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Previous bloom events on Lake Mead

| 2001 - Pyramichlamys (RSEET L 2015 - Microcystis
Green algae Blue-green algae or cyanobacteria
No cyanotoxins Can produce cyanotoxins

No taste and odor Can produce taste and odor compounds
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3 water treatment plants; 100 MGD total capacity
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Previous bloom event in Des Moines

Des Moines Water Works

MNews Release

Des Moines Water Works Detects Microcystin in Des Moines
Water System

Wednesday, August 03, 2016

Drinking water samples analyzed by Des Moines Water Works show microcystin, a compound produced by cyanobacteria
(or commaonly referred to as blue-green algae), has been detected in the treated drinking water. At this time, there are no
restrictions on water use. The United States Environmental Protection Agency has established national health advisory
levels for microcystin when these compounds are detected in drinking water faor at least 10 days. While Des Moines Water
Works has detected elevated levels for only two days, and testing performed today shows results below advisory levels, the

utility is exercising an abundance of caution in notifying customers of the detection of microcystin.

Des Moines Register
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Greenfield won't be last lowa town to have drinking water
threatened by toxic blue-green algae, environmentalists

f say

' Donnelle Eller, Des Moines Register  Published 4:57 p.m. CT July 20, 2018
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2015 Drinking Water Health Advisories for
Two Cyanobacterial Toxins

Summary

EPA has issued 10-Day Drinking Water Health
Advisories (HAs) for the cyanobacterial toxins
microcystins and cylindrospermaopsin.

EPA recommends HA levels at or below 0.3
micrograms per liter for microcystins and 0.7
micrograms per liter for cylindrospermopsin in
drinking water for children pre-school age and
younger (less than six years old). For school-age
children through adults, the recommended HA levels
for drinking water are at or below 1.6 micrograms
per liter for microcystins and 3.0 micrograms per
liter for cylindrospermaopsin. Young children are
more susceptible than older children and adults as
they consume more water relative to their body
weight.

HAs are non-regulatory values that serve as informal
technical guidance to assist federal, state and local
officials, and managers of public or community
water systems to protect public health from
contaminants. EPA has also published health effects
support documents for the cyanobacterial toxins
microcystins and cylindrospermopsin. These
documents contain the health effects basis for the
development of HAs for the protection of human
health. In addition, EPA has published a health
effects support document for anatoxin-a but
concluded that there was not adequate information
to support a health advisory for this tosdn.

(cyanobacterial toxins or “cyanotoxins”) that are
harmful to the enviromment, animals and human
health. Winds and water currents can transport
cyanobacterial blooms within proximity to drinking
water intakes at treatment plants that, if not
removed during treatment, can cause odor, taste
and color problems in treated drinking water and
can be harmful to human health.

What is a health advisory?

The Safe Drinking Water Act provides the authority
for EPA to publish health advisories for contaminants
not subject to any national primary drinking water
regulation. Health advisories describe non-
regulatory concentrations of drinking water
contaminants at or below which adverse health
gffects are not anticipated to ocour over specific
exposure durations (e.g., one-day, 10-days, several
years, and a lifetime). They serve as informal
technical guidance to assist federal, state and local
officials, and managers of public or community
water systems by providing information on the
health effects of and methods to sample and treat
cyanobacterial toxins in drinking water. HAs are not
legally enforceable federal standards and are subject
to change as new information becomes available.

Why has EPA taken this action?

There are no U.5. federal guidelines, water quality
criteria, standards or regulations for cyanobacteria
or cyanotoxins in drinking water under the Safe
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What are intracellular and extracellular cyanotoxins?

‘\

o

4 10-day drinking water health advisories are relatively low )

Intracellular Extracellular

* Microcystin: 0.3 ug/L (young children); 1.6 pg/L

\- Cylindrospermopsin: 0.7 yg/L (young children); 3.0 ug/L )

{

Release of intracellular toxin is important in water treatment




Treatment of extracellular toxins is well-studied

Oxidant Microcystin Cylindrospermopsin Anatoxin A Saxitoxin

Freea chlorine

Monochloramine

Chlorine dioxide

Ozone

AOP

uv




Treatment of intracellular toxins has

also been

studied
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Option A—
Switch

Sources

e Switching Reservoir Supplies: Alternative
intake looations within a reservoiroran

o Relying on deeper, unimpacted alternative reservoirwith limited algae
intake depths: While these sources in impaocts oan provide an alternative to an @ River supplies: As moving water,
the hypolimnion can often be used to impaoted source. Typioally reserve lake rivers typioally do not develop aoute
avoid algae/oyanobacteria impaots, reservoir souroes are often recognized as algae impaots and can provide
the reduced dissolved oxygen in the of lower (or at least different) water quality, algae-free alternative water sources.
hypolimnion of stratified ressrvoirs oroost more to deliver. River souroes are typioally of more
oan often present other water quality * 8 4 ¢ Q’ variable water quality than reservoir
ohallenges, inoluding reduced metals " ‘; Py ’ souroes so oan prove ohallenging to
(Fe, Mn), dissolved nutrients, or taste * - ‘ treat to a consistent water quality for
and odor ohallenges. P b o a WTP operation optimized to

, ” w’ i reservoir water quality.

Water Treatment Plant

%

@ Groundwater Supplies: Unless impacted
by surface water, groundwater supplies
are not impaoted by algae. However, they
represent significantly different water
quality whioh could signifioantly impaot o % [
treatment optimized for a surface A
water quality.

0 Riverbank Filtration: Riverbank filtration provides a
physioal barrierto partioles and contaminants that
oould be present in river supplies. Riverbank filtration
souroes oan be influenced by groundwater supplies,
whioh oould represent signifioantly different water
quality whioh oould significantly impact treatment
optimized for a surface waterfaoility.
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Option B —
Remove
Intact Cells

A Water Utility

Manager’s Guide
to Cyanotoxins

Water

Research
Foundation

Table 5 Common cyanotoxin treatment practices and their relative effectiveness

Treatment
Process Relative Effectiveness

Intracellular Cyanotoxins Removal (intact cells)

Conventional coagula-
tion, sedimentation,
filtration

Flotation (e.g., dissolved
air flotation)

Pretreatment oxidation
(oxidant addition prior
to rapid mix)

Membranes (microfiltra-
tion or ultrafiltration)

Effective for the removal of intracellular /particulate toxins by removing intact
cells. Generally more cost effective than chemical inactivation/degradation,
removes a higher fraction of intracellular taste and odor compounds, and easier
to monitor.

Effective for removal of intracellular cyanotoxins because many toxin-forming
cyanobacteria are buoyant.

Overall, can either assist or make treatment more difficult, depending on the
situation. Pre-oxidation processes may lyse (cause dissolution or destruction
of) cells, causing the cyanotoxins contained within to release the toxins. Ozone
may be an exception (see “Ozone” row) because it both lyses cells and oxidizes
the cyanotoxins.

Effective at removing intracellular/particulate toxins. Typically membranes
require pretreatment.

11




Management and disposal of cells is critical

Filtration

| Lagoons, Clarifiers, Drying Beds |

Treatment Recycle to head
% of plant )

| Source: Water Research Foundation 4315 & 4523 |
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Guidance currently states to avoid or minimize use of
pre-oxidants to prevent intracellular release

A Water Utility
Manager’s Guide

to Cyanotoxins
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Pre-oxidation is common in drinking water treatment

* Disinfection

« Control of invasive species
« Zebra/Quagga mussels

* Biofilm control on intake pipelines

* [norganic contaminants
 [ron/manganese

« Organic contaminants
« Taste and odor compounds
« Micropollutants

Turning off pre-oxidant is not always an option

14




© Healthy cell with intracellular toxins

@) Releasing of intracellular
toxins with oxidant

Option C— it
Release an

@ Treatment of

extracellular toxins S .
(")
009 ® ° . o
P
: * 4 ;
Chlorine P y ¢
o °
Oxidant Microcystin Oylindrospermopsin Anatoxin A Saxitoxin Ozone l Activated 7 T
Free chlorine Moderate (f(pH)) Effective No, slow Effective \ / Carbon ® @ e
Menochloramine Slow/no oxidation No No ? . °® .
Chlorine dioxide Slow/no oxidation No No ? / \
Permanganate Effective No Moderate No . @
Chlorine Permanganate
Ozone Effective Effective No Dioxide
AOP Effective Effective ? . .
Biofiltration
uv No 2 9




Cyanobacteria intfroduce [Verphology & mixtures ]
a LOT of variables

| Cultured versus natural cells |

Unicellular
(e.g. microcystis)

Filamentuos 3
(e.g. oscillatoria) L/

Filamentuos )
with sheath X

(e.g. lyngbya)

Colony-Forming
cyanobacteria
(e.g. microcystis)

16




Microcystis aeruginosa
(cells/mL)

9.0E+06
8.0E+06
7.0E+06
6.0E+06
5.0E+06
4.0E+06
3.0E+06
2.0E+06
1.0E+06
0.0E+00

¢ Cell Concentration

= OD730

10

Time (d)

30

40

0.40

0.30

0.20

0.10

0.00

Optical Density at 730 nm
(1/cm)
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| Cell lysis methods |

MECHANICAL

High-pressure homogenizer Bead beating
Cells in media are forced Alzo known as the bead
through a narrow nozzle mill method, bead beating B0
using high pressure. The cell agitates cells using tiny
membrane is disrupted beads of glass, steel or
because of the change from caramic. The high-speed
compression to expansion. collisions disrupt the cell
membrane and release | I
intracellular compenents. = T
NON-MECHANICAL
PHYSICAL
F r'." r'." ® pagt by 1 1
reezefthaw ] ] Osmotic shock SR, Cavitation
Through repeated 1 m 1 By altering the ..%%2,_."# %:53-_‘_ This technique creates cavities
freezing and I I concentration of salt f‘;«‘.{ :@D§ Je = or bubbles by reducing the
thawing cyoles, ice [l ] surrounding a cell, the :“ f:'}-_u,' = :“;q:‘ local pressure through C
forms on the cell . ] osmotic pressure . °-:¢ N i %‘f\;\‘-.lf increased velocity, ultrasonic
membrane and | ! suddenly changes, T G:ri‘ff /° vibration, eto. As the
breaks down due to | rupturing the cell o "_-a-—-"‘(_ cavities/bubbles
osmotic stress. membrane. Water enters -~ .’f; ) \\, collapse, the energy
the cell and the cell swells .| i?:/l ! disintegrates the cell U
I | and subsequently bursts. g membrane. —_
CHEMICAL {l_l'] BIOLOGICAL
-

Alkali and detergents \ Enzyme ,-’/
Chemically changing the pH Mixing lytic enzymes with {
levels ruptures cell membranes / \ bacterial cells in the solution \‘
and allows proteins to leak f“ ol results in adsorbtion and break ‘\h,‘
through the cell wall. Chemical " w down of cell surfaces. Lysozyme, T AT
lysis can be classified as P — lysostaphin, zymoly vase, cellulose, AT v:ﬁ}%
alkaline or detergent. |; — = _/;u protease or glycanase can be used. 'ﬂ}% =) ¢ j*{ﬁ

e — "-I i _"._ e

Source: A Review on Maoroscale and Mioroscale Call Lysis Methodls by
Mohammed Shehadul lslam, Aditya Aryasomayajula and Ponnambalam Ravi Selvaganapathy

| Cyanotoxin analytical methods |

ELISA (Total Toxin)

18

TR T B S W




Cell damage | Photo: FlowCAM

Chlorophyll-a

8 & (|

Digital Flow Cytometry (FlowCAM)

Water Research 154 (2019) 171-179

Contents lists available at ScienceDirect

Water Research

journal homepage: www.elsevier.com/locate/watres

Using rapid quantification of adenosine triphosphate (ATP) as an
indicator for early detection and treatment of cyanobacterial blooms

Katherine E. Greenstein, Eric C. Wert’

Southern Nevada Water Authority (SNWA), P.O. Box 99954, Las Vegas, NV, 89193-9954, United States

19




Many different chemicals are used for
reservoir and drinking water treatment

Algaecides Oxidants
 Hydrogen peroxide Arlanete * Chlorine
- Copper sulfate o ; * Chloramine

e Chlorine dioxide
e Ozone
 Permanganate

 Advanced Oxidation
Process

* Chelated copper




Background: Water Research Foundation
(WRF) #4406

3 laboratory cultured strains of cyanobacteria
» Microcystis aeruginosa, Oscillatoria, Lyngbya

) Water
Research
Foundation

Release of Intracellular
Metabolites from Cyanobacteria
During Oxidation Processes

« 4 Oxidants were evaluated
* Ozone, chlorine, chlorine dioxide and chloramine
» Oxidant:DOC mass ratio = 0, 0.25, 0.50, 0.75, 1.0, 2.0 Wt et 405
* Time = 24 hours

» Measured oxidant exposure (i.e. concentration over time)

« Measured cell damage using chlorophyll and flow cytometry (FlowCAM)

« Measured microcystin-LR release using LC-MS/MS

21
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Morphology effects cell damage

| Consider exposed surface area |
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. | | Theory supported with FlowCAM images

2 4 6
Chlorine Dose (mg/L)

ol __0.63 0.63 N, 188 A 25 \ 5.0

N 1.25) il




(a) 1000000 ; ]
= = 2 § 100000 - —¢ /xv"
Cell lysis # total destruction i |\~ .
§ §§ 1000 + == FCI2
g% E 100 | clo2
 Assessment g
 All particles 1 — :
0 2 3 4 5 6
Oxidant Dose (mg/L)
(b) 1000000 ;
§ 100000 -
. . 5% — 10000 + 03
* Results indicate cells are BIL oo e = [
. . sz 8 ] clo2
damaged without resulting 35 R
. . - "
In complete lysis or : —_— .
] 0 2 3 4 5 6
frag m en tatl O n (© 1000000 Oxidant Dose (mg/L)
§ 100000
g % _ 10000 03
"'"_\ t"'_‘} .“’.‘i §§§ 1000 X —m—FC2
v . £=8 —
\- i'l \Jl- " *ean® - :—: 100 ﬁ(—;II-cI)ZZCI
L k: 10
Ref: Wert, E.C., et al., Water Research (2013) 14 ' T T ]
2 3 4 5 6

Oxidant Dose (mg/L)




Microcystin was released in 24 h experiments

MC-LR (pg/L)
= = N N w w i
o Wb o w o wn o

e
&)

0.0

0
(a) 50,000 cells/mL

4.0

35

3.0

N
&

MC-LR (ng/L)
[ N
n o

=
o

o
n

0.0

(b) 200,000 cells/mL

mO3
mFCI2
cloz2

Minimal MC-LR release occurred
with 50,000 cells/mL

mNH2Cl

0.63 1.25 1.88 2.50 5.00
Oxidant Dose (mg/L)

m O3

HFCI2
Clo2

B NH2CI

0 0.63 1.25 1.88 2.50 5.00

Oxidant Dose (mg/L)

journal homepage: www _elsevier.com/locate/watres

Awvailable online at www.sciencedirect com
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Effect of oxidant exposure on the release of

@ CrossMark

intracellular microcystin, MIB, and geosmin from
three cyanobacteria species

Eric C. Wert “"‘", Julie A. Korak ", Reberca A. Trenholm *,

Fernando L. Rosario-Ortiz"”
* southern Nevada Water Authority (SNW &), P.0. Bax 99954, Las Veg

. NV E9193-9954, USA

" Department of Civil, Enviranmental and Architertura] Engineering, University of Colarada, Boulder, CO 80309, USA

ARTICLE INFO

ABSTRACT

Article history
Received 18 July 2013

Received in revised form

0 October 2013

Aecepted 1 Novwember 2013
Available online 12 November 2013

Reywards:
Drinking water
Cyansbacteria
Cyanstoxdn
2-Methylissborneal (MIB)

Majority of release
occurred at dosages
< 0.63 mg/L

Oxidation of
released
extracellular MC-LR
followed literature

Geosmin

Intracellular organic matter (I0M)
Fluorsscenes

The release of i 1R (MC-LR), y neol MIE), and geo-
smin was investigated after the oxidation of thres cyancbacteria (Microgysts aeruginosa
[MA), Oscillatria sp. [05E), and Lyngbya sp. (LYN)). During the oxidation of 200,000 celis/mL
of MA, release of intracellslar MO LR exceeded the Wedd Health Organization (WHO)
guideline of 1 uyfl during the lowest exidant exposures (CT) tested: ozone (0 mg-min'L,
below the ezone demand), chlorine (<40 mgmin'T), chlorine disxide (<560 mgmin/T), and
chloramine (<640 mg-minL). As the CT increased, ezone, chloring, and chlorine disxide
were able 1o oxidize the redeased MC-IR. During the exidation of OSC (2800 eslsiml) and
LY¥N {1600 eella/ml), release of intracelhular MIB and geosmnin exeseded reported thresheld
odor values after exposure to chlorine, chlorine dioxide, and chloramine which have low
reactivity with these taste and odor compounds. Ozone oxidation of 05C yielded an in-
crease in MIB concentration at lower sxposures (<29 mg-min/l), bkely due to insufficient
oxidation by hydrocy] radicals. The release of intracellular organic matter (I0M) was also
measured to determine the potential of bulk measurements 1o act asa suTogate for cya-
notoxins and metabolite release. In all cases, the dissolved organic carbon (DO release
was less than 025 meo/L, which lacked the sensitivity to indicate the release of MCLR,
M, or geosmin. The flusrescence index proved 1o be a mene sersitive indi
cellular erganic matter release than DOC for MA. These resubls illustrate that texic or

ot of intra

edersus compounds may be released from eyancbacteria eslls during exidation processes
with minimal ehanges in the DOC concentration
© 2013 Assvier Lt All rights reserved

1 Introduction

Due to the effects of climate change, the frequency and in-
ia bilooms i d toi

tersity of har 1|

dobally (Past aul, 2012). These blooms can directlyimpact
the quality of drinking water through the production of
toxic metabolites, odorous metabdites or bath Several cyano-
toxins induding microcystin, sratoxin-a, saxitoxn, cylin-

T-mail addre

weer s oo

drospenmopsin, and nodularin are known to be generated by

* Cormegponding author Southerm Nevada Water Aut hority ENWA), P.0. Box 99954, Las Vegas, NV 83193-9354, USA. Tel: 41702 856 3663.
Ject).

o B W

0043-1354/% — see front matter & 2013 Heevier Lid. Al rights reserved.
0.1016/] 013

5/} watres
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Oxidation of natural Microcystis was examined

Sheath layer,
up to 30.4 um

J N

110 ym

10 pm

Image credit: Ann St. Amand (PhycoTech, Inc., St. Joseph, MI)




Revised Cell Degradation Model

Wazer Resenrch 101 (2006) 1016

Contents lists available at ScienceDirect

Water Research

journal hamepage: www.elsevier.com/locata/watres

Colonial cell disaggregation and intracellular microcystin release
following chlorination of naturally occurring Microcystis

@ CrossMark

Xuexiang He, Eric C, Wert’
Souther Neveds Weter Aushority (SNWAL PO, Box 99854, s Vepas NV 29193.9954, Unied Staes

ARTICLE INFO ABESTRACT

Artide history:

Recsived 10 February 2016
Recsived in revised form

7 April 2016

Accepted T May 206
Availabile anline 19 May 2016

Calonial cell d and release of llular microcystin were evaluated following chiorine
treatment of naturally occurring Micacystis. Microscopic observations of water samples collected from
Lake Mead. Nevada, USA. confimed the presence of colonial Micoosiis with cells protecied by an outer
ahweath wp 1030 jm thick Diring chiorination, two stages of cell decompasition were observed, stage 1
colonial cell disaggregation, and stage 2: unicellular degradation. Following a [Tl Jo:DOCs rtie of 015
— 20 min, pH — B2-85) in unfiltered Lake Havasu samples, total particle count increased from
0 = 001) = 10° t0 42 = 10° particles/mL and fluorescent paricle count

(12 =0.50) = 10% 0 12 » 16 partices/mL [lustrting colonial cell disaggregation. Although total and
fluorescent particles increased. the concentration of chiorophyil-a (Chl-a) decreased from 81 pgil w
T2 pgfi. and continused 1o decrease at higher [ClaxDOCs ratios The preliminary second order rate
constant for the reaction between Micmeystis and chlorine in natural waters was estimated using either
Chi-a (k = 15 M~ 57" or fluorescence particle cou 38 M~" 57') as an indicator of cell damage

Microcystis colony with
outer sheath

Stage 1: Colonial cell disaggregation
* 20 min. exposure, [Cly]:DOC,=015
« Increased particle counts

» Release of colony-bound OM

Stage 2: Unicellular degradation
* Decrease in Chl-a

» Release of intracellular microcystin-LR e
= Release of intracellular (cellbound) OM i

Digital flaw eytametry

[r—

Cyamobacteria fallowing colonial disageregation (Le. at [ClaDOCy ratio =015). Complete release of intracellular
microcystin- LR (MC-1R) was observed in both Lake Havasu and Lake Mead samples when applying a
[Claks:DOCy ratio of A30 (t = 20 min). which was equivalent to a chiorine exposure of & min-mg/L for
Lake Havasu samples. With chierination. DOC increased by 3— 183 indicating release of either colony-
tound or cell-bound DOC. The reailts demonstiated the ability of chiorine to disaggregate finactivate
natural Micraeystis colonies, and identified oxidation conditions resulting in complete release of intra-

cellular MC-LR.
2016 Elevier Ltd. All rights reserved.

. .
A [Cl,],:DOC, ratio of 0.30 (t = 20 min) was found to con |pletel
210- 0 . y

1. Introduction residents in the affected area were advised not todrink or bail their

tap water (Chio 2014). In June 2015, the United States Environ-
mental Protection Agency (USEPA) issued a health advisary level for

release intracellular MC-LR

The occumrence of cyanohacterial bloams has been increasing in

freshwaters amund the world, which has raised public health
concern by drinking water treatment utilities, because certain
bloams are often accompanied with a production and release of
toxic cyanohacterial metabolites called cyanotoxins By far,
microcystin-LR (MC-LR) is the most studied cyanotaxin and has
also been considered the most potent among microcystin conge-
ners (LISEPA. 2015) In 1998, the World Health Organization
established a guideline safety value of 1 ug/L for MC-LR in drinking
wiater {WHD, 1998). In August 2014, the drinking water treatment
plant in the City of Toledo, Ohio failed to completely remove MC-LR
from its finished water and consequently, more than 400,000

— With further verification, may be used as an indicator of intracellular toxin
release when treating naturally occurring Microcystis

* Camespanding aithor
E-mail acblress: ericawertamy

hi
00431354/ 20% Eleevier Ltd All rights reserved.

Develop “Release and Treat” Guidance

twtal microcystins (although MC-LR was used as a surmgate for
total MCs) of 0.3 pg/L for bottle-fed infants and pre-school age
children < 6 years old and 1.6 pg/L for schoal-age children through
adults (USEPA, 2015). Due to the more stringent health advisories
for microcystins in drinking water, additional information is
needed regarding the fate of cyanchacteria cells and cyanotaxins in
full-scale drinking water treatment facilities during natural bloom
events,

hlarine is the most commonly applied axidant in water treat-
ment plants. The reaction of free chiorine with MicmcystEs gerugi-
nosa was proposed to initiate an instantanecus penetration of
chlorine thmugh slime layers, cell walls and membranes, followed
by the chiorination of the intracelular organic contents
(t = 20 min) and lastly cytoclasis {Ou et al, 2011). When cyano-
bacteria exist in colonies, both the kinetics and mechanism of cell

26




Response — WRF #4692 looks at pre-oxidation

exposures and lab + natural cells

« Oxidants: O, Cl,, NH,CI, CIO,, KMnO,

4.0 m03

35 1 wFci2

* Reservoir treatment chemicals: CuSO,,
H202 %2.5 = NH2C

= 20
€15

« Exposure times <20 min*, oxidant:DOC ratios  *
less than demand oo

200,000 cplls/mL

0.63

* Normalized doses by DOC

o *24 h for reservoir treatment chemicals

» Refine utility guidance for intracellular release

125 1.88 2.50

Oxidant Dose (mg/L)

5.00
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3 cell suspensions/water matrlc:es
were examined .

 Lab-cultured 1.0x10° cells/mL Microcystis
aeruginosa in Colorado River water (CRW; DOC _ |
2.5 mg/L, pH 8) N

« U.S. bloom: 2.7x10° cells/mL Planktothrix
agardhii-suspensa in Grand Lake St. Mary’s
(GLSM; DOC 9.4 mg/L, pH 8)

« Canadian bloom: 1.6x10° cells/mL Anabaena
spiroides, 1.0x10° cells/mL Aphanothece
clathrata brevis, and 4.0x104 cells/mL Microcystis
aerugin;osa In Lake Champlain (DOC 6.1 mg/L,
pH 7.9




Cell suspensions were screened for microcystins

* LC-MS/MS used to screen for 8 different MC congeners
 -LA, LF, LR, LW, LY, RR, WR, YR
« U.S. bloom - only MC-YR found (~2 ppb)
« Lab-cultured cells/Canadian bloom = only MC-LR found (~6-10 ppb)

e Suspensions were also screened with ELISA
 Higher concentrations than just MC-YR in GLSM
 MC-LR only confirmed for lab-cultured cells

* Here, results focusing on MC-LR and MC-YR will be
presented
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What happens within 20 minutes or
less with low oxidant exposures?




Cl, oxidized MCs (time =< 20 min)

Laé)-cultured MA; DOC = 2.5 mg/L U.S. bloom; DOC = 9.4 mg/L
1

N
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NH,CI did not release MCs (time < 20 min)

Lab-cultured MA; DOC = 2.5 mg/L

Total chlorine residual

1.4
Oxidant:DOC
1.2 'L\H~ . - - . 05
1 - 0.25
/\08 5 +0.15
- -+-0.15
?06 n +0_1
£0.4 - - . --0.05
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- 6
c
u>)\[ i O—O0—0 o— —
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o 0 —e—Extracellular MC-LR
= 0 0.1 0.2 0.3 0.4 0.5
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U.S. bloom; DOC =9.4 mg/L
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Oxidant:DOC ratio
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ClO, oxidized MC-YR, released MC-LR

. < .
(tlme - 20 mln) U.S. bloom; DOC = 9.4 mg/L

e Lab-cultured MA; DOC = 2.5 mg/L ~25
° ~14 - OxidantBOC S , o=, --0--Total MC-YR
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o g 1 ~+-0.15 > 1.5 - \
© = ] 015 - \
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O, oxidized MCs with <2 min exposure

Ozone residual

1.2

mg/L)
o o
o 00 B
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Microcystin-LR (ug/L)

Lab-cultured MA; DOC = 2.5 mg/L
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I\/InO4' released and oxidized some MCs

(tlme 20 mln) U.S. bloom; DOC =9.4 mg/L
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Hydrogen peroxide released minimal to no
MCs within 24 hours
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Total Cu (Il)
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Preliminary guidance on effect of CT

Effect of CT summary table

Oxldant:DOC ratlos resulting In complete release of microcystins

= 20 min oxidant exposure 24 h allowed for exposure
Free chlorine | Monochloramine Chlorine Ozone Permanganate Hydrogen Copper(ll)
dioxicle peroxicde
0.5 GIE:DDG Mo release (205 | 0.5 G‘IDE:DDG 0.7 GG:DDG 4MHG4-:DGG Minimal Some release
NHEGI:DEIE}I (for some water release (24 (0.6-3 Cu:DOC; for
matricesfoells) HEGE:DDE‘: for some water
some water matrices/oells)
matrices/
oells)

* Results were consistent with previous work
» Goal was to provide some general framework regarding release

- Additional research needed to further validate/revise these
conditions
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What happens with longer stagnation times
following 20 min low oxidant exposures?




Example: MnO, caused MC-LR release
(lab cells)

25,8 - Lab-cultured MA;
gg% DOC = 2.5 mg/L 25U.S. bloom; DOC = 9.4 mg/L
S5 ol
S 504 - S 2 T o
o 0o | Oxidant:DOC E:’ | L ]
oo 0.4 =04 > 1.5 -0--Total MC-YR
0.0 . . . . S 1 —o—Extracellular MC-YR
0 5 10 15 20 § W
Time (min) No release at 20 min; 905 ¢———@——===------- e
L —— nearly complete g 0 . . .
R o leleaseat2h ° S
--0--Total MC-LR
—o—Extracellular MC-LR
5) 10 15 20 25 30
Stagnation time (h)
*Controls did not exhibit MC release 40
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Preliminary guidance on stagnation

Effect of stagnation time summary table

Oxidant:DOC ratlos/exposure times and stagnation times resulting In delayed release of microcystins
015 CI:DOC, | 015 NH, CI:DOGC, 015 016 03:D00C, | 04 MnO,-:DOG, 0.4 H,0,:D0C, 0.256 Cu:DOC
20 min 20 min GIGE:DGG'. 20 min 20 min 24 h throughout
20 min experiment
Free cohlorine | Monochloramine Chlorine Ozone Permanganate Hydrogen Copper ()
dioxide peroxide
Release at Release at Release at Release at Release at Release at Release at
22 h 212 h 220 min =8h 22h 224 h =20 h

 Significance of these results?
* Important to filter samples immediately after quenching
« Relevant to methods used in previous research studies
« Partially damaged cells may have applied impacts
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Multi-Barrier Approach

Detail

Delayed intracellular
release from filter
retention at media
surface

Oxidation of
extracellular
Cl; and NH,0l

- -p

Minimal cyanotoxin
breakthrough can
impact a utility’s

ability to meet the
Health Advisory

Recommendations:

Multi-Barrier Approach

Effective Post-Filter Oxidant

More Frequent Backwashing

42




Final report and guidance
document (~May 2019)

 Water Research Foundation Project #4692

* Project manager: Djanette Khiari
« PAC: Zaid Chowdhury, Sarah Page, Barry Rosen, Carol
Walczyk
Southern Nevada Water Authority (SNWA)

 Eric Wert, Brett Vanderford, Beck Trenholm, Janie
Holady, Brittney Stipanov, Glen de Vera, Julia Lew,
Shandra Staker, Yesika Otano-Alonso, James Park,
Mary Murphy

Polytechnique Montreal - Arash Zamyadi, Caitlin Glover
Saint Louis University — Craig Adams
Hazen and Sawyer - Erik Rosenfeldt & Graphics Team!

FOUNDATION

g Occu g dL b
®  Cultured Cyanobacteria

uuuuuuu

%
)
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.s. S , i:';:':a.
o o " U s00
TR e s AL
Al .:0 °
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Water Quality Research
% and Development
SOUTHERN NEVADA WATER AUTHORITY

[ ]

S /5% POLYTECHNIQUE
== MONTREAL

SAINT LOUIS UNIVERSITY.

Hazen
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Future research on “Release and Treat”

Variables

Growth phase

Full-scale systems

Morphology

Validation of
oxidant:DOC ratios

Water

maitrix

Mixtures

Threshold cell
concentration

Process control
strategies for cell lysis

4 ﬁ,‘

Online-ATP aﬁalyzer
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Future research: WRF #4912

* “Developing Guidance for Assessment and Evaluation of
Harmful Algal Blooms, and Implementation of Control

Strategies in Source Water”

SOUTHERN NEVADA
WATER AUTHORITY™

) PrOJ eCt Team . . . #FoE % POLYTECHNIQUE
« Southern Nevada Water Authority — Eric Wert m (B} wonTréaL
Polytechnique Montreal — Arash Zamyadi B i B

University of Adelaide — Virginie Gaget

Hazen and Sawyer — Christine Owen 3] THE UNIVERSITY

L) /ADELAIDE

« Utility and Technology Participants from
US, Canada, Europeggnd Aust?alia Hazen
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Future research: WRF #4912

f A B’J'..J.\ g
\\0 .'
Las Vegas Wasﬁ

(wa;téwa@'-lmpacted -

« Research approach

Critical review of early warning systems
and source water control strategies

« Summarize utility practices
. . Lcatio: AA ©B xC o 7
* Innovation evaluations T B .
« ATP-based approaches P
« Treatment of benthic cyanobacteria gé B
« Guidance document and decision trees £ 1‘ o

Chlorophyll-a concentration (ug/L)

Ref: Greenstein and Wert, Water Research (2019)
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Multi-Barrier Approach

© Healthy cell with intracellular toxins

Unicellular
(e.g. microcystis)

@ Releasing of intracellular
toxins wiEh oxidant

Detail
- Filamentuos
Delayed intracellular (e.g. osoillatoria)
release from filter
retention at media

© Treatment of ."_\& . )
extracellular toxins P Filamentuos
&0 d with sheath
v@\e’ ° (e.g.lyngbya)
Chlorine *
.
Ozone l Activated ® - - 2
Carbon ) L dation o 9 °
N . o ° o oxtracoliular %.oggé;.:’:' °::.°.{§2’o.;.
e , Ol and NH,0l Colony-Forming % L% 2 SIE S TeSacten fy
e B ° ’ - - DIWEIET $°o:x°.0°. o 0'0:. °
Chlorine I Permanganate o ‘ {9 {2 (e.g. miorooystis) ?0:{6:0.0.:: 0:000‘?.::::
Dioxide oy .::“ '3?‘0 o} o
Biofiltration .:::..gagf

P - - o .

‘\/i;} ® 8 ' i
. .. <." ... Katie Greenstein, Ph.D., P.E.

Microcystis colony with ~ Stage 1: Colonial cell disaggregation  Stage 2: Unicellular degradation (kg reenStel n @d MWW.CQO m)
outer sheath * 20 min. exposure, [Cl,];:DOC,<0.156 * Decrease in Chl-a
» Increased particle counts *» Release of intracellular microcystin-LR
+ Release of colony-bound OM « Release of intracellular (cellbound) OM 48
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