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Lakes across the world have seen an increase in algal blooms that strangle

freshwater ecosystems, according to an analysis of satellite images from 1982 to
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MICROALGAE GROWTH
BOOM AND BUST
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By Faranak Bakhtiari

Algal bloom a colorful threat to aquatic ecosystem

December 13,2021-17:3 Society

TEHRAN - "Algal blooms" have negative effects on aquatic environments and bring losses to the fisheries sector, which
is mainly caused by various factors such as climate change, rising temperatures, the entry of industrial, domestic,
agricultural, and human effluents.
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Toxic Karenia brevis stains the water off South Padre Island, Texas, a rusty red.
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Nature strategies are boom and bust.

Booms happen when Busts follow booms due to:

algae population find i N * Depletion of nutrients
@A rey population o . . . .

optimal conditions. Light limitation

* Predators

Predator population
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Algae production goal is to:

KEEP A PERMANENT AND CONTROLLED BOOM
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Prevent busts.
e Keep nutrients and culture conditions at optimal levels
* Prevent Contaminations
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D WHAT IS CONTAMINATION?

Definition of Contamination:

Any other organism that in a significant way reduces or
prevents microalgae productivity, high-value compound
production or prevents the utilization of the biomass for the
purpose it is being produced.

.......

It is tightly linked to the end
product of the productive

process and its required
specifications.

IT IS IMPOSSIBLE OR VERY EXPENSIVE TO HAVE PILOT / INDUSTRIAL UNITS GROWING AXENICALLY
CONFIDENCE BUILT ON



DIVERSITY OF CONTAMINANTS
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Faster growers
Toxic Algae
Predators
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Adapted from Proctor, Vernon W., 1957
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Combinations

Rel.
Growth

Scenedesmus quadricauda
Chlorella vulgaris

Chlamydomonas reinhardtii
Chlorella vulgaris

Chlamydomonas reinhardtii
Scenedesmus quadricauda

Haematococcus pluvialis
Chlorella vulgaris

Haematococcus pluvialis
Scenedesmus quadricauda

Haematococcus pluvialis
Chlamydomonas reinhardtii

Anacystis nidulans
Scenedesmus quadricauda

Anacystis nidulans
Chlorella vulgaris

Anacystis nidulans
Chlamydomonas reinhardtii

Anacystis nidulans
Haematococcus pluvialis
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DIVERSITY OF CONTAMINANTS
ALGAE

Toxin Producers — Cyanobacteria and Red algae:

 Agroup of interest?

e Capable of producing toxins?

* In conditions to produce toxins?
e Has the final biomass toxins?

One of the hardest contaminations to handle!!! .
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Predators: Also reports on predation of Microcystis aeruginosa

Example: Poterioochromonas sp. (golden alga)
grazing and digesting Chlorella.
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Days after inoculation in PBR
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Dozens of viruses described infecting >60 algae strains.

No major reports of industrial cultures crashing due to virus but are major players in natural busts.

Chlorovirus Paramecium bursaria Chlorella virus-1 (PBCV-1)

100 nm

Van Etten, JL et al, 2019
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Free Living Bacteria: Biofilm Promoting:

Examples:
* For aquaculture purposes — Vibrio contamination is impossible.
* For Human consumption — Total bacterial count is regulated

- Enteric bacteria

- Salmonella

- Vibrio

e  Gradual accumulation with positive
feedback.

*  Prevent light penetration on PBR.

e  Shelter for many other contaminants

*  Sometimes very hard to clean

.

Ganuza et al, 2016

10 um

Predators — Vampirovibrio chlorellavorous
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Zoosporic Fungi:

algae jm future

DIVERSITY OF CONTAMINANTS

Species Microalga System Citation

e Host
Paraphysoder Haematoc  Laboratory Strittmatter et al, 2016; Hoffman
ma occus culture et al, 2008
sedebokerensis  pluvialis
Entoplyctis Chlamydo Natural Shin et al., 2001
apiculata monas sp. System
Phlyctidium Scenedes Open Fott 1967; lllkov 1975
scenedesmi mus sp. receways
Rhizophidium Scenedes Closed Carney et al.,2014
sp. maceae photobioreact

ors

Rhizophydium Several Laboratory Gromovetal.,1999
algavorum culture
Chytriomyces Various Laboratory Canter and Jaworski, 1979;
sp. and diatoms culture and Beakes et al.,1988; Bruning,
Zygorhizidium natural 1991; Grami et al.,2011; Kagami
sp. systems et al.,2011

CONFIDENCE BUILT ON

FUNGI

Fungal strains with motile dispersion life stages; parasitic or saprotrophic.
Resistant cyst stages and possible sexual reproduction increasing resistance to disinfection methods.

Detection of zoospores
with Nile Red and
Calcofluor-White

e

Strittmatter, Guerra et al, 2016 | 12
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Small Ciliates vs Large algae - OK! Large Ciliates vs Small algae - Not OK!

Amoeba forms are not limited to protozoans — Algae, fungi and others.
Large diversity makes identification/diagnostics harder.

Ciliates: CONFIDENCE BUILT ON EXPERIENCE




DIVERSITY OF CONTAMINANTS

Rotifers: Crustaceans:
Size of Mastax (mouth) determines which microalgae they can eat. Algae are used to feed these animals in fish hatcheries.
As ciliates, if they don’t eat the algae, they can actually be beneficial. Easier to control as they are relatively large in size.
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Prevention

Crop
Protection

Diagnosis

~.

Treatment
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CROP PROTECTION - 3 FUNDAMENTAL STEPS
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Objective:

1. Develop best practices of systems cleaning and inoculum
manipulation to avoid or delay as much as possible the
development of contamination.

2. Adapt reactor design to accommodate best practices.

3. Search / Develop new strains that can withstand contaminants. -
Recognition system predator-prey are typically good starting
points.

All parameters to be adapted have to make economic sense in the
productive process to be implemented.
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CROP PROTECTION - PREVENTION

Steam
Chlorination
Filtration
Ozonation
Tindalization
uv
Self cleaning systems
Filtration
Chlorination
Autoclave
Filtration
Scrubbers

Antibiotics

Antifungals
Microbiology best practices

Extremophiles
Salinities
pHs
Unusual salts
Development of resistance
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Objective:

CROP PROTECTION - DIAGNOSIS

1. Detect contamination as soon as possible to respond.

2. Identify the type of contamination in order to respond

adequately.
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=1 Moleculartools B

_ Microscopic | |
observation

= Bright Field
CFW
Sytox
= Phase contrast
| Automated in-line
detection of cells
API20e

Conventional . .
o ity B Selective media TCBS

Enterococcus

- PCR/ qPCR selective media

= DNA Sequencing

Microarray

Fluorescence In Situ

Hybridization

Macroscopic .
— : e Reflectance analysis
observation
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Objective:

1. Prevent the immediate loss of culture/biomass/Product.

2. Prevent future losses by improving methodologies.

Selective suppression of harmful cyanobacteria in an entire
lake with hydrogen peroxide

Hans C.P. Matthijs“*, Petra M. Visser ", Bart Reeze", Jeroen Meeuse®, Pieter C. Slot %,
Geert Wijn®, Renée Talens®, Jef Huisman®

*Aquatic Microbiology, Institute for Biodiversity and Ecosystem Dynamics, University of Amsterdam, P.O. Box 94248,

1090 GE Amsterdam, The Netherlands

¥ ARCADIS Nederland BV, P.0. Box 673, 7300 AR Apeldoorn, The Netherlands
“ Waterschap Hunze en Aa's, P.O. Box 195, 9640 AD Veendam, The Netherlands
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Fig. 2 - The ‘water harrow’, the device that was used to bring hydrogen peroxide into Lake Koetshuis. H,O, concentration
T mat)

Response

| Short-term _
treatment strategies

CROP PROTECTION - TREATMENT

Antifungals
Oxidants
— Antibiotics
pH
Epibiotics

Electric pulses
Sonication

_{

Biological —

Shear stresses

Specialized Grazers

Culture dilutions and

slCulture managementess .
regime

s Emergency harvest

Follow to induction

stages

Diagnostic of
prevention methods

| Medium to |
Long term
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Contacts
diana.gomes@algafuel.pt
office@a4f.pt
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