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Integrated Approach to Monitor Taste and Odor Producing 
Cyanobacteria 

Presented by Yokogawa Fluid Imaging Technologies
August 25, 2020 11:00 a.m – 12:00 p.m. MT
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Webinar Moderator

Billie Emas

Sales Associate

American Water Works Association

Billie Emas is the Sales Associate to the NE and SE territories in the Sales Department at AWWA. She has been with AWWA for six months and 
she has been corresponding and building relationships with the members, advertisers, exhibitors and sponsors with AWWA. She has over 20 
years of experience marketing, sales, event planning and membership. Billie has a BS in Business Administration from Bowling Green State 
University.
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Enhance Your Webinar Experience

• Close
 Email Programs
 Instant messengers
 Other programs not in use

• GoToWebinar Support

https://support.logmeininc.com/gotowebinar?labelid=4a17cd95
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Webinar Survey

• Immediately upon closing the webinar

 Survey window opens

 Thank you!
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Products or Services Disclaimer

The mention of specific products or services in this webinar does not represent 
AWWA endorsement, nor do the opinions expressed in it necessarily reflect the 

views of AWWA

AWWA does not endorse or approve products or services
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Panel of Experts
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Frances Buerkens
Director of Sales - Water Quality Markets
Yokogawa Fluid Imaging Technologies

Hunter Adams
Environmental Laboratory Supervisor

Cypress Environmental Laboratory - City of 
Wichita Falls, TX
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Agenda

I. Integrated Approach to Monitor Algal Blooms
Hunter Adams, City of Wichita Falls, TX

II. Semi-automated Method for Monitoring Taste and Odor 
Organisms and Cyanotoxin Producers
Frances Buerkens, Yokogawa Fluid Imaging Technologies

Time Permitting – Q&A
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Enter your question into the question pane at the lower right-hand side of the 
screen.

Please specify to whom you are addressing the question.

Integrated Approach to 
Monitor Algal Blooms

7

8



AWWA Webinar: Integrated Approach to Monitor Taste and Odor Producing Cyanobacteria
August 25, 2020

Please consider the environment before printing. 5

Integrated Toolkit

YSI EXO1 Sondes: 
Chlorophyll and 
Phycocyanin sensors can 
trigger a trip to the field

FlowCam Cyano: 
identify organisms, 
plus count, and 
concentration

Thermo GC-MS/ECD: quantify 
MIB/geosmin and othersT&O Path

Toxin Path

Thermo qPCR: 
Phytoxigene
to quantify 
toxin riskAbraxis Dip Sticks:

Presence/Absence

Thermo LC-MS/MS:
quantify toxins

TON/FPA: Classify odor & intensity

Timeline
 1966 – July 7, 2014

 Regular T&O cycles: > 2 per year

 July 7, 2014 – July 21, 2015

 DPR – No T&O cycles or complaints
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Timeline
 July 21, 2015 – Fall 2016

 Worst T&O event in memory

The Origin - 2016 T&O Events

February 2016
 Algae bloom

 Geosmin > 400 ng/L

 Source and Tap

 Duration: 1 week

 Complaints: 5/day

October 2016
 Anabaena bloom

 MIB explosion

 Source > 1700 ng/L

 Tap > 250 ng/L

 Duration: 3 weeks

 Complaints: Hundreds
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Timeline

 Fall 2016 – Present

 Current T&O program

 Total complaints: ZERO

 Total days: 1,415

Time for a New Approach

 Investigation
 1. Are algae or cyanobacteria present?

 2. What quantity of algae or cyanobacteria are present?

 3. Can the organisms produce T&O compounds or cyanotoxins?

 4. What is the concentration of T&O compounds or cyanotoxins?

 5. How do we know if we have a problem and how do we mitigate the 
problem?
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An Integrated Approach – YSI EXO1 Sonde

 Reservoir Management - Thermal Profiling

Newcombe et al., 2009

Gibbs and Howard-Williams, 2019

Field Samples

15

16



AWWA Webinar: Integrated Approach to Monitor Taste and Odor Producing Cyanobacteria
August 25, 2020

Please consider the environment before printing. 9

An Integrated Approach - FlowCam

FlowCam – Fluid Imaging 
Technologies
 Images and enumerates algae and 

cyanobacteria

 Classify into categories:

 T&O algae and cyanobacteria

 Toxin-producing cyanobacteria

 Filter-clogging algae

 Green algae

 3 min per sample

 Saved run files

An Integrated Approach – FlowCam
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An Integrated Approach – GC-MS/ECD

GC-MS/ECD – Trace 1310 & ISQ QD
 Earthy/Musty/Moldy - SPME

 IBMP, IPMP, Geosmin, MIB, 2,4,6-TCA

 Grassy/Hay/Straw/Woody - SPME

 cis-3-Hexenyl acetate, cis-3-Hexen-1-ol,       
β-cyclocitral

 Fishy/Rancid - SPME

 Octanal, Isovaleraldehyde, 
Trimethylamine hydrochloride, trans, 
trans-2-4-Heptadienal

 Moldy/Swampy/Septic/Sulfurous - HS

 Dimethyl disulfide, Dimethyl trisulfide, 
Isopropyl mercaptan

An Integrated Approach – GC-MS/ECD

T&O Events Since Fall 2016
 May 2017 – Geosmin 40 ng/L

 June 2017 – Geosmin 175 ng/L

 January 2018 – MIB 17 ng/L

 June 2018 – Geosmin 37 ng/L

 July 2018 – Geosmin 65 ng/L

MIB 21 ng/L

 December 2018 – MIB 19 ng/L

 March 2019 – Geosmin 24 ng/L

 April 2019 – Geosmin 1,268 ng/L

 June 2019 – Geosmin 150 ng/L

 July 2019 – Geosmin 67 ng/L

 February 2020 – Geosmin 304 ng/L

 March 2020 – Geosmin 3,387 ng/L

 April 2020 – Geosmin 14,897 ng/L
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An Integrated Approach – FlowCam & GC-MS/ECD
AnabaenaCuSO4

An Integrated Approach – FlowCam & GC-MS/ECD
Anabaena soup

CuSO4
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An Integrated Approach – qPCR

qPCR – QuantStudio 5
 Method: EPA 705.0

 Kit: Phytoxigene CyanoDTec

 Detection and quantification of 
cyanotoxin-producing genes

 2 surface reservoirs

 1 secondary reservoir

 60 min of sample prep

 70 min per sample run

qPCR & LC-MS/MS 
Intermediary

Abraxis Test Strips
 Semi-quantitative/Qualitative

 Rapid screening

 Results < 1 hr

 Field-friendly

 Kits

 Anatoxin-a

 Cylindrospermopsin

 Microcystins/Nodularins

 Cost effective

 $20-$40/test 
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An Integrated Approach – qPCR & LC-MS/MS

LC-MS/MS
 Eurofins Eaton Analytical– EPA 545 & 546

 As needed based on qPCR results

 July 11, 2018

 Lake Arrowhead 

 Microcystin-LA: 0.015 μg/L

 Cypress WTP

 Non-detect

 Jasper WTP

 Microcystin-RR: 0.007 μg/L

 July 9, 2019

 Lake Kickapoo 

 Microcystin-LR: 0.100 μg/L

 Microcystin-RR: 0.177 μg/L

 Microcystin-YR: 0.034 μg/L

 Cypress & Jasper WTPs

 Non-detect

Monitoring Plan – An Integrated Approach

Analyses
 Algae Counts – FlowCam

 Modified TON & FPA – SM 2150B & 2170

 Actinomycetes – SM 9250B*

 GC-MS/ECD SIM

 Earthy/Musty/Moldy Category

 Geosmin, MIB, IPMP, 2,4,6-TCA

 GC-MS/ECD Scans*

 Grassy/Hay/Straw/Woody Category

 Marshy/Swampy/Septic/Sulfurous

 Fishy/Rancid

 qPCR – EPA 705.0*

 Abraxis Dip Sticks**

Frequency

 December – February: 1x/week

 March – May: 2x/week

 June – August: 3x/week

 September – November: 2x/week

 *Performed weekly

 **Performed as needed
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Monitoring Plan – An Integrated Approach

Triggers
 Algae Counts >200-500/mL

 Copper Sulfate/Citric Acid 
treatment

 TON/FPA

 Additional GC-MS/ECD scans

 Geosmin/MIB >10 ng/L

 Daily testing

 Customer Complaints >3/day

 Additional TON/FPA and             
GC-MS/ECD scans

Distribution System
 Triggered by Customer Complaints

 RTCR BacT sites & NAP sites

 TON/FPA, Actinomycetes

 Flushing as needed

Monitoring Plan – An Integrated Approach

Water Treatment Plants
 Potassium Permanganate - 0.4 mg/L

 Recovery Well and Clarifier Weirs

 Powdered Activated Carbon – 10 mg/L

 Prior to coagulation – Raw Feed

Press Release
 Public Works Director

 Public Utilities Operations Manager

 Water Purification Superintendent

Clarifier Effluent…
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Successes
Total Complaints: ZERO

Total Days: 1,415

Contact Info

Authors
 Hunter Adams, City of Wichita Falls – Cypress Environmental Lab Supervisor

 Frances Buerkens, Yokogawa Fluid Imaging Technologies - Director of Sales, Water Quality Markets

 Mark Southard, City of Wichita Falls – Water Source/Purification Superintendent

 Sam Reeder, City of Wichita Falls – Senior Lab Tech

 Cali Barton, City of Wichita Falls – Lab Tech

 Daniel Nix, City of Wichita Falls – Public Utilities Operations Manager

J Hunter Adams, M.S.
Environmental Laboratory Supervisor
City of Wichita Falls
Phone: 940-691-1153
Email: hunter.adams@wichitafallstx.gov
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semi-automated method for monitoring taste and odor 
organisms and cyanotoxin producers

Frances.Buerkens@fluidimaging.com
www.fluidimaging.com

Sample 
Multiple 
Locations in 
Reservoir

Chlorophyll and 
Phycocyanin 
sondes help justify 
when a trip to the 
field is required.

FlowCam Cyano: identify 
organisms, plus count, and 
concentration.

Thermo GC-
MS/ECD to 
quantify 
MIB/Geosmin

T&O PathToxin Path

qPCR: Phytoxigene to 
quantify toxin riskAbraxis Dip SticksThermo LC-MS/MS

T&O and Toxin 
Monitoring Pathways
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What is the 
FlowCam 
Cyano?

Semi-automated microscope used to identify 
and quantify cyanobacteria, diatoms and 
nuisance algae

FlowCam invented in 1999 to research 
phytoplankton in Maine

FlowCam Cyano developed 3 years ago as a 
rapid response tool for utilities - and to address 
flaws in previous models 
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Organize data using 
morphological features: 

• Size, shape, color 

• Pigmentation: 
• chlorophyll (Algae) 
• phycocyanin 

(Cyanobacteria)

Reporting:   
CSV Output
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Biology 101 for Source Water Managers

• Cyanobacteria and “blue green 
algae” are synonymous. 

• Many common taste and odor 
producers are cyanobacteria. (We’re 
looking at you, Anabaena!)

• The only method to determine 
whether cyanobacteria are 
producing toxins at that moment is 
to test for toxins. 

Anabaena: Capable of producing 
MIB and Geosmin, cyanotoxins: 
anatoxin, microcystin, saxitoxin, and 
cylindrospermopsin.

FlowCam 
Cyano vs. 
Microscope: 
Limitations

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
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FlowCam 
Cyano vs. 
Microscope: 
Benefits

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

How does 
FlowCam 
Cyano
impact 
monitoring?

Utilities can increase sampling frequency, 
location, and depth: 

• Cyanobacteria move in the water column 
to outcompete algae for light and 
nutrients. They are simple but evolved, 
so we must be strategic too! 

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

• Treat small problems before they become 
blooms. Small problems are easier to 
identify by increasing sample frequency.
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How does FlowCam 
Cyano impact 
monitoring?

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 (red dots on plot). 
Could they have a problem?

How does 
FlowCam 
Cyano
impact 
monitoring?

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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Management Report

• Feature dominant nuisance 
organisms 

• FlowCam automatically 
classifies remaining 
organisms by functional 
group:

• Cyanobacteria
• Diatoms and Algae
• Detritus and 

Decomposing 
Organisms

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

Cyanotoxin 
Monitoring

• Quantity of cells (or a bloom) does 
not indicate toxicity.

• Toxin producing genes are not 
always active but can “turn on”. 
These biological mechanisms are 
not understood by the scientific 
community. 

• Quantitative analysis to predict 
toxicity can be done with qPCR kits by 
Phytoxigene

• ELISA or LC/MS for toxin testing
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Manage 
Risk: 
Cyanotoxin 
Monitoring

• If there are no toxin producers, the risk of 
toxicity is low. (Dilution can mitigate small 
scale toxin events.)

• Identify and quantify cyanobacteria with 
FlowCam. 

• No cost per sample on the FlowCam –
affordable tool to quantify risk 

• If there is an abundance of 
cyanobacteria, then do a toxin test. 

• If there is little/no cyanobacteria, a 
toxin test may not be relevant.  

• $75-200+ per toxin test adds up to 
thousands spent each season…. 

FlowCam Cyano
• Differentiate and quantify 

cyanobacteria from other algae 
(pigment analysis)

• 633 nm laser
• 2 fluorescence channels:

• Ch 1: 650nm ± 10nm (detects 
Phycocyanin)

• Ch 2: 700nm ± 10nm (detects 
Chlorophyll)

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

Ch2 - Chlorophyll

Sort Data – Ch2/Ch1 Relative Fluorescense

.97

3.47
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FlowCam Resources
www.fluidimaging.com 

• Free Cyanobacteria and Nuisance Algae Guide 
• FlowCam Cyano Information
• Send us a sample! No charge for analysis.

frances.buerkens@fluidimaging.com

Thank you!
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Ask the Experts

Enter your question into the question pane on the right-hand side of the screen.

Please specify to whom you are addressing the question. 51

Frances Buerkens
Yokogawa Fluid Imaging Technologies

Hunter Adams
City of Wichita Falls, TX

Thank you for Joining Today’s Webinar

• As part of your registration, you are entitled to an additional 30-day 
archive access of today’s program.

• Until next time, keep the water safe and secure.
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Presenter Biography Information
Hunter Adams - Hunter is the Laboratory Supervisor, Deputy Quality Control Manager, and Technical Manager 
of Microbiology and Inorganic Chemistry for the Cypress Environmental Laboratory – City of Wichita Falls, TX. 
He holds a BS and MS in Biology from Midwestern State University. He is a licensed Class A Water Operator and 
Class C Wastewater Treatment Operator by the Texas Commission on Environmental Quality. He is also a 
Certified Water Professional and certified in Infrastructure Protection and Infrastructure Disaster Management 
by the Texas A&M Engineering Extension Service of Texas A&M University, and certified in Utility Risk and 
Resiliency by AWWA. He has worked in the planning and implementation of microbiological and analytical 
testing for Direct Potable Reuse and Indirect Potable Reuse systems for the City of Wichita Falls, TX. He has also 
successfully implemented a Taste and Odor Monitoring Program that has completely eliminated customer 
complaints for over 3.5 years. Hunter received the WEF Laboratory Analyst Excellence Award in 2020. He has 
authored and contributed to many publications, including manuals, Opflow, Texas H2O, Bridges, and LCGC 
North America. Hunter serves as a TCEQ EnviroMentor, a TNI Microbiology Expert Committee Member, an 
APHL Environmental Laboratory Sciences Committee Member, and on committees with AWWA and WEF. 

Frances Buerkens - Frances Buerkens, Director of Sales for Water Quality Markets, holds an MBA in Operations 
Management and a BS in Agriculture and Natural Resource Management. Thanks to her agricultural 
background, she understands how water quality problems are created. She collaborates with customers around 
the world to monitor and manage source water, addressing concerns about the cyanobacteria and algae 
populations that proliferate largely because of agricultural and industrial runoff. Strategic management of 
toxins, and taste and odor issues form the core of her work. Water has always been central to Frances’ life. She 
was raised on a Virginia farm where the spring ran dry during summer droughts and her family hauled drinking 
water from mountain springs an hour away to provide sufficient water to drink, cook, clean, and support 
livestock. She knows firsthand that quality water should never be taken for granted.
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CE Credits (CEUs) and Professional 
Development Hours (PDHs)

AWWA awards webinar attendees CEUs.

If you viewed this webinar live, you will receive a certificate through the AWWA account 
associated with the email address you used to register.

If you viewed this webinar through a group registration, contact your proctor to log your 
participation.

If you viewed this as an archive webinar, follow the directions included in your archive webinar 
email to log your participation.

Certificates will be available on your AWWA account within 30 days of the webinar
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How to Print Your Certificate of Completion

Within 30 days of the webinar, login to www.awwa.org or register on 
the website. If you are having problems, please email 

educationservices@awwa.org

Once logged in, go to:

• My Account (click on your name in the top right corner)

• My Transcripts
• To print your official transcript, click Print list
• To print individual certificates, click Download Certificate
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