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Iﬂ\m—u> Harmful Algal Blooms (HAB:S)

¢ HABs exact a cost of approximately $2.2B annually in the US, including costs
associated with restricted use of recreational waters, declining waterfront real estate
value, spending on recovery of biodiversity, and drinking water treatment.

“* Wide variety of taxa can produce blooms

¢ Typically detrimental to the aquatic system and can be harmful to humans and land
animals (contact and consumption)

¢ Blooms are dependent on numerous factors, including nutrient loading, temperature,
water flow and weather patterns
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I\tw\m1> Possible Health Effects

/7

¢ Drinking/Swallowing HABs-Contaminated Water
% Severe diarrhea and vomiting
¢ Liver toxicity (abnormal liver function, abdominal pain)
¢ Kidney toxicity
“* Neurotoxicity (weakness, salivation, tingly fingers, numbness, dizziness)

% Difficulty breathing

+* Death

+¢» Skin Contact with HABs-Contaminated Water
+* Rashes
+* Hives

+» Skin blisters




I«w\m—u> | Ohio In 2013 and 2014

% Celina (population 10,400)

Summer 2013: > 100 pg/L total microcystins
and nodularin in treatment plant influent

% Carroll Township
(population 2,000) g
September 4,2013 = |.4 ug/L
September 5,2013 = 3.6 ug/L

Switched to emergency connection with

Ottawa County — oo ot e
News

Began flushing distribution system ﬁ\Wﬂ —

Ohio EPA’s first “Do Not Drink’ advisory ==

issued due to microcystin B

On Advisory 48 Hours ==

% Toledo (population ~500,000)
September 2013: Detectable, but < | pg/L toxin in finished water
August 2014: >1 pg/L total microcystins and nodularin in finished water,
Ohio EPA“Do Not Drink” advisory



I(D\m1> 2015 Ohio River Bloom

1 Microcystins \\\\\ &

Concentration (ug/L) o B
RM = River Mile 2015 OhioRiverHAB |
N = 62 as of 9-11-15

l| Some data may be preliminary

@ Below Detection (<0.30) Pittsburgh
O 0.30-1.6 7 Montgomery L&D RM 31.7 _ __._v, %_
O 16-6 > _
@ 6-2 ; New Cumberland RM 54 5 _w|.-- A

@ 20

i Lock and Dams

—— Ohio River
Majot Tribs

[ Juakes
D Ohio River Basin =

| Cincinnati

Belleville RM 203.9 |

Markland RM 631.5 |

Louisville

Source: Ohio River Sanitation Commission

Approximate
Dates:

August |9t through
October 29th, 2015

Main Contributor:
Microcystis
aerugenosa

3x107 cells/ml
Ix10° typically
referenced as level
for water impairment

Numerous
recreational water
advisories
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Current Regulations/Guidance

2| states have recreational water guidelines for harmful algae blooms

Three states (MN, OH, and OR) have implemented standards or guidelines

that apply to cyanotoxins in drinking water

EPA’s Office of Water has released its Health Advisory Level for

microcystin-LR and cylindrospermopsin

EPA’s informational webpage

http://www?2.epa.gov/nutrient-policy-data/cyanobacterial-harmful-algal-blooms-

cyanohabs

Water Advisory

Water may contain blue-green algae
thatis ful to and

Avoid thick green, white, or reddish-brown scum on the.
surface of the pond.

Avoid activities that can result in swallowing water
that contains scum. This may affect your health.

Wash with clean water as soon as possible following
contact with blue-green algae.

If you. your children or your animals become sick
after contact, call your doctor or veterinarian.

For mere delay

goto
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(o) . .
ﬂ!\m—U> / Current Regulations/Guidance

® State Health Advisory Levels
— OH
* ”Do not Drink” Advisories” * “Do Not Use” Advisory

— 0.3 pg/L Tot-MYC Child < 6 yr & Sensitive Pop — 20 ug/L
— 1.6 ug/L Tot-MYC Child > 6yr & Adults

— MN 0.04 pg/L as MYC-LR
— OR 1.0 pg/L as MYC-LR

Health Advisory Level for microcystin-LR

Drinking Water Health Advisory for the Cyanobacterial Microcystin Toxins
— 0.3 pg/L 10-Day Infants/Young Children
|.6 pg/L 10-Day Adults

The Harmful Algal Bloom and Hypoxia Research and Control Amendments Act of 2014

— Delegates primary responsibility to NOAA in advancing the scientific understanding and ability to
detect, monitor, assess, and predict HAB and hypoxia events in marine and freshwater

Safe Drinking Water Act
— Contaminant Candidate List 4 (draft) includes cyanotoxins
* Microcystin-LR
— Unregulated Contaminant Monitoring Rule (2018-2020)
* US EPA Method 544
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Source Water Impacts on Drinking

vEPA Water

{2

{

Problems facing the drinking water industry:

¢ Excessive nitrogen and phosphorous levels can cause harmful algal blooms

¢ Agriculture (non-point source) is often the largest contributor of nitrogen load into
waterways

¢ Forecasting is difficult because algal/cyanobacteria strains bloom under
different conditions at different times

¢ Additionally, an algal bloom may not necessarily produce toxins

4 Algal blooms put pressure on drinking water facilities, _,mn_c:,m:mnj
- Immediate operational changes (i.e. PAC addition) can be

1 costly and effectiveness not well understood

- Possible shut-off of services

\_ - Costly facility upgrades )
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Possible Indicators of HABs:

“* An increase in the presence of taste and odor due to MIB and geosmin,
both of which can be produced concurrently with MYCs

¢ Increase in pH, especially during sunlight hours

¢ Increase in turbidity

s* Decrease in filter run times

*¢* Increase in chlorine demand or decrease in chlorine residual
** Increase in disinfection by-products

Possible Surrogate Measures of HABs:

¢ Chlorophyll-a
** Phytocyanin
“* MIB and Geosmin




Lake Erie Blooms 2014 vs. 2015
- Toxic vs. Non-Toxic Producing Blooms

Chl-a Index

"B

August 2014
bsent Nk

Low IR @\

August 2015

Chl-a Index Source: NOAA/NASA 12



I‘.‘D\mv> Seasonal Bloom Dynamics

. Credit: Nick Dugan USEPA
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I(D\m—u> Microcystin Toxin Variants

% MYCs are heptapeptides Variants differ in potency

“* Varying strains produce different toxins Estimated cytotoxic IC;, values
at different rates and quantities

MC variants name ICz (ng/mL)
. o . . 3 7 v
¢ Exist in multiple variants [D-Asp’, Z-Dhb ] MC-LR 0.053
94+ K . . . [D-Asp’, Z-Dhb'] MC-HtyR 0.120
nown microcystin variants [D-Asp’. E-Dhb’] MC-LR 0.133
Significant differences in hydrophobicity [D-Asp’, Dha'] MC-LR 0.217
[D-Asp’] MC-LR 0.217
and pKa [Dha'] MC-LR 0.217
Species can be multi-charged [D-Asp’, EDhb']MC-HtyR 0327
COOH || O [D-Asp’] MC-HtyR 0.347

/z\F\Jﬂ zi NH [Dha'] MC-YR 0.418
MC-LR 0.800

@/\mu/_._\/ 0 { MCTR LA
SN ONH NH [D-Asp’, Dha'] MC-RR 4.11

H )
o\f\z zJ\A E-ﬁww E-Dhb'] MC-RR 495
g m L/ [Dha'] MC-RR 533
NH, ;\. COOH HUAP%J MC-RR >10
. - . -
IZ\FZI Microcystin-LR MC-RR 10

All MYCs include the ADDA (3-amino-9-methoxy-2, 6, 8-trimethyl-10-phenyl- Shimizu, Kumiko, et al. Toxins 6.1 (2013} S Ay

4(E), 6(E)-decadienoic acid, red) and methyldehydroalanine (MDHA, purple)
modified amino acids. Leucine (green) and arginine (blue) residues are sites
of structural diversity, referred to as positions X and Z, respectively.

14



(o)
N

g

m—U> Methods for Analysis

Non-Targeted Analysis

\/
000

Enzyme Linked Immunosorbent Assay

(ELISA)

Protein Phosphatase Inhibition Assay
(PPIA)

Liquid Chromatography - Photodiode
Array Detection (LC-PDA)

Derivatization

X/

s Gas Chromatograph
% LC

Microelectrodes

Spatial analysis

X/

s Satellite Imaging/Aerial reconnaissance

Measures the total microcystin
concentration

+* Broad-based method
** No differentiation between variants

Targeted Analysis

% LC - Mass Spectrometry
Detection (LC-MS/MS)

¢ Thin Layer Chromatography (TLC)

% Liquid Chromatography
Photodiode Array Detection (LC-
PDA) *

Measures each individual
microcystin concentration

¢ Total determined by sum of each
+¢ Limited to reference standard availability

15
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EPA N\ . Example

ELISA

+* Broad-based method

Preservative and dechlorination agent added (measures total toxin concentration - All variants)
_

¢ Easy and relatively inexpensive

Sample Split

Filtered

Unfiltered
(Extracellular) (Total) —lnlzm\zm

% US EPA Method 544 measures 6 microcystin

Lysed and frozen for . .
g variants and Nodularin

Lysed and frozen for

analysis analysis
¢ Several LC-MS/MS methods have been published
. by various venders
Other Analysis . .
*¢ Standards from various venders are currently
* Chlorophyll A available for approximately | 3 total variants (as of
* Phycocyanin Nov 2015)
“* Water Quality Parameters (i.e.
Nutrients, Metals) £




I |
I(D\m—U> Sample Considerations D—M | x\}ﬁ

+* Total vs. Dissolved ¢ Level of expertise

“ Filter ** Availability of Instrumentation
¢ In-Situ vs. ex-situ measures % Sample Preparation

% Storage and preservation None < Filtering < Cell Lysing < Concentration < Derivatization
+* Total measurement time ¢ Level of Sensitivity

% Transportation o3 mm_mnﬁiﬁv\

% Sample preparation % Level of QA/QC

/7

¢ Sample throughput

L/

*¢* Reporting time

*» Cost

LN




m1> State of Ohio Action Plan for HABs

Ohio EPA Published a set of guidelines and rules
Ohio Revised Code 3745.50 - Bill passed July 2015

Delegated and authorized Ohio EPA to serve as the coordinator of
harmful algae management and response and implement an action plan

Relevant publications
“Public Water System Harmful Algal Bloom Response.” July 2015

“Generalized Cyanotoxin Treatment Optimization Recommendations.”
March 2016

18



~ Ohio EPA - Recommendations for
I(\m—U> Monitoring for HABs in Source Waters

¢ Monitoring
*» Cyanobacteria cell count (or phycocyanin equivalents*) > 100,000 cells/mL
*»» Biovolume > 10 mm3 /L
¢ Chlorophyll-a > 50 pg/L
** Scum or surface accumulation is present and/or significant concentration of cells are visible

throughout the water column
Presence of cyanotoxins, as indicated by test kit or laboratory analyses
Satellite imaging indicating a spike in Chl-a concentration

\/ \/ \/
0’0 0‘0 0’0

Operator observations (i.e. deviation from normal operation

*** Methodology
**ELISA Microcystins-ADDA method (total

. . e = -
microcystins) | .
**USEPA Method 544 is not recommended,
not internally validated & i
< «%\ﬁﬂ\\u e ,./r\/

Source: Ohio EPA “Public Water System Harmful Algal Bloom Response.” July 2015 19



Ohio EPA - HAB Monitoring and
Drinking Water Action Plan

Public Water Systems HAB Response Action Plan

\

Observation/Screening/Monitoring

Sample Raw and Finished Water for Microcystins and other Cyanotoxins based on
phytoplankton information. If screening data not available, sample for microcystins, cylin-
drospermopsin, saxitoxins and collect a sample for phytoplankton identification.
Sample for anatoxin-a based on phytoplankton sample results.

A

N

-

v v .

Return to Observation

G N
Cyanotoxins Cyanotoxins Cyanotoxins
NOT Detected in Raw or Detected in Raw Water, Detected in
Finished Water NOT Detected in Finished Water Finished Water
. 4

7 7

Microcystins Less than 5 ug/L

Microcystins

or any other Cyanotoxin
Detections

Greater than 5 ug/L

Sampling &

Weekly
Sampling &
Analysis

Analysis 3
times/week

Ve

Microcystins Less than 5 ug/L

Cyanotoxins Not Detected, or Detected at - .
in Two Consecutive Samples

Concentrations Less than 50% Threshold, in
Two Consecutive Samples and Bloom Dissipated

\

Source: Ohio EPA “Public Water System Harmful Algal Bloom Response.” July 2015

ﬂ Cyanotoxins Detected in Finished Water g

v v
— Detection > 0.3 ug/L Tot-MYC H H Detection < 0.3 ug/L Tot-MYC H
: vt ,
Reanalyze Sample Immediately | Daily Sampling
) and Analysis
ﬁ S J
[ N
If Resample Resample Immediately
> 0.3 ug/L Tot-MYC y,
\ @ Cyanotoxins are Not
e N :
Collect and Analyze Repeat Sample Uﬁmswa = ”7.3
Withi Consecutive Finished
Ve ™ ithin 24 hours =R aea
Early Public Messaging \ N J AICEAMIDICS
May include Public Notice, - .\ ~
depending on site-specific If Repeat Sample If Repeat Sample
factors outlined in Strategy. 7 Greater Than < 0.3 ug/L Tot-MYC |— Return to Monitoring
N Threshold * Frequency Based on
@ N 7 > Cyanotoxin Concen-

e - ) trations i Wate
Consider Treatment Train G Issue Public Advisory A RGO AR AN e
Sampling and Distribution ) : . . \ /

Samolin Public Advisory may be delayed until collection
& piing 2 of a second repeat sample, based on site-specific *

circumstances outlined in the strategy.

. )
v
. 2\
Continue Sampling
Ongoing sampling will be dependent on repeat
results and may include distribution sampling.
L J

> 0.3 ug/L Tot-MYC, "Do Not Drink"
Child < 6 yrs, Special Populati

> 1.6 ug/L Tot-MYC, "Do Not Drink"
Child > 6 yrs, Adults

> 20 ug/L Tot-MYC, "Do Not Use"

20



I\v(\m—u> ‘3. Dissolved or Particulate?
Toxin within the cell and those that are dissolved
require different sample processing and treatment
Particulates (toxin in cell) Dissolved (toxin released from cell)
¢ Solids removal processes effective ¢ Solids removal processes ineffective
¢ Do not want to lyse cell or toxin will ¢ Typical disinfectants or dosages may not be
be released effective (e.g., permanganate, chlorine)

¢ More effective treatments are expensive and
plants typically do not have them in place
(e.g., GAC) e PR




-~ | Ohio EPA - Recommendations for
I(\m—U> Conventional Treatment

Recommendations for intact cell removal when algal

toxins are found primarily INTERCELLULAR

f &..v(.

: N 0 RA
Avoid lysing of cells and release of toxin oo’ ccu u,u i Wﬁ,rﬂw» |
ol L, O Wad) T o seY,d
“* Optimize coagulation for particulate removal. 3 T e, 89 3 o8
** Increase the sludge removal frequency. v.v.,w S e Saeg 2T oo LSl
,..i.v X D ‘n. w3 .

** Increase the filter backwash frequency, do :o\nq_rm@q%, backwash.

¢ Increase PAC feed, use appropriate PAC
Wood-based for MYCs

“* When possible, a slight reduction in pH is recommended
MYC degradation is greater when pH < 8.

/

*** Increase free chlorine and contact time in clearwell to assist in toxin

destruction

Increase chlorine residual 0.5-1.0 ppm, max residual of 4.0 ppm (total chlorine)
22

Source: Ohio EPA “Generalized Cyanotoxin Treatment Optimization Recommendations.” March 2016



Ohio EPA - Recommendations for
EPA \

¢
Y 4 Conventional Treatment

Recommendations when algal toxins are found

primarily EXTRACELLULAR

+* Utilize pre-oxidation with chlorine or permanganate and
maximize contact time for destruction of cyanotoxins

s Consider pre-filtration oxidant switch to chlorine and/or

permanganate
Chlorine dioxide and chloramines are ineffective for toxin mitigation

Source: Ohio EPA “Generalized Cyanotoxin Treatment Optimization Recommendations.” March 2016

23



/ Biomass is Effectively Removed Post-
SEPA ©

e ° ° ° °
Clarification in Conventional Treatment
100
Credit: Nick Dugan USEPA
Most cell removalwas | o
. . . —_— \_O E
accomplished prior to filtration =
S
ﬂd\ 14 Most of the cell removal work
— is accomplished prior to filtration
2
g o1
(.
KMnO, added s i  \\\—-"
Source at Crib S
water with . 0.01 { —m— May 19
Baffled Channel Mix: —=— July 1
cyanoHAB Low Service Pump Station Aum  Lime —=— July 21
N Y 0.001 _ _ _ _ _ _
— . T £ R > o & & >
o 0= 0= & & & &S
— Q° Q o®
PACaddeda Flocculation
Low Service
Pump Station Soda Ash
Flocculation
Particulate
Clearwel (cell) removal Particulate
o oy (cell)
To Sedimentation removal
distribution
system and ()
consumer Finished
tap water
a, Polyphosphate  CO, 24

@ Sample point




| Toxin Propagation through DWTP
EPA - ELISA vs LC-MS/MS

ELISA

120

Toxin Concentration by ELISA (ug/L)
N B D (o] 8
o o o o o

o
1

== Extracellular Toxin
A A - Total Toxin

Release

Credit: Nick Dugan USEPA  Treatment Stage

Raw Post-MnO4  Post-PAC Filter Influent Filter Effluent Plant Tap

Unlike ELISA, total MYC measured by
LC-MS/MS decreases after MnO, addition

However, only 7 MYC variants were measured

Intracellular toxin is release following

MnQO, addition

LC-MS/MS

10

Toxin Concentration by LC/MS/MS (ug/L)

=fll= Extracellular Toxin
[l ' Total Toxin

Raw Post-MnO4  Post-PAC Filter Influent Filter Effluent Plant Tap

Treatment Stage

25



vEPA

)

Toxin Speciation and Propagation
- LC/MS/MS

Extracellular Toxin by LC/MS/MS (ug/L)

Extracellular MYC Measured through Treatment

35
B VYC-LR
3.0 BB MYC-RR
=3 MYC-YR
1 MYC-LA
hs B VYC-WR
: BN MYC-LY
2.0
15 -
1.0 -
0.5
ND
0.0 _ 1 _

Raw Post MnO4  Post PAC Filter Effluent  Finished

Treatment Stage

Total Toxin by LC/MS/MS (ug/L)

10

Total MYC Measured through Treatment

HE MYC-LR
I MYC-RR
@ MYC-YR
1 MYC-LA
H MYC-WR
N MYC-LY

ND
I T

Raw Post MnO4  Post PAC Filter Effluent  Finished

Treatment Stage

% Significant diversity in toxin variants

** Both extracellular and total MYC concentrations decrease
through the treatment train; no MYC observed in finished water

26



EPA's informational webpage

http://www2.epa.gov/nutrient-policy-data/cyanobacterial-harmful-algal-blooms-cyanohabs
27



