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Are Harmful Algal Blooms Becoming the Greatest
Threat to Water Quality?
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Why Global Horizon Scanning?

- The Global Horizon Scanning Project
aims to identify important and timely

environmental quality research
needs G IObaI

7 4
Horizon

- Research questions identified, .
; Scanning™

if answered, would markedly

advance toward more sustainable

environmental quality over the next decade
- Unique partnership with SETAC (and ACS ENVR, AGRO in NA)

Global. Transparent. Inclusive. Multidisciplinary. Multisector.
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Inherent Connections among
Human Health, Ecosystems and
Environmental Quality

Coupled Human and Ecological Frameworks
Integrative Needs for Public Health and the Environment

Which are the environmental variables that trigger
the production of algal toxins in the environment?
Does exposure through trophic levels threaten
human health?
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What Challenges are Facing Environmental Public
Health Professionals in US Health Departments?

Commentary E.E Environmental Health Perspectives

Environmental Health Practice Challenges and Research Needs for U.S.
Health Departments

Bryan W, Brooks,! Justin A. Gerding,? Elizabeth Landeen, Eric Bradley,” Timothy Callahan,’ Stephanie Cushing,®
Fikru Hailu,” Nancy Hall,® Timothy Haich,® Sherise Jurries,!” Martin A. Kalis,? Kaitlyn R. Kelly,! Joseph P. Laco,?
Niki Lemin,'! Carol MecInnes,? Greg Olsen,”? Robert Stratman,'? Carolyn White,?5 Steven Wille,'s and John Sarisky*
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CONTROL AND PREVENTION
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Brooks et al 2019 EHP; Gerding et al 2020 AJPH
https://www.cdc.gov/nceh/ehs/uncover-eh/index.html
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Salinization PFAS

Neonicotinoids
Copper

Prozac  \\NWater Qua | I'ty’P Ammonia

Pyrethroids :
Atrazine Cadmium

E. coli Lead
Endocrine Disruptors  pcps

Nanomaterials Legionella
DDT

Hypoxia
@HHC"T
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A Principle of Water Quality

detected by the method being used to analyze for it.”
WT Waller
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How to Protect and Restore Water Quality?

Surface Water Quality
Assessment

Brooks et al 2016. ETC
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How to Protect and Restore Water Quality?

Surface Water Quality
Assessment

Surface Water Quality
Monitoring and
Surveillance

Brooks et al 2016. ETC
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Exposure, Exposure, Exposure...

100s of Reservoirs?

NAVIGATION PROUECTS
Hecang Unse: emmrust
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100s of Reservoirs?

Recreational waters?
- Swimming, toxin exposure?
- Fishing, food safety?

Agriculture use?
- Toxins in crops?
- Toxins in aquaculture?
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10000s of Stormwater Ponds, Oxbow Lakes?

News Feature Stories Search ‘

Stormwater Ponds in South Carolina—Challen USDA - NRCS Dams in the
Proliferating stormwater ponds focus of several $.C. Sea Grant Consorti Upper Tri n|ty River Watershed
s L i oA _ = 2

T
..;s : N e b
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VAN ZANDT
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rmeesmne o
MRCS Flood A

Prevention Dams

*  Dallas 1én Miles
Upper Trinity * [E— . .
x - Mawral Resourses Conservation Service
River Watershed Fort Worth Temple, Texas February 2000

nrcs.usda.gov
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10000s of Stormwater Ponds, Oxbow Lakes?

Recreational waters?
- Swimming, toxin exposure?
- Fishing, food safety?

Agriculture use?
- Toxins in crops?
- Toxins in aquaculture?
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Instrument: Agilent 6420 Triple Quadrupole Mass Spectrometer
Multiple Reaction Monitoring (MRM) Transitions
 Identified by Optimizer software (Agilent)
« Hydrophilic Interaction Chromatography (HILIC)
« Agilent Poroshell HILIC-Z
« Cylindrospermopsin
« Saxitoxin
« Agilent Poroshell SB-C18
« Microcystins (95)

- Isotope dilution LC/MSMS ' —
Separation
* Anatoxin — a
 Reverse Phase Liquid Chromatography (RPLC)
* Nodularin

Haddad et al. 2019. J Chrom A

@HeT
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Analyte Water
Percent Recovery (mean + CV) MDL (ng/L)

Anatoxin-a 97 £+1.2 0.08
Cylindrospermopsin 90 £ 2.6 0.43
Saxitoxin 53+27 0.22
M-LA 92+34 0.6
M-LR 94 +£2.4 0.83
M-LY 96 + 9.9 0.38
M-RR 92 +2.3 0.91
M-YR 104 +£ 9.9 0.8
Nodularin 99 + 3.5 0.96

Recovery n=3
Method Detection Limits (MDL) n=8

Haddad et al. 2019. J Chrom A
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Overview of Non-Target Analysis Workflow

& bgﬁ_\:

\———L——

Sampling Analysis Data Pre-processing Prioritiziation ‘ Identification
Space &Time (Sample enrichment) Detect Peaks Isotopes, Mass Defect Database, Suspect Search
Before & After Chromatography (GC, LC) Subtract Blind \ Time/ Spatial Trends Assign Formula, Fragments
Hot spots Appropriate lonization Replicates & Grouping I PCA/Clustering Analytical (RT, lonization,..) &
HR-tandem MS Build Profiles, Series Processes, Effects Meta Information

i
Y
s

Intensity
Intensity

Retention time

SAMPLEARCHIVE DIGITAL ARCHIVE POLLUTION OVERVIEW PATTERN STRUCTURES

Hollender, J. et al. £nviron. Sci. Technol., 2017, 57, 11505-11512

Taylor et al. 2020. STOTEN
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Visualizing Differences Between Groups

S-Plot Hierarchical Clustering
10 — Toxic —r Low 1.'0. No —
Up-regulated in —_— TOXICITY =
Group 1 e _E'=E_ —
" Prioritize a S— E%; —
5 subset of —— —_E;
S compounds -
S to identify = -

\ W . ;I |

-0.5

Compounds

Up-regulated in
Group 2

-15 -10 -5 0 5 10 15
Covariance

*Each dot represents an unknown compound/peak detected through non-targeted
analysis and software algorithms

Taylor et al. 2020. STOTEN
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How to Protect and Restore Water Quality?

Surface Water Quality
Assessment

| HAB Monitoring in US Inland |
i Waters is Rare and Isolated

_______________________________________

Surface Water Quality
Monitoring and
Surveillance

Brooks et al 2016. ETC
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10 Essential Environmental Public Health Services

Monitor

Diagnose and investigate
Inform, educate, and empower
Mobilize

Develop policies and plans
Enforce

Link

Assure

Evaluate

Research

www.cdc.gov/nceh/ehs/home/healthservice.htm
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How to Protect and Restore Water Quality?

Brooks et al 2016. ETC

Surface Water Quality
Assessment

Surface Water Quality
Monitoring and
Surveillance

Surface Water Quality
Numerical/Narrative
Standards Attainment

(e.g., 303d listing)
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So, What is Water Quality?
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Water Quality in the USA: Criteria and Standards

|. Section 304(a) of the Clean Water Act in the USA requires the EPA to publish
and periodically update ambient water quality criteria (WQC).

Criteria Recommended and estimated concentrations of contaminants,

(EPA) based on current scientific information that, if not exceeded,
are considered protective for organisms or a defined use of a
water body (e.g., fishing, swimming, potable water supply).

Il. Water quality standards (WQS) are the foundation of the water quality-
based control program mandated by the Clean Water Act (CWA).

Standards Legal limits permitted by each state for a specific water body

(States, Tribes) and thought to be sufficient to protect that water body. WQS
can also be narrative standards, such as “Free from toxic
substances in toxic amounts.”




HABs
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How to Protect and Restore Water Quality?

Brooks et al 2016. ETC

Surface Water Quality
Assessment

Surface Water Quality
Monitoring and
Surveillance

. Water Quality Criteria or .
i Standards Limited for HABs in :
' US Inland Waters :

Surface Water Quality
Numerical/Narrative
Standards Attainment

(e.g., 303d listing)
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How to Protect and Restore Water Quality?

Surface Water Quality
Assessment

Surface Water Quality/
Watershed Management

Surface Water Quality
Monitoring and
Surveillance

Surface Water Quality
Numerical/Narrative
Standards Attainment

(e.g., 303d listing)

Brooks et al 2016. ETC
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How to Protect and Restore Water Quality?

Surface Water Quality
Assessment

Surface Water Quality/
Watershed Management

Surface Water Quality
Monitoring and
Surveillance

___________________________________

Designation of Impaired
i Water Quality is rare for
i HABs in US Inland Waters |
. and Differs among States |

Surface Water Quality
Numerical/Narrative
Standards Attainment

(e.g., 303d listing)

Brooks et al 2016. ETC
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How to Protect and Restore Water Quality?

Surface Water Quality
____________________________________ . Assessment
i No Restoration of Impaired

Water Quality for HABs
in US Inland Waters

____________________________________

Surface Water Quality/
Watershed Management

Surface Water Quality
Monitoring and
Surveillance

Surface Water Quality

Numerical/Narrative
Standards Attainment
(e.g., 303d listing)

Brooks et al 2016. ETC




UNIVERSITY
ENVIRONMENTAL SCIENCE

BAYLOR

How to Protect and Restore Water Quality?

Surface Water Quality
Assessment

i No Restoration of Impaired HAB Monitoring in US Inland

. Water Quality for HABs Waters is Rare and Isolated
! inUS InlandWaters ' N R UTTTTTTTrmmmmmmmmmmmmmmeedd

Surface Water Quality/
Watershed Management
(e.g., TMDLs, Agricultura

Surface Water Quality
Monitoring and
Surveillance

_______________________________________________________________________________

Water Quality Criteria or |
. Standards Limited for HABs in US |
! Inland Waters i

Designation of Impaired

i Water Quality is rare for Surface Water Quality

Numerical/Narrative
Standards Attainment
(e.g., 303d listing)

. HABs in US Inland Waters
and Differs among States

Brooks et al 2016. ETC
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NO DOGS ALLOWED: Toxic algae risk keeps Lady Bird Lake off-limits

% After 2 dogs die, Austin officials warn of potentially toxic algae in Lady .. 0 ~»
“After 2 dogs die, Austin offlclals warm" e

. of 1 1
Statesman e
KVUES

More reports of blue-green algae deaths in dogs

After more reports of dog deaths to
algae exposure, expert says nutrients
are to blame

Three dogs died recently in Austin after swimming in Lady Bird Lake
and more reports of dog deaths are coming in from other states. One
§ expert has a theory.

9
@CBS AUSTIN NEWS WEATHER SPORTS

WE ARE AUSTIN CHIME IN

Vet bills for dogs exposed to toxic algae spark
awareness for pet insurance

@®CBS AUSTIN NEWS  WEATHER  SPORTS  WE ARE AUSTIN CHIME IN

0
Toxic algae blooms that kill dogs are becoming more © Pet owner warns others after

common, climate change making it worse g 908 dles Of algae intoxication
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What about Exposure and Aquatic Toxicity of Anatoxin-a?

Physical and Chemical Properties Chemical Structure
Anabaena, Aphanizomenon,
Produced Microcystis, Nostoc,
by Genera: Oscillatoria, Planktothrix, H
Phormidium, and Raphidopsis. N O
CAS: 64285-06-9
Formula: C10H1sNO
Molecular
weight: 165.24 g/mol \
Log Kow 1.1
Solubility 14 mg/L

oK 94 Anatoxin-a

a
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What are Environmentally Realistic Exposure Levels?

99.8 . |
L Lacustrine (103) | |
91 @ Coastal(8) | |
98 H -oeeeeee |
B Riers (19) | |
9%+ —— . | | :
A Reservoir (19) | R
~ 904 ——— | '
: 80 o | Lowest Drinking Water GV : | ¢
% 70 1 | Lowest Recreational Water GV | 0/ ~ A
4 . . _ | ¢ A
—— 50 Highest Drinking/Recreational GV N
c | f *
) .
O 30 | }‘ *
O 20 - d
o | |
10 | | *
514 m | B
/ | I
24 7 I :
0.5 7 T T ! : ! T T T
0.0001 0.001 0.01 0.1 1 10 100 1000

Lovin and Brooks. 2020. Marine and Freshwater Research

Anatoxin-a Concentration in Surface Waters (ug/L)

10000

ZT
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B Ciliates

Bl Cyanobacteria
Amphibia

B Algae

B Aquatic Plants

B Rotifers
Misc. Crustacea

Fish
Cladocera

Aquatic Insects

Lovin and Brooks. 2020. Marine and Freshwater Research
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What about the Aquatic Toxicology of Anatoxin-a?
* Only 28.3% of anatoxin-a toxicity studies analytically verified
treatment levels.
 Purity of the compound was given in only 5.31% of studies.
« 47.8% of studies used a non-specified enantiomeric mix of anatoxin-

a, 23.0% used a racemic mixture, and only 29.2% examined (+)
anatoxin-a.

Lovin and Brooks. 2020. Marine and Freshwater Research
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Comparative Biology...

Protostomes Trlites - extinat wie-wane - EChinoderms
ptans - extinct - dhagei o g v FAE

%@’f,/i, ’
il W

. Reptiles

e - toce
Mammals

Bacteria

Earth Birth

I
anon

Today 65 200 250 370 40 sz 0 w2 3000 Millions of Years Ago 3000 ww e 00 52 440 370 250 200 65  Today

www.evogeneao.com
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Comparative Pharmacology & Toxicology

ECQOdrug Drug Drug Target Downloads & Help
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Gunnarsson et al 2008. ES&T; Berninger and Brooks 2010. Toxicol Lett; LaLone et al. 2014. Aquat Toxicol;
LaLone et al. 2014. Phil Trans R Soc B; LaLone et al. 2016 Toxicol Sci: seqapass.epa.gov/seqapass/
Verbruggen et al. 2017. Nucleic Acids Research; Ecodrug.org
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Comparative Behavioral Fingerprints for Chemical MOAs

Diazinon: Acetylcholinesterase inhibition

Bursting (>20 mm/sec)

Bursting (>20 mm/sec) Counts Distance emm—e -(lr-g;'t_l"zl
i PP 0.1% LCS0
Bursting (20 mm/sec]” = ""/{ | ) ;: ::E;
; . Tota
Duration / Counte —— — —  10% LC50
. ——— 40% LCS0
Cruising (5-20 mm/sec) -
Duration
Total
g0 100 Distance
Cruising (5-20 mm/sec) "
Counts
\"\ Freezing (<5 mm/sec)
Duration
Cruising (5-20 mm/sec) / \
. \.
Duration . ! Freezing (<5 mm/sec)
Freezing (<5 mm/sec) Counts
Distance
Bursting (>20 mm/sec) Counts Bursting (>20 mm/sec) Control
L Distance @ ===’/ om——a ToxHY
£
Bursting (=20 mm/sec) \ / seesseeens 0.1% LCS0
. R oo S mmmeee 1% LCS0
Duration \\\ l! / Total o <o Leo0
\‘.\.._4\, - ;’ " Counts — — —— 10%LCS0
Cruising (5-20 mm/sec) "\_ // ———— 40% LC50
Duration T R4 ]

_ Total

100 200 200 spo Distance

R

“~.. Freezing (<5 mm/sec)
}[ Duration

Cruising (5-20 mmj/sec) .—
Counts

Cruising (5-20 mm,“sec}/
Duration / ' Freezing (<5 mm/sec)
Freezing (<5 mm/sec]

Distance

Steele et al 2018. STOTEN

Counts




HABs, Obesity and NAFLD: They Kill
silently..........

Percent of obese adults (Body Mass Index of 30+)

0-99% 10-14.9% 15 -19.9% 20-249%

Pulmonary disease Idiopathic intracranial

abnormal function hypertension
obstructive sleep apnea Stroke
hypoventilation syndrome |

Cataracts

Nonalcoholic fatty live : Coronary heart disease
dlseas_a <« Diabetes
steatosis . .

~— Dyslipidemia

steatohepatitis h
cirrhosis < Hypertension

Severe pancreatitis

Nonalcoholic MNonalcoholic

Mormal liver falty liver disease steatohepatitis

Non-alcholic Fatty Liver Disease and Cirrhosis

—> —>

Simple Fatty Liver NASH Cirrhosis

(steatosis)

Fat accumulates Fat plus inflammation  Scar tissue
in the liver and scarring replaces liver .
cells AAYO

N

V © MAYO FOUNDATION FOR MEDICAL EDUCATION ANDO RESEAACH. ALL RIGHTS RESERVED
—_ :
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Exposure in existing diseasesMICrocystin
exposure and leer BINEN= updates

| AMERICANBIOURNAL of PHYSIOLOGY K4 G

american Gastrointestinal and
physiological

Sholety Liver Physiology®

JOURNAL HOME ISSUES v COLLECTIONS INFORMATION ABOUT SUBMIT SUBSCRIBE _

&

_-\

o
| Research Article | Liver and Biliary Tract Physiology/Pathophysiology = i = ru . 45:
5 rigures E€TEerences nelated ‘orm n
Exogenous PP2A inhibitor exacerbates the progression of nonalcoholic fatty

liver disease via NOX2-dependent activation of miR21 =

Muayad Albadrani, Ratanesh K. Seth, Sutapa Sarkar, Diana Kimono, Ayan Mondal, ... Show all Authors ./
Volume 317, Issue 4

October 2019

24 SEP 2019 // https://doi.or 152/ajpgi.00061.2019

nature > scientific reports > articles > article a natureresearch journal

Search E-alert Submit Login
Article ‘ Open Access | Published: 19 June 2019 _
. . . Download PDF 2=
Environmental microcystin targets the

microbiome and increases the risk of Sections  Figures  References
intestinal inflammatory pathology via Abstract -
NOX2 in underlying murine model of introduction

Nonalcoholic Fatty Liver Disease vl anamethos

Sutapa Sarkar, Diana Kimono, Muayad Albadrani, Ratanesh K. Seth, Philip Busbee, Hasan Discussion

A

m UNIVERSITY OF

rmnifmm SOUTH CAROLINA
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Passed media
reservoir

module

Media
donor

Alginate hydrogel
encapsulation

Immature follicle

Corpus luteum Live birth

Actuator
interface

Pneumatic actuation technology and programmable fluid flow;
Transport of fresh media and elimination of waste;
Xiao et al, Reproduction, 2015

Dynamic fluid flow to mimic physiological environment in vivo. Xiao etal, Scientific Reports, 2016
Xiao et al, Nature Communications, 2017
Wang et al, Toxicological Sciences, 2018




Ovotoxicity of MCs: Follicle survival & development

Follicle diameter (um)

Follicle diameter (um)

150 ¢
day o0

* p<0.05; * p<0.01; * * * p<0.001
Human serum MC-LR: 0.1 — 70 nM

Wang et al, Reproductive Toxicology, 2020
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Toxin-producing Cyanobacteria Require High N

C:N=1.5 Microcystin-LR ~ cox | o
y C:N=4.3 " N
Cylidrospermopsin '
2 .,C:N=3.0
° ?) © H H

Z 0]
N NH HN NH
Sy
NH* O

Anatoxin-a
C:N=10
Redfield 106:16:1 H o

C:N=6.6 L%L

Nodularin
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Biological Stoichiometry Regulates Microcystin-LR Production in
Microcystis aeruginosa (UTEX 2385)

pday™
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| |
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Wagner et al. 2019. Toxins
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A Stoichiometric Model for CyanoToxins

Cell-Bound Nutrients

. /
Resources E
—> Positive Effects (Uptake, Growth, Differentiation) | Lt o/
- ——-» Negative Feedbacks on Rate Processes e T e T

Grover, Scott, Roelke, Brooks. 2020. Marine and Freshwater Research
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Are Harmful Algal Blooms Becoming the Greatest
Threat to Water Quality?

In come places, in some case and at some times,
they already are...

Toxic Algae Closes Utah Lake, Sickens 100
R Contra Costa County Health: Don't Swim in
A hugt-. toxic algae Bloom in LUtah has clooad one of the largest reshvwater lakas D I scove r){ Bay

west of the Missssipp Reer, sickening mare than 100 peaple and leaving farmers

scrambling for clean water during some of the hottest days of the year People gUt sick at Pyramid Lake They're testing for a pr;[eu lly harmfu aI ae, Keep pets out of the water, too.
- By Colifmya Patch [Falch Staffy- July 26, 2018 292 pmET P (o L 77 | tiare]
The Battaria commanly known as blue-green algae has spread rapidly 1o cover bEfOI’E the state rEpOIIEd toxic algae

almast all of 153-sguare-mile Lhah Lake, turning the water bright, anti-ireeze

green with a pea seup texture and leaving scummy foam a r\';g thie shore bloom- CUU.ld it ha.ve bEEﬂ aVOid'Ed?

“h senels lke semething is rofting,”
enid Jasor Garrest, wabsr ﬂJﬂll‘y
directar for the Utah County Heatth
Degartmant. "We den't have an idea
of how lang this event will last®

T:-caj & i5 @ problem arcund the
CEURIFY, AR & Blgam
Florida is now fouling beache

 driod Atlartic nd a thq Lithre:
sttt sl ol Lake Erie Ie‘l nare than 400,000

Toledo beanng full brunt of Lake Erie
algae bloom

- -_174 Chikiren play near tha shore at Pyramid Lake in Los Angm Cnuq- Fld'erﬂDlapnuplnll i ——— . -
“*;i;“;'ﬁi‘-..w P e s A M S Everglades Foundation launches $10 million prize
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Are Harmful Algal Blooms Becoming the Greatest
Threat to Water Quality?

In come places, in some case and at some times,
they already are...

* Future needs
— Predictive models
— Sensors for blooms and toxins
— Analytical standards
— Criteria and standards
— Adaptive management and remedial interventions

— Engagement across disciplines
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