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Common T&O Producers
• Dolichospermum

• Microcystis
Cyanobacteria

• Synedra

• Asterionella
Diatoms

• Ceratium

• Peridinium
Dinoflagellates

• Dinobryon

• Prymesium
Crysophytes

• Synura

• Mallomonas
Synurophytes
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Toxin Producers
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❖ In addition to VOCs, algae can 
also produce toxins

❖ Cyanotoxins: cyanobacteria
o Include: neurotoxins, 

hepatotoxins, cytotoxins, 
dermatotoxins, & 
lipopolysaccharides

❖ Icthyotoxins
oPrymnesin (Prymnesium parvum)

o Euglenophycin (Euglena 
sanguinea)
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Common Toxin Producers

• Aphanizomenon

• Dolichospermum

• Microcystis

• Planktothrix

• Cylindrospermopsis

Cyanobacteria

• Prymnesium

Chrysophytes

(Golden 
Algae)
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Toxin Producers

❖ States monitoring for common 
toxins: Microcystin-LR, Saxitoxin, 
Cylindrospermopsin

❖ UCMR4 monitored 10 toxins with 
>35,000 samples
o Detections were low
o Not bloom focused

❖ By focusing on only a few toxins 
over a set schedule we are failing 
to get the big picture
o Is it better to monitor algae 

community composition which in turn 
can point to further toxin monitoring
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Filter Cloggers

❖ Algae that do not settle and are not removed by the water 
treatment process

❖ Require increased backwashing

❖ Reduced production

❖ Economic loss
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Common Filter Cloggers

❖ Most common filter cloggers are generally Diatoms like: 
oAsterionella

o Fragilaria

oPediastrum

Yokogawa Fluid Imaging Technologies 21



Algae Monitoring Essentials: T&O, Toxin, Filter Cloggers

Source Water Monitoring & FlowCam

Example Images

Case Studies

Summary

Agenda



Monitoring

❖ An algae monitoring program is essential for every water supplier.

❖ Routine testing of raw and finished water should be conducted to identify 
and treat problems before they reach the distribution system.

❖ Blooms caught early reduce health risks and customer complaints.

❖ Lakes and Reservoirs
o Algal community composition

o Cyanobacteria

o Taste & Odor producers

❖ Water Treatment Plant
o Filter cloggers
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Monitoring Tools
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FlowCam

❖ Flow-imaging microscope

❖ Fluid Imaging Technologies founded in Maine 
in 1999

o Became part of Yokogawa Electric in 2020

o Combines principles of flow cytometry 
(fluorescence) and microscopy

❖ FlowCam is a tool for water managers 
looking to implement a T&O monitoring plan

❖ Developed for algae monitoring but has 
since been recognized as a valuable tool for 
the analysis of any particle types between 
2μm – 1mm.
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Why FlowCam?

❖ FlowCam was invented 
because the standard way of 
counting plankton using 
traditional microscopy can be 
slow and tedious

❖ However, it is important to 
remember that both methods 
have their strengths and 
weaknesses.
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Plankton Overview
❖ Plankton are organisms that are too small 

to overcome the current
o Phytoplankton: tiny photosynthetic plants (aka 

alga)
o Cyanobacteria: main culprits of freshwater 

harmful algal blooms (some of the oldest 
organisms on Earth!)

o Zooplankton: slightly bigger predators that eat 
phytoplankton

❖ Marine and freshwater

❖ Categorized in many ways (size, taxonomy, 
morphology and means of obtaining 
energy)

❖ Questions users want to answer about 
plankton and other particles using the 
FlowCam
o What kind?
o How many?
o How big?
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Phytoplankton

❖ Base of all aquatic food webs

❖ Sequester CO2, generate 
oxygen and transport nutrients 
(Biological Pump)

❖ Human influence and rising 
temperatures can upset the 
community balance and 
certain organisms are able to 
bloom.
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Historically microscopes were 
used to monitor algae in lakes and 

reservoirs. Utilities are now 
switching to FlowCam.:
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Passive, rapid data acquisition (1 mL in 6 minutes)

Taxonomic training helpful but not required

Automated classification of Cyanobacteria and algae 
helps technicians quickly ID problems

Facilitates forecasting: statistically significant data 
sets

Method consistent regardless of staff turnover

Morphology (biovolume) automatically measured

Import data to LIMS



Algae analysis considerations…

Yokogawa Fluid Imaging Technologies 31

FlowCam is NOT a tool for speciation

Does not confirm presence/absence of toxins 
or toxin producing genes. 

Filtration often required, especially in bloom 
conditions

Can count colonies as large as 1 mm, but 
requires extra sample preparation. 

FlowCam under counts 
cells in dense colonies 

FYI this is challenging on 
a microscope too



FlowCam Cyano Operation

1. Sample is prepared & introduced 
to the top of the FlowCam.

2. Syringe pump draws sample into the 
flow cell.

3. Sample passes in front of LED 
light, objective lens, and digital 
camera.

4. Software "crops" particles 
(ROIs), saving them to a database 
and recording concentration and 
particle property data.

5. User post-processes the data, builds 
libraries, classifies particles, and 
exports reports.
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Data Classification

Organize data using morphological 
features: 

❖ Size, shape, color 

❖ Semi-automated

❖ Pigment (FlowCam Cyano): 

oChlorophyll (Algae) 

oPhycocyanin (Cyanobacteria)
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FlowCam Cyano for HAB Monitoring

• Differentiate and quantify 
cyanobacteria from other algae 
(pigment analysis)

• 633 nm laser
• 2 fluorescence channels:

• Ch 1: 700nm ± 10nm (detects 
Chlorophyll)

• Ch 2: 650nm ± 10nm (detects 
Phycocyanin)

Ratio of Ch2/Ch1 enables classification (since 
cyanobacteria can contain chlorophyll).



Sort Data – Ch2/Ch1 Relative Fluorescence

.97

3.47



Reporting:   
CSV Output
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Libraries and Filters

❖ Over time develop libraries of images
o Semi-automate analysis using filters built from libraries

oDetermination of organisms based on image statistics

o Libraries and filters function best with an appropriate number of 
representative images

o Separate organisms within the same genus that have different morphological 
characteristics.
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Classification

❖ Feature dominant nuisance 
organisms 

❖ FlowCam automatically 
classifies remaining organisms 
by functional group:
oCyanobacteria

oDiatoms and Algae

oDetritus and Decomposing 
Organisms

oGenus
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Aphanazomenon: Cyanobacteria capable of producing 
toxins, as well as T&O compounds.



Source Water Monitoring

How does FlowCam Impact 
Monitoring?

❖ Utilities can increase sampling 
frequency, location and depth
o Cyanobacteria move in the water 

column to outcompete algae for light. 
They are simple but evolved, so be 
strategic! 

o Treatment strategies evolve with data 
collected at an increased frequency 
rather than relying solely on large 
sample volumes.

o Treat small problems before they 
become blooms. Small problems are 
easier to identify with increased 
sampling frequency.
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Pose simple questions 
that were not possible to 

ask with a microscope: 

“Are we at risk for a 
significant problem?” 

Yes/No

62% of this utility’s sample contained 
cyanobacteria. Could they have a problem?

Freshwater Monitoring of Lakes and Reservoirs for HABs 
and T&O Compounds



Freshwater Monitoring of Source Water

Use FlowCam to 
determine:

❖ Which organisms are dominant 
and likely to cause trouble? 

❖ Produce reports featuring the 
“troublemakers” for faster 
turnaround to treatment. 

❖ If more detail is desired, re-
analysis can be done later (ex: 
in the slower winter months).
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Example Library: T&O Producers (Dinobryan)
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Example Library: T&O Producers (Mallomonas)
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Example Library: Toxin Producers 
(Dolichospermum)
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Example Library: Toxin Producers 
(Cylindrospermopsis)
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Example Library Toxin Producers (Lyngbya)
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Example Library: Filter Cloggers (Asterionella)
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Example Library: Filter Cloggers (Pediastrum)
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Case Study: City of Wichita Falls, TX

❖ Sondes measure pH, DO and 
temp.  Can trigger a trip to the 
field

❖ FlowCam used to monitor 
changes in algae baseline 
concentrations and create 
trigger levels

❖ When trigger levels are 
tripped, additional testing is 
performed.
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An Integrated Approach – FlowCam & GC-MS/ECD
Anabaena

CuSO4



Case Study: Newport 
News Waterworks
❖ Previously using a microscope to monitor 

algae

❖ 1-2 samples/week

❖ FlowCam enabled them to increase 
sampling to 7-8 samples/week

❖ Increased efficiency

❖ Better sample visibility

❖ Instrument upgrade to a FlowCam Cyano 
has enabled them to confidently 
determine Cyanobacteria from other 
algae and diatoms
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Publications
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Summary

❖ FlowCam is a powerful tool for particle analysis 

❖ It can be used to monitor taste and odor and toxin producing 
organisms as well as filter cloggers in lakes and reservoirs

❖ It can also be used in the water treatment plant to measure particle 
size distribution at various points.

❖ FlowCam can reduce TAT from sample to results, meaning faster 
response time and reduced treatment cost while offering a visual of 
the organisms being counted.

❖ Particle analysis in the treatment plant is an accurate way of 
monitoring filter performance and adjusting protocols as necessary
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THANK YOU
w w w. f l u i d i m a g i n g . c o m

s a v a n n a h . j u d g e @ f l u i d i m a g i n g . c o m

http://www.fluidimaging.com/

