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Background

Ozone treatment

- Oxidation practice for destruction of multiple classes of cyanotoxins
(established drinking water treatment practice)

- React with HABs through different functional groups via direct oxidation and
through action of -OH

- High pH and NOM can inhibit O; decomposition and decrease effectiveness

Nanobubbles

- 10,000x greater surface Burst at surface
area than larger
bubbles, increases
mass transfer

- Low buoyant force
prevents bubble rise to : Brownian Motion
water surface: '

. Macrobubble Microbubble Nanobubble
- 0, diffuses more slowly
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with contaminants
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Bubble size distribution ~1 hour after
production, measured using NanoSight

Concentration: 2.56 x 108 (+ 2.05 x 107)
particles/ml

Average size: 166.7 (£ 2.7) nm

IN

w

N

-l

|
e
»
<o
Q
=
©
o
c
s
=
©
=
=
@
o
=
S
(@]

o
o

100 200 300

Immediate rise of visible bubbles out
of solution (~ 1.25 cm/sec)

* Average size: 0.1 mm
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Immediate Production of [O;],,and ¢OH in Buffered DI: <20 minutes
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eOH Generation from Bubble Collapse Alone is Minimal,
and Occurs only at Low pH
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Mesocosm Trial — Lake Erie Microcystis Bloom

15 Mesocosms
filled to 2,000 L with
Lake Erie bloom:

» 3 Control Tanks
(no treatment)

« 3 Tanks Max. Dose
Copper Algaecide

« 3 Tanks Max. Dose
Peroxide Algaecide

« 3 Tanks Low Dose
NBOT treatment

« 3 Tanks High Dose
NBOT treatment




|| THE OHIO STATE UNIVERSITY

Mesocosm Ozone [O;],,, Data
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Mesocosm Zooplankton Hour 120
Copepoda

m Sididae

® Daphnia sp.
m Chydoridae
m Bosmina Sp.

m Cladocera - other

Algaecide
Algaecide
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RDO (mg/L)

DOC (mg C/L)
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RDO
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Mesocosm Trial 2 —
Ohio Planktothrix Bloom
72 Hours After Treatment

Control

Oxygen Only Nanobubble ‘

NBOT Treatment
Low Ozone Dose

" Ozone/TOC ratio: 0.18

NBOT Treatment
Intermediate
Ozone Dose

Ozone/TOC ratio: 0.32

NBOT Treatment
High Ozone Dose

Ozone/TOC ratio: 0.53
13
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Cyanobacteria Response to Treatment
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Sylvan Lake Nanobubble Ozone Treatment Trial

* 95 MG private
recreational lake,
et v # 1.4 mi? agricultural

. § ph watershed
E

4

ki PleasantHill Cemetery
S€0rge ey . }

» History of
microcystins and
saxitoxins
producing harmful
algal blooms

% NBOT Treatment Units
A Sampling Sites
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Sylvan Lake, June 29 - July 2, 2021
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Integrated water column samples (2x Secchi) collected at each site:

Nutrients: nitrate/nitrite, TKN, ammonia, total phosphorus, dissolved phosphorus, silica
Cyanotoxins: microcystins and saxitoxins (total and dissolved)

Phytoplankton: Fluoroprobe, FLOWCAM, counts, molecular sequencing

Additional parameters: TSS, Chl-a, TOC, DOM, Anions, Cations, E-coli

Sediment cores: 2 sets- prior (7/5) and end of treatment (9/15)

YSI-EXO2 profiles at all sites and continuous measurements near inlet
and outlet: pH, DO, ORP (inlet only), Total Algae (Chl-a/BGA), Turbidity

Additional sites/depths sampled in two larger sampling surveys (start and end of trial)

Drone Surveys — Seven RGB and multi-spectral flights

Ozone concentrations

Water level loggers and rain gauge (mass balance) 17
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FluoroProbe Results Install Increase
NBOTs Dose
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Downstream Dam Site
NBOT Treatment Site

(near spillway)
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Multispectral Imagery (R-RE/R+ RE) Wingtra VTOL UAV with Micasense Altum Sensor
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Sylvan Lake Cyanobacterial Diversity & Relative Abundance
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Sylvan Lake Fluoroprobe Data Comparison
2021 (colored circles) 2022 (black squares)
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G Beach
(WSU control site)
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Sites A, B, W, X, Y, and Z are all composite samples.
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2022 Microcystins Concentrations
Grand Lake Saint Marys Public Beaches
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Preliminary Findings:

« NBOT Units produced high densities of nanobubbles and some microbubbles
» Hydroxyl radical formation by collapse of nanobubbles alone is minimal and only
occurs at low pH
« Ozone concentrations in held lab and field samples increased over time,
demonstrating release of ozone from nanobubbles
 Mesocosm trials:
« Zooplankton/phytoplankton community negatively impacted in algaecide
tanks and extracellular microcystins released in copper algaecide tanks.
NBOT response consistent with controls.
 NBOT effective at cyanobacteria control at all evaluated doses.
« Sylvan trial:
* Due to a lack of control, severe precipitation events, and inconsistent ozone
output at initiation, evaluation of efficacy of treatment was complex
» Recreational advisories were not necessary during trial
 GLSM trial:
» Microcystins concentrations at treatment beach were lower than control
locations and neighboring beaches. Advisories reduced at treatment beach
« Treatment zone limited
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Questions?

Franz TrroDORE

STONE LABORATORY

Education
Research
Outreach

[ ol

Heather Raymond
Raymond.54@osu.edu
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Grand Lake Saint Marys, CYAN imagery
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Ozone Sampling Results
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