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I. Why Monitor for Algae?
II. Evolution of Algae Monitoring
III. How Algae Sensors Work:  Principles
IV. How Algae Sensors Work:  Best Practices

プレゼンター
プレゼンテーションのノート
Today’s webinar will proceed through Four major segments.  Up front we’ll quickly review why it is that people monitor for alga, which I suspect you already know or you wouldn’t be listening!  But you might learn something new as we discuss some of the tools, old and new, that are now available for algae monitoring.  Then we’ll really dive in and talk about how YSI’s total algae sensors work in principle, and the best practices for their use.  



Why Monitor 
for Algae?



Why are you interested in algae sensors? 
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プレゼンター
プレゼンテーションのノート
But before I get started, I’d like to hear why you are interested in algae sensors.  I can make some adjustments along the way if I know a bit more about what today’s audience is doing related to algae.



Why Monitor for Algae?
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プレゼンター
プレゼンテーションのノート
First I like to remind people of what we mean by algae.  Algae, like plants, are photosythetic organisms that can be categorized in a number of ways.  Shown here is not a really scientific way to look at algae, but rather it is convenient for those doing monitoring to separate out the macroalgae, such as the red, brown, and green seaweeds, from the microalgae, or the single-celled algae.  Personally I divide the microalgae into the blue-green algae, which are prokaryotic.  In other words, they are bacteria, not actually algae, though they do photosynthesis like algae.  The eukaryotic algae are those that cause things like red and brown tides, while the blue-green algae cause the blooms we commonly think of in drinking water reservoirs and other freshwater systesms.  That means that microalgae, like the macroalgae, can be found in both freshwater and marine environments.



Why Monitor for Algae?
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1. Aquatic Ecology Research
• Primary productivity
• Ecosystem health and dynamics
• Interest in types and abundance

プレゼンター
プレゼンテーションのノート
People monitor algae for a number of reasons, and academic researchers are often studying the processes listed here.  The main reason I personally started studying algae years ago was due to my interests in the enzymes involved in carbon fixation, a major part of photosythesis.  As a reminder, photosynthesis is the process whereby plants and algae condense carbon dioxide with water, using energy from the sun to form the chemical bonds in sugar.  They release oxygen in the process as well.



Why Monitor for Algae?

10

1. Aquatic Ecology Research
2. Source Water Protection

• Harmful Algal Blooms
• Drinking Water Treatment
• Interest in changes and products

https://www.abc57.com/news/harmful-algal-
blooms-possible-across-great-lakes

https://oeconline.org/waters-out-of-whack/

プレゼンター
プレゼンテーションのノート
But today, the reason we hear most about is drinking water safety.  From Taihu in China to Lake Erie in Ohio, harmful algal blooms are now more frequent and more intense than they ever have been, and the toxins they release are a concern for drinking water, as well as for their impacts on animals ranging from dogs to livestock…to humans.




Why Monitor for Algae?
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• The scientist: “Has the population of 
algae changed from ‘healthy’ to 
‘unhealthy’ algae?”

• The Treatment Plant Operator: “How 
do I assure delivery of clean, safe 
drinking water?”

• The public: “Is it safe to swim here?”

プレゼンター
プレゼンテーションのノート
People with these different interests come to algae monitoring with different questions in mind.  A scientists might be interested in how a lake switches over from “healthy” algae like diatoms to “unhealthy” algae like the blue-greens, a drinking water manager is concerned about the quality of the product he is delivering, and the public may simply want to know if it is safe to swim at the beach this weekend.

The different interests have led to different tools being developed…



Evolution of Algae 
Monitoring

プレゼンター
プレゼンテーションのノート
…And the evolution of those tools is what we will touch on next.  First, Michael, I’m curious whether out audience has used any of the tools we are about to discuss…



Have you used any of the following 
monitoring tools for algae?

13



Algae Monitoring Tools
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プレゼンター
プレゼンテーションのノート
We don’t have time today to discuss all of the tools one might use to study algae, but I think it’s important to hit on the most common ones that, no matter how old they are, still play a role in algae monitoring.



Microscopy

• Low cost, considerable skill
• Still most popular for speciation, 

enumeration (UOM: cells/mL)
• Wide variability from one analyst to 

another
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プレゼンター
プレゼンテーションのノート
Today there are multiple types of microscopes, but it all began in 1674 when Antony van Leeuwonhoek described the blue-green algae Spirogyra.  Did you know that this blue-green algae was the first microbe viewed under a micrscope?  Today microscopes are still popular for algae monitoring because even though it can require considerable skill, a microscope is pretty affordable and can tell you a lot about the community of algae at a site.  Even today, the microscope is still the most popular tool for counting algae, but I always warn users that there can be wide variability in the enumeration performed from one analyst to the next.  Having good species keys and standard procedures is really important.




Chlorophyll Analysis
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Sample Concentrate Extract Measure

EPA Method 445.0:  
Fluorometric Analysis

UOM:  µg/L or ppb

プレゼンター
プレゼンテーションのノート
Quantifying the pigment chlorophyll, after extraction of a sample of algae captured on a filter, is one of the most popular ways to monitoring the abundance of algae I the environment. The unit of measurement is a microgram of pigment per liter of sample, or a part per billion.  The chlorophyll can be measured on a spectrophotometer, a fluorometer, or the fluorescence detector on an HPLC.  This is one of the most deeply entrenched methods in the research and regulatory communities, and as we will see later, it influences deeply how people feel about sensor technologies.  For now I will just say that as scientists we should all appreciate the role that sample prep plays not only in this analysis, but in all analytical methods.  One should be cautious in making comparison between methods that don’t use the same sample preparations.




In vivo / in situ Sensors

•Fluorescence measured directly in the water
• Correlations with microscopy or extractions 
depend upon:

• Population density
• Population composition 
• Water Quality
• Lab methods/technicians
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プレゼンター
プレゼンテーションのノート
Of course today we will spend most of our time on sensors that are placed directly into the environment for assessing the abundance of algae.  The sensors are detecting algal pigments, not the algae, and are used to look at changes in relative  algal abundance.  Sensors are rapidly becoming the most prominent tool for direct monitoring in the environment, and are most powerful when paired with some of the other methods we are talking about.



Satellites

• Multiple satellites, multiple principles
• NOAA’s 2017 Introduction to Remote Sensing of HABs
• NOAA’s HAB Bulletins and Forecasts

• Lake Erie
• Gulf of Mexico
• Dead Zone update 10 June 2019!
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プレゼンター
プレゼンテーションのノート
Sensors are now being complemented by highly sophisticated hyperspectral and fluorescent measurements on a gross scale, using satellite technologies.  We won’t discuss this much today but I want to point you to an update that came out last year, about the dead zone in the gulf of Mexico.  This technology has been used to predict that it will be the size of the state of Massachusetts, close to the record size set in 2018 and exceedingly larger than the 5-year average.  These types of predictions for large water bodies are growing in popularity and utility for regulators and the public.  The challenge is they are still not useful for smaller systems where many of us are studying.

https://www.noaa.gov/media-release/noaa-forecasts-very-large-dead-zone-for-gulf-of-mexico


Image Analyzers

• Combines the best of all methods so far
• Fluorescence-based detection
• Speciation based on an image library
• Population counts

• But, $$$
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プレゼンター
プレゼンテーションのノート
To me the most exciting technology that is now becoming more mainstream are technologies that pair fluoresecence-based detection with imaging—it’s like a fluorometer and a microscope with a camera all in one.  I think tools like the FlowCam, made by Fluid Imaging Technologies out of Maine, may be the future of algae monitoring.  It appears I’m not alone in that—FlowCam was purchased just this month by Japanese tech company Yokogawa Electric.  I expect that we are going to see some very exciting things happen with this in coming years.  With that said, this is still quite expensive technology, and is not yet well adapted for real-time, continuous monitroing the way the sensors are.



Evolution of Algae Monitoring: Summary
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• The maturity of a monitoring tool is not what matters, 
the monitoring objective is

• The best monitoring programs will leverage a 
combination of tools

• The future:  platforms and tools that provide multiple 
types of information, in real time

• Multiparameter platforms
• Fluid imaging

プレゼンター
プレゼンテーションのノート
In sum though I want to leave you with a number of points about these tools.  First, just because a tool is old, dosen’t mean its not useful, and don’t think that microscopes, for example, will be going away any time soon.  The best programs mix it up, using a combination of tools, including some things that I didn’t discuss here, like DNA analyses.  In the future peole will want platform-based technologies that provide multiple types of information, in real time.  These include multiparmater platforms like YSI’s EXO sondes, as well as fluid imaging technologies like the Flow Cam.



21

プレゼンター
プレゼンテーションのノート
If you want to hear more about different tools, I wrote about it last summer for YSI’s Mission Water publication.  This magazin is available for free at ysi.com!



How Algae Sensors 
Work:  Principles

プレゼンター
プレゼンテーションのノート
For now, let’s move into the more technical part of our webinar, the Principles underlying algae sensor technologies.



What types of algae are you most 
interested in monitoring for?
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プレゼンター
プレゼンテーションのノート
First, Michael, why don’t we ask our audience a abit about the types of algae they are most interested in monitoring for…



Sensor Principles
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I. Fluorescence
II. Fluorescent Pigments of Algae
III. How Algae Sensors Work

プレゼンター
プレゼンテーションのノート
To set up this conversation, I want to provide a primer, maybe just a reminder for some of you, of the principles of fluorescence, and the fluorescent pigments of algae.  One must understand these principles to truly understand how an algae sensor works.



Fluorescence
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Excitation
• A molecule absorbs light energy at a 

specific λ band
• The molecule is “excited” by the energy 

it has absorbed

Emission
• The molecule returns to its original energy 

level by emitting light
• The emitted light is of a longer λ than the 

molecule originally absorbed (some 
energy was lost in the process)

プレゼンター
プレゼンテーションのノート
A fluorescent molecule is one that can absorb light, termed “excitation,” and emits light, termed “emission.”  The electromagnetic spectrum is shown here to remind you that shorter wavelengths of light, on the blue end of the visible spectrum, have more energy than longer wavelengths of light on the red end of the spectrum.

When a fluorescent molecule absorbs light energy, we say that it is “excited,” and eventually an excited molecule must return to it’s original energy state.  It thus has to release that energy.  There are three fates for that energy:  some is lost as heat, some might be passed on to another fluorescent molecule as we will see in a moment, and some is released as light of a longer wavelength, which is of a lower energy.  That release of light you will hear me call “emission.”




Fluorescent Pigments of Algae
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Chlorophyll is a Fluorescent Pigment Algae Use Chlorophyll for Photosynthesis

プレゼンター
プレゼンテーションのノート
Chlorophyll that we all know and love is a fluorescent molecule.  It absorbs high-energy blue light and when it returns to its stable energy state, it emits red-orange light.  Not all of the energy is release as light.  Some is lost as heat, but most importantly some of that energy ultimately ends up in the chemical bonds of sugar during the process of photosynthesis, shown once again here.  That sugar fuels the growth of all photosynthetic organisms, including algae.

But it ends up that chlorophyll doesn’t always work alone—the energy doesn’t go directly into that sugar.  It gets handed off to a number of molecules along the way.



Fluorescent Pigments of Algae
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Chlorophyll
• All algae

プレゼンター
プレゼンテーションのノート
While talking about photosynthesis is one of my favorite things to do, here I want to remind you why it matters for sensors.  Chlorophyll is found in all microalgae, and they all use it for photosynthesis.



Fluorescent Pigments of Algae
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Chlorophyll
• All algae

Allophycocyanin/Phycocyanin
• Blue-green algae

プレゼンター
プレゼンテーションのノート
But chlorophyll is not the only fluorescent pigment algae have.  Blue-green algae also have a complex of allophycocyanin and phycocyanin, pigments that actually have a protein component to them.  Freshwater blue-green algae have very high concentrations of phycocyanin, which is responsible for the bluish hue some of you are familiar with if you’ve seen them on the surface of the water.  That bluish hue is why we call them blue-green algae.



Fluorescent Pigments of Algae
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Chlorophyll
• All algae

Allophycocyanin/Phycocyanin
• Blue-green algae

Phycoerythrin
• Blue-green algae native to marine water

プレゼンター
プレゼンテーションのノート
In marine environments, however, the blue-green algae additionally have a pigment called phycoerythrin, and they have a LOT of it.



Fluorescent Pigments of Algae
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The Phycobilisome channels light energy to chlorophyll for photosynthesis

プレゼンター
プレゼンテーションのノート
Altogether these pigments form the phycobilisome, sometimes called the “light-harvesting antennae” of blue-green algae.  They are integral to the high-rates of photosythesis blue-green algae can achieve so that, when they have all other critical nutrients, such as phosphorus and nitrogen that we hear so much about, they can grow in a way that outpaces other types of algae in a system.



Fluorescent Pigments of Algae
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• Each pigment can absorb energy 
from sunlight (excitation)

• Each pigment emits energy
• Light emitted by one pigment can excite 

other pigments
• Transfer to other pigments is not 100% 

efficient

• Ultimate goal:  channel the 
energy to chlorophyll to drive 
photosynthesis

excitation emission

プレゼンター
プレゼンテーションのノート
These fluorescent pigments do al the things we said fluorescent molecules can do.  They can selectively absorb specific wavelenghts of light from the sun, they will lose some of that energy as heat, and they will emit some light of a longer wavelength than they absorbed.  In the phycobilisome, some of the light released by one pigment can actually be absorbed by another pigment.  Both phycocyanin and phycoerythrin release light that will excite chlorophyll.  In this way these “accessory pigments” as they are sometimes called, channel the energy they captured from the sun to chlorophyll and help to drive high rates of photosynthesis.





How Algae Sensors Work
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excitation emission

excitation emission

A sensor uses an LED to excite pigments, and a detector to see the emissions

プレゼンター
プレゼンテーションのノート
Algae sensors were built to take advantage of that natural process.  Instead of sunlight, an LED in the sensor emits very specific wavelengths of light into the water to excite a pigment.  A detector is designed to see the light emitted by a fluorescent molecule, and uses filtering approaches to see only the wavelengths of light that are relevant to the sensor’s purpose.



Measuring Fluorescence:  Fluorometers

• Light Source
• Excitation filter: to select 

wavelengths of light that will excite 
only the molecules of interest

• Emission filter: to select 
wavelengths of light that only the 
molecules of interest are known to 
emit

• Detector will see the light that 
passes through the emission filter
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プレゼンター
プレゼンテーションのノート
Now, this principle was not developed for sensors that I’m talking about today.  Fluorometers have been doing this in the laboratory for decades.  Every fluorometer has a light source, typically some type of lamp that emits a wide range of light wavelengths.  The fluorometer will have an excitation filter that narrows the range of wavelengths to include those that can excite the molecules of interest in your sample.  That filtering is not perfect; other molecules in the sample might be excited, too.  Thus there is an emission filter which narrows down all the light emissions from the sample to those that are specific for the molecule you are trying to detect.  This filtering gives you great “specificity,” meaning you will mainly, or only, detect the molecules you are trying to measure with the detector.  Through the years fluorometers have also afforded great sensitivity, meaning you can detect lower levels of the molecule in the sample than every before possible.



How Algae Sensors Work
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Spot Sampling

Continuous 
Monitoring

TAL
Dual-channel 

Sensors

プレゼンター
プレゼンテーションのノート
The challenge, though, is how to bring that principle of fluorescence into the water, in something small enough to deploy. YSI’s EXO and ProDSS platforms do just that.  That’s one way that YSI advanced this technology:  packaging.  At YSI we have two types of sensors—the Total Algae-Phycocyaning and the Total Algae-PhycoErythrin, or the TAL-PC and TAL-PE sensors.  Both sensor technologies are availabe on our two main platforms:  the EXO sonde and the ProDSS.  Let’s talk about how these work.



Anatomy of YSI’s TAL Sensor
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excitation

emission

TAL
Dual-channel 

Sensors

プレゼンター
プレゼンテーションのノート
This is a diagram of the TAL sensor, for either PC or PE.  I’ll work my way around this diagram to talk about some important principles.  In the interest of time we’re going to skip over the importance of the wetmate connector, the titanium housing, and the sapphire lens that are all unique features of YSI’s EXO sensors, making them extremely rugged in the field.  Instead we are going to focus on how we leverage principles of fluorescence and fluorometry, where specific LEDs and filters will allow us to excite the molecules we care about, and a photodetector, which you may also hear me call a photodiode, will “see” the light emitted by chlorophyll.  You may recognize these as the same basic components of a fluorometer.

Ysi has unique dual-channel sensors, meaning that each sensor can excite two pigments.  Every sensor can excite chlorophyll, which we often think of as the first channel.  But then you can choose either a phycocyanin-exciting sensor, which has an orange LED, or a phycoerythrin-exciting sensor, which has a green LED.  Remember that phycocyaning is found in most blue-green algae, and is especially abundant in the freshwater algae, but that phycoerythrin is only found in the marine blue-green algae.



Anatomy of YSI’s TAL-PC Sensor
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TAL-PC sensor

TAL
Dual-channel 

Sensors

プレゼンター
プレゼンテーションのノート
The Total Algae Phycocyanin sensor is the most widely used, so we will discuss first.  Again, the two channels on this sensor are a chlorophyll channel (with the blue LED) and a phycocyanin channel (with the orange LED).



Anatomy of YSI’s TAL-PC Sensor

Two excitation channels, One Photodector

TAL-PC Sensor
Chlorophyll Channel

37

TAL
Dual-channel 

Sensors

PC Chl
LED λ 470 ± 15 nm
PD λ 685 ± 20 nm

TAL-PC

excitation

emission

プレゼンター
プレゼンテーションのノート
The chlorophyll pigment in the water is excited by the blue-filtered light put out by the sensor.  That excitation band is 470 nm, plus or minus 15 nm.  If you were to look at older or competing technologies, you would see that the excitation wavelengths used to have a much wider band around them.  This is an improvement that better filtering technologies have brought to us today.  The photodiode detects emissions from chlorophyll, at a peak wavelength of 685 nm, again with a very tight bandwidth filter of 20 nm.



Anatomy of YSI’s TAL-PC Sensor

Two excitation channels, One Photodector

TAL-PC Sensor
Chlorophyll Channel
Phycocyanin Channel
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TAL
Dual-channel 

Sensors

PC Chl
LED λ 590 ± 15 nm 470 ± 15 nm
PD λ 685 ± 20 nm

TAL-PC

excitation

emission

プレゼンター
プレゼンテーションのノート
The phycocyanin channel is likewise excited by a tight wavelenghth band, this time in the orange region of the electromagnetic spectrum.  But here is where we do something unique.  The light emitted by the phycocyanin reaches the detector, but due to the filtering on the photodiode, it is filtered out.  Instead, leveraging the natural process of transfer of that energy to chlorophyll, the excitation of phycocyanin will ultimately lead to the excitation of chlorophyll, and the light detected by the photodiode is from chlorophyll.  This is unique to YSI’s sensors, and is among the reasons that our sensors are highly sensitive; we use the phycobilisome as a signal amplifier, and only detect chlorophyll.



Anatomy of YSI’s TAL-PE Sensor
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TAL-PE sensor

TAL
Dual-channel 

Sensors

プレゼンター
プレゼンテーションのノート
The TAL-PE sensor works pretty much the same way, but we swap out that orange LED for a green LED, because that LED will excite phycoerythrin rather than phycocyanin.



Anatomy of YSI’s TAL-PE Sensor

Two excitation channels, One Photodector

TAL-PE Sensor
Chlorophyll Channel
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Chl PE
LED λ 470 ± 15 nm
PD λ 685 ± 20 nm

TAL-PE

excitation

emission

TAL
Dual-channel 

Sensors

プレゼンター
プレゼンテーションのノート
The chlorophyll channel works exactly as we just discussed…



Anatomy of YSI’s TAL-PE Sensor

Two excitation channels, One Photodector

TAL-PE Sensor
Chlorophyll Channel
Phycoerythrin Channel
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Chl PE
LED λ 470 ± 15 nm 525 ± 15 nm
PD λ 685 ± 20 nm

TAL-PE

excitation

emission

TAL
Dual-channel 

Sensors

プレゼンター
プレゼンテーションのノート
But the phycoerythrin pigment is excited by a green light at about 525 nm.  The transfer of energy to chlorophyll, and emission of light from chlorophyll, is what the photodiode sees.



Anatomy of YSI’s TAL Sensor
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TAL
Dual-channel 

Sensors

プレゼンター
プレゼンテーションのノート
You may be wondering by now how the sensor, if it only detects chlorophyll, effectively, is really telling the difference between these pigments.  We’ll get to that in a moment, but for now let’s talk about the brains of a sensor:  Its printed circuit board.

Every sensor has a printed circuit board.  I learned working with our team at YSI that the circuitry is like a car engine in idle, always humming in the background and causing a baseline frequency that we all “noise.”  If a board is not well designed, that car engine is idling higher, and the noise is higher.  This makes it harder for the sensor to know what the real signal is that is coming through the board via the photodiode.  Good board design, then, leads to good signal-to-noise ratio, which leads to better, meaning lower, detection limits.  Achieving high sensitivity, meaning a low detection limit, without sacrificing the specificity for the molecules you want to detect, is the mark of a great sensor.




Anatomy of YSI’s TAL Sensor

• Board design:  minimize electrical “noise”
• Signal-to-noise ratio

• Firmware: 
• Modulation of optical frequencies
• Additional filtering of excitation and emission 

wavelengths
• Modulation of power to optimize range
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プレゼンター
プレゼンテーションのノート
Specificity is further optimized through firmware, which is a fancy word for the software that resides within the sensor itself.  Modulation of optical frequencies means that the sensor has software which enables is to reject noise and out-of-band frequencies so that sensors don’t interfere with one another.  I think of this as the tools used today in the pop music industry.  Katy Perry’s recorded voice is not “native,” it is modulated to have perfect pitch and tone.

The firmware also aids in what I will refer to as “electrical filtering”.  Stray light reaches the photodector—how does it know what light came from the stuff you care about?  It knows via timing, in a manner of speaking.  This is the answer to the question I posed on the earlier slide, about how the sensor knows when the signal comes from chlorophyll excitation, or excitation of one of the other pigments, phycocyanin or phycoerythrin.  The LEDs that excite these pigments are not all firing all the time, or even at the same time; they are pulsed at specific frequencies, and the firmware allows the sensor to tease out the relationship between the timing of the LED pulses and the timing of the signals that reach the photodetector.

Finally, every individual sensor is “tuned” in our factory.  When sensors became so sensitive as they are today, it became almost impossible to make them identical during manufacturing.  Bear in mind that at YSI, every sensor is put one by one, by extraordinary people we have in our manufacturing site.  One thing we must manually normalize is how power flows through the LED from one sensor to the next; this is a principle I’ll touch on in the next section when we talk about calibration.



Anatomy:  Form Drives Function
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This Feature… Translates To…
Quality of the LEDs Less drift, less power, longer life
Quality of the filters and PD High specificity for signal of interest
Board design/electronics Better SNR, better sensitivity
Mechanical construction with 
reduced detection angles

Fewer environmental interferences, 
better SNR

Firmware Even better SNR, better sensitivity

プレゼンター
プレゼンテーションのノート
So the point of the last several slides is that good anatomy drives good function—a great deal of thought went into the engineering of these sensors.  They were not just an imitation of other sensors out there.  That good engineering has given us sensors that drift less than others in the market without using a lot of power, and which last for a very long time.  You get a highly specific signal for the pigments you want to detect, with a lot of the noise filtered out, helping to achieve very high specificity.  The last thing I’ll point out is that the combination of the hardware and firmware also means that these sensors are less prone to environmental interferences.



Anatomy:  Form Drives Function
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Feature 6-Series
PC

EXO
TAL-PC

So?

Excitation optics 590 ± 20 nm 590 ± 15 nm More specific target excitation, 
needs less power

Emission optics 640 ± 40 nm 685 ± 20 nm Less prone to interferences and 
non-specific signals

Data Processing 0.1 RFU DL 0.01 RFU DL More sensitive

プレゼンター
プレゼンテーションのノート
Why does that matter?  Well, let’s just take a look at the phycocyanin channel of an EXO sensor, and compare it with the old “BGA,” or blue-green algae sensor of our 6-series sensor, which had only one channel.  The tighter bandwidth on EXO means better target specificity, and the optics also required less power.  A big thing I’ve seen is that EXO is less prone to interference from things like turbidity than the 6-series was.  Finally, EXO is 10X for sensitive, meaning earlier detection of a threatening algal bloom.




Sensor Principles:  Summary
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• Form drives function—understand how your sensor 
works!

• Firmware is as important as hardware
• The signals you see are post-processed

• The best sensors:
• Balance specificity with sensitivity
• Optimize SNR
• Are ruggedized for field applications

プレゼンター
プレゼンテーションのノート
So to sum up this section, form drives function, and I want everyone to really understand and think about what these sensors are doing.  It’s important to realize that the raw signals have been processed through hardware and firmware to give you your units.  There is an optimized signal-to-noise ratio and exquisite sensitivity has been achieved without sacrificing specificity.  Of course EXO has the most field-ruggedized sensors thanks to that titanium body and the wetmate connectors.



How Algae Sensors 
Work:  Best Practices

プレゼンター
プレゼンテーションのノート
But a sensor is only as good as its user, and if you want to get all those great benefits out of TAL sensors, you gotta use them right.



What would you guess is the biggest 
challenge people face when monitoring 
for algae?

48

プレゼンター
プレゼンテーションのノート
But Michael, that was a ton of information so let’s take a breather.  Now that our audience has learned how algae sensors work, I wonder what they think the biggest challenge is when using them?



Best Practices
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I. Sensor Calibration
II. Prevent Biofouling
III. Use RFU

https://www.ysi.com/ysi-blog/water-blogged-
blog/2019/02/answers-to-the-top-5-hab-monitoring-
questions

https://www.ysi.com/ysi-blog/water-blogged-
blog/2019/07/how-algae-sensors-work-answers-to-
four-challenging-questions
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I have done a number of webinars about algae monitoring, where I discuss a number of ways to look at and interpret data.  We all love to talk about the finer details of algae monitoring, such as different types of chlorophyll and whether the sensors pick them up, temporal and temperature effects in environmental monitoring, expectations for which pigment channels should give what outputs during an algae bloom, different species of algae and how well the sensor can distinguish them, saltwater vs. freshwater, etc. <Click>  I touch on some of these questions in a couple of blogs, inclduing one I wrote last year after doing this same presentation.  The funny thing is that in practice, these high-minded principles are rarely the things that trip users up.  Rather, the most fundamental things like calibration, fouling, and understanding the units of measurement are still what prevent people from getting the most out of their algae monitoring programs.  So in this final section of this educational webinar, we are going to touch on these topics.

https://www.ysi.com/ysi-blog/water-blogged-blog/2019/02/answers-to-the-top-5-hab-monitoring-questions
https://www.ysi.com/ysi-blog/water-blogged-blog/2019/07/how-algae-sensors-work-answers-to-four-challenging-questions


Sensor Calibration:  Why

• Each sensor is “tuned” so its 0-100% 
relative fluorescence unit (RFU) scale is 
within its linear output range
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I mentioned earlier that sensors are hand built at our factory in Ohio, and one consequence of that is that the raw voltage output, which is what is modulated by the firmware I talked about, cannot be the same for every individual sensor.  That is a function of physics.  



Sensor Calibration:  Why

• Each sensor is “tuned” so its 0-100% 
relative fluorescence unit (RFU) scale is 
within its linear output range
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So in the factory, the first thing we do is “tune” the sensor so that a 0-100% RFU scale is completely linear.



Sensor Calibration:  Why

• Each sensor is “tuned” so its 0-100% 
relative fluorescence unit (RFU) scale is 
within its linear output range

• RFU scale is not identical between sensors 
at the point of manufacture, and

• As sensors are used, they may drift so that 
their scales are no longer identical
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Again, though, that RFU scale is not identical between individual sensors at the point of manufacture, and further, as you use a sensor, the output of the sensor may slightly drift so that sensors are no longer identical in their outputs.  There are a number of reasons that sensors drift, including the age of the LEDs, which really means how many hours of use the LED has on it, how long since you purchased it, the environmental conditions, the quality of the engineering, power surges, etc..  These can all lead to drift, and by the way, beware of vendors who tell you they have drift-free sensors.  Well engineered sensors can indeed drift so slowly as for drift to be undetectable, but optical sensors in particular all drift.





Sensor Calibration:  Why

• Each sensor is “tuned” so its 0-100% 
relative fluorescence unit (RFU) scale is 
within its linear output range

• RFU scale is not identical between sensors 
at the point of manufacture, and

• As sensors are used, they may drift so that 
their scales are no longer identical
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Calibration of RFU against a standard allows 
sensor outputs to be compared
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These are the reasons that we calibrate sensors, and also why it is prudent to periodically check sensors to see when they need to be calibrated.  Have you ever wondered why YSI doesn’t just tell you when to calibrate a sensor?  Well, it’s because the user must decide how much drift is acceptable for them, we don’t want to decide that for you.  So how frequently you calibrate depends on your tolerance limits, and all of those factors I mentioned on the last slide, like age of the sensor, etc.  

But the important thing to note is that calibration aligns the outputs of sensors so that data collected with one sensor can be compared with data collected by another sensor, such as when you replace a sensor on a sonde, or are monitoring at multiple sites.





Sensor Calibration:  “One-Point Calibration”

• Water standard

• A, B, and C will give similar readings at the 
lower RFU scale, but become more 
dissimilar at higher RFUs

A “one-point cal” is a zero reset, not a true 
calibration of the full scale of an optical sensor
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I want to address some language in the industry about calibration.  You will here people, even at YSI, refer to a “one-point calibration.”  In reality, a one-point calibration is not actually a calibration.  It is using a water standard to basically reset the zero point on a sensor.  So if you are using three different sensors in your study those sensor will read very closely on the lower end of their RFU ranges.  Depending upon how differently they were reading at the higher end of their ranges, however, they could be quite different.  If you are mainly interested in very low concentrations of algal pigments, a one point calibration may be just fine for you.  If you are working in an environment were readings may surpass 15-20 RFU, I strongly recommend a two point calibration.




Sensor Calibration:  “Two-Point Calibration”
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somewhere beyond zero
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across their RFU ranges
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So that is the first thing that I would call a “best practice.”  A two point calibration will use a second standard somewhere further out in the RFU range, and it snaps all the sensors into line so that you can compare their reading across the entire RFU scale for those sensors.  People doing harmful algal bloom monitoring, especially who are using multiple sensors at multiple sites or who are swapping sensors out and a site, should use a two point cal.



Sensor Calibration: How

• Clean, clean, clean!
• Glassware
• Calibration cup
• Sensor faces
• Remove wiper

• Multical
• Multiple sensors at once
• One batch of standard
• Lessens variability
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Other practices we won’t spend much time on regard cleaning of the sensors and tools used during calibration, and in the case of the EXO sensor, doing something called a multical.  With optical sensors, cleanliness is next to godliness for data quality.  This actually brings me to my next topic, which is…



Prevent Biofouling
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Biofouling is the #1 enemy of optical 
sensor data during continuous 
monitoring!
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Biofouling!  Here’s the answer to that poll question.  Biofouling one of the scourge of continuous monitoring, costing people time and money, especially for optical sensors.  Let’s quickly review why it matters and what you can do about it.



Prevent Biofouling
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This is decade-old data, but I still share it because it really shows how important it is to prevent fouling.  The top panel shows the chlorophyll readings from one of our old 6-series sondes, which had a mechanical wiper on the sensor.  The yellow dots are chlorophyll a extractions of samples collected at the same site (something we’ll talk about again in a few minutes).  On the bottom is a sensor from a competitor and which they called a “high-accuracy chlorophyll sensor” in fact it is still sold in the market today.  This sensor has been “pegged” meaning that the sensor thinks there is an amount of chlorophyll that is maxing the sensor range out.  That’s because there is a growth of algae on the sensor's face, and all the signal from that biofilm is directly reaching the photodetector.  This is a misleading outcome that I see all the time—Kerry Hubbard may talk about it again when we talk about the turbidity sensor in a later webinar.

—Ellison and Lizotte webinar from 2008

ACT side-by-side data from YSI and competition taken from 30 day study off in Chesapeake Bay. The competitor’s sensor is impacted by bio-fouling. 




Prevent Biofouling
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Pre-deployment
EXO Sonde with copper 

sensor guard.

Post-deployment
Heavy fouling prevented 
by copper sensor guard.

Post-deployment
Wiped sensing area free 

of biofouling.

プレゼンター
プレゼンテーションのノート
The EXO platform has a central wiper that is the best in the industry, and its efficacy is shown here, along with the usefulness of copper in fighting fouling.  Copper is toxic to most organisms, and we have a copper sonde guard that was used in this deployment.  As you can see in the middle picture-this was a high-fouling environment, but the sonde guard doesn’t have hardly any growth on it.  The wiper kept the sensor faces clean, as shown on the right.
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• Freshwater Fouling
• Marine Fouling
• Evolution and Principles of Antifouling Technology
• Recommended Cleaning Procedures

How Anti-Fouling 
Works

www.xylem-analytics.asia
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I’d encourage you to find online a great webinar we did last week, where my colleagues Kerry Hubbard and Curt Butler talked about strategies to fight fouling.  The presentation covered Freshwater fouling, marine fouling, evolution and principles of antifouling technology and recommended cleaning procedures.  If you missed it, we do have a recording available which you can access through our Xylem Analytics Asia website at the web address displayed on this screen.



Sensor Units of Measurement

• µg/L of pigment (ppb)

• Cells/mL or CFU/mL

• Biovolume

• RAW

• Relative Fluorescence Units (RFU)
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Finally, I want to talk about one other thing that I consider the best practice to use when monitoring for algae.  Listed here are units that are options on a number of sensor technologies, including ours at YSI.  

Hindsight being what it is, I wish our industry had never tried to translate these lab-based measurements of ppb and cells/mL to field-deployed monitoring tools.  Now that you know how algae sensors work, it might be clear to you why you really can’t measure these things.  But we’ll talk a bit about those, and then we’ll come back to RFUs.

By the way, RAW units really aren’t for you guys!  They are for diagnostic purposes in our repair center.



Algae Monitoring Tools
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µg/L
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Part of the reason that these units are still employed for in situ sensor technologies is that, as new technologies emerged, we scientists are always most comfortable when we can tie those measurements back to measurements that we are most familiar with and which have become standards.  Earlier we talked about microscopy and imaging technologies which an deliver Cells/mL, and extractions which deliver pigment concentrations in ug/L.  These units have been around forever, and customers still like to think in these terms even though sensor technologies really can’t measure them.



Chlorophyll Analysis
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Sample Concentrate Extract Measure

EPA Method 445.0:  
Fluorometric Analysis

UOM:  µg/L or ppb
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In the field a sample is collected, filtered to grab the algae, and the filter is extracted with acetone, and the extract is measured on a fluorometer or an HPLC equipped with a fluorescence detector.  That’s all great but…



In vivo / in situ Sensors
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When the ug/L unit is developed for a sensor, it is done with a laboratory-grown culture that is diluted in laboratory medium, we measure RFU, then we perform an extraction to see what the yield will be.  This is really not representative of what goes on in the environment at all, and a lab-grown culture doesn’t act the same way.  In some cases the microgram per liter delivered by a sensor aligns very nicely—I’d estimate that about 60% of the time the ug/L unit delivered by the sonde if fairly representative of the ug/L a customer gets when they do their own chlorophyll extraction.  However, I strongly advise that users verify that before taking it for granted.



Sensor Units of Measurement:  Trust, but Verify!!
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That’s exactly what my friend James Chen, working in China did for his lake.  He collected his own lake samples, diluted them, measured them with the sonde, then measured the extracts with a benchtop fluorometer.



Sensor Units of Measurement:  Trust, but Verify!!
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• Followed process on prior slide
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• Strong correlation in this case…
• Will use EXO ppb output

Thank you James Chen 
of Xylem Beijing!
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In his case the results were spot-on,  The chlorophyll delivered by the sonde, on the x axis, lined up beautifully with what he extracted from his field samples.  However, this may not be the case for your field samples.  And there are a lot of reasons for this…



Are You Ready?

1. Environmental Factors
a) Turbidity
b) IFE
c) Temperature effects
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http://video.ysi.com/ysi-webinar-are-you-ready-
harmful-algal-blooms
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Some of which I described in a webinar from 2018.  I recommend you review these environmental factors, 

http://video.ysi.com/ysi-webinar-are-you-ready-harmful-algal-blooms


Are You Ready?

1. Environmental Factors
2. Algal Physiology

1. Pigments are in membranes
2. Pigment turnover
3. Algae move in the water column
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http://video.ysi.com/ysi-webinar-are-you-ready-
harmful-algal-blooms

プレゼンター
プレゼンテーションのノート
As well as physiological factors of algae themselves which can affect the reliability of laboratory units in an environmental monitoring context.

http://video.ysi.com/ysi-webinar-are-you-ready-harmful-algal-blooms


Sensor Units of Measurement
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• RAW

• Relative Fluorescence Units (RFU)

• µg/L of pigment (ppb)

• Cells/mL or CFU/mL

• Biovolume
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We are running out of time but I will sum up this last point by saying, use RFU!  People doing monitoring should be looking for changes from a baseline fluorescence in the water, not comparability to laboratory analyses.  Use the monitoring data to help you decide if/when to collect samples for the lab.  The relative fluorescence unit is the truest measurement delivered by the sensor.



Best Practices:  Summary
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• Check calibration

• Whenever possible, do two-point calibration

• Prevent Fouling

• Use RFU and build your system understanding
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So summing it up, calibration, fouling, and using the right units are the three best practices that I think are most important in HAB monitoring.  RFU will be most powerful when you build an understanding of your system, like I described in that 2018 webinar.  But today, we’re done talkig about how algae sensors work!




Do you want someone from YSI to 
contact you to discuss algae sensors?
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I hope you found today’s webinar helpful, and I know we covered a ton of material.  Let us know if you want someone to follow up with you personally, and for now, Michael why don’t we cover some of the questions we’ve received!

Thanks everyone!
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Questions?
YSI
info@ysi.com

Xylem APAC
info.apac@xyleminc.com

Contact us:

June 2nd / www.xylem-analytics.asia
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