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Overview

* EPA resources to support state, tribal, and water system management
of HABs and related cyanotoxins for SDWA purposes
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Prevention — health advisories, regulations

Objective: Prevent HABs in source water from impacting finished
drinking water and minimize public health impacts

e Federal Health Advisories published in 2015 for total microcystins,
cylindrospermopsin in finished drinking water

 Total Microcystins: 0.3 pg/L for vulnerable people; 1.6 ug/L for all persons.

* Cylindrospermopsin: 0.7 pg/L for vulnerable people; 3 ug/L for all persons

 UCMR4 monitoring (2018-2020) for 10 cyanotoxins (total MC, MC-LA,
MC-LF, MC-LR, MC-LY, MC-RR, MC-YR, nodularin, anatoxin-a,
cylindrospermopsin)

 States such as Oregon and Ohio have enacted monitoring and
response regulations



https://www.epa.gov/cyanohabs/epa-drinking-water-health-advisories-cyanotoxins

Management

* Cyanot
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https://www.epa.gov/ground-water-and-drinking-water/cyanotoxin-management-plan-template-and-example-plans
https://www.epa.gov/ground-water-and-drinking-water/cyanotoxin-management-plan-template-and-example-plans
https://www.epa.gov/ground-water-and-drinking-water/cyanotoxin-management-tools-public-water-systems
https://www.epa.gov/ground-water-and-drinking-water/cyanotoxin-management-tools-public-water-systems
https://www.epa.gov/sites/default/files/2018-11/documents/cyanotoxin-management-drinking-water.pdf
https://www.epa.gov/sites/default/files/2018-11/documents/cyanotoxin-management-drinking-water.pdf

Prevention — WTP evaluation

* Water treatment plant evaluation: Harmful Algal Bloom
Comprehensive Performance Evaluation Protocol
* Support primacy agency and PWS managers, staff and operators

Evaluate WTPs for optimized cyanotoxin removal performance during a
potential HAB in source water

Evaluate results and identify a prioritized list of factors that could limit
WTP performance during a HAB

Help direct resources to process control optimization, as well as
potential administrative, financial, managerial, design and O&M
limitations

* Understand limitations and address them prior to a HAB impacting
source water



https://www.epa.gov/ground-water-and-drinking-water/comprehensive-performance-evaluation-protocol-address-harmful-algal
https://www.epa.gov/ground-water-and-drinking-water/comprehensive-performance-evaluation-protocol-address-harmful-algal

Prevention — vulnerability analysis

* Conducted water system vulnerability analysis project in
Wyoming
* Study objective: understand WY drinking water system vulnerability to
cyanotoxin breakthrough

* Water system information and performance data = EPA Region 8 (directly
implements DW program in WY)

e Source water vulnerability to HABs — collaborated with Wyoming DEQ
(recreational HAB data)

* Result: spreadsheet-based risk analysis and prioritization of WY water
system vulnerability to HABs (EPA Region 8 has DW primacy in WY)

* Expanding WY work for national scale (OW & ORD partnership)
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Monitoring

* Objective: monitor source water and treatment processes
regularly to establish a baseline and to understand when
treatment adjustments may be needed to optimize during a
source water HAB

* See Dr. Paul’s slides 8-18 — same CWA monitoring and forecasting
concepts can be applied for monitoring drinking source water




Monitoring — summary of known approaches

Visual observation Cyanobacteria biomass Other indicators

indicators
e Bottle test e pH, temperature

. e Turbidity, particle counts o Taste & odor
* Stick test e Pigments: chlorophyll-a, « Secchi depth
phycocyanin * Decreased filter run times
e DOC e Increased chemical usage/needs

e UV254 e Difficulty maintaining secondary disinfectant residual or meeting
e Color turbidity goals

Analytical methods
e ELISA

Molecular methods

e Strip/tube tests a dPCR Cyanobacteria cell Satellite
e Immunoassay identiﬁcation, Counting - o
e Automated CAAS Image rY/anaIVSIS

e LC-MS/MS




Monitoring — methods

e LPA Method 546: Determination of Total Microcystins and
Nodularins in Drinking Water and Ambient Water by Adda
Enzyme-Linked Immunosorbent Assay (Adda-ELISA)

e EPA Method 544 : Determination of Microcystins and
Nodularin in Drinking Water by Solid Phase Extraction and

Liquid Chromatagraphy/Tandem Mass Spectrometry
(LC/MS/MS): LA, LF, LR, LY, RR, YR, NOD

e LPA Method 545: Determination of Cylindrospermopsin and
Anatoxin-a in Drinking Water by Liquid Chromatography
Electrospray lonization Tandem Mass Spectrometry (LC/ESI-
MS/MS)



https://www.epa.gov/esam/method-546-determination-total-microcystins-and-nodularins-drinking-water-and-ambient-water
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NERL&dirEntryId=306953
https://www.epa.gov/esam/method-545-determination-cylindrospermopsin-and-anatoxin-drinking-water-liquid-chromatography

Monitoring / Forecasting — gPCR
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Water Research 170 (2020) 115262

Contents lists available at ScienceDirect
<= RESEARCH

Water Research

ol TS
ELSEVIER journal homepage: www.elsevier.com/locate/watres

Use of qPCR and RT-qPCR for monitoring variations of microcystin R)

producers and as an early warning system to predict toxin production | %&&
in an Ohio inland lake

Jingrang Lu * *, Ian Struewing °, Larry Wymer ?, Daniel R. Tettenhorst ?, Jody Shoemaker ?,
Joel Allen ¢

 Office of Research and Development, United States Environmental Protection Agency, Cincinnati, OH, 45268, USA
b Pegasus Technical Services Inc, Cincinnati, OH, 45268, USA
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Forecasting

* See slide 18 of Dr. Paul’s talk (previously)

* Using satellite imagery (CyAN) for drinking water applications:
 SDWIS, UCMR4 data sources

Water Research 201 (2021) 117377

Contents lists available at ScienceDirect m

Water Research A B C

FI. SEVIER journal homepage: www.elsevier.com/lc

Assessing cyanobacterial frequency and abundance ¢
drinking water intakes across the United States

Megan M. Coffer >, Blake A. Schaeffer , Katherine Foreman 4 Al
Keith A. Loftin ¢, Richard P. Stumpf’, P. Jeremy Werdell £, Erin Urc

John A. Darling Lake

* ORISE Fellow, U.5. Environmental Protection Agency, Office of Research and Development, Durham, NG, USA 1ﬂu-m Ia kE bu.ﬁar

® Genter for Geospatial Analytics, North Carolina State University, Raleigh, NG, USA ® ntake

© U.S. Environmental Protection Agency, Office of Research and Development, Durham, NG, USA 2

4 1.5, Environmental Protection Agency, Office of Water, Washington, DC, USA O 900-m intake buffer

® U.S. Geological Survey. Kansas Water Science Center, Lawrence, KS, USA - W Id '. “l: ivel
f National Oceanic and Atmospheric Administration, National Genters for Goastal Ocean Science, Silver Spring, MD, alld sateine pixe
£ Ocean Ecology Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD, USA

b Seience Systems and Applications, Inc., Ocean Ecology Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD, USA




Forecast support

Harmful Algae B4 (2019) 75-83

Contents lists available at ScienceDirect

: HARMFUL |
ALGAE
Foen Harmful Algae .
ELSEVIER journal homepage: www.elsevier.com/locate/hal
Combining national and state data improves predictions of microcystin | mn \
concentration o
Lester L. Yuan®, Amina I. Pollard
Office of Water, US. Emvironmental Protection Agency, Washington DiC, 20460, USA Eh I ﬂ

ey

.-'-'"'-F'-F- T

ARTICLE INFO ABSTRACT t}Lﬂ '*-hq_i:."i]
Keywords: Data collected from lakes at national (regional) scales and state (lo _..-"-F - -
Cyanotoxin regarding relationships between environmental factors and biological | 'E'.'-':'Iﬁﬂ-hﬂ-l:tﬂl'la | relative
Microcystin of data can potentially yield more precise and accurate understandin Frh\'rtnplan kton biovalume |
?}mﬂu can include many measures, cover large spatial areas, and span broad | a bund ance

; characteristics, analyses of these data can yield accurate estimates o
Bayesian netwark acteristics. Howeves, the number of samples in a natlonal data set tha -‘-\‘_\ d-ﬂ"d’f
specific to waterhodies within a smaller reglon, Hke a single state, Is] : 1_5.} o
provide intensive sampling of lakes within a smaller area, but these da T, _,_-f-"_'-

may only include a subset of relevant measurements. Here, a Baye -\-"\-\_\_‘._'_,_4—"'-'-

presents the causal linkages between observations of chlorophyll a con

microcystin concentration. This network model was fit to national ¢ : H
erstions o chioophyll aand. microcystincollcte from ks i | Cyanobacterial biovolume
national network model improved the accuracy of predictions of mic: -
to a model based only on lowa data. | {'E'i
L 3

Microcystin




= 8 o o
e =
: ;:
o E .ﬁ i
: . -
7 I -
.-E Ll .E E E
-
(=]
g ﬂ g
5 = E,_ o
§ &3
£ 2 _
La] =]
& g o
a =]
- 0.1 1 10 100 1000 0004 0,01 (R q 10 100
Gl (L) Chlaiug/L} Cyang bl (mm L)

[=] [==]
e S °
o
_ 2e ge
-} = =
-, T [T [
2 5 5
e wy (7]
E o o
s ]
o )=
0.1 1 10 100 0.1 1 10 100
o Predicted MC Predicted MC
1 10 100 1 10 100
Chia (pg/L) Chla (pg/L)




Forecast support

FIODOResearch

A Resmevicky 200, 5151 Lasd o

RESEARCH ARTICLE

M) Chack for updates

Associations between chlorophyll 2 and various

microcystin health advisory concentrations [version 2; referees:
1 approved, 2 approved with reservations]

Jeffray W. Hollister, Betty J. Kreakie

CHhce of Ressarch and Devslepmant, Malivral Heallh sred Envircremantal EMects Research Labortory, Allanic Ecology Drasion, US

Erwiranmeninl Probection Agercy, Marmgansett, B, USA

\1'2 Firat pubsiished: 06 Foeb 2006, §:151 {dai: 10 126888 M0meseach 755 1)
Latesl pabiliabe: 13 oo 206, 5451 [elod 10 2EERT D00 FHES 1Y

Abstract

Cyanobactaria harmful algal Blooms (cHABs) are associated with a wide rangs
of adverse heath effects that stem maostly from the presence of eyanotoxing. To
help protect aganst these impacts, seweral health achvi sony levels have been
=&t for sama toxins. In particular, ons of the mora comman toxins, microcysting,
has several sivisory evels set jor dinking water and recreationad wse
Howawer, companad to other water quality maasunes, fisld measurements of
ricToCystn are nod commonly available due to cost and advanced
understanding required lo mlerprel resulls. Addressing hese ssues will Eke
timie and resources. Thus, thena is wfility in finding indicators of microcystin that
are alraady widaly available, can be estmated quickly and in sifu, and used as
a first defense against high levets of microcystn. Chiorophl a is commonly
mazasuned, can be estimaled n ste, and has been shown o be positesly
associated with microcystn. In this paper, we use this association 1o provide
estimaies of chiorophyll 2 concentrations thal ane mdicate of o bghes
probability of excending select haalth advisony concantraticns for microcystin
Using the 2007 National Lakes Assessment and a conditional probsability
approach, we dentilty chloroplyll & eoncentrations thal ane mone likely tan nol
b b associated with an seceedance of a microoystin baalth advisony lewel. We
Ik at tha recant LIS EPA haalth advisones for dinkang water as well as tha
World Health Onganization levels for dintong waber and recreational use and
idanify a rangs of chicrophyll a thresholds. A 50% chance of excesding ane of
the specific adwsory mecrocystin concentrations of 0.3, 1. 1.6, and 2 pgil is
associgled with chiorophyll o concentrabion hreshokds of 23, 88, 34, and 104
o, raspactivaly. Whan managing for thasa warioes microoystn levals,
exceading thesa reported chlorophyll a concentrations should be a gger for
further lesting and possible management schon.
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Figure 1. Conditional probability plots showing association between the probability of

1.00- 1.00-
g g
F=] J F=] ]
& 0.75 g 0.75
[ 3
o o
= 0.50- — 0.50-
(=] s
B S
To.25- To25-
=] =]
8] 8]
0.00- 0.00+
0 1 2 3 -1 0 1 2 3
Log 10 Chlorophyll Log 10 Chlorophyll
B.
1.00- 1.00-
£ £
i) ¥
0.75- 0.75+
8 2
e e
o o
= 0.50- = 0.50-
c c
2 P
To.25- To.25-
= =
4] o
0.00- 0.00+

0 1 2
Log 10 Chiorophyll

o

A

0 i
Log 10 Chlorophyll

2 3

various mis tin-LR (MLR)

health advisory Levels. A_) Fiot for USEPA Child (0.3 gg/L). B.) Plot for WHO Drinking (1 pg/L). €.} Plot for USEPA Aduit (1 6 LgiL). D) Plot
for WHO Recreational (2 pg/L)

Table Z. Chlorophyll a concentrations that are assoclated with a 50%
probability of exceeding a microcystin health advisory concentration.

Cond. USEPA Child WHO Drink USEPA Adult

Probability
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

(0.3 pg'L)
007

0.07
3

11
23
39
66
116
170

(1 pgiL)
007

4

17

a7

68

a7

126

271

516

(1.6 pgi)
0.07

12

32

B8

g4

115

a1

871

a71

WHO Recreational
(2 pgiL)

’
17
45
77

104

185

B71

B71

B71




Response — EPA online publications/tools

Cyanotoxin Management Plan Template and
Example Plans 4 e T

Systems o 4 22 R

: ; S : : " XY v \” “ f" :vq _:: \:
Recommendat:ons for Publlc Water S /



https://www.epa.gov/ground-water-and-drinking-water/cyanotoxin-management-plan-template-and-example-plans
https://www.epa.gov/ground-water-and-drinking-water/cyanotoxin-management-plan-template-and-example-plans
https://www.epa.gov/ground-water-and-drinking-water/cyanotoxin-management-tools-public-water-systems
https://www.epa.gov/ground-water-and-drinking-water/cyanotoxin-management-tools-public-water-systems
https://www.epa.gov/sites/default/files/2018-11/documents/cyanotoxin-management-drinking-water.pdf
https://www.epa.gov/sites/default/files/2018-11/documents/cyanotoxin-management-drinking-water.pdf

Response

* U.S. EPA Recommendations for Public Water Systems to Manage Cyanotoxins in Drinking Water

Step 1: System-Specific Surface Water

Source Evaluation P—— -

Source water vulnerable
: Low Level

Microeysting: £ 0.3 pg/L

Step 5: Monitor for Cyanotoxins in Finished Water,
Treatment Adjustments and Public Communications

Medium Level

Microcystins: > 0.3pug/L € 1.6 pg/L

Microcystins: > 1.6 pg/L

Step 2: Preparation and Observation y

YES, evidence
indicates cyanotoxin
occurrence

O

Step 3: Monitor for Cyanotoxins in Raw Water

during vulnerable period

NO, continue to assess evidence

Communication

Continue communication with
State primacy agency and local

Notify local public health agency,
primacy agency and the public.
Recommend use of alternative

health officials on monitoring X
B Continue sources for bottle-fed infants and
da nd Treatme nt Ad] ustments rnonihoring if results. young children of pre-school age.
\ bloom is
;ETS. ttoglns NO, toxin visible. If o
etecte detected bloom nl? ) Treatment Actions
0 longer visible
continue to ) e
evaluate Adjust existing treatment to reduce
id f Modify treatment as necessary to the concentration to below 0.3 pug/L
evidence for keep algal toxins below HA values. as s0an as possible. Madify or
cyanotoxin amend treatment as necessary,
occurrence

Toxins detected in raw
only, continue raw and finished water
finished water monitoring i

Toxins detected in NO toxins

detected in raw
or finished water

Step 5: Monitor for Cyanotoxins in Finished

Water, Treatment Adjustments/Additions, and
Public Communications

Monitoring

Continue sampling raw and finished
water at least 2-3 times per week
until levels are below quantification
in &t least 2-3 consecutive samples
in raw water, then return to Step 3.

Continue sampling raw and finished
water daily until finished water
levels are below quantification inat
least 2-3 consecutive samples.



https://www.epa.gov/sites/default/files/2018-11/documents/cyanotoxin-management-drinking-water.pdf

Response — public communication tools

 U.S. EPA Drinking Water Cyanotoxin Risk Communication Toolbox

 U.S. EPA Water Contamination Response Resources

PRESS RELEASE

DRINKING WATER ADVISORY - EVERYONE
FOR IMMEDIATE RELEASE
Madia Contact: finsert name, o, iolephane and tax number of spakespersan]

®
TOXN ““"%‘s
oo NOT ORI [WATER SYSTEM] ISSUES A [CYANOTOXIN NAME] DO NOT DRINK ADVISORY
LOCATION [Month Date, Year] — Officials rom [locabistate sgency] hewve issued a Do Not Drink and Do Nat Boil drinking " Orinking e,
. Year] - -
water advisory for [area aMected] untd further notoe. name], a tomen {farmarty * Drinkipg ! oy Nat Dy,
knviwn a5 bilue-green alges), was recently detectad in the 1ap water 8l [levels andlor ranges] on [dates]. This excesds Wby .,,,‘7-"'" 28y s 8P watae i,
the U S. Envircamental Protection Agency's nafanal Health Advisory levels of [level]. Therefcrs, residents in the affected " iy, Rty iy flocat, o Far gy o
areas should Nt crink the water y,.,,':‘:';’ B 2 ] st ot g 598 finggy
ecan, 3! Dirirg i tag "Rty i
Officials are working closely with local and state public health andior emergency response agencies fo address and - e S0 fragyy e PR i T et g kg
resalve e situation. i working quickly 1o reduce i i tagy wster by taking the i oy R T T it gy
fabawing actions: [list actiore uch at adjusting troatmant, changing saurce. . |, . e gy okt L ‘Wagn!mm,,km ™
fem, . ir )
[insert quote here kom a local official] [reertivassyy i avesy rinking hh L. Fot mong Infoemas Mot Cvin. 1,
Fag; 'R water. o visk;
Individuals who drink water containing [cyanotoxin name] at levels exceeding the national drinking waler Health Adviso EBOUK " l"’flnmq untif g, L " Wby, trap
are at fisk of various adverss health effects of [cyanatoxin name). Possible adverse health sflects inckide upset stamai % Briny,, e Mot g,
» vormiting and darrhea as well as bver and kidney damage. Seek medical attention if you o Tamily members are watpr H::I;'A"' """"’"rrlc,,,, o Moeg in!nm,,hn
ol experiencing illness. |f you, your family merrbers or your animals have experionced adverse cyanctosin.rokated heal iy Moty
vk Y - eflects, th:a mct:&nl:u:bul Lulm Daoaﬂ:umlln report the “:;6. o * Lriny e T""’“D'ﬂ, ’D’s":j“m oCted in .
s Y R sy g B e TR coraiet i, g 0k in frg g PSatiopy,
ey e, 718 et 0 -l e s, 000 g . kg, ctoc o 13
e nmﬂ“"""“"m“ e Bt g ot i 1 1 usa [ af water] for dinking, making infant formula, makc g B fot a2 S e gt g 00l
1ap weaer mﬁmm!m“’::, B e oA e wpoantnd  wnd preparing food and beverages and I use precautions againsl sccidentsl ingestion of tap water unilil usther nol B the tag bormeag. o] shouky , S e gy NS kg
L e o ot oy P :;..gm("’»‘” siea ‘ot bioll the tap watar, a5 holing water does not remaue cyanoloxing and may increase toxin levels. * g et Bling g g, * 1 ki
o ot attent e e i 2 tan wotor iy ' Making j
fe B st 90 L Gt ‘m,q aierse GFOT veryone may use tap water for showeting, bathing, washing hands, washing dishes, fushing todets, clearing and n.-,',": :"»’f""ﬂ Hotugy ot 0 shequg ot sty 0t farm
ol TR o " e e O . indry. Homeves, Intants and young chikiren undar the age of six shoukd be supervised whle bathing and dureg "y r.,.,,,:“;"“_"ﬂ i e *shing nang ™Y iy
L Ll % at 'tﬂ“’\;‘ pptt e e Sgancss adiess " water-related actviSes to prevent accidental ingestion of tap water. m:"’"\g — bhtins 1 e, "':" ooy thy ,9,"”‘- " 2 10Xl
e " ‘
oy S B papate oot e et quots here o a local official] ’“”':t;-s:ud g s el nfs:,#""" 50 s M:f et ctogpy
" . v, e
DONE? o P et pam st SO st 00 ) N L TR 9o bty 221
NG i st gt e B o the B tem name] will post an updated advisory when: the [oyanotaxin] levels are kess than or equal o the LS. . ARErigng, ¥ as g ! dhing
1 1% BEN e e s aanaes Gty g i, thvay, I B Watnr
WHAT - Y onmental Protecton Agency's national Health Advisaries, the Do Not Drink Advisory is lifted andior if thare Farip 05 gy Koy g 2SSt o oty g,
fes to the conditions of the Do Not Drink Adviscry. 302 Shove sigres M":IM nimas, g " ek gy affors, ,‘c';;ﬂms
* Sy 2: i upsat
 with concems about this event is 1o contact [name of ] at [contsct i an m’."’"/wtlhh" '"”""ﬂn%" YU Eamipy
‘wwing wetisite for rebavant informaton: [ink 1o waming] 8 the [ ces 198 My o,
B 55 rocty Cantacy
00 GOty T
rant "

Telephone Nurmbe,
[123 Ady

[City, Stan

[wemw U



https://www.epa.gov/ground-water-and-drinking-water/drinking-water-cyanotoxin-risk-communication-toolbox
https://www.epa.gov/waterqualitysurveillance/water-contamination-response-resources

Response — state outreach

* Drinking water HAB workshops conducted as part of AWOP in R10
(Oregon, remote) and R6 (Des Moines, IA)

* Operator and technical assistance provider training for Idaho DEQ
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Response — technical assistance
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Response — technical assistance

Las Pavas Turbidity - January 2020
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11 Luis Rodriguez Retweeted ¢ ¥ @LRodriguez SV
Embajada EEUU en ES @ @USE... - 20h Vv 1 . Gracias al apoyo de nuestro principal
Seguimos ayudando a #£|Salvador a buscar = T o ANY aliado estratégico Estados Unidos y la
soluciones integrales para garantizar la Y e e gestién de @USEmbassySVY, el
calidad del agua. Tom Waters, de @EPA, Embajada EEUU en ES @ @USE... - 20h v~ #PlanNacionalDeAgua tendra los
estuvo en la planta potabilizadora Las Pavas Después de la ayuda inmediata en la reciente ~ fesultados que esperamos y nuestra
de @ANDASY para conocer la situacién y dar  crisis, Tom Waters, experto de la Agencia de poblacion tendra acceso al servicio
asesoria técnica segun las mejores practicas Proteccién Ambiental de EEUU (@EPA), esta de agua del que por mucho tiempo

de EE.UU. #SocioConfiable estuvieron limitados. @EPA

o s

en El Salvador. El experto se reunié con
@FredckBenitez de @ANDASV y

@ Rodriguez SV, comisionado presidencial
de proyectos estratégicos del pais.




Control — online documents

* Water Treatment Optimization for SEPA
Cyanotoxins o

e Supports PWS in developing
monitoring and treatment
optimization approaches

* Proactive approaches for
sampling/monitoring to help PWS
anticipate treatment needs and
remove cyanotoxins from DW.



https://www.epa.gov/ground-water-and-drinking-water/water-treatment-optimization-cyanotoxins-document
https://www.epa.gov/ground-water-and-drinking-water/water-treatment-optimization-cyanotoxins-document

Control - AWOP

* Area-Wide Optimization
Program

* Provides tools and
approaches to meet water
quality optimization goals

* Increased, sustainable public
health protection

* Compliance assistance
through optimization

e Teaches problem-solving
skills to improve operations
without costly capital
improvements

v e ey



https://www.epa.gov/sdwa/optimization-program-drinking-water-systems
https://www.epa.gov/sdwa/optimization-program-drinking-water-systems

Thanks!

Contact info:
Tom Waters, PE

waters.tom@epa.gov
513-569-7611

Photo courtesy of Idaho DEQ
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