COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION

on

S. 1480

A Federal Program on Maine Biotoxins Since 1992



Why an Intramural Research Program

The purpose of an intramural research program is to conduct, in government laboratories,  distinct, high-

impact research that cannot be readily funded or accomplished in traditional academia.

Such as work that:

∙ addresses emerging public health issues or threats;

∙ requires quick mobilization of existent capability and resources;

∙ requires the cooperation of local, state, tribal, or international governments;

∙ requires validation to meet regulatory standards;

∙ assures transition of research to application.

OVERVIEW



NOAA’s  Intramural Research 
OVERVIEWOVERVIEW

Rick Spinrad 

NOAA’s Chief Scientist

2012-2017



Isolate toxins, characterize structures and action

Develop specific tests for toxins

Develop forecasting capabilities

Determine source and fate of toxins in food webs

Develop management and mitigation strategies

Improve databases for HAB events

Develop communication programs

Provide rapid response to toxic outbreaks

Improved detection of HAB toxins and species

Improved monitoring and forecasting

Improved protection of human health

Improved protection of endangered species

Improved prevention and mitigation strategies

Improved economic cost estimates of HAB events

Improved economics for shellfish safety

An educated and informed public

1992 2005 2014

OVERVIEWAn Intramural Research Program Prioritizes to Changing National Needs

DEVELOP IMPROVE

Marine Biotoxins and 
Harmful Algae:
A National Plan

ENABLE



OVERVIEWAn Intramural Research Program Prioritizes to Changing Organizational Requirements

Develop more smaller more 
versatile technologies and 
expand customer accessibility to 
monitoring data and capacity for 
utilization

Advance existing NCCOS expertise in concert with other 
federal agencies participating in the HABHRCA to support 
the development of standardized methods and training for 
testing laboratories and validation of their use to assure 
accurate and reproducible measurements.

Program transferred to support 
OR&R needs for DWH NRDA

Close program on animal models 
for HAB disease and 
toxicokinetics



NCCOS will focus its efforts by providing forecasting and detection products that empower communities to take action on HAB issues

Purpose

The NCCOS HAB sub-priority strategically supports NOAA responsibilities described in Section 603A(f) of HABHRCA. The National Science and Technology Council 

Subcommittee on Ocean Science and Technology’s Comprehensive HAB and Hypoxia Research Plan and Action Strategy outlines Federal agencies’ roles and 

responsibilities, identifies challenges, and recommends actions to address these events. 

Over the next three to five years NCCOS will specifically focus on the following priority areas:

FOCUS AREA 1: Early warning forecasts of HAB extent, trajectory, and toxicity, so managers can implement early action (e.g., changes in water treatment 

protocols, targeted closures of certain fisheries or shellfish harvests) to more (cost) effectively and efficiently mitigate the impacts of HABs;

FOCUS AREA 2: Scenario predictive models of HAB abundance and toxicity that establish their relationship to causative factors, to improve management strategies 

for preventing and mitigating HABs and their ecosystem (including socioeconomic) impacts, and assess the effectiveness of prevention and control practices;

FOCUS AREA 3: Volunteer observation opportunities through the Phytoplankton Monitoring Network human infrastructure to educate citizens, test new technologies, 

and inform managers of the onset of toxic bloom events;     STEVE MORTON: 1:00 PM Today

FOCUS AREA 4: New detection technologies, such as test kits, autonomous sensors, and portable field instruments that enable local observations to support 

operational and demonstration forecasts, and provide states, municipalities and tribal nations with the ability to identify and quantify HAB species and toxicity; 

GREG DOUCETTE: 1:20 PM Today

FOCUS AREA 5: Analytical methods and reference materials which leverage existing NCCOS expertise, will be advanced

in concert with other federal agencies participating in the HABHRCA IWG to support the development of standardized methods and training for testing laboratories 

and validation of their use to assure accurate and reproducible measurements nationwide.   MAGGIE BROADWATER:  1:40 PM Today

OVERVIEWAn Intramural Research Program Tracks to the Strategic Plan



Rigour - A certain level of experience and training that provides 
an appropriate level of circumspection.

Reproducibility - The use of multiple approaches to address a 
question. 

Routine - The management of quality.

Robustness - That which is credibly inferred from the application 
of our findings.

HAB Monitoring and Reference Branch- Quality Measures

QUALITY

A measure of soundness, accuracy and reproducibility of a specific body of research



QUALITY

Current contractors have received NOS EOY/Team member of the year 2014, 2016 and 2017

Rigour - A certain level of experience and training that provides an appropriate level of circumspection

Expert- No longer relies on rules, guidelines or maxims. Intuitive grasp of situations based on deep tacit understanding. Analytic approaches used only in novel 

situations or when problems occur. Vision of what is possible.  Has an authoritative or deep holistic understanding, deals with routine matters intuitively, able to go 

beyond existing interpretations, achieves excellence with ease.  Dreyfus, S E (1981) Four models v human situational understanding: inherent limitations on the 

modelling of business expertise USAF Office of Scientific Research, F49620-79-C-0063.



Analytical equipment and specialized laboratories.   A fleet of mass spectrometers, high resolution microscopes 
and sensing platforms is expertly maintained by our scientific staff to maintain peak performance and lifespan. 

QUALITY

NAO 216-115A: Section 3.05 Facilities and Infrastructure: The complex,

transdisciplinary and long-term R&D essential to accomplishing NOAA’s

missions depends on sophisticated research facilities and hardware, including

laboratories, instrumentation, ships, aircraft, satellites, moored platforms,

autonomous vehicles, high performance supercomputing, test beds, proving

grounds, data repositories, computer models and information systems



QUALITY

Several studies across many fields estimate that
only around 40% of published findings can be replicated reliably

Reproducibility - The use of multiple approaches to address a question.

https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970


QUALITY
Routine - The management of quality.

Toxin Analysis Management Team (TAMT)

This team is a multidisciplinary group of scientists who determine what analyses, if any, any will be performed and to assign staff

responsibilities. The TAMT also assures all final reports for quality and accuracy prior to its release to the originator of the request.

The S&R design and success of the Analytical
Response Team in defining the cause of marine
animal mortality events drew the attention of
the IBM Advanced Business Institute (ABI)
Stephen Haeckel, Director of Strategic Planning,
familiar with red tides as a coastal resident an
authority on sense and respond business design,
and author of “Adaptive Enterprise” (Harvard
Business School Press, 1999). Mr. Haeckel and
worked with the team to design to TAMT.

The largest S&R implementation to date is a multi-billion dollar
systems integration project involving 3,000 people. The smallest
is a seven person organizational design for responding to what
the United States National Oceanic and Atmospheric
Administration calls “coastal mortality events.” - Stephen Haeckel

Published in 2016 the Workbook features
the NOAA Team as one of three case
studies



QUALITY

2001 LEIGHFIELD                                                   2006 FIRE                                            2014 BROADWATER

Routine - The management of quality.



QUALITY
Robustness - That which is credibly inferred from the application of our findings.



QUALITY
Robustness - That which is credibly inferred from the application of our findings.



HAB Monitoring and Reference Branch- Performance Measures

An ability to manage to produce identifiable results, both effectively and efficiently

PERFORMANCE



1. Execute deployment of OAR-GLERL ESP for microcystin detection to span a 
significant portion of bloom season and generate near-real time data 
supporting development of Lake Erie toxicity forecasts (GLERL, NCCOS, CILER 
collaboration); 3rd and 4th Quarters, FY17;

2. Conduct multiple offshore deployments of NMFS-NWFSC ESP and CCEHBR 
DA sensor in PNW, and complete demonstration of near-real time data 
dissemination to managers and other stakeholders via NANOOS DVS (UW-
NWFSC IOOS OTT project); 3rd and 4th Quarters, FY17;

3. Deploy surface plasmon resonance sensor for DA detection in Monterey 
Bay on Long-Range AUV-based 3rd generation ESP as part of first science 
mission for this observing technology (MBARI, U Maine, U Washington 
partners); 4th Quarter, FY17;

4. Conduct optimization of microcystin and PST sensors for ESP to improve 
the accuracy of toxin quantification for diverse algal assemblages and toxin 
profiles, and continue development of multiplexed DA-PST sensor for 2G ESP; 
all quarters, FY17.

1.  Implement PMN platform for freshwater toxins through NOAA-EPA Agreement in 
high priority regions identified in FY17 EPA.  DELIVERABLE: Utilize trip to EMD 
Workshop trip to Washington DC to meet with EPA Office to Water to update of the 
progress of the freshwater PMN in the first quarter;

2. Expand customer accessibility to HAB observations by enhancing data serving 
capacity and visualization of the PMN database in collaboration with the National 
Center for Environmental Information.  DELIVERABLE:  Integrate volunteer 
observations from the Maine and California phytoplankton monitoring networks 
into NOAA’s PMN ERDDAP database;

3. Distribute PMN platform to Alaskan Arctic tribal members to monitor HABs in 
partnership with Southeast Alaska Tribal Ocean Research and NOAA Education 
DELIVERABLE: Introduce the Southeast Alaskan tribal monitoring network to high 
school classes through outreach materials and lesson plans to the Sitka Tribe by the 
third quarter; 

4. Develop strategy with the  NOAA Office of Education to expand citizen science 
monitoring into the Arctic communities of Alaska in support of the White House's 
Arctic Science Ministerial by the fourth quarter.   DELIVERABLE: Distribute PMN 
platform to Alaskan Arctic tribal members to monitor HABs.

DELIVERABLES REPORTABLE FROM INVESTIGATOR TO SUPERVISOR

PERFORMANCE



DELIVERABLES REPORTED BY SUPERVISOR TO NCCOS
PERFORMANCE



DELIVERABLES REPORTED TO CONSTITUENTS BY NOAA
PERFORMANCE



PERFORMANCE



HAB Monitoring and Reference Branch- Outcomes are our Relevance Measure

OUTPUT: The important products we 
create (e.g. standard methods, analyses, 
tools, workshop reports, data, models, 
services, training).

OUTCOMES: The differences made by 
the outputs that benefit our customers, 
the resources they manage and the 
people that utilize and benefit from these 
resources.

“what would not have happened if NCCOS did not exist, and how much would society have missed?”

RELEVANCE

Short Medium Long



Our outcome Stories document changes in:
● Learning, 
● Better Actions and,
● Improved conditions

that emerge from NOAA internal investment in our efforts
of direct engagement between users and researchers 
[NOA 216-115A: RESEARCH AND DEVELOPMENT IN NOAA].

OUTCOME STORIES ARE QUALITATIVE MEASURES OF OUTCOMES RELEVANCE

Any story captures an outcome at a specific point in time; 
Outcomes continue to evolve for years after project completion



HAB Monitoring and Reference Branch- Case Outcome Story

Paralytic shellfish poisoning (PSP) is a world-wide,
sometimes fatal seafood poisoning caused by
potent algal neurotoxins that accumulate in
shellfish. Both U.S. and international shellfish
commerce regulations require testing for PST. The
only approved testing method in the U.S. had been
the mouse bioassay, until the Interstate Shellfish
Sanitation Conference (ISSC) voted to accept a
receptor binding assay, developed by NCCOS
scientists, as an official method. This approval is
the culmination of over a decade of effort to
replace live animal testing for PSTs.

RELEVANCE



1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 20172018

DELIVERABLE RL 1-2: basic and applied research RL 3-5: proof-of-concept and system 
validation

RL 6: Demo in relevant test environment RL 7: Demo in operational 
environment

RL 8-9: Finalized system/deployed routinely

NEED The original impetus for developing the 
method was a desire within the U.S. and 
internationally to develop assays to replace 
the existing live animal testing protocol, the 
mouse bioassay, used for regulatory testing of 
shellfish. 

The transfer of the technology to 
developing countries begin when the 
Philippines experienced several human 
fatalities due to paralytic shellfish 
poisoning, and requested assistance from 
the U.N. for establishing testing 
procedures. 

Within the U.S., individual states have requested training on the method at 
NCCOS (Florida, California) and a private company contracted to perform testing 
for FDA in offshore waters similarly requested training and assistance in setting up 
the assay in their lab

Regulatory approval is needed for 
the technology to be used in an 
operational environment.

Materials required to readily available by 
operational vendors and routine deployment 
demonstrated by operations 

IMPEDIMENT Saxitoxins in shellfish have 23 different 
metabolites nearly impossible to determine by 
analytical methods. 

Chemical Weapons Convention Ban 
prohibited transport of 
saxitoxin. Radiolabeled saxitoxin was not 
longer available.

In order to be accepted for regulatory use, extensive collaborative testing of 
methods is required, this requires single and interlaboratory validation studies 
requiring study design and carefully prepared materials

Regulatory approval and 
operational laboratories.

Receptor preparation requires homogeneity 
and worldwide access

Routine deployment requires full operation 
by users

RESOLUTION The PSP receptor based assay was developed 
as an alternative to the mouse bioassay that 
eliminates the need for live animal testing for 
marine toxins. The PSP receptor assay detects 
each toxin in proportion to its potency and 
provides a summed total toxicity 
measurement. 

STX calibration standard exempt from NRC 
regulations, FDA develops new radiolabel 
synthesis and IAEA opens import of 
radiolabeled saxitoxin. NCCOS conducts 
extensive evaluation of new products.

IAEA sponsors AOAC studies. NCCOS coordinates studies and prepares materials 
for multiple studies.

FDA works with NCCOS to 
establish regulatory approval

Test and validate Porcine 
preparation, [11-3H] STX 
and NIST Reference 
Material 8642 calibrating 
solution

Set up laboratory 
in Alaska tribal 
nation; Encourage 
states to adapt 
method into 
regulatory 
laboratories

PARTNER Wallac-Perkin Elmer IAEA and FDA CDPH Testing Laboratories FDA, ISSC, Resource Access 
International

Sigma-Aldrich, 
ARC, FDA, NIST

SEATOR, CDPH

OUTPUT The assay was also developed in high 
throughput format permitting analysis in an 8 
x 12 array using a six-probe instrument 
designed by Wallac Corporation. The PSP 
receptor assay was published in 1997 with a 
comparison to the mouse bioassay

The International Atomic Energy Agency 
supported scientists from seven Southeast 
Asian nations, Philippines, Malaysia, 
Indonesia, Vietnam, Thailand, Pakistan, 
and China, to receive technical training and 
technology transfer on receptor assays for 
the family of toxins responsible for 
paralytic shellfish poisoning (PSP). 

Optimization 
study 
published by 
CDPH and 
NCCOS 
J AOAC Int. 
(2003) 86 
(4):737-741

Preliminary Interlaboratory 
Study (5 labs, seven 
shellfish samples)

AOAC International Collaborative 
Study (15 labs, 21 shellfish samples, 
multiple species from around the 
world

SLV published
J AOAC Int. (2009) 92:1706-1713

International 
Collaborative 
Study 
approved by 
AOAC 
and published 
J AOAC Int. 
(2012) 
95(3):795-812

FDA guides
ISSC approval
and CODEX 
acceptance

NCCOS transfers 
technology to 
Resource Access 
International

Saxitoxin kit for 
receptor 
binding assay: 
50µCi [11-
3H]STX, 100µg 
saxitoxin 
dihydrochlorid
e (RM) 60 vials 
porcine brain 
homogenate, 

NCCOS guide and train 
operation of toxin testing 
laboratory in for SEATOR

Publication of Regulatory 
Use by CDPH
Food Addit Contam Chem 
Anal 2018 35(1):144-158.

OUTCOME An alternative to the mouse bioassay that 
eliminates the need for live animal testing for 
paralytic shellfish poisoning

NOAA, IAEA, and the FDA are concerted 
actions to develop and to validate a 
radioligand based method, the receptor 
binding assay (RBA).

California is the first 
state to evaluate PST 
receptor assay for 
future regulatory use

23 Member States in Africa, Asia, the Pacific region and 
Latin America are trained to use PST receptor method

AOAC Official 
Method of 
Analysis

U.S. Regulatory 
Approval

Commercial 
Operation 
supports shellfish 
harvest in Gulf of 
Maine

All materials 
are 
commercially 
available 
worldwide

STAERL laboratory operation

California independently 
published commercial 
materials provide accurate 
determination of PSTs in 
shellfish

Timeline for transition to application for PSP high throughput receptor assay RELEVANCE



Outcomes from PSP receptor assay case report

Tested for applicability under regulatory use

California Department of Public Health 

Food Additives & Contaminants: Part A 2018

RELEVANCE



Afternoon presentations of outcomes showing changes in knowledge, practice and societal behavior

PRIORITY AREA 3: Volunteer observation opportunities through the Phytoplankton Monitoring Network human infrastructure to educate citizens, test new 

technologies, and inform managers of the onset of toxic bloom events;  STEVE MORTON: 1:00 PM Today

PRIORITY AREA 4: New detection technologies, such as test kits, autonomous sensors, and portable field instruments that enable local observations to 

support operational and demonstration forecasts, and provide states, municipalities and tribal nations with the ability to identify and quantify HAB species 

and toxicity; GREG DOUCETTE: 1:20 PM Today

PRIORITY AREA 5: Analytical methods and reference materials which leverage existing NCCOS expertise, will be advanced

in concert with other federal agencies participating in the HABHRCA IWG to support the development of standardized methods and training for testing 

laboratories and validation of their use to assure accurate and reproducible measurements nationwide; MAGGIE BROADWATER:  1:40 PM Today

NOS-EPA Agreement on HABs in freshwater lakes - ANTONIO BRAVO: 2:20 PM Today

Monitoring and observations of HABs in Lake Erie- TIM DAVIS: 2:00 PM Today

Building Capacity – Tribal laboratory networks and response capabilities- CHRIS WHITEHEAD: 3:45 PM Today

Building Capacity – International laboratories and NOS-IAEA Agreement – John  Ramsdell 4:00 Today

RELEVANCE
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Satellite imagery in HAB 
forecasting 

Transition, operations, outreach

Rick Stumpf
NCCOS SDI  HAB Forecasting Branch
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In 2012, what were we doing?

WA: proof of 

concept 

CA: CSCOR 

research

TX: operational

Erie: demonstration

C.Bay:  

research

G.Maine: CSCOR 

research demo

FL/AL/MS 

operational

National response: 
concept.
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Gulf of Mexico

We developed the bulletin content starting in 1999

New product and concept (Stumpf et al., 2001, 2003) 

Chlorophyll “bloom” anomaly (ecological indicator) 

Enhanced with Ensemble approach (Tomlinson et al., 
2004; 2009) 

Resuspension correction for Texas (Wynne et al., 2008)

Upwelling forecast (Stumpf et al., 2003) model (Lanerolle et al. 
2005;  Stumpf et al., 2008)
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National Ocean Service

Harmful Algal Bloom Forecast System, shift from 

SeaWiFS original to MODIS in 2010

Page 1 Page 2

http://www.tidesandcurrents.noaa.gov/hab/
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1-5Texas Operational, Sep 2010
•Demonstration started in 
CCMA in 2005.   Bulletins 
distributed across Texas, 
coordinated closely with the 
state. 

Transport  along coast:
Using TGLO model, 
TABS buoys for model adjustment, 
and GNOME for  transport.  

Supporting routine cleaning of Flow 
Cytobot, at Aransas Pass , a 
research instrument that provided 
initial identification of the last three 
blooms. 
Goal:  demonstrate enhancement of 
forecasts.  
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Gulf of Mexico

We developed the bulletin content starting in 1999

CoastWatch implementation for G.Mexico (1999, 2002) 

national anomaly with NOAA-20 (Coastwatch/OceanWatch)

New product and concept (Stumpf et al., 2001, 2003) 

Chlorophyll “bloom” anomaly (ecological indicator) 

2015, Enhanced with Ensemble approach (Tomlinson et al., 
2004; 2009) 

Resuspension correction for Texas (Wynne et al., 2008)

Upwelling forecast (Stumpf et al., 2003) model (Lanerolle et al. 
2005;  Stumpf et al., 2008)
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What’s next for Florida and Texas

• The problem.  Respiratory forecast for Karenia red tide. 

• NASA Public Health and Air Quality Program funded project.  

• Why now?  Technology and models
• Smartphones

• Resolution:  NWS drastically increased model and forecast resolution  (WRF, 
NDFD, etc.)

• We were busy for a bunch of years (more later)
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Satellite, HABscope and modeling for respiratory 
irritation in Karenia brevis (red tide) outbreaks

Florida Red Tide
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• Around Gulf of Mexico from Mexico to 
Florida.  

• Late summer/early fall to year long 

• Brevetoxins, sodium channel activators  

• Toxin kills fish, birds, dolphins and manatees

• Neurotoxic shellfish poisoning

• Commercial is closely monitored, recreational 
must follow warnings

• Economic losses in Florida and Texas

• Respiratory illness in humans

Toxic Karenia brevis blooms
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Toxic Aerosols

• Toxins can aerosolize -

particles 3-20 µm range

• Healthy people:  upper airway 

irritant.  Coughing water eyes, 

sinus pain

• People with chronic respiratory 

illness (like asthma) 

• Toxins are a trigger

• Swimming risk not well known

• Anecdotal, skin rashes, 

swelling of lips and eyes
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Effects of Exposure
Asthmatics  9% of population

One hour walk on the beach during a red tide;  5 

days for pulmonary function reach baseline

54% increase in ER respiratory (asthma, 

pneumonia, bronchitis)

Sarasota County alone, ER costs increase up to 

$4 million, depending on bloom severity

Lifeguards (occupational healthy group) - no 

pulmonary function measurable effect

Loss revenue to area businesses ($6 million/month 

per county)

Critical need to accurately warn the public

Everyone reacts, useful indicator exposure
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NOAA HAB forecast system bulletin

NOAA started demo in 1999. In 2004, bulletin made operational in Florida.             
tidesandcurrents.noaa.gov/hab/beach_conditions.html
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Current respiratory warning 

• Warnings are by the 
county and vague over the 
day. 

• Blooms are patchy and 
winds change. 

• How patchy? 
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Cell concentration patchy from beach to beach

Wind speed and direction 
variable

County level forecast right 78%

Applied to individual beaches, right 20% 
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Strategy:  Use satellite data to inform sampling to improve 
resolution with volunteer monitoring.

goal of “every beach, every day”

Satellite identifies

Bloom area Local wind field models 

Measure cell and toxin 

concentrations

Provide near real-

time exposure 

levels

Respiratory risk proportional K. brevis 

concentrations X strength of the onshore wind
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Satellite bloom detection 2017, real time

Bulletin ensemble

MODIS chl-a,  
30Oct

Sentinel-3a chl-a 
01Nov

Sentinel-3a chl-a 
04Nov

Sentinel-3a 
RBD fluor

Sentinel-3a 
RBD fluor
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Entire package of 
monitoring: satellite, 
field, and models

• Upwelling model, addresses 
ecological conditions

• Are conditions favorable for a 
bloom to be Karenia?  
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Development of bloom follows upwelling model and 
satellite detection

3-D model  11/03 (From FWRI)  
predict southern, offshore movement of surface waters and 
southern, onshore movement of subsurface waters from Pinellas 
to Lee counties over the next three days.
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Volunteer Observer System

• Portable scope system for volunteers

• Prototype completed.  3D print mounting 

• iPod extraction & GPS

• Portable WiFi communication for data

• Automated detection, shape and 
swimming used to quantify cells

https://www.youtube.com/watch?v=tpA6x9FvBJE

https://www.youtube.com/watch?v=tpA6x9FvBJE
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Volunteer Networks

Mote Marine Lab, Education Dept

Texas Red Tide Rangers (program of Texas Sea 
Grant and Texas Parks & Wildlife Dept, TPWD)
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Example HABscope
detection
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HABscope data now available within ½ hour
updates every 3 hrs. Goal: “every beach, every day”. 
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Upcoming papers (with TAMU, Mote)

• HABscope method  

• HABscope community

• Severity metric for Florida (with wind impacts)

• Respiratory model evaluation

https://www.star.nesdis.noaa.gov/sod/mecb/color/ocview/o
cview.html



HAB Forecasting Feb 2018

Live forecasts using our 
methods are being applied 
elsewhere. 

Advice on how to use the 
method and scripts to 
facilitate to develop the tool 
was provided to EU 
scientists.
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 Advisors to  the the EU FP7 ASIMUTH 
project (2011-2013) Scientific 
Steering Committee on structure & 
content of the HAB bulletin, initiated 
knowledge exchange and know-how 
related to satellite data processing

 In the recently started JPI climate 
ERA4CS CoCliME project (2017-2020) 
the existing HAB bulletin process is 
being used as a basis for developing a 
climate service for the aquaculture 
industry. Michelle Tomlinson, as a 
member of the Scientific Advisory 
Board, will continue to provide advice 
to EU colleagues

NOAA – EU collaboration in the design, implementation and benefit sharing of 
downstream services
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Cyanobacteria.  Starting with Lake Erie

In 2011.  Total annual phosphorus was likely cause of blooms.

Limited estimate of intensity

Weekly bulletin for blooms. Converted from 1 km MERIS to 300 m 
MERIS in 2010, 2011. 
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Lake Erie weekly Bulletin in 2011

Bloom 

from 

satellite

forecast
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2012.  Stumpf, Wynne, Baker, and Fahnenstiel, PLoSONE.  Interannual variability of cyanobacterial blooms in Lake Erie. 

Impact over the next several years

Started collaborations

Heidelberg University National Center for Water Quality Research

nutrient data and knowledge 

Ohio Sea Grant and the Stone Laboratory

outreach, education,  annual with seasonal forecast

ready for renewal of NOAA GLERL Cyano program in 2013

research synergism,  models, field, remote sensing
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Impacts:  2010 Ohio Lake Erie Phosphorus Task Force 

2010 Annual load emphasized
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2011 cyanobacteria bloom

09 October : Data from MERIS 

(European Space Agency 

2011, the worst bloom in decades 
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10 years of MERIS data, we determine annual bloom peak 
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2012 PLoSONE paper: Spring Phosphorus Load Matters

Not winter, not annual, 

But spring. 

This is the updated model,

(adapted from 2016 paper)

C
I  

(1
0

2
0

ce
lls

)

Spring TBP (m.tons)
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Seasonal Forecast 2012-2017 

• Was annual or spring P load key? 

• 2012, Nature provided a natural experiment.  
• High discharge/load in winter, dry spring 
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2012 paper: Is it spring load?  
2011-2012 Nature’s Experiment

Forecast:

Water Year, 2012 = 2011

Spring,  small bloom 2012
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2012 was mild bloom.  Spring load matters

2012
2012

2011
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2013 Task Force

Targets for spring specifically, 

37% of TP, 41% of DRP spring

as well as annual

For the Maumee River, the Task Force recommends targets for 
spring loads (defined as 1 March to 30 June) and annual loads 
(water years, 1 October to 30 September) for both total phosphorus 
and dissolved reactive phosphorus based on 11 years (2002-12) of 
observation and models that have proved to be highly accurate. 
Spring phosphorus loading in particular has been shown to be 
highly predictive of subsequent HAB size. 
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Great Lakes Water Quality Agreement (U.S. Canada)

40% reduction in spring 
TP and SRP loads for all 
watersheds

And for Maumee River 
specifically. 
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Rep Kaptur (Ohio 9th) asked: 
“How have we done?”

2017

• 2013 led to adjustment

• Change to severity index in 2015 
(request of Ohio Tourism)

• 2016 was forecast to be smaller 
than 2015. That much was right

• Our standard model correctly 
forecast (and the ensemble was 
pushing higher), but we didn’t have 
enough confidence after 2012 
bloom!
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Back to 2012.  MERIS in the Bulletin

Bloom 

from 

satellite

forecast
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Ready for expansion.  Florida, Ohio, Chesapeake

Florida Dept of 
Health Experimental 
Bulletin

2012
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We  had never tried MODIS

• Envisat contact lost 8 April 2012, 

• End of mission on 9 May 2012.

• Bulletin up on 05 June 2012. 

• Wynne et al. 2013
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2014 was a bad year on Lake Erie

Photo copyright 
Dave Zapotosky
Toledo Blade.
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2015 was not a good year, either

Multi-million loss for tourism and water treatment. 

"I've seen a 25 percent drop in revenue this season," 
captain Paul Pachowski, President of the Lake Erie 
Charter Boat Association.

"People don’t call to ask ‘how is the fishing?’, they ask 
‘how is the algae?’”
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Lake Erie Bulletins over time

Reused in local media
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MERIS/MODIS combined.  Next steps:
OLCI and 3-D model implementation
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CI product for 10 August 2017, Lake Erie  
OLCI 1614 GMT, Terra 1626 GMT,  Aqua 1808 GMT 

46

OLCI

Terra

Aqua

Aqua and 
Terra saturate
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Can Lake Erie help us monitor cyanobacterial 
blooms in the rest of the country?

• Rick Stumpf

• NOAA

Put-In Bay,  24 July 2015. 

Justin Chaffin, OSU Stone Lab
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Example quantification for CI, 
Lake Erie transferred to many other lakes

Relationship to chl-a

Tomlinson et al., 2016

EPA  analysis

Lunetta et al., 2014
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49

HABHRCA 2014 mandates, support EPA in non-
Great Lakes freshwater, develop monitoring and 
forecasting
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CyAN successes

• Ohio

• California

• Florida 

• Wisconsin

• Utah

50

Test results from a water sample taken June 8 showed levels of 10.5 parts per billion of cyanobacteria. 

The Ohio Department of Health’s recommended threshold for posting a public health advisory is 6ppb, 

Village Mayor Joanne Dodaro said officials were alerted about the bloom by the Ohio Environmental 

Protection Agency after it was detected by a satellite.

http://www.medina-gazette.com/Medina-County/2017/06/14/Elevated-toxins-found-in-
Chippewa-Lake.html
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Ohio

• Ohio EPA using geoTIFFs in 
ArcGIS

• Supporting Ohio Parks

• Supporting PA for parks near 
Ohio

51
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Lake Okeechobee

South Florida Water 
Mgmt District

(SFWMD, Softmud)

www.sfwmd.gov/news-
events/meetings

Aug 03, 2017 board 
meeting 

52

https://www.sfwmd.gov/news-events/meetings
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California,  SFEI in support of CA Water Board
Web tool for freshwater HAB 
monitoring and assessment for 
lakes across the state.  

cchab.sfei.org/

53

http://cchab.sfei.org/
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cchab.sfei.org/ uses OLCI and MERIS for California   

54

MERIS OLCI

http://cchab.sfei.org/
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Utah Lake 
supporting EPA region 8 and Utah DEP

June 29, 2017

55

(one of the largest freshwater 
lakes in western U.S.)

high

medium

low

Non-detect
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Wisconsin,  CyAN
intersects with GLRI

• Wisconsin DNR

• Univ. Wisconsin

• Lake Winnebago Mgmt

• Public Water Suppliers

Planning for sampling

56

https://www.facebook.com/WinnebagoWaterways
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Collateral benefits of our program.  Other products, 
retrospective and real-time

Water clarity  climatology for lidar mission planning 

www.ngs.noaa.gov/RSD/topobathy.shtml



HAB Subpriority Focus Area 3:  Volunteer 
observation opportunities through the 

Phytoplankton Monitoring Network (PMN) to 
educate citizens, test new technologies and inform 

managers of onset of bloom events
Promoting a better understanding of Harmful Algal Blooms by way of volunteer monitoring.

NOAA National Centers for Coastal Ocean Science http://www.chbr.noaa.gov/pmn/

Steve L. Morton, Ph.D.
Research Oceanographer
SDI Division
HAB Monitoring & Reference Branch



Foundation of citizen science in NOAA

Thomas Jefferson in 1776 launched the 

volunteer weather observers in Virginia which 

expanded to five states and then nationwide 

to the development of the Cooperative 

Observer Program.



Credit: Gary Freitag and Barbara Morgan

PMN aims to educate the 
public on harmful algal 

blooms (HABs) while 
expanding the knowledge 

of phytoplankton that 
exist in coastal                   

waters through research 
based monitoring.

PHYTOPLANKTON

MONITORING 
NETWORK 

NATIONAL CENTERS FOR COASTAL OCEAN 
SCIENCE Science Serving Coastal Communities

OVERVIEW



Volunteer Equipment
• Refractometer
• 20 µm mesh plankton net
• Thermometer
• 5 gridded slides
• Cover slips
• 250 mL bottles
• 1L bottles
• 15mL of Lugol’s solution for 

preservation

*Region specific volunteer manual

*The PMN manual has data sheets, 
phytoplankton ID sheets, and HAB 
information specific to volunteer’s 
local coastal waters.

Photo credit: Elizabeth Zerai

Volunteers are loaned all sampling 
equipment except light microscopes 
for monitoring!

OVERVIEW



School Groups
College Groups
Aquariums
Civic Groups
Homeowners Association
Coast Guard Auxiliary
Master Naturalists
State Agencies

OVERVIEW



PMN Development Timeline

OVERVIEW



Rigour - A certain level of experience and 
training that provides an appropriate level 
of circumspection.

Reproducibility - The use of multiple 
approaches to address a question. 

Routine - The management of quality.

Robustness - That which is credibly inferred 
from the application of our findings.

Quality Measures
A measure of soundness, accuracy and 
reproducibility of a specific body of research

QUALITY



Use of Technology
Rigour: combination of staff experience & use of tools delivers quality results: 

Interfacing users with technology

QUALITY



Volunteer Reported 
Blooms > 200      

Non-harmful species > 150  

Potentially toxic species = 37

Confirmed toxic events = 12

▶ 9  Domoic Acid
▶ Texas = 3
▶ Mississippi = 2
▶ North Carolina = 2
▶ Alaska=2

▶ 1  Okadaic Acid
▶Texas

▶ 2 Saxitoxin
▶ Alaska

Bloom Events from 2001 – 2017
Phytoplankton Monitoring Network 

Reproducibility: A large volunteer network and lab-based toxin analysis uses 
multiple approaches to identify toxic blooms



PMN Data Reports

QUALITY

Routine: Quality of data reporting is 
maintained through an emphasis on 
a QA, QC, QM process for reports.



360° recognition of PMN quality

• 2016 NOS Team 
member of the Year

• 2016 NOAA 
Administrator’s Award

• 2015 Bronze Medal 
Award

• 2008 Bronze Medal 
Award

• First Flight H.S. won the 
Governor's Award for 
Environmental 
Stewardship

• MTS and IEEE Grants 
(totaling $15,000)

• Students presented at 
Oceans 15 and 16

Sitka Tribe of Alaska 
awarded Outstanding 
Achievement Award 
and the Environmental 
Excellence Award at the 
2017 Alaska Forum on 
the Environment 



DELIVERABLES REPORTABLE TO SUPERVISOR

PERFORMANCE



PMN AOP 18
PERFORMANCE

Transition the National Phytoplankton Monitoring 2-G SmartPhone 
App to operations with new capabilities for freshwater HABs and 
volunteer data entry Q2| Ramsdell (Morton) COMPLETE

Operational Phytoplankton Monitoring sites in Native Alaska priority 
areas expanded to 7 tribal sites in Kodiak Island and 4 sites in the 
arctic areas of Alaska Q4| Ramsdell (Morton)

Develop a model-based and monitoring-friendly tool (hand-held 
“tricorder”) that can be used by managers to predict K. veneficum 
bloom toxicity and fish kills in brackish aquaculture facilities and 
shallow coastal areas. Transition tricorder to Readiness Level 7-8 for 
integration into the Phytoplankton Monitoring Network and 
GCOOS.  Q4 | Lewitus (Wickman)



Enhanced data serving capacity and visualization 
of the PMN dataset

Developed as part of the Presidential mandated Big Earth Data 
Initiative

• Discover: improve metadata in archives to make datasets more 
discoverable by popular search engines (e.g., Google or Bing) 

• Access: Develop better web accessible APIs by improving 
geospatial coordinate handling and response formats 

• Use: Improve compatibility with commercial GIS software (e.g., 
Esri)

Environmental Research Division Data Access Program (ERDDAP) 
database developed by NOAA-NCEI

• Easier Access to Scientific Data

• Output data into many formats
RELEVANCE



Examples of Data Usage

RELEVANCE

Downloaded all estuarine salinity data 
for tide gauge models

Uses HAB distribution in Southeast for use in 
Vibrio model

Downloaded all phytoplankton data 
to determine ecological changes 
due to drought

Warns end users to HAB conditions

PMN data to be included in the 
FY18 annual State of the 
Ecosystem report



Outcome Story: Alaskan Tribal monitoring of toxic 
phytoplankton

Utilization of PMN sampling and 
identification techniques was the first 
step in the creation of the Southeast 
Alaska Tribal Ocean Research (SEATOR) 
program



Outcome:  Enable tribal communities to harvest traditional shellfish 
sources safely and mitigate the threat of harmful algal blooms 
through phytoplankton sampling coupled with toxin detection   

During summer 2017, similar PSP toxin 
concentrations were observed as 2010-
2011. Due to the alerts posted to the 
tribal communities participating in the 
SEATOR program in 2017, no deaths or 
illness were reported.Maximum PSP toxins (1991-2011)

PSP cases (2010-2011)



Outcome Summary
Phytoplankton Monitoring Network

Societal Benefits: PMN provides a 
cost effective method to 

educates constituent groups on 
HAB while providing researchers 
usable environmental data and 

phytoplankton observations 

Building Capacity-
Tribal Laboratory 

Networks and 
Response Capabilities

Chris Whitehead 
3:45 pm today

NOS-EPA 
Agreement of HABs 
in Freshwater Lakes

Antonio Bravo
2:20 pm today



HAB Sub-Priority Focus Area 4:

HAB Detection Technologies Supporting 

Forecasts, Providing Early Warnings, and 

Improving Our Understanding of HAB Dynamics

Gregory J. Doucette, Ph.D.

Research Oceanographer

HAB Monitoring & Reference Branch



Concept for autonomous, in-situ detection of 

HAB species and toxins has its roots in the 

meeting that produced the document, “Marine 

Biotoxins & Harmful Algae: A National Plan” 

(Charleston, SC; 1992)

HABHRCA Re-Auth. 2014 (Amend. Act 2017); 

Section 603A. (f) (3): develop and enhance, 

including with respect to infrastructure, which shall 

include unmanned systems, as necessary, critical 

observations, monitoring,…and operational forecasts 

relevant to harmful algal blooms and hypoxia events

© PJS Franks

Intramural HAB Detection R&D Program -

Aligned with National Priorities

OVERVIEW



©MBARI

 “being there”

- autonomous, in-situ sample acquisition, processing, analysis

 “always on”

- extended, unattended offshore operations

The Vision: in late 1990s, NOAA partnered with     

MBARI to develop technology enabling the autonomous, 

in-situ detection of HAB species & toxins

adapted from C. Scholin

The Environmental Sample Processor (ESP),       

centerpiece of NCCOS’ HAB sensor development effort, 

aimed to address several long-standing challenges 

fundamental to effective HAB management & research

OVERVIEW



OVERVIEW

August 2000
first autonomous, 
subsurface HAB 

species detection; 
toxin detection in 
lab on archival 

material 

2000 1G ESP

11 April, 2006
first HAB toxin 
detection on an 

autonomous 
system below the 
ocean’s surface

2006

2G ESP

3 February, 2016
first HAB toxin detection 
in a long-range autonomous 

underwater vehicle

2016

3G ESP

R&D for 
waveguide-based 
Next Generation 

ESP

201?

R&D Milestones for Environmental Sample Processor HAB Toxin Detection 



Every HAB toxin measurement made by 

an ESP instrument deployed in our 

Nation’s coastal waters or Great 

Lakes, and reported in near-real time 

to a resource manager or other 

stakeholder, is made possible by 

detection technologies developed by our 

NCCOS intramural research program 

OVERVIEW = ESP Deployment Locations



QUALITY PERFORMANCE RELEVANCE

A measure of 
soundness, accuracy 
and reproducibility of 

a specific body of 
research

In essence this criterion 
asks for “what would 
not have happened if 
NCCOS did not exist, 

and how much would 
society have missed?”

An ability to manage 
to produce 

identifiable results, 
both effectively and 

efficiently 

Over two decades, NCCOS’ intramural research 

program to develop autonomous HAB species/toxin 

detection technology has demonstrated a 

commitment to quality, performance, & relevance 

Let’s dig a little deeper…

OVERVIEW



 Work with MBARI engineers on design of hardware 

for ESP toxin sensor; assist McLane Research Labs 

to validate ‘short puck’ format for toxin sensor –

45% more samples per deployment (64 vs. 44)

 Design & improve sensors for DA, PSTs, MCY; 

internal controls & replication; sensors “tuned” 

to optimize range/sensitivity - reflects needs of 

resource & public health managers

 Calibrate all toxin sensors using CRMs prior 

to ESP deployments - ensures quality of 

quantitative near-real time data provided to 

managers to support decision making

QUALITY

Science & Engineering – Technologies that Yield         

Consistently High-Quality, Actionable Data

BioDot Protein Arrayer

low 

toxin

high 

toxin

ELISA Toxin Array

‘short puck’ 
format

Standard

Short

ELISA Small Array Format Puck

13 mm 
diam

Pre-deployment Calibration



 all sensor data analyzed & quality 

ensured prior to product being 

released to managers in near-real 

time via web-based tools

 extensive sensor array/reagent 

quality & performance checks

 pre-deployment sensor

calibration (CRM) &                

full-phase testing

Quality Management, Assurance, and Control

Ensure Successful Mission Outcomes

QUALITY

 Concept of Operations (CONOPS)

 iterative improvements to harden & increase 

reliability of extended ESP operations

QM
plan, do, check, 

act, improve 
(consistency)

QA
process 
oriented        

(do)

QC
product 
oriented      

(act)



Reliable Detection Technology Performs in       

Multiple U.S. Coastal Regions & the Great Lakes

PERFORMANCE

 Early warning of HAB toxicity to 

shellfish & water managers

 Near-real time data support 

operational & experimental 

regional HAB forecasts

 Insights on HAB & toxin dynamics 

improve predictive models

Our outputs target:

ESP ESP

ESP Gulf of Maine

Lake Erie – Toledo Water Intake

PNW – Juan de Fuca 

Eddy Path

In-situ, NRT observations of 
MCY will support toxicity models



Locations for 
ESP-Toxin Sensor 

Deployments

PERFORMANCE

4 deployments - WA coast

● Data displayed in near-real 
time on NANOOS NVS

● Supports PNW 
Experimental HAB Bulletin

Near-real time HAB species & toxin 

disseminated to resource managers 

via NANOOS NVS & included in 

Experimental PNW HAB Bulletin

Reliable Detection Technology that Performs in 

Multiple U.S. Coastal Regions & the Great Lakes

3 deployments - upstream of 
Toledo water intake

● Toxicity early warning to 
water managers

● Supports development of 
L Erie HAB toxicity forecast

First reporting to managers of 

toxin levels at surface and 

drinking water intake depths in 

near-real time

Toledo water intake

Credit: T. Davis

2G ESPniagara



Reliable Detection Technology Yields Deliverables that 

Track to NCCOS AOP Milestones and the            

HAB Sub-Priority Area Implementation Plan 

PERFORMANCE

FY17 MILESTONE 6 I HAB Detection Technologies.  Protect public safety and improve HAB and toxin 

detection and modeling by…supporting deployment of toxin sensors on ESPs; …

● Provide continual development, upgrades, and operations of PST, microcystin and domoic acid sensors in 

Gulf of Maine, Great Lakes, and West Coast

FY18 MILESTONE 6 I HAB Detection Technologies: Validate and transition HAB detection and monitoring 

products to provide identification and toxicity measurements for regional observing networks, states, 

municipalities and tribal nations.

● 2G-ESP microcystin sensor is demonstrated in an operational environment via deployment upstream of 

Toledo, OH water intake, with near-real time toxin data provided to stakeholders through GLOS HABs Data 

Portal in demonstration mode and used to support GLERL-NCCOS toxicity forecast development

HAB SUB-PRIORITY IMPLEMENTATION PLAN: PRIORITY AREA 4. New detection technologies, such as 

test kits, autonomous sensors, and portable field instruments that enable local observations to support 

operational and demonstration forecasts, and provide states, municipalities and tribal nations with the ability to 

identify and quantify HAB species and toxicity.

● STRATEGY: Expand detection capability to more advanced platforms on smaller, faster and less costly 

devices that can sense multiple toxins and are accessible to diverse user groups.



RELEVANCE

Detection Technology R&D: Relevant and Responsive to the 

Needs of Managers and Coastal Communities –

Transitioning Research to Ops, Apps, Commercialization (R2X)

~1998: R&D initiated in response to the need for near-

real time data on HAB species & toxin levels for 

managers, coastal communities, and researchers

2000: 1G ESP demonstrated as proof-of-concept;

proceeded with improved re-design for 2G ESP

2006: 2G ESP/toxin sensor build completed and 

"mission qualified" with near-real time species/toxin 

detection in operational environment (Monterey Bay)

2007-2017: 2G ESP/toxin sensor (DA, PST, MCY) 

“mission proven” through multiple successful mission 

operations in five U.S. coastal regions

2G ESP commercial sales by McLane Research Labs

2016: 3G ESP System/subsystem/component validation 

in relevant environment – end-to-end DA detection in MB

1

2

3

4

5

6

7

8

9

Technology Readiness Level

5

adapted from D. Lee



Essential for HAB Detection Technologies to Provide 

Beneficial Outcomes for Managers and Coastal Communities

RELEVANCE

 The Need/Request: lack of a rapid & effective 

means to assess toxicity associated with 

offshore blooms threatens shellfish harvests

 The Response: develop, validate, implement  

ESP DA sensor to deploy offshore for early 

warning of elevated bloom toxicity

 The Output: DA data for offshore toxicity 

source disseminated to managers in near-

real time and included in the Experimental   

PNW HAB Bulletin



RELEVANCE

Long Term -

Improved Conditions

Short-term: WA resource managers have 

learned that new knowledge of offshore 

HAB toxicity is available and can be 

factored into decision making process

Medium-term: In 2017, ESP & other actionable 

data contributed to decision to increase daily 

razor clam catch limit - record digger trips; 

$5.3 million was injected into local economies

Long-term: data from ESP network integrated 

with HAB Bulletin; more accurate shellfish 

toxicity forecasts improve seafood/economic 

security for WA coastal residents

Essential for HAB Detection Technologies to Provide 

Beneficial Outcomes for Managers and Coastal Communities



HAB Detection Technologies:                

Making a Difference to Coastal Communities 

Collaborative

Innovative Responsive

Making a Difference

Societal Benefits: enables proactive 

decisions essential for protecting public 

health and reducing severity of 

socioeconomic/sociocultural impacts

WHO are we making a 

difference to?



…people in these communities are relying on better observations, 

early warnings, and forecasts to help managers reduce the 

severity of these HAB impacts on their lives and livelihood

Sociocultural 
& Economic 

Impacts

Community 
identity

Emotional 
wellbeing

“We all gather around razor clamming days or [go] crabbing 
together as part of an identification point for why we live here”

“…lose that social interaction that binds our community together” 
(LB15, 2016) 

“You can read Facebook posts from crabber's wives [and] 
you can tell it's not all good in the household” (LB3, 2016)

“It was pretty stressful, the whole thing. I think I grew gray 
hairs, I mean it was bad” (CC3, 2016)

Ritzman et al. In prep. Moore et al. In prep.

The impacts of events such as the 2015 West Coast HAB on 

local communities and peoples lives are real…

4th generation fisherman 
(Crescent City, CA)



R&D to realize smaller, faster, 
less costly devices for HAB 
monitoring & management

202?

R&D Milestones for HAB Toxin Detection 

The future: focus on continuing to 

transition NCCOS intramural HAB 

detection R&D into useful products 

that will benefit our customers
VISION:

Science Serving 

Coastal 

Communities



HAB Detection and Forecasting Subpriority

Focus Area 5:

Analytical Methods and Reference Materials

Maggie Broadwater, PhD

HAB Monitoring and Reference Branch

Stressor Detection and Impacts Division

Charleston, SC

Maggie Broadwater, PhD

HAB Monitoring and Reference Branch

Stressor Detection and Impacts Division

Charleston, SC



Quality

Do we provide quality data? 

How do we assure our data are accurate and valid?

Is the information we provide communicated appropriately?  

Performance

Is our program managed effectively and 

efficiently? Do we utilize collaborations and partnerships?

Do we achieve desired results? How do we track our progress? 

Can we adapt as priorities change? Do we have the flexibility

to respond to unexpected events or opportunities?

Relevance

Does our science matter? 

Why do we do what we do? 

Is it useful? Who uses it, and what for?

Program evaluation criteria



Where have we been and where are we going?

NOAA Marine Biotoxins Program 
(MBP)

NCCOS Analytical Response Team 
(ART)

Toxin Analysis Management Team 
(TAMT)

Marine Biotoxins workshop 
at NCCOS Charleston 

(Beaufort joined in 2015)

Continuous improvement, validation, harmonization of toxin detection methodologies.

Collaboration within and among government agencies for continuity of operations and services.

Adaptation to societal needs and organizational change.

HABHRCA Interagency Working Group 
(IWG)

NCCOS Integrated HAB Event Response

NCCOS HAB Workshop

Network of HAB toxin testing laboratories 

using methods developed and validated 

at NCCOS and other agencies 

to assure accurate and reproducible 

detection of HAB toxins.



HAB Mortality Events in the U.S.



Marine mammal UMEs 

with known causes 

(1991-2017)

History: NCCOS Analytical Response to HABs

● Method development

● Analytical Response Team

○ Toxin Analysis Management Team (Field experts, SMEs)

○ Two-tiered analysis

● Phytoplankton Monitoring Network (PMN) support

● Marine animal Unusual Mortality Event (UME) support



Natural resource damage assessments: support and 

consultation for oil spill events and hazard training courses

● Assessment: Deepwater Horizon, Texas City Y, Refugio

● Guidelines for Assessing Exposure and Impacts of Oil Spills 

on Marine Mammals (NOAA Response & Restoration)

● NOAA Science of Coastal Natural Disasters (HAB module)

Texas City Y OS Sample Analysis Plan:

NCCOS HAB toxin analysis support for marine mammal injury assessment



2015: Integration of NCCOS HAB Response Efforts 





Projects redefined with organizational change

Harmful Algal Bloom and

Analytical Response Branch

Analytical Response Team

To provide rapid and accurate identification and

quantification of marine algal toxins in suspected

HABs, marine animal mortality events, and human

poisonings.

Technology Transfer

To validate the performance of high throughput

receptor binding assays for algal toxins and to transfer

the receptor assay technology to constituents who are

responsible for monitoring algal toxin levels in fishery

resources.

Harmful Algal Bloom 

Monitoring & Reference Branch

Analytical Methods and Reference

Analytical methods and reference materials which

leverage existing NCCOS expertise will be advanced in

concert with other federal agencies participating in the

HABHRCA IWG to support the development of

standardized methods and training for testing

laboratories and validation of their use to assure

accurate and reproducible measurements nationwide.

Focal Area 5 of SIM Subpriority 
HAB Forecasting and Detection



NCCOS HAB Implementation Plan: Focal Area 5: Analytical methods and reference materials which leverage existing NCCOS
expertise, are advanced in concert with other federal agencies participating in the HABHRCA IWG to support the development of
standardized methods, training for testing laboratories and validation of their use to assure accurate and reproducible measurements
nationwide.

Analytical Method Development: 

Detection of lipophilic toxins associated 

with DSP using LC-MS/MS



Continued Improvement and Validation of the DSP suite of of lipophilic toxins



Method validation: LC-MS/MS of lipophilic toxins in shellfish

Why we care.

● Shellfish containing lipophilic toxins can cause DSP 

● Need for a harmonized analytical method for DSP-related toxins

● No accepted regulatory methods to control DSP hazards in 

shellfish

What we did.

● Evaluated method performance characteristics for determination 

of marine lipophilic toxins by LC-MS/MS using alkaline mobile 

phase -- Mussels, oysters, & cockles were tested for OA, DTX1, 

DTX2, AZA1, AZA2, AZA3, PTX2, YTX, and 45-OH-YTX

● NCCOS Charleston Marine Biotoxins Program met/exceded data 

requirements (linearity, slope of calibration curve, sensitivity, 

error in ion ratios of MRM channels, error in retention time shifts)

Benefits - what’s the difference?

● Quantitative determination of lipophilic toxins in shellfish for 

official control purposes

● Alternative to mouse/rat bioassay

What followed?

● EU Harmonised SOP for Determination of Lipophilic Marine 

Biotoxins in Molluscs by LC-MS/MS (2015)

● ISSC acceptance of LC-MS/MS Method for Monitoring DSP 

Toxins (FDA CFSAN 2017)



Recovery of lipophilic toxins from irregular matrices: dolphin urine & tissues

Why we care.

● Deepwater Horizon Natural Resource Damage Assessment called for 

evaluation of exposure to marine toxins in dolphins potentially affected 

by oil spill and related activities

● OR&R requested method validation detection of HAB toxins

What we did.

● Developed and validated a method for quantitative determination of 

lipophilic toxins (OA, DTX, PTX)  in bottlenose dolphins (SPE-LC-

MS/MS)

● Toxin recoveries ranged 80 - 130% (RSD < 15% using an optimized 

method; LOD ≤ 0.7 ppb in urine, ≤ 2.8 ppb in tissues

● Evaluation of clean-up (SPE), LC separation, and MS detection

● Mobile phase aging, column temperature significantly affect analytical 

results

Benefits - what’s the difference?

● Assure toxin recovery from irregular matrices (dolphin urine, tissues)

● Evaluate low levels of toxin exposure 

What followed?

● Damage assessment data withstood scrutiny - responsible party liable 

for costs of assessment and implementation of restoration

● Method used to assess lipophilic toxin exposure in other at-risk 

populations



An example of data from our analytical method for DSP lipophilic suite of toxins

Date: 14 February 2017

Documented by: Maggie Broadwater, PhD

A. Suspected Event and Sample Details

Forty-one shellfish samples were submitted to the NCCOS HAB

Monitoring and Reference Branch. Samples were assigned NOS

ID numbers (SLM350 – SLM390) upon receipt in preparation for

toxin extraction and analysis. Samples were extracted and a

comprehensive list of diarrhetic shellfish toxins, including okadaic

acid (OA), dinophysistoxins (DTX1 and DTX2), azaspiracids

(AZA1, AZA2, AZA3), pectenotoxin-2 (PTX2), and yessotoxins

(YTX, Homo-YTX, 45OH-YTX, 45OH-Homo- YTX) were

determined. A complete sample list is provided in the data

summary below (section D).

B. Findings

At least one toxin congener was detected in all 41 shellfish

samples, and 39 samples exceeded the EU regulatory limit for at

least one toxin group reported. Thirty-seven samples exceeded the

EU regulatory limit for OA group toxins (160 ng OA equivalents per

gram shellfish meat); positive values for total OA equivalents

ranged from 14 – 12,255 ng per gram (median 767 ng per gram).

Ten samples exceeded the EU regulatory limit for total YTX (3750

ng YTX equivalents per gram shellfish meat) and positive values

for total YTX-eq ranged from 44 – 53,121 ng per gram (median 498

ng per gram). No samples exceeded the EU regulatory limit for

total AZA (160 ng per gram shellfish meat); positive values for total

AZA ranged from 1 – 144 ng per gram (median 8 ng per gram).

DSP-associated toxins 

detected at levels 

> 75X action limit 

(160 ng per g shellfish)



Lipophilic toxins in the Pacific Northwest: Comparison of analytical methods

Why do we care?

● State agencies requested interlaboratory comparison of DSP 

toxin analysis and assessment of risk in WA shellfish

● Limited information on toxicity in algal species associated with 

DSP present in WA waters

What did we do?

● Address matrix issues (matching vs. removal)

● Spike-recovery studies for quality control and determination of 

matrix-specific correction factors for quantitation

● Mussel homogenates analyzed by LC-MS/MS (WA DOH, NMFS 

NWFSC, and NCCOS Charleston)

● Compare alkaline and acidic toxin detection methods

Benefits - what’s the difference?

● Assist state managers in establishing harmonized protocols for 

quantifying lipophilic toxins as part of routine state monitoring

What’s next?

● Address FDA & EU regulatory standards for shellfish toxins

● Facilitate export of WA-grown shellfish to EU



Relevance

HAB toxin detection methods 

developed and/or validated at the 

NCCOS Charleston laboratory have 

been successfully applied to serve 

management needs.

We provide actionable information to 

meet the needs of customers and 

stakeholders.

We work together with NCCOS HAB 

Forecasting and Competitive 

Research routinely, and in response 

to episodic HAB events.

NCCOS HAB analytical methods and 

related research have led to notable 

improvements in management and 

response to HABs and other 

hazards.

Performance

Our data are managed effectively 

and efficiently through a toxin 

analysis management team to 

achieve specific results. 

We work with collaborators and 

partners within and beyond NCCOS 

and NOAA to develop and validate 

methods to advance a coordinated 

strategy for HAB science.

Our efforts are planned and tracked 

using the NCCOS HAB 

implementation plan. 

We maintain capabilities and 

flexibility for event-driven 

consultation and analytical support to 

assure accurate science-based 

decision making during HAB events.

Quality

We develop, validate, and support 

analytical methods to address specific 

questions related to HAB toxins and 

their effects. 

We generate quality data that are 

assured to be accurate using 

established methods.

We communicate results using formal 

reports reviewed by a team of 

interdisciplinary experts. 

We assist in developing standardized 

protocols for the collection and analysis 

of environmental and animal samples 

for HAB toxin detection in scientific 

studies and hazard response 

assessments subject to scrutiny.

Addressing program evaluation criteria



HAB toxin detection method 
development

1987 Dolphin UME--

Lack of robust and 

specific methods for 

measuring marine 

toxins

1992 National Plan

Effort to develop series 

of toxin class-specific 

methods

Reference methods

Regulatory application

Analytical 
Response to HABs

Application of methods 

to determine event 

association with HABs

1993-2012 Support for 

mortality/morbidity 

events

ART-TAMT experience 

and routine for quality 

management

Hazard assessment 
support

MBP and ART baseline 

data (lab/field 

exposure studies, 

response data) to 

support hazard 

assessment needs 

Existing framework that 

demonstrates 

successful method 

application and quality 

performance metrics

NCCOS Integrated 
HAB response

Detection, forecasting, 

and competitive 

research provide a 

holistic response effort 

across NCCOS

HAB Analytical methods and reference materials

Progression of HAB response capabilities



Portal

Standard Operating 

Procedures

Combined Registry

Data Exchange Utility

Focus Area 5: Analytical methods and reference materials

Unfolding the Future: work in concert with other agencies leveraging vital assets 

to enable a network of HAB laboratories to serve the broad coastal community



Outcomes from NCCOS Detection Technologies and Reference Materials

Enable communities to apply new technologies and practices to mitigate the threat of harmful algal blooms

Long Term -

Improved 

Conditions Building Capacity –

International laboratories and 

NOS-IAEA Agreement 

John  Ramsdell 

4:00 Today

Building Capacity –

Tribal laboratory networks 

and response capabilities

Chris Whitehead

3:45 PM Today



Under the collaboration framework , 
● The IAEA and NOAA work together to support IAEA Member States in the development and implementation 

of joint strategies and programmes concerning human health, seafood safety and the environmental impacts 
of HABs. 

● The focus is on developing capacities for HABs monitoring, toxin testing and technology transfer applicable to 
HABs investigations with special attention is paid to the Receptor Binding Assay (RBA) methods for toxin in 
shellfish, which cause paralysis (PSP) and ciguatera. 

The NOAA and IAEA collaboration on Harmful Algal Blooms



US President Eisenhower addresses the United Nations General Assembly
delivering his "Atoms for Peace" speech, 8 December 1953, New York.

An "international atomic energy 
agency" to promote the peaceful uses 
of nuclear energy "for the benefit of all 

mankind."

Origin of the International Atomic Energy Agency

Getty Images



The Department of Technical

Cooperation is responsible for

formulating and delivering the

IAEA’s development mandate. The

Agency’s technical cooperation with

Member States aims to promote

tangible socioeconomic impacts,

supporting the use of nuclear

science and technology to address

major sustainable development

priorities at the national, regional

and interregional levels





Activities (outputs) conducted between NOAA and IAEA

Expert Missions assist Member States to achieve self-reliance in IAEA coordinated projects. NOAA staff provide advice to counterparts in the 

field, lecture at training courses, and contribute to meeting/workshops.

Fellowships are awarded as part of an IAEA technical cooperation project in order to meet the needs of a Member State. They provide 

opportunities for training the necessary personnel to undertake the development of nuclear technology applications for peaceful purposes in their 

own countries.

Regional training courses/workshops support national training courses/workshops in cooperation with its Member States. Training courses are 

offered on peaceful uses and application of nuclear technologies, such as with the receptor binding assay for shellfish toxins



Jane Gerardo Abaya, Section Head of the 
Division for Asia and the Pacific of the 
Department of Technical Cooperation and 
POC for IAEA for the NOAA-IAEA Agreement.

NOAA has worked with the IAEA Technical Cooperation Programme to apply nuclear technology to 
measure toxins such as saxitoxin and to transfer this capability to developing Member States in 
Africa, Asia, Latin America and the Arabian Gulf.

QUALITY:     
A direct product of our joint action is the IAEA Technical Document entitled Detection of Harmful 
Algal Toxins Using the Radioligand Receptor Binding Assay: A Manual of Methods (IAEA-TECDOC-
1729). Issued in 2013, this manual serves as a standard method for developing countries that wish 
to use the RBA method to monitor and respond to HAB events.

PERFORMANCE: 
Technical training by NOAA experts continues to expand knowledge to Member States.  Last year, 
the IAEA TC Programme supported two week-long training courses, one at the Kenya Marine 
Fisheries and Research Institute and another at the Center for Research in Environmental Pollution 
in Costa Rica training managers in 20 Member states on Africa and Latin America. 

RELEVANCE: 
Implementation of the RBA into monitoring programs support sustainable domestic and 
international markets. The Technical Cooperation Programme workshop at NOAA Charleston for 
Asia and Pacific region Member states this past July demonstrated the value of testing and use of 
regulatory monitoring programs for domestic and international markets with guidance from policy 
makers and regulators.

Assessment of Quality, Performance and Relevance



Technological innovators: 15% of the 
earth's population, provides nearly all of the 
world's technology innovations

Technological adapters: Half of the world's 
population, is able to adopt these 
technologies in production and 
consumption. 

Technological excluded: The remaining 
part, covering around a third of the world's 
population, is technologically disconnected, 
neither innovating at home nor adopting 
foreign technologies

Today’s world is divided by technology

Prof. Jeffrey D. Sachs



Receptor Assay Technology transferred to IAEA Member State

Data from Global Innovation Index, INSEAD;

World Intellectual Property Organization



Receptor Assay Technology

transferred to IAEA Member State

Outcome Story Case Study

Learners

Leaders

Underperformers

relative to GDP

G
II
 s

c
o

re

GDP per capita in PPS (in scale)

Efficient innovators

Innefficient innovators

Data from Global Innovation Index, INSEAD;

World Intellectual Property Organization

Transfer of Receptor Assay Technology to World Economies
arranged by 2008 GII Scores and GDP per captia                  



OUTCOME STORY- KENYA

Direct Benefit: Regional Training to Technology Excluded Economies

In December of 2016 the IAEA TC Programme supported

a week-long training course at the Kenya Marine

Fisheries and Research Institute in Monbasa, Kenya.

The training conducted by NOAA Technical Expert Tina

Mikulski expanded PSP RBA from SW Africa (2004) to 11

additional Northern and Central African Member States



OUTCOME STORY- EL SALVADOR

Leveraged Opportunity: Institutional Operation for Technology Excluded Economy

“In the last ten years we have had a red tide
event almost once every year and so, with the
cooperation of NOAA and IAEA, we are giving a
timely response to the authorities and to the
general public in order for the authorities to have
a fundamental understanding in order to make a
correct (rightful) decisions and possibly we are
collaborating in order to protect human health.”

“In 2013 about 200 turtles were found
stranded in our coastline. Through the
RBA we could determine the reason of
the turtle mortalities was intoxication
due to high concentrations of saxitoxin.
These results were obtained in a short
period of time and at the same time
these results were verified at NOAA and
the IAEA laboratory in Monaco.”

Accreditation of RBA at LABTOX-UES will allow for increased surveillance of marine toxins to inform 
resource managers about the threat of HAB associated toxins to protected species and to increase the 
protection of public health while possibly expanding the economy through the exportation of shellfish.

ConservationistScientistsFisherman



OUTCOME STORY _ OMAN

Leveraged Opportunity: Institutional Operation for Technology Adaptor Economy

Oman Achievements:

• Developed testing capacity and algal surveillance program

• Conduct response for fish kills



OUTCOME STORY-PHILIPPINES

As both capital and human capacities have been built to conduct the receptor binding assay worldwide in our cooperation with the IAEA, 

other institutions (such as the Philippine Nuclear Institute) are now acting as resource institutions and are taking on a greater role within 

the IAEA framework in providing services such as expertise, providing training via fellowships and conducting analytical services.

Leveraged Opportunity: Institutional Operation/Global Promotion by Technology Adaptor Economy

IAEA media

IAEA media



1. Direct benefits
These are benefits that will 
occur simply by virtue of the 
technology transfer taking 
place. 

2. Leverage opportunities
These are the additional 
benefits that can be 
developed around the 
technology transfer itself. 

3. Legacy opportunities
These are the lasting or long-
term benefits that can be 
accrued beyond the 
technology transfer. 

IAEA media



HAB FOCUS AREA 5: Analytical methods and reference materials
which leverage existing NCCOS expertise, will be advanced in
concert with other federal agencies participating in the HABHRCA
IWG to support the development of standardized methods and
training for testing laboratories and validation of their use to assure
accurate and reproducible measurements nationwide

NAO 216-115A Section 3.02-

Transitioning research and development: 

Continually improving NOAA’s products 

…by developing the most promising 

research… to the point they can be 

transitioned into operations, applications, 

commercialization or other use (R2X).

Building Capacity in Alignment with HABHRCA, NOAA and NCCOS




