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Age n d a moldaenke

* Reviewing the algae bloom and its threats
* Algae treatment methods

* Why Cyanobacteria are a main threat to the drinking water

works?
* How online measurements in different treatment process steps

* Questions and open discussion
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Reviewing the algae bloom and its
threats

moldaenke

Algae blooms and harmful algae blooms (HAB)

*  Production of toxins

e Become too dense, displace other algae
e  Consume the oxygen in the water
 Release taste and odor compounds

Microcystis (Cyanobacteria)
= Bluegreen Algae




biological - biophysical - engineering bbe

The occurrence of algae blooms in the moldaenke
different water bodies

Fresh water

In the United States, cyanobacterial blooms have been
found in freshwater bodies in all 50 states, Puerto Rico,
and the U.S. Virgin Islands. These blooms more often
occur in still water, such as lakes or ponds, but can also
happen in rivers or streams. Cyanobacteria cause most
freshwater blooms of public health concern.
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Marine water

Blooms in marine environments such as oceans and bays
have affected all coastal U.S. states. They are most

o " T commonly caused by dinoflagellates or diatoms but can
also be caused by cyanobacteria.
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Number of HAB events
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Increasing algae blooms occurrences all moldacnke
around the world

60
381 10 - 2021 Westemn Lake Erie =
12T Bloom severity forecast
20 4 forecast 3.6(3-4)
= MRS
18 B Hnidaberg Unee
16 LI Michiigan
14 — Stanfard/Carnegin
12 —
10 B - :
S
s
4
2 , By -
o
SNMOoOINoOLOLOHOWOLW OO S S T
e S B S LS T - L STy B Y Y o B S i O =7 T -+ i\ R o T e - B I
=, B o T o S L S o S S o S S S o L T = A = A o M =, ) T e I o B e} 2]
e e T B I B B T R B e T T T B I T T ot R ot B | 2 —1 t =
.EH
! ] I I I I I 1 1 I I | [
S o o o ©o o o o o o o l
—_— o~ o = g} i) I~ o0 =) = —
> o o0 o & & o a6 o o o . ! I - | 1
T T 1§ I 301 §,oi o9 i ' ' :
E Z 84 m T i v R m 2 o S EAARCERSEZ- IR R2ELT
S E Z R 2 E S OEE SN ERNNARANAAREANERARARAAEES g
()
Years =

Hindawi Publishing Corporation
##%# HAB events in 10 year interval International Journal of Oceanography
Volume 2012, Article ID 263946, 7 pages
- Ye
Vel TAB RIS doi:10.1155/2012/263946



Cyanobacteria increasing problem and s s coreins DD
reviewing the international regulations and
guidelines

moldaenke

Cyancbacterial biomass
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Toxins, Taste and Odor raised by cyanobacteria - moldaenke
what are the reasons & problems?

Blue-green “algae” Cell-Proliferation

* Fertilizer

e Bright sunlight

* Increased temperature

Consequences

* irreversible hepatotoxicity and tumor promoting reactions

e correlation between microcystins in drinking water and primary liver cancer

» possible connection to degenerative nerve deseases (Alzheimer’s, Parkinson’s)
e skin irritant

* unacceptable taste

* unacceptable musty odor



Reviewing the different algae treatment
methods and common threats arise by algae
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moldaenke

Rivers -> nutrients suspended
matter and biomass

Air -> oxygen, dust

Wind -> upwell -> nutrients,
mod, oxygen

Growth -> fish, benthic,
Zooplankton, Phytoplankton
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Monitoring and detection of the biomass moldacnke

* Different Methods are available for different compounds

e ATP, Microscope counting, HPLC, Flowcam, ..

* Most of them are laboratory Instruments or automated
laboratory instruments

* Algae are a major problem in open water

* Fluorescence measurements is an easy way to measure the
in-situ or in-vivo

* Fluorescence is related to the phytoplankton biomass

 The method is fast and reproducible
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Water treatment plant Buckingham

moldaenke

Mexiko f DieBahamas

Haban. Méﬁd:;\}mv ' “[‘
- Water intake pipes 2 pressure filters (anthracite and sand)
. ) Oxidation with 12.5% sodium run parallel.
(3 ‘ hypochlorite
( X

Monitoring with a bbe PhycolA

T | Coagulant for sedimentation in tank at different treatment steps

Buckingham park water district



Beta version of Satellite determination
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Case study: Variability of two years algae gt soicn-cngnes DDE

composition data at Buckingham Clearlake (USA) moldacnke

Raw water Clearlake 2019-2022
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Thanks to Will Rae Buckingham Park Water District, weekly dataset measured with a PhycolLabAnalyser
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Measured algae composition moldaenke

Raw water Clearlake
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Variability of two years algae composition data at s sistysiat-ensineering bbe

Buckingham Clearlake (USA) moldacnke

Raw water Clearlake 2019-2022
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Increase of all of algae classes over 2.5 years moldacnke

Raw water Clearlake 2019-2022
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In spring the diatoms and green algae dominate moldaenke

Raw water Clearlake 2019-2022

140

120

100

80

ug Chl-a/l

60

40

20 “

10 o RS N : ..;N
PN ) | ) S
R ¢ ¢ o oX o ol ool @ ((((((0((((0‘.000005:0000000000.'40000.000000 0001600000 S(OENS’ ( (€ (9(©00000600. LC003 oooooooooo‘o‘o’}ooooooooOoooooooooooooo 108000000

05.05.2019 13.08.2019 21.11.2019 29.02.2020 08.06.2020 16.09.2020 25.12.2020 04.04.2021 13.07.2021 21.10.2021 _QL.20

—@— Total chl-a —@—Green Algae —@—Bluegreen Diatoms  —@=—Planktothrix unbound Phycocyanin O Yellow substances



biological - biophysical - engineering b b e

In autumn the cyanobacteria dominate moldacnke

Raw water Clearlake 2019-2022
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Variability of the cyano bacteria (blue green) and biological - biophysical - ngineering bbe

unbound Phycocyanin moldaenke
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Dramatic Increase of cyano bacteria over 2.5 years moldaenke
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In autumn the cyanobacteria dominate moldacnie
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Raw water Clearlake 2019-2022
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The duration of the cyano blooms gets longer PR o] » -

moldaenke

20 Raw water Clearlake 2019-2022
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Common algae treatment methods and some
disadvantages

moldaenke

Chemical treatment of cyanobacteria

Ultrasonics

Water circulation

Skimming

Removal of fertilizer




Using Disinfectors like chlorine oxidizers

ike Ozon (releasing the toxins, cell lysis)
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Microcystine analyses
show high values at
Buckingham
(Microcystin)

Measurements: Karola Kenedy



Sand filter monitoring using the BenthoTorch in s ot enanecens DDE

moldaenke

the Peru
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Results of the sand filter monitoring using the moldacnke
BenthoTorch in the Peru

BenthoTorch measurements (ug Chl-a/cm?)
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Why Cyanobacteria are a main threat to moldanie
the drinking water works?

* Pass filter elements

* Soluble biotoxins in ppb and ppt range

* Cyanobacterial toxins are invisible, taste and odorless
* High toxicity, both acute and chronic effects

* Detection needs sophisticated laboratory equipment or
laborious observation

* Online biotoxin monitoring not available
e Costly counter measurements
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The Toledo Water Crisis —ry—

On August 2nd, 2014, residents of Toledo, Ohio
awoke to urgent warnings not to drink or use their
tap water. Half a million people were unable to drink
their water, cook with it, or brush their teeth. The
cause? Toxins from a harmful algal bloom growing in
Lake Erie entered the water supply system.

Normal situation after the HAB event
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Cyanobacteria and their toxic compounds

Microcystins
Nodularins
Anatoxin A - Very Fast Death Factor



Case study of Solingen Waterwork in Germany
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STADTWERKE
SOLINGEN
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Drinking Water dam T

Planktothrix rubescens

20 ha, 2,8 Mio. m3 maximum depth 36 m
Massive dam with towers for extraction
Dog died drinking the water from the lake
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Uninterupted Monitoring at the Waterwork

24/7 online detection with alarm levels for all
algae classes

» AlgaeOnline analyser st the waterworks
Gluder

* Valve system to measure
different treatment steps
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AlgaeOnlineAnalyser versus Cell Counts moldasnice
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Water intake of water works often at optimal

moldaenke

depth ADD-ON Options

WATER INTAKE

W

Dissolved Oxygen

FluoroProbe
for depth profiling

The algae composition is strongly depth dependent

Multi Parameter (DO, C, pH)

Cuvette extension



Tiefe [m]

Depth distribution of Planktothrix rubescens
and total Algae
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22.07.2014

Planktothrix, Gesamtchlorophyll [ug/l]
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05.08.2014

Planktothrix, Gesamtchlorophyll [ug/l]
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The bbe Fluorometer

AlgaelLabAnalyser

AlgaeOnlineAnalyser
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% NEW

Add-On DO

FluoroProbe

o’

AlgaeTorch

Add-On DO, C, pH
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Questions
Your experiences
Remarks



