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WEBINAR MODERATOR

Chris Owen

Director of Water and Reuse
Innovations

Hazen and Sawyer

Chris is the Director of Water and Reuse Innovations for Hazen and Sawyer. She has 29 years of experience in water quality,
research, treatment and regulatory compliance. Her utility roles have included regulatory compliance, research, laboratory
management, source water assessment and protection, and distribution system issues. Research work included investigations of
UF/MF/RO membranes, online monitoring, total coliform occurrence, enhanced coagulation, biofiltration, distribution system,
corrosion, biostability, ion exchange, chloramine chemistry and stability, contaminants of emerging concern, and algal toxins. She is
active in regulatory issues at the state and federal levels, promoting utility concerns and science-based decisions. She served on

the USEPA SAB for Drinking Water and the USEPA NACEPT.

She is an active member of the American Water Works Association (AWWA), serving as a Trustee and the current Chair of the
Water Science and Research Division. She is a Trustee for WateReuse FL and the President of the Board of Directors for the
American Membrane Technology Association. She has been active in the Water Research Foundation (WRF) and the WateReuse
Foundation for more than 20 years.
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WEBINAR SURVEY

* Immediately upon closing the webinar

» Survey window opens

» Thank you!
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PRODUCTS OR SERVICES DISCLAIMER
The mention of specific products or services in this webinar does not
represent AWWA endorsement, nor do the opinions expressed in it
necessarily reflect the views of AWWA
AWWA does not endorse or approve products or services
S\N
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PANEL OF EXPERTS

Tarrah Henrie Elizabeth Crafton-Nelson, PhD Craig Adams, PhD, PE, F. ASCE
Senior Scientist Assistant Engineer Oliver Parks Professor
Corona Environmental Hazen & Sawyer Saint Louis University
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AGENDA
I.  Cyanotoxin Research Update Tarrah Henrie
Il.  Advancements in Algaecide Products and Approach for Elizabeth Crafton-Nelson
Harmful Algal Bloom Management
Ill. Hazen-Adams CyanoTOX Tool to Assist Utilities with Craig Adams
Complex Cyanotoxin Issues
S\N
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ASK THE EXPERTS

Tarrah Henrie Elizabeth Crafton-Nelson, PhD Craig Adams, PhD, PE, F. ASCE
Corona Environmental Hazen & Sawyer Saint Louis University

Enter your question into the question pane at the lower right-hand side of
the screen.

Please specify to whom you are addressing the question.

S \Y

CYANOTOXIN RESEARCH UPDATE

Tarrah Henrie
Senior Scientist

Corona Environmental
Consulting
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PURPOSE

* Introduce the topic of cyanobacteria and cyanotoxins
» Show case studies of utilities managing cyanotoxins

S \N
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LEARNING OBJECTIVES

As a result of this presentation you will learn about:

» Cyanobacterial blooms and cyanotoxins

+ Management strategies for cyanobacteria

* Recommendations for monitoring and evaluation of treatment options

S \N
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PRESENTATION OUTLINE

» Background

+ Occurrence overview

- Cyanobacteria, T&O, cyanotoxins
* Management strategies

- Comprehensive monitoring

- Source water control

- Treatment plant control

 Recommendations for utilities

A\

13
CREDIT
* Many of these slides were developed by Amlan Ghosh, with Corona Environmental
Consulting
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_________|Algae ___|Cyanobacteria

ALGAE VS. Cell type Eukaryotic Bacteria (Prokaryotic)
CYANOBACTERIA Photosynthesis? Yes Yes
MIB and Geosmin?  No Sometimes
Cyanotoxins? No Sometimes

http://www.daviddarling.info/encyclopedia/E/eukarycell.html

15 ‘\\

ALEAE VS | |Algae |Cyanobactera |

YANOBACTERIA .
< OBAC Colors Green Blue-green, yellow, brown, red or white

http://epa.ohio.gov/portals/28/Documents/HAB/BloomCharacterizationGuide-DRAFT. pdf
http://www.lovethesepics.com/2013/03/red-tide-phenomenon-in-rainbow-of-algal-bloom-colors-38-pics/
https://upload.wikimedia.org/wikipedia/commons/4/47/Maré_vermelha.JPG
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Cyanobacteria (also referred to as blue-green algae)

AN

HOW DOES IT
LOOK?

- iy Y A =t
Anabaena bloom Planktothrix & Anabaena bloom

Green Algae & Duckweed

1
L
Duckweed

Cladophora bloom Spirogyra bloom

http://epa.ohio.gov/portals/28/Documents/HAB/BloomCharacterizationGuide-DRAFT.pdf

17 ‘\\

<vEPA \\_\ Social, Environmental, and Economic Impacts

Harmful Effects Without Toxins Harmful Effects Due to Toxins

¢ Unpleasant appearance * lliness and deaths in humans,

« Taste and odor problems wildlife, livestock, and pets

* Block photosynthesis in bottom- * Skin and airway irritation
dwelling plants

* Deplete dissolved O, as bloom
material dies

. N

USEPA, 2018

18
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o Cyanobacteria Strains & Associated Toxins
wEPA X
Cyanobacteria Taxa
#¢ Strains produce 2
different toxins at § g = 3 5
= 7] b » 5 = = % v
different amounts & |8 |L|2|%|s|B 5|2
* Toxi SlE|s(s(2(6(5|2|4
¢ Toxins can have 53|83 E £0¢ (%33
multiple variants gl2|d (5|3 |2 |22 ][22
Example: Over 80 known Aeruginosin X X
microcystin variants A iaih = X X X X X
X
Aplysiatoxins X
BMAA 7 | 5 X x| | BX
Toxins analyzed by -
Cyanopeptolin X X X
Jamaicamides X
Lyngbyatoxin X
icrocystin N X X e P S X X X
Nodularin
4 Saxitoxin X5 X X X
USEPA, 2016
19
WHAT ARE CONGENERS?
» Over 90 Microcystins
* Microcystin LR, YR, RR and LA - further EPA research
* Microcystin-LR is the most common
Microcystin-LR Microcystin-RR
COOH TH\H/H\ COOH ?};‘/ﬁ\
HN' N N N 'NH
H ° HC 5 H ° H,C )
¥ = NH CH, HN' T R R CH, HN
?/ O COOHO a O COOHO m
H NH, H NH,
https://www.enzolifesciences.com/ALX-350-012/microcystin-Ir/
https://www.enzolifesciences.com/ALX-350-043/microcystin-rr/
20
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MICROCYSTIN OCCURRENCE

EXPLANATION
Microcystin Concentration (MC)
Non-detect (MRL < 0.10 pg/L)
® 0.10 pg/L < MC < 10 pg/L (WHO Low)
@ 10 pg/L s MC < 20 pg/L (WHO Moderate)
20 pg/L s MC < 2000 WHO High
- WL (IR ) USGS Survey, 2007

A\
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CYANOTOXINS TIMELINE
» August 2014 — Toledo cyanotoxin event
» 2015: USEPA released health advisories for two cyanotoxins
» 2018 — 2020: 10 cyanotoxins included as part of Unregulated Contaminant Monitoring
Rule 4 (UCMR4)
Cyanotoxin 10-day Health Advisory (ug/L)
School-age and
Bottle-fed Infants Older
Microcystin-LR 0.3 1.6
Cylindrospermopsin 0.7 3
“ A\
22
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NATIONWIDE RESULTS

« From UCMR4
» Data collected in 2018 and 2019

Count of Range Average Count of

Cyanotoxin Results  samples | (ugiL) (ug/L)  samples

Anatoxin-a Non-detect 21,464 0.03 - 13.22 0.23 104 None
Cylindrospermopsin Non-detect 21,567 0.09 - 0.88 0.26 11 0.7
Microcystin congeners  Non-detect 18

Total Microcystin Non-detect 21,277 0.32-0.79 0.43 6 0.3
Nodularin Non-detect 3

Total 64,329 121

23 ‘\\

23
MANAGEMENT STRATEGIES
Utility 3, CO
A\
24
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MONITORING

* Why?

- Know your water, develop and track indicators, identify excursions, early warning
* What?

- Algae, indicators, T&O, cyanotoxins, general water quality
* Where?

- Source water, treatment processes, facility specific
* When?

- Baseline monitoring, enhanced monitoring based on triggers
* How?

- Field, laboratory, sensory

- Continuous, online

25

WATER QUALITY PARAMETERS

Temperature
pH, Alkalinity
General water quality Turbidity
TOC, UV-254
Dissolved Oxygen
Phycocyanin

Chlorophyll-a
Identification
Cyanobacteria related Enumeration
parameters Sensory Analysis 1 (TON)

Total Nitrogen
Nitrogen Speciation (nitrate, nitrite, ammonia)
Total Phosphorus

MIB
T&O, Cyanotoxins Geosmin
Cyanotoxins (10 listed in UCMR 4)

26
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MONITORING LOCATIONS
:[‘t-'{s-‘i":c"m"n

70

== Polymer, Alum, Fluoride, Lime,
Ammonia, Cl
>:.',‘, T T o Permanganate 0z PAC
3 Chlorine |
By L_}l . ¢
o By e *
H Reservoir Rapid Mix/Flocculation/Sedimentation
atii i
Sl arip

Ground

Dual Media (sand-
Storage Clearwell

anthracite) Filters
Zinc Orthophosphate, Ammonia, Chlorine

3
i
iﬁ

g

To Distribution System

Utility 1 Process Flow Schematic

Fu
i %
K

SoAL &

Utility 3 Raw Water Intake

N
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MONITORING FREQUENCIES
Baseline
Temperature Daily Reservoirs
pH Daily Reservoirs
Alkalinity Daily Reservoirs
Turbidity Daily Reservoirs
Phycocyanin Daily Reservoirs
Chlorophyll-a Daily Reservoirs
Dissolved Oxygen |Daily Reservoirs
MIB/Geosmin Weekly Reservoirs
Algae ID/En Monthly Reservoirs
TOC Monthly Reservoirs
Total Nitrogen Monthly Reservoirs
Total Phosphorus |Monthly Reservoirs
A\
28
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MONITORING FREQUENCIES

Alert Level

Trigger(s) Alert Level Monitoring
ALL must be met | |Parameter Frequency |Location 1 |Location2 |Location 3

Phycocyanin Temperature Daily Bayou Reservoirs

> 10 pg/L pH Daily Bayou Reservoirs

Alkalinity Daily Bayou Reservoirs

Turbidity Daily Bayou Reservoirs

AND Phycocyanin 2/day Bayou Reservoirs

Chlorophyll-a Chlorophyll-a 2/day Bayou Reservoirs

>2.2 ug/L Dissolved Oxygen |Daily Bayou Reservoirs
AND MIB/Geosmin 1/week* |Bayou Reservoirs [Filter (combined)

VisudlSiens.of Algae ID/En Weekly Bayou Reservoirs

el tloom TOC . Monthly |Bayou Reservo!rs

Total Nitrogen Monthly [Bayou Reservoirs

For 2 days Total Phosphorus |Monthly [Bayou Reservoirs

MONITORING FREQUENCIES

Action Level

Trigger(s) Action Level Monitoring
ALL must be met | |Parameter Frequency |Location 1 |Location 2 |Location 3
Phycocyanin Temperature 2/day Bayou Reservoirs
> 25 pg/L pH Daily Bayou Reservoirs
Alkalinity Daily Bayou Reservoirs
Turbidity Daily Bayou Reservoirs
AND Phycocyanin 2/day Bayou Reservoirs
Chlorophyll-a Chlorophyll-a 2/day Bayou Reservoirs
>2.2 ug/L Dissolved Oxygen |2/day Bayou Reservoirs
AND MIB/Geosmin 3/week Bayou Reservoirs |Filter
ItAroe i aneof Algae ID/En 3/week Bayou Reservo?rs Filter
Slzal bloom TOC : Weekly Bayou Reservo!rs
Total Nitrogen Weekly Bayou Reservoirs
For 2 days Total Phosphorus |Weekly Bayou Reservoirs

Please consider the environment before printing.

A\

A\

15



AWWA Research Webinar: What’s New with Cyanobacteria and Cyanotoxins: A Review of Leading
Research
May 6, 2020

MONITORING METHODS
Algae

31

MONITORING METHODS
Indicators (Chlorophyll-a, Phycocyanin)

32
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MONITORING METHODS

Cyanotoxins

A\
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SOURCE WATER CONTROL

Utility 3 Solar Mixers
Utility 2 Disk Aeration
System

A\
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SOURCE WATER CONTROL

Control Strategy Treatment Technology
. L Temporary use of alternate source(s)
QS EUEIE Gl P Screening of intake depths

Copper based algaecide
Chemical application Non-copper algaecide (e.g. peroxide)
Nutrient removal chemicals (e.g. alum)

Surface mixing/ circulation

Hypolimnetic aeration (line diffusers, disk
diffusers, layer aeration)

Dissolved oxygen augmentation (e.g.
Speece Cone)

Emerging technologies Blieshicalib
ging 9 White amur fish (grass carp)
Watershed management Land acquisition (forgstatlon), wetlands
Reduce wastewater influence to source

Physical control

A\
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SOURCE WATER CONTROL

» Consider:
- Water quality objectives
- Site constraints
- Utility resources
- Costs (life cycle)

A\
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UTILITY 2 AERATION IMPROVEMENTS

Raw Intakes

Diffused Air or CMD Aerator % T

EL:
Epilimnetic Expansion 648.39
(relocated Diffusers and/or

install a CMD Aerator)

Chemical Feed Pipes into CMD and
Hypolimnetic Aerator from Dam

EL:
633.39

EL:
61839
ft

Pipe-in-Pipe Hypo Geometry
3 ft diameter air-lift upweller Hypolimnetic Aerator (Full Lift)  Retain Full Diffused Air
6 ft diameter return flow chamber Circulation Capability

A\
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wEPA Treatment for Cyanobacteria Toxins
Toxin within the cell and those that are dissolved
require different treatment processes.
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 be * Typical disinfectants may not be effective
released enough (e.g., permanganate, chlorine)
* More effective treatments are expensive and
plants typically do not have them in place
(e.g., GAC, Ozone)
0w LEoN
WA %
o

) ¢

onf G

i L0
AN (O
Microcystin Toxin *:;‘:{\é" \73: S

38
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INSIDE THE WATER TREATMENT PLANT

wEPA Treatment Issues

Powdered Activated Carbon (PAC) Removes some HAB toxins better than others
Carbon choice
Choosing the correct dose quickly
Reduced filter times and sludge disposal

Granular Activated Carbon (GAC) Removes some HAB toxins better than others
Removal depends on amount of preloading
High capital cost
Reactivation/removal frequency — cost and operation

UV (After treatment) Needed UV doses are much higher than that required
for 2-log disinfection of Cryptosporidium = 5.8 mJ/cm?,
Giardia = 5.2 mJ/cm?, viruses = 100 mJ/cm?
25

39

UTILITY 1: CYANOTOXINS EVALUATION

» Test removal of all 10 UCMR4 cyanotoxins

 Test simultaneously in presence of T&O compounds (MIB)

* Five pre-approved PACs tested

» Simulate all other WTP processes for routine operations

40

40
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PACS USED IN JAR TESTS

PAC
Product

PAC A PAC B PAC C PAC D PAC E

Size Less than 150 Less than 45 Less than 150 Lessthan 150  Lessthan

Distribution pm: 99% um: 65% pm: 99% pm: 99% 45 pm:
90%
Less than 75 Less than 75 Less than 75
um: 95% pm: 95% um: 95%
Less than 45 Less than 45 Less than 45
pum: 90% pum: 90% pm: 90%

. 0.51 g/mL; 32 0.51 g/mL; 32 0.51 g/mL; 32 : 0.4-0.7
Io/ft® Io/ft® I/t U -0 Eimk g/mL
lodine Number 500 mg/g 500 mg/g 800 mg/g 1000 mg/g 1000 mg/g

41
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CYANOTOXINS & MIB CONCENTRATIONS

Cyanotoxin Target Initial
Concentration

MC-LR

MC-RR

MC-YR

MC-LA

MC-LF

MC-LY

Total Microcystin

Anatoxin

Nodularin

Cylindrospermopsin

2-MIB

42

42
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PAC A PAC C PAC D PAC E

Research
May 6, 2020
Microcystin-RR 27% 80%
Microcystin-YR 26% 78%
Microcystin-LR 35% 80%
Microcystin-LA 33% 82%
Microcystin-LY 31% 84%
Microcystin-LF 39% 79%
Total Microcystin 31% 81%
Cylindrospermopsin 60% 85%
— 1
32% 76%
|
PAC dose is 50 mg/L
43

Product ID

Microcystin-RR 27% 80%

Microcystin-YR 26% 78%

Microcystin-LR 35% 80%

Microcystin-LA 33% 82%

Microcystin-LY 31% 84%

Microcystin-LF 39% 79%

Total Microcystin 31% 81%

PAC dose is 50 mg/L

44
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65%
45%
51%
44%
60%
56%
54%
51%
44%
75%

54%

65%

45%

51%

44%

60%

56%

54%

Product ID PAC A PAC C PAC D PAC E

82%
80%
68%
82%
81%
85%
80%
81%
55%
91%

79%

82%

80%

68%

82%

81%

85%

80%
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JAR TEST RESULTS

Product ID

Nodularin

Cylindrospermopsin

PAC dose is 50 mg/L

S\

45
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O
< Untreated®Vater Qo
35 o
] 88

30 O °
3 S
=25 Q-
pi o7
=} 8
= -
E 20
§ Total@licrocystin,FELISAQug/L)Z=R. 95* TotalMicrocystin,ELC/MS/MSHug/L)
k=l R2Em®.93
2 15
= g
L <

10 e

5 s

oY S S S S S S S S S S S S S S S S S S SR |

0 5 10 15 20 25 30 35 40
TotalMlicrocystin,A.C/MS/MSE(ug/L)
S\
46

Please consider the environment before printing.

23



AWWA Research Webinar: What’s New with Cyanobacteria and Cyanotoxins: A Review of Leading

Research
May 6, 2020
REMOVAL OF T&O VS. CYANOTOXINS
W 2-MIBE M CyanotoxinfAverage
100%E1
90%0+
80%0E1
70%E+
_ 60%1
é 50%B1
20%0E+
10%0E
0%
PAC dose is 50 mg/L
47
SUMMARY
* Monitor:
* Know your water, develop and track indicators, identify excursions,
early warning
» Source water control:
* Numerous strategies available
 Site specific, driven by water quality objectives
48
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SUMMARY

* In plant treatment:
+ Consider both intracellular and extracellular cyanotoxins
» Oxidants: risk of cell lysis and release of toxins
* PAC/ GAC: effectiveness varies between toxins

» Relative performance of PACs for toxin removal similar to relative
performance for T&O removal

S \Y
49
ASK THE EXPERTS
Tarrah Henrie Elizabeth Crafton-Nelson, PhD Craig Adams, PhD, PE, F. ASCE
Corona Environmental Hazen & Sawyer Saint Louis University
Enter your question into the question pane at the lower right-hand side of
the screen.
Please specify to whom you are addressing the question.
= N\
50
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ADVANCEMENTS IN ALGAECIDE
PRODUCTS AND APPROACH FOR
HARMFUL ALGAL BLOOM
MANAGEMENT

Elizabeth Crafton-Nelson, PhD
Assistant Engineer
Hazen and Sawyer

Hazen .

Requires short- and long-term management

Immediate action is needed to maintain conditions

Optimize short-term management plan

52

52
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LEARNING OBJECTIVES

Review advances in algaecide
products and approach

Review bench-scale testing

Recognize opportunities to apply
advances

53 ‘\\
53
Summarize advancements
Review Hydrogen Peroxide Products
Review bench-scale testing of products
Apply to full season management plan
54 ‘\\
54
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Summarize advancements

Review Hydrogen Peroxide Products

Review bench-scale testing of products

Apply to full season management plan

55

OVERVIEW

More options for in-

situ control

Minimize impact to ~
non-target organisms

Eco-friendly approach Products

56
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OVERVIEW

Products Application Approach

Additional products Injection at sediment-
developed water interface

Reduce copper added Partial water column

Alternative products treatments

Selective treatment Targeted sport treatments

High-yield and

Target bloom-forming accumulation areas

organism
Shifting dominance

N
57
Summarize advancements
Review Hydrogen Peroxide Products
Review bench-scale testing of products
Apply to full season management plan
58 ‘\\
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HYDROGEN PEROXIDE PRODUCTS

e —

eG PR

+ PAK27 & GreenClean Pro $GreenClicanPRO
- Granular A%
- Active ingredient sodium carbonate peroxyhydrate (85%) =

- 27% Hydrogen peroxide =
» GreenClean Liquid 5.0

- Liquid

- 23% Hydrogen peroxide

- 5.3% Peroxyacetic acid

59

59

HYDROGEN PEROXIDE PRODUCTS

« Alternative to copper products

» Selectively target cyanobacteria
- Toxic HABs
- Geosmin/MIB

* Intent differs from copper-based products
- Prevent
- ‘Injury’ not ‘kill’

60

60
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WHY USE HYDROGEN PEROXIDE?

 Target cyanobacteria with hydrogen peroxide
* HABs in surface water are characteristically cyanobacteria-dominated
» Cyanobacteria are the only known source of cyanotoxins

» Typically the source of MIB/geosmin
- Fungi, actinomycetes

S\\Y
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WHY USE HYDROGEN PEROXIDE?

» Cyanobacteria are prokaryotic

* Mehler reaction

* ROS-eliminating enzymes

» Ascorbate peroxidase (APX)

=P |EF =3 pTOX =3P Mehler reaction

Image: Curien et al. 2016 % ‘\\
62
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WHY USE HYDROGEN PEROXIDE?

» Changes in circadian gene expression pattern

» Impacts both metabolic and physiological function
- Controls cell division
- Nitrogen fixation
- Carbon uptake
- Biosynthesis of secondary metabolites
« T&O
« Cyanotoxins
- Photosynthesis (reduced photosynthetic viability)

63
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WHY USE HYDROGEN PEROXIDE?

* Downregulates microcystin synthesis
* Reduced transcription of mcyA, mcyD, mcyH gene clusters

C L
w&mcﬂ%d}m“ de “\c‘fe “\d@ «\0‘39 “\dP’ ((\d(b o G

Microcystin gene (mcy) cluster

Image: Rastogi et al. 2015 o4

64
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WHY USE HYDROGEN PEROXIDE?

¢ Induces the least amount of cell lysis
- Copper products

* Intended to reduce photosynthetic viability of the cells

 Impairs the cyanobacteria community, allowing eukaryotic algae and other bacteria to
compete

S\Y

65

WHY USE HYDROGEN PEROXIDE?

* No residual or accumulation

» Terminal end products are oxygen and water

* No toxicity induced mutation

* Better protect non-target organisms

B\
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Summarize advancements

Review Hydrogen Peroxide Products

Review bench-scale testing of products

Apply to full season management plan

67 ‘\\
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EXPERIMENTAL CONDITIONS

Initial cyanobacteria population: 40,000 cells/mL

» Time intervals: baseline, 1.5 hours, 2, 7, and 14 days after treatment
- Treatment impact vs. rebound
* Three doses of PAK27®
- Full Dose: 12.4 mg/L H,0,
- Half Dose: 6.2 mg/L H,0,
- Quarter Dose: 3.1 mg/L H,0,

* Negative controls
Each condition assessed in triplicates

68 ‘\\
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EXPERIMENTAL METHODS

Water Quality Sonde (YSI 6600 V2)
- Temp (°C), DO (mg/L), TDS (g/L), Chl-a (ug/L), cyanobacteria (cells/mL)

» Genera-based population composition
- Palmer-Maloney counting chamber (400x)

 Total microcystin concentration (ELISA)
* qPCR — Multiplex assay (16s rRNA, mcyE, sxtA, cyrA)

69 ‘\\
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PAK27®
- Control
+ Cyanobacteria - 60000- > Full
+ Baseline to 2-days £ - Half
[72]
* Dose trend 3
& 40000
3
8
Percent@hangednyanobacterial Q
Dose BaselineE2@ays S 20000+
Full -89% % e
Half -87% % g
Quarter -87% % O
Control -21% 0 T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5
Days
* N\
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PAK27®
- C bacteri
yanonseiera — 50000+ -4 Control
* Rebound TEI 3 Full
+ 7 to 14 days after treatment & 400004 . - Half
E M Quarter
PercentIIhangel!nlIyanobacteriali ; 30000+
Dose 7EA4@ays E
Full -44% - d
Half -49% - 20000
Quarter -34% -8
Control -47% £ 10000+
>
(&]

o
L
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» Extracellular microcystin
« Baseline to 2 days - — = Control
 0.25 > Ful
= -0~ Half
2 0.20- _.--="71 & Quarter
5
Percent@hangednExtracellular@Microcystini g 0.15+ - -
Dose BaselineER&ays o e NNRTRPRELLL L
Full <@.104MDL)3®.212M®.02 s 0.10 Fresennent
Half <@.100MDL)ED.177D.04 =
Quarter <@.10§MDL)Z@.142@.03 =
Control <m.10§MDL) 3 0.051
o
MDL: 0.1 pg/L ©
PQL: 0.3 pg/L % 0.000k T T T i 1
w 0.0 0.5 1.0 1.5 2.0 25
Days
Y\
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CUTRINE ULTRA

» Cyanobacteria

* Baseline to 2 days

Percent@hange@nXyanobacterial
Dose Baseline@2@ays
Full 91% %
Half -64% %
Quarter -53% X
Control +2%

73
» Cyanobacteria
* 7 to 14 days after treatment
Percent@hanged@nXyanobacterial
Dose 7EA 4@ ays
Full 315%
Half 1,414% *
Quarter 827% X
Control -61%
74

- = Control
- 50000 X Full
E -« Half
& 40000 M Quarter
g
= 30000+
[
[¢}]
© 20000+
(3]
S
c 10000+
©
)
c L} L} L} | | |}
0.0 0.5 1.0 1.5 2.0 2.5
Days
73
- Crontrol
40000~ > Full
7=.' - Half
5 M Quarter
2 300004 Q
[}]
2
8
S 20000-
©
3
© 10000~
c
3]
>
(8}

(=]
L
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CUTRINE ULTRA

 Extracellular microcystin

* Baseline to 2 days

Percent@hangedni
Extracellular@Mlicrocystin

Dose

BaselineER2&lays

Full

254%

Half

177%

Quarter

171%

% e %

Control

-27%
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Summarize advancements

Review Hydrogen Peroxide Products

Review bench-scale testing of products

Apply to full season management plan

Extracellular Microcystin (mg/L)

Please consider the environment before printing.
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FULL SEASON MANAGEMENT

Monitoring Program

Outline high-yield and accumulation areas

Choose product and doses

Timing of first application

QOCQ

\}

77
SUMMARY
» Advances provide more options for short-term management
 Successful short-term management provides time and relief
* Long-term management techniques need to be implemented for prevention
E\}
78
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ASK THE EXPERTS

Tarrah Henrie Elizabeth Crafton-Nelson, PhD Craig Adams, PhD, PE, F. ASCE
Corona Environmental Hazen & Sawyer Saint Louis University

Enter your question into the question pane at the lower right-hand side of
the screen.

Please specify to whom you are addressing the question.

79
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CAINT LOUI HAZEN-ADAMS CYANOTOX TOOL
UNIVERSITY. TO ASSIST UTILITIES WITH
COMPLEX CYANOTOXIN ISSUES

Speaker: Craig Adams, Ph.D., P.E., F. ASCE

Oliver Parks Professor
Saint Louis University

Co-Developer: Ben Stanford, Ph.D., P.E.

Associate Vice President
Hazen and Sawyer

80
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. S : ;
Micrec‘ysti‘s bloom in the Sh?nnong River tributary to Yangtze River, PRC (C. Adams ‘08)

82
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83

‘\\ Search. B Shop | Givew | AboutlUs | Career Center | Cart | LOGIN

American Water Works
Association

Dedicated to the World's Most important Resource

Membership & Volunteering Events & Education Resources & Tools Professional Development Publications Policy & Advocacy

Technical Resources Events & Education J [ Policy & Advocacy J [ Get Involved | ‘ Related Resources
AWWA Manuals

M57 Algae: Source to Treatment

Additional Resources

CyanoTOX® Version 3.0 is an oxidation calculator designed to help utilities evaluate how treatment adjustments (such as pH, oxidant dose, and contact time) may influence
degradation of individual cyanotoxins and some groups of cyanotoxins. The latest version maintains the ability to model the oxidative removal of extracellular toxins under
various conditions (3 toxins, 5 oxidants, pH, temp, etc). New in this version is an additional module to model intracellular and extracellular toxins throughout a water treatment
plant. New capabilities include release of intracellular toxins, three zones of oxidation, PAC carbon adsorption, settling of solids, biofiltration/GAC and other features.

Managing Cyanotoxins in Drinking Water: A Technical Guidance Manual for Drinking Water Professionals
Water Utility Managers Guide To Cyanotoxins

Cyanotoxins in US Drinking Water: Occurrence, Case Studies and State Approaches to Regulation
Testing Protocols for Site-Specific Oxidation Assessments

Testing Protocols for Site-Specific Powdered Activated Carbon Assessments

Powdered Activated Carbon Calculator for Site-Specific Assessments

AWWA testimony on 2015 Drinking Water Protection Act

Enactment of 2015 Drinking Water Protection Act

You may also search decades of articles on this or other topics published in the Journal AWWA, Opflow and AWWA Water Science

USES FOR HAZEN-ADAMS CYANOTOX (VER. 3.0)
TOOL

84

Protocol development for Hazardous Algal Blooms (HAB)

Sensitivity analysis (for design, operational and water quality parameters)
Plant design, upgrade and operations analysis

Creation of graphs and tables for reports

Real-time response to HAB/cyanotoxin events

Please consider the environment before printing.

JOIN

A\

N

42



AWWA Research Webinar: What’s New with Cyanobacteria and Cyanotoxins: A Review of Leading
Research
May 6, 2020

CYANOTOX® VERSION 3.0

- An oxidation calculator designed to help utilities evaluate how treatment adjustments (such as
pH, oxidant dose, and contact time) may influence degradation of individual cyanotoxins and
some groups of cyanotoxins.

- The latest version (3.0)

» Maintains the ability to model the oxidative removal of extracellular toxins under various conditions (3
toxins, 5 oxidants, pH, temp, etc).

* Includes an additional module to model intracellular and extracellular toxins throughout a water
treatment plant.

- New capabilities include release of intracellular toxins, three zones of oxidation, PAC carbon adsorption,
settling of solids, biofiltration/GAC and other features.

- Downloadable for free from

- https://www.awwa.org/Resources-Tools/Resource-Topics/Source-Water-
Protection/Cyanobacteria-Cyanotoxins

A\

85
CYANOTOX MODEL ORIGINALLY FOCUSED ON REMOVAL
BY DISINFECTION AND/OR OXIDATION PROCESSES
Extracellular Cyanotoxins
Cylindro-
Process Microcystin  spermopsin  Anatoxin A Saxitoxin
Free chlorine
Permanganate
Monochloramine
Ozone
Chlorine dioxide ??
AOP ??
uv ??
Adams, C. (2013) “Tailored Treatment of Cyanotoxins and Cyanobacteria: Oxidation, Adsorption and Other Technologies,”
Water Quality Technology Conference Workshop, Long Beach, CA, USA. (November 19, 201g)
A\
86
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MC-LR KINETICS USED IN MODEL

1,000,000.00

MC-LR - k" (L/mol s} @ 20°C

87

Ozone
100,000.00
16,000.00 Permanganate
= 1,00000
3
E 10000 — —Free chlorine
L 1000 —
1.00 Chlorine Diaxide
0.10
—~Monochloramine
0.01
6 65 7 75 8 85 5

Cylindrospermopsin - k" (L/mol s) @ 20°C

10,000,000.00
1,000,000.00

—0Ozone

Free chlorine

Chlarine Dioxide

6.5 7 75 8 B85 9
pH

Anatoxin a - k" (L/mol s) @ 20°C

1,000,000.00

100,000.00
10,000.00
1,000.00
100,00
10.00
1.00

s
£

Ozone

Permanganate

—Free chlorine

—Manochloramine

0.10
0.01

Chlorine Dioxide

HOW THE MODEL
WORKS

Select Cyanotoxin of interest from drop
down list:

- Anatoxin-A, Microcystin-LR,
Cylindrospermopsin, Microcystin-Mix

Input system parameters
Input initial cyanotoxin concentration
Select final target concentration

Select oxidant of use

- Free chlorine, ozone, permanganate,
monochloramine, chlorine dioxide

Select model type

75
oH
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STEP 1. Select the cyanotoxin of interest from the dropdown list
Cyanotoxin Type |

Permanganate

—Monochloramine

Microcystin-LR (MC-LR) |~ |

STEP 2. Input the following system parameters
pH (between 6-9) [ 6 |
Temperature (between 10-30°C) | 19 |

STEP 3. Input the initial cyanotoxin concentration
Cyanotoxin Initial Concentration (pg/L)| 5 ]
(If not known, enter an assumed value for the scenario)

STEP 4. Select your target option from the dropdown list
Target. DptiDnS:l 1) Input target cyanctoxin conc. |

Target cyanotoxin concentration (ug/L)] 0.3 ]

STEP 5. Select the oxidant of interest from the dropdown list
Oxidant Type Free Chlorine

STEP 6. Go to your chosen calculator version: CT based or Dose-decay based (tabs in blue)

A\

A\
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CT OR OXIDANT EXPOSURE

. 3.0
In CyanoTOX, CT can be determined: . oni |
: =l xidant exposure is the
1. Byentering 20 integrat'i)on up to the
* Oxidant dose ] tact time under the
. 5 1. contac
* Instantaneous oxidant demand ‘ d N \ xidant d i
(immediately subtracted from dose) 510 %\\‘\ Oxldant decay curve
» Oxidant decay rate (entered as a S 05 K%
half-life (min)) o L
* Contact time 0 100 200 300 400 500 600
Minutes
3.0
2. (Conservatively) by entering the J . L
residual oxidant concentration at g T Usingresigiuat{final)
the end of contact time: 220 oxidant concentration, CT is
i.e. CT = Coecivuartoontact ‘ 5 15 conservative
E 10
3. By directly entering the plant CT 8 o0s ;/f”%
CT
N e |

o 100 200 300 400 500 600

Minutes

89 ‘\\

EXAMPLE 1. POST-FILTER OXIDATION OF MC-
—— Adjusted for baffling Plug Flow Reactor [PFR) @  Your Estimated CT = = =95% Cl
15.0
H Figure 2a
. . 2 Microcystin-LR (MC-LR)
* MC-LR post filter is 14 pg/L. (No cells left; all £ 00 concentration with
extracellula r) g é Free Chlorine exposure
E Eff. CT
« pH=8.2; Temp = 15°C 2% 5o
3
X 5
* Oxidant - o
- Chlorine dosage = 3.0 mg/L; "o 100 200 300 400
- Instantaneous demand = 0.7 mg/L; 100
- Contact time =120 min 2 g Figure 2b
- Half-life (for decay) = 340 min é Microcystin-LR (MC-LR) percent
. . g 60 remaining with Free Chlorine
» Baffle factor = 0.3 (poor, no intrabasin baffles) . exposure versus Eff. CT
H
» Target MC-LR = 0.3 pg/L (Health Advisory) S 2
£
g o
0 100 200 300 400
100
_ Figure 2c
\deal PFR Adjusted for baffle factor 3 80 Microcystin-LR (MC-LR) percent
5 o removal with Free Chlorine
Final MC-LR C tion (ug/L) 0.1 27 3 Eff.CT
MC-LR Remaining (%) 04 % 19.5 % € Sxposure versus
MC-LR Removal (%) 996 % 805 % g 40
CT for your scenario (mg-min/L) 2448 73.4 &
£ 2
Max influent toxin conc. to achieve target (ug/L) [ 69.7 | 15 | H
CT needed to achieve target (mg-min/L) [ N/A I 1727 | =
Time needed to achieve target at current conditions (min) | 0.0 | 0.0 | 0 100 200 300 400 90 N\
EFf. CT (mg min /1) .

Please consider the environment before printing.



AWWA Research Webinar: What’s New with Cyanobacteria and Cyanotoxins: A Review of Leading

Research
May 6, 2020

EXAMPLE 2. POST-FILTER OXIDATION OF CYN
W/CHLORINE

——Adjusted for baffling Plug Flow Reactor (PFR) ® Your Estimated CT - = - 95% €I
15.0
: i £ Figure 2a
* CYN post filter is 14 pg/L. (No cells left; all 2 ‘ Cylindrospermopsin (CYN)
extracellular) £ _ 100 concentration with
g = Free Chlorine exposure
* pH=8.2;Temp=15°C 53, versus Eff. CT
£ !
* Oxidant & k
- Chlorine dosage = 3.0 mg/L; 0.0
- Instantaneous demand = 0.7 mg/L; - v 100 200 e w00
- Contact time = 120 min w
Half-life (for d =340 mi s w0 Figure 2b
- Half-life (for decay) = min £ Cylindrospermopsin (CYN) percent
. . E w0 .
* Baffle factor = 0.3 (poor, no intrabasin baffles) & " remaining with Free Chlorine
: W exposure versus Eff. CT
. = P g
Target CYN = 0.7 ug/L (Health Advisory) P k
=
R ] NENEA
0 100 200 300 400
100 =
_ Figure 2c
deal PP disted orbatfafocor 3 %0 Cylindrospermopsin [CYN) percent
! £ removal with Free Chlorine
Final CYN Concentration (ug/L) 0.0 0.0 = W exposure versus Eff. CT
CYN Remaining (%) 00 % 00 % H i
CYN Removal (%) 100.0 % 1000 % s 7
CT for your scenario (mg-min/L) 244.8 734 e
s 0
Max influent toxin conc. to achieve target (pg/L) [ >1000 [ >1000 = |
CT needed to achieve target (mg-min/L) [ N/A | 108 o _ — -
Time needed to achieve targetat current conditions (min) [ 0.0 [ 0.0 0 100 200 300 400 91
EFf, CT (mg min / L) ‘ ‘

91

EXAMPLE 3. PRE-FILTER OXIDATION OF MC-
LR W/KMNO,

16.0" Jewrer —Modeled CT
. . . E 14.0 Fig la
» Extracellular MC-LR in intake is 14 20 Mf:rr::vslin-LRiMC-LR}
/L £ 100 concentration with
He ) § o i
* pH=8.2; Temp=15°C § o
g a
£ 20
. 2
* Oxidant = oo
0 100 200
- Effective CT prior to filter = 150 mg- 100
. £
mln/L a0 Figure 1b
E Microcystin-LR (MC-LR)
* Target MC-LR = 0.3 pg/L (Health g e percent remaining with
i z Permanganate exposure
AdVIsory) g o versus Effective CT
& 20
=3
g oo
0 100 200
Final MC-LR Concentration (pg/L) 0.0 _ Figure 1c
MC-LR Remaining (%) 0.0 ":f' 80 Microcystin-LR (MC-LR}
MC-LR Removal (%), 100.0 . percent removal with
CT value of your system (mg-min/L)| 150.0 E o0 ::m:n[s;::x:gosure
E a0
Max influent toxin conc. to achieve target (pg/L)| >1000 | E 5
Effective CT to achieve target [rng-mirl.fL]| 34.8 | g
= a
a 100 200
*Effective CT includes all baffling effects for entry of either CT or Baffling x Residual x Contact Time Effective CT (mg min / L)

92 ‘\\
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EXAMPLE 4. PRE-FILTER OXIDATION OF CYN
W/KMNO,

o YourCT —Modeled CT
_ 160
R H S M0 — i
 Extracellular CYN in intake is 14 pg/L 25, B e ermopsin (CYN]
o $ 100 concentration with
* pH=8.2; Temp=15°C E 50 Permanganate exposure
§ 6.0 versus Effective CT
. g
* Oxidant 3 40
£ 20
- Effective CT prior to filter = 150 mg- g oo
min/L 0 100 200
_ 100
. g
* Target CYN = 0.7 pg/L (Health Advisory) $ s rgure 10
£ w0 Cylindrospermopsin (CYN)
5 percent remaining with
S 4 Permanganate exposure
£
g versus Effective CT
& 2
£
g o
Final CYN Concentration (ug/L) 138 0 100 200
N ining (%) sl o Figure 1c
CYN Removal (%) 13 it‘ 80 Cylindrospermopsin (CYN)
CT value of your system (mg-min/L) 150.0 g percent removal with
E 60 Permanganate exposure
Max influent toxin conc. to achieve target (ug/L)| 03 ] € . versus Effective CT
Effective CT to achieve target {mg-min/L)| 43108.9 | &
& 20
£
*Effective CT includes all baffling effects for entry of either CT or Baffling x Residual x Contact Time 8 0

0 100 200
Effective CT (mg min /L) o ‘\\
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CALCULATOR INPUT AND OUTPUT PAGE C
CONTACTOR N
low Reactor (FFR] @ Yeur Estimated CT - - -95% CI
ISTEP 7. Input the following parameters ]
NON- : e
2 Microcystin-LR (MC-LR)
Baffling Factor| 0.3 £ concentration with
Oxidant Dose (mg/L)| 3 g Free Chlorine exposure
Instantaneous oxidant demand (mg/L) 0.7 8 versus Eff. CT
Contact Time (i.e., hydraulic detent. time, min) 120 £
Effective Oxidant Half Life (min) 340 3
(Enter a value in minutes OR "ND" for No Decay”)
CALCULATOR INPUT AND OUTPUT PAGE C
N
Adjusted for baffling Plug Flow Reactor (PFR) @  Your Estimated CT = - ~85% CI
ISTEP 7. Input the following parameters ]
< Figure 22
2 Microcystin-LR (MC-LR)
Baffling Factor| 0.5 £ concentration with
Oxidant Dose (mg/L)| 3 g Free Chlorine exposure
Instantaneous oxidant demand (mg/L) 0.7 8 versus Eff. CT
Contact Time (i.e., hydraulic detent. time, min) 120 £
Effective Oxidant Half Life (min) 340 3
(Enter a value in minutes OR "ND" for No Decay”)
400
CALCULATOR INPUT AND OUTPUT PAGE C
N
Adjusted for baffling (PFR) @ Your Estimated CT = - -85% CI
ISTEP 7. Input the following parameters ]
< Figure 22
2 Microcystin-LR (MC-LR)
Baffling Factor| 0.7 £ concentration with
Oxidant Dose (mg/L)| 3 g Free Chlorine exposure
Instantaneous oxidant demand (mg/L) 0.7 8 versus Eff. CT
Contact Time (i.e., hydraulic detent. time, min) 120 £
Effective Oxidant Half Life (min) 340 K]
(Enter a value in minutes OR "ND" for No Decay”)
400

94 ‘\\
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CALCULATOR INPUT AND OUTPUT PAGE C
C I Adjusted for baffling —— Plug Flow Reactor (PFR] ®  Your Estimated CT = = = 35% CI
- ISTEP 7. Input the following parameters C
+ . .
2 Microcystin-LR (MC-LR)
Baffling Factor | 03 ‘E — concentration with
M ' = L R Oxidant Dose (mg/L)| 3 8 § Free Chlorine exposure
Instantaneous oxidant demand (mg/L) 0.7 §2 versus Eff. CT
Contact Time (i.e., hydraulic detent. time, min)| 120 £
Effective Oxidant Half Life (min) 340 3
(Enter a value in minutes OR "ND" for No Decay") P H9.2
400
CALCULATOR INPUT AND OUTPUT PAGE C
L
Adjusted for baffling —— Plug Flow Reactor [PFR] ® Your Estimated CT - = =95% €I
ISTEP 7. Input the following parameters C
g Figure 2
2 Microcystin-LR (MC-LR)
Baffling Factor| 03 Z_ concentration with
Oxidant Dose (mg/L)| 3 g3 Free Chlorine exposure
Instantaneous oxidant demand (mg/L)| 0.7 §2 versus Eff. CT
Contact Time (i.e., hydraulic detent. time, min)| 120 £
Effective Oxidant Half Life (min)| 340 2
(Enter a value in minutes OR "ND" for No Decay”) P H 8.2
400
CALCULATOR INPUT AND OUTPUT PAGE C
N
Adjusted for baffling —— Plug Flow Reactor (PFR) @ Your Estimated CT = - -95% CI
STEP 7. Input the following parameters C
g Figure 2
- Microcystin-LR (MC-LR)
Baffling Factor] 03 £_ concentration with
Oxidant Dose (mg/L) 3 g S Free Chlorine exposure
Instantaneous oxidant demand (mg/L) 0.7 s2 versus Eff. CT
Contact Time (i.e., hydraulic detent. time, min)| 120 £
Effective Oxidant Half Life (min) 340 E p H 7 2
(Enter a value in minutes OR "ND" for No Decay") .
300 400

Hazen-Adams CyanoTOX b e TR

Tool (Ver. 3.0) & Reree % ‘\\
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INTRACELLULAR VS. EXTRACELLULAR TOXINS

+ Cyanotoxins entering a treatment
plant may be:
» Extracellular — Outside the
cyanobacterial cells in solution

* Intracellular — Within cyanobacterial
cells

* Analysis Released

+ Total toxin ] Extracellula
« Lyse cell with freeze thaw r toxin

« Extracellular Oxidant
« Prefiliter cells

* Intracellular
« ICT=TT-ECT

» Oxidation can cause cells to lyse
and release toxins slowly or rapidly

A\
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American Water Works
Association

Hazen-Adams CyanoTOX
Tool (Ver. 3.0)

Water
Research

SAINT LOUIS
UNIVERSITY.

Hazen

Zone 1 (intake to rapid mix)

The model allows release of intracellar toxin (IT) based on the assumed release rate.
Oxidation of the extracellular toxins (ET) occurs concurrently.

Zone 2 (rapid mix to filter intake)

The model allows release of intracellar toxin (IT) based on the assumed release rate.
Oxidation of the extracellular texins (ET) occurs concurrently.

Removal of intracellular toxin (intact cells) accurs by coagulation/flocculation/sedimentation throughout the sedimentation basin
based on a percentage removal input by the user.

Removal of extracellular toxin (ET) occurs by powdered activated carbon (PAC) sorption throughout the flocculation and sedimentation basins
based on a percentage removal input by the user.

Rapid gravity filter
Extracellular toxin (ET) release is allowed for on the filter based on a percentage release entered by the user,

Adsorption/biodegradation of extracellular toxin (ET) {including all of the released toxin) is allowed for on the filter
based on a percentage release entered by the user.

Zone 3 (post filtration contactor)
All cells are assumed removed on the filter such that the post filter intracellular toxin (IT) is zero.
Oxidation of the extracellular toxins occurs within the contactor based on user input parameters.

Hydraulic retention times (HRT) for each zone are entered by the user, specifically as: intake pipe, flocculation basin, sedimentation basin, and post filtration contactor
Flocculation and sedimentation HRTs are separated as the program allows for PAC removal throughout both basins, but sedimentation only in the sedimentation basin.

OuUTPUT
Graphical output is presented showing total, intracellular (IT) and extracellular toxin (ET) concentrations throughout the plant as a function of time from the intake
Tabular results are also provided at the key locations throughout the plant.
Zone 1 Zone 2 Filter Zone 3
= Intake »| Rapid Mix »| Floc/ Sedimentation  [==| Filtration (- E:r']‘t’;'c”te — Distribution

A\
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CYANOTOX 3.0 COMBINES TREATMENT, LYSING/LEAKING,
ADSORPTION AND OTHER PROCESSES INTO A SINGLE MODULE

fle  Home nset Draw  Pagelayow  fomulas  Dats  Review View  Hep  GLUEBEAM  Projectwise  Nuance POF st
£19 - £ | 10
Lysing Ml Extracefular / Intracelodar / Total Tosin € i i From Intake
Four sections: Intake (RM)-> Flocculation basin —> Sedimentation basin -{Fifter)-> Post-filtration
120 —F T ====TT
[—
Tema €} 15 Ty =
Tosininsource water  MicrocystiriA (MGAR) Pulldow e 3
Total taxin (€7 4 T ugn) 100
Exraceliular (€1 (ugh) )
Intracellylar (IT=Total - €7] {ug/l) 30 [=Total-ET)
nidant ] 50 100 150 200 250
ntake Minutes from intake
oo —— it AW St oGontontorOstbuton)
Molecular W (gimal) 158 s (i) i) Wl T
er(mgming) 5 for T Tntake entrance - 7000 3000 10000
PH (between 6-10) 10 for ETK" Intake pipe 15 15 ends at RM 4197 2783 £980
Assumed release rate from cells Moderste I T relesse fec 30 45 endsstsed | Sew0  s21 &8
Sedimentation 120 185 endeatiter | ssse  om 3sse
opid At (Floc/Sed) Contactor jand CW)___60 228 dmeiton | 668 000 s
Type Free Chiorine for €7k
Molecular W (gimal) Notes: 1) Faster of xidant induced release beween
o (mg-mind) 0 forETk" Intake or AM auidants assumed between AM and filser
o between 6-10) BTk 2) Oxidation of E7 assumed anly by singie oxidant
Assumed release rate from cells Fast k1T rebence within each section of plant.
Contactor/clearwell [Rate constants.
ETPACIpion KT seting
ot Frea Chiorine for €74 VW iclesze  COKET (s thne) Hoe
Molecular W (gimal) n inmheomM|  500E03  291EW02
T (memind) S0 forETK AMoFite| SO0E02  3A7EOL  4KIE03  A26EQS K ITsetting (1/min) and contaet setviing rate
8lorETyc T
2 W seEo
ET removal in floc & sed basins by PAC fay2) CyanaTOX_H% rem'd) H% settled)
Expectad rmoval of toxin by PAC (%) 50 Must be lass then 100%
instic
Setting remaval of I i Sec) T releases i €1
Exgected removal o algae in sedimestation basin (%) 0 €7 PAC CoCo exsi i)
£T Onidized Co expl°Cl)
Removal on filter per GAC or biofiltration IT release IT->ET; C=Co expl-k't)
Percent £7 remavol (GAC/ofibotion) 0 1 setied Toremoved: C=Co explk')
Percent T release on filer ©
Fsumed reieace rate] reieace
T nstantaneous 1
caukies rat| 003
HAT (hr} OR (plant flow and vols)} OR neither Moderate| 0.005] ‘\\
v Cover & Caveats | Extracellular Toxin Insiruction Commoninputs | CT based version | Dase-decay based version Stand-alone Module Instruction | Stand-alone g Module | Subsequent sheets = calcs only | Microc ... . a
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Extracellular / Intracellular / Total Toxin Concentrations vs. Time From Intake
Four sections: Intake -(RM)-> Flocculation basin --> Sedimentation basin -(Filter)-> Post-filtration
120 —FET T =+==TT
100
g w0
< w0 \ --------------
E “ ‘/-'—_\
20 \
0 \
50 100 150 200 250
Minutes from intake
(Intake->RM/Floc/Sed->Filter->Contactar->Distribution)
Duration (min) Ends (min) ET (ug/L) IT (ug/L)  TT (pe/L)
Intake entrance --- --- 70.00 30.00 100.00
Intake pipe 15 15 ends at RM 4197 27.83 69.80
Floc 30 45 ends at sed 56.40 6.21 6262
Sedimentation 120 165 ends at filter 35.98 0.01 3599
Ci (and CW) 60 225 distribution 6.66 0.00 6.66
Motes: 1) Faster of oxidant-induced release between
Intake or RM oxidants assumed between RM and filter.
2) Oxidation of ET assumed only by single oxidant
within each section of plant.
99
EXAMPLE: LATE FALL BLOOM
15 Degrees C, pH is 8.2 intake to filter
Minimum chlorine CT of 80 mg-min/L at pH 7.5 in clearwell (Finished Water)

» Develop a solution to bring MC-LR concentration to below 0.3 ug/L for a facility
that is experiencing a bloom that creates an intake of water with 100 ug/L of total
toxins but 70 ug/L as extracellular.

» The facility has the following capabilities and assumptions:

- Permanganate can be added up to 10 mg-min/L CT at intake causing moderate release
rate of intracellular toxin

- PAC can be added with up to 50% removal

- Free chlorine can be added in Rapid Mix (will assume 20 mg-min/L CT to prior to filter)
causing slow release rate of intracellular toxin

- Facility has no GAC capacity nor intentional biofiltration

- Assume 20% of intracellular toxin is released from cells while sitting on filter bed

- Assume 40% of cells settle out in clarifier

100
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NO KMNOQO, IN INTAKE, NO PAC ADDED

Inputs
Temp ()
Toxin in source water

Type

Total toxin (ET +IT) (ug/L)
Extracellular (ET) (ug/L)
Intracellular (IT=Total - ET) (ug/L)

Oxidant
Intake
Type
Molecular Wt. (g/mol)
T (mg-min/L)

PH (between 6-10)
Assumed release rate from cells.

Rapid Mix (Floc/Sed)
Type
Molecular Wt. (g/mol)
CT (mg-min/L)
pH (between 6-10)
Assumed release rate from cells

Contactor/clearwell
Type
Molecular Wt. (g/mol)

T (mg-min/L)
pH (between 6-10)

Microcystin-LR (MC-LR)

15 for ETK"
Pull down menu

100
70
30 (=Total-£T)

Permanganate for ET k"
158
0 for ETK"
82 for ETK"
None k' IT release

Free Chlorine for ET k"

20 for ETK"
82 for ETK"
Slow K'IT release

Free Chlorine for ET k"
71
80 for ETk"
7.5 for ETK"

ET removal in floc & sed basins by PAC
Expected removal of toxin by PAC (%)

Settling removal of IT (in Sed)
Expected removal of algae in sedimentation basin (%)

Removal on filter per GAC or biofiltration
Percent ET removal (GAC/biofiltration)
Percent IT release on filter

10 MG-MIN/L KMNO, IN INTAKE,

0 Must be less than 100%

Inputs
Temp (€)
in source water

ype
Total toxin (ET +IT) (ug/L)
Extracellular (ET) (ug/L)
Intracellular (IT=Total - ET) (ug/L)

Oxidant
Intake
Type
Molecular Wt. (g/mol)
CT (mg-min/L)

PH (between 6-10)
Assumed release rate from cells

Rapid Mix (Floc/Sed)
Type
Molecular Wt. (g/mol)
CT (mg-min/L)
pH (between 6-10)
Assumed release rate from cells

Contactor/clearwell
Type
Molecular Wt. (g/mol)
CT (mg-min/L)
pH (between 6-10)

Microcystin-LR (MC-LR)

Toxin (ug/L)

Four sections: Intake -(RM)-> Flocculation basin --> Sedimentation basin -(Filter)-> Post-filtration contactor
20

—FET

—T

=TT

100

150

Minutes from intake
(Intake->RM/Floc/Sed->Filter->Contoctor->Distribution)

200

250

ET (ug/L)

IT (ug/L)

T (ug/L)

Duration (min) Ends (min)
Intake entrance - -
Intake pipe 15 15
Floc 30 as
Sedimentation 120 165
Contactor (and CW) 60 225

ends at RM
ends at sed
ends at filter
distribution

70.00
70.00
65.71
49.96
0.86

NO PAC ADDED

30,00
3000
2825
1332
0.00

100.00
100.00
93.96
63.28
0.86

101

15 for ETK"
Pull down menu

100
70
30 (<Total-ET)

Permanganate for ET K"
158
10 for ETK"
8.2 for ETK"
Moderate k' IT release

Free Chlorine for ET k"

20 for ETK"
8.2 for ETK"
Moderate k' IT release

Free Chlorine for ET k"
71
80 for ETK"
7.5 for ETK"

102
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ET removal in floc & sed basins by PAC
Expected removal of toxin by PAC (%)

Settling removal of IT (in Sed)
Expected removal of algae in sedimentation basin (%)

Removal on filter per GAC or biofiltration
Percent ET removal (GAC/biofiltration)
Percent IT release on filter

0 Must be less than 100%

40

Toxin {ug/L)

Four sections: Intake
20

-(RM)-> Flocculation basin > Sedimentation basin -{Filter)-> Post-filtration contactor

ET

i

=TT

100 150

Minutes from intake
-2 AV/Fioc/Sec=F > Distribution)

int

ET (ue/1)

IT (ug/L)

T (ue/1)

Duration (min) Ends (min)
Intake entrance -
Intake pipe 15 15
Floe 30 45
Sedimentation
Contactor (and CW) 60 225

ends at RM
ends at sed
ends at filter
distribution

70.00
2452
%14
25.40
0.44

30,00
27.83
2396
7.86
0.00

100.00
52.35
50.09
2326

044
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10 MG-MIN/L KMNO, IN INTAKE, PAC ADDED (WI/
50% TOXIN REMOVAL)

e Tou ;Z":a 12 Microeysin R (MCLR) 15 g:rufgclin e ull;oursenions: Intake -(RM)-> ion basin --> Sedi ion basin -(Filter)-> Post-filtration contactor
Total toxin (ET +1T) [J;/’:j 100 E 1:2 A
Extracellular (ET) (ug/L) 70 El
Intracellular (IT=Total - ET) (ug/L) 30 (<Total-ET) < 60
Oxidant § 40
MDM“‘;‘?::;?{.E%‘E Perm“g“:‘: ::: : :: ° o 50 200 250
pH (between 6-10) 82 fu: Ts:e:(:m
Assumed release rate from cells Moderate k' B o T
Rapid Mix (Floc/Sed) ) i 70.00 30.00 100.00
Malscuar e oy Be e e
cr -min/L) 20 for ET k" 14.49 7.86 22.36
PH (between 6-10) 8.2 for ETk" 0.26 0.00 0.26
Assumed release rate from cells Moderate k' IT release
Contactor/clearwell .
— (g/;y:le) Free Chlorine for ET k'
CT (mg-min/L) 80 for ET k"
pH (between 6-10) 7.5 for ETK"
oeced temostof tovm b P 6 R s s s than 100
Settling removal of IT (in Sed)
Expected removal of tation basin (%) 40
103
HAZEN-ADAMS CYANOTOX (VER.
3.0) TOOL TO ASSIST UTILITIES
SAINT LOUI WITH COMPLEX CYANOTOXIN
UNIVERSITY. ISSUES
- HAB EVENT RESPONSE SOP DEVELOPMENT
- SENSITIVITY ANALYSIS
- PLANT DESIGN, UPGRADE AND OPERATIONS ANALYSIS
- CREATION OF GRAPHS AND TABLES FOR REPORTS
- REAL-TIME RESPONSE TO HAB/CYANOTOXIN EVENTS
Dr. Craig D. Adams
Saint Louis University
craig.adams@slu.edu
104
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ASK THE EXPERTS

Tarrah Henrie Elizabeth Crafton-Nelson, PhD Craig Adams, PhD, PE, F. ASCE
Corona Environmental Hazen & Sawyer Saint Louis University

Enter your question into the question pane at the lower right-hand side of
the screen.

Please specify to whom you are addressing the question.

105
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ADDITIONAL RESOURCES

» 2020 Water Quality Conference and Exposition: November 15 — 19, 2020
« M57 Algae: Source to Treatment
- AWWA catalog no: 30057 Algae »
+ M68 Water Quality in Distribution Systems Source to Treatment e A o
- AWWA catalog no: 30068 e / N\ "
* AWWA Water Quality Resource Community

+ AWWA Cyanobacteria/Cyanotoxins
Resource Community

106
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https://www.awwa.org/Events-Education/Water-Quality-Technology
https://www.awwa.org/Store/M57-Algae-Source-to-Treatment/ProductDetail/6745
https://www.awwa.org/Store/M68-Water-Quality-in-Distribution-Systems/ProductDetail/43062719
https://www.awwa.org/Resources-Tools/Resource-Topics/Water-Quality
https://www.awwa.org/Resources-Tools/Resource-Topics/Source-Water-Protection/Cyanobacteria-Cyanotoxins
https://www.awwa.org/Store/M68-Water-Quality-in-Distribution-Systems/ProductDetail/43062719
https://www.awwa.org/Store/M57-Algae-Source-to-Treatment/ProductDetail/6745
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UPCOMING WEBINARS

Aug 5 - Disinfection By-Products: Perspectives on Formation, Control and Mitigation

Oct 28 - A Closer Look at New and Not so New CEC’s: PFAS, Microplastics and

Solvents

Reqister for all Research webinar in one easy bundle

View the full 2020 schedule at awwa.org/webinars
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> B @ Wirerscience | ADVANCING THE WATER
&' ‘é"éTElE\]RCE INDUSTRY

Original, Peer-Reviewed Research

Theory and Practice of Safe,
Sustainable Water

Researchers who submit their work for peer
review in AWS experience prompt decisions,
research published in AWWA expert feedback, rapid publication once
Water Science contributes to accepted, and broad reach with other
improvements across the researchers and water professionals.

“The wide-ranging original

water industry. By publishing

your innovations and advances

inAWS, you are bettering the AWWA Water Science is the best place to submit your research to influence
WIS R 6)7 not just other researchers, but also stakeholders including water utility

;/‘;’ij’”mes SO decision-makers, consultants, requlators, and manufacturers.
By publishing in AWWA Water Science, you advance the scholarship of the
water industry. Your research enables other water professionals to stay
informed of scientific and engineering innovations affecting safe water and

inspires other cutting-edge research to further advance our progress.

awwawaterscience.com ‘\\
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- Kenneth Mercer, Ph.D.,
EDITOR-IN-CHIEF
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https://www.awwa.org/Events/AWWA-Events-Calendar/Meeting-Details?productId=81646992
https://www.awwa.org/Events-Education/Webinars
https://www.awwa.org/Publications/Periodicals-Proceedings/AWWA-Water-Science

AWWA Research Webinar: What’s New with Cyanobacteria and Cyanotoxins: A Review of Leading
Research
May 6, 2020

THANK YOU FOR JOINING TODAY’S WEBINAR

 As part of your registration, you are entitled to an additional 30-day archive access of
today’s program.

* The Joint Section Resource Committee is always accepting new members! If you are
interested in volunteering with AWWA please email cbertoia@awwa.org.

» For more information on volunteering and other volunteer opportunities, visit our website.

109 ‘\\
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PRESENTER BIOGRAPHY INFORMATION

Tarrah Henrie is a Senior Scientist, with Corona Environmental Consulting. She has over 16
years of experience solving inorganic and organic drinking water contaminant and regulatory
compliance challenges for utilities. For the past several years Tarrah has been leading national
and local cyanotoxin related projects.

Elizabeth Crafton is a Source Water Quality Engineer with Hazen and Sawyer. Elizabeth
assists utilities across the country by working to increase their source water quality and
treatability. Her source water management approach encompasses both short- and long-term
Practlc_es for a wide variety of issues and risk assessment. Elizabeth received her PhD from
he University of Akron where she studied cyanobacteria and cyanobacteria-dominated
harmful algal blooms. Her PhD research was funded by the Harmful Algal Bloom Research
Initiative through the Ohio Sea Grant. During her PhD research, Elizabeth worked alongside a

hycologist and botanist with over 40 years of ex?erlence who was also a contributing author
or the commonly referenced Freshwater Algae of North America textbook. The duel )
advisement from both the civil engineering and blologx departments provided Elizabeth with an
interdisciplinary training and education, which makes her a unique asset for assisting with
source water management.

Dr. Adams is the Oliver Parks Professor of Environmental Engineering at Saint Louis
University. His group conducts research with the aim to provide guidance on oxidation and
sorption processes for drinking water contaminants including cyanotoxins, pharmaceuticals,
taste-and-odor compounds, disinfection bygorpducts, and others. He also works teachs and
works in developing nations on water, sanitation and hygiene (WASH) projects.
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CE CREDITS (CEUS) AND PROFESSIONAL
DEVELOPMENT HOURS (PDHS)

AWWA awards webinar attendees CEUs.

If you viewed this webinar live, you will receive a certificate through the AWWA account
associated with the email address you used to register.

If you viewed this webinar through a group registration, contact your proctor to log your
participation.

If you viewed this as an archive webinar, follow the directions included in your archive
webinar email to log your participation.

Certificates will be available on your AWWA account within 30 days of the webinar

111
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HOW TO PRINT YOUR CERTIFICATE OF
COMPLETION

Within 30 days of the webinar, login to www.awwa.org or register on the website. If you are
having problems, please email educationservices@awwa.org

Once logged in, go to:
* My Account (click on your name in the top right corner)

* My Transcripts
- To print your official transcript, click Print list
- To print individual certificates, click Download Certificate
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RESEARCH WEBINAR SPONSORS

AWWA'’s AWWA
Joint O WATER
Section L SCIENCE
Research
Committee
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