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How Sensors Work:  
6-Part Series on Water Quality Monitoring
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Recording
available

Once a week, we will discuss why it is 
important to monitor critical water 
quality parameters.

Antifouling

June 23rdRecording
available

Recording
available

June 16thRecording
available

プレゼンター
プレゼンテーションのノート
Today’s pH & ORP Webinar is the 4th part of a 6 part YSI series that we are running in which we cover various parameters within water quality monitoring.
We are holding the webinars every Tuesday and hope that you will join us for the upcoming presentations on June 16th covering Dissolved Oxygen and June 23rd on Conductivity. Registration information for this upcoming presentations will be included in the follow up email after this webinar.



Recordings Available
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Miss the earlier presentations? 
Don’t Worry!

• How Anti-Fouling Works
• How Algae Sensors Work
• How Turbidity Sensors Work
• How pH + ORP Sensors Work

www.xylem-analytics.asia

プレゼンター
プレゼンテーションのノート
Michael



Anthony Rohrer
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BACKGROUND

BSc Chemistry
University of Illinois

• Associate Product Manager for the WQS 
product line

• >1 year at YSI 
• 6 years in the specialty chemical industry 

(product management and R&D)



Overview
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I. Why Monitor for Dissolved Oxygen?

II. Evolution of Dissolved Oxygen Monitoring

III. Principles: How Dissolved Oxygen Sensors Work

IV. Practice: Real-World Monitoring

プレゼンター
プレゼンテーションのノート
Thank you very much for getting us started, Zack and Savannah, and thanks to everyone that has joined us today for our discussion of the most important water quality parameter – dissolved oxygen! During our webinar today, I will be reviewing:
Why DO is important and why you should be monitoring for it.
The various methods and sensors that can be used to measure DO
Then we will take a closer look at how optical and electrochemical DO sensors work
Finally, we will review some best practices when using these sensors. 

So let’s get started…




Why Monitor 
for Dissolved 
Oxygen?

プレゼンター
プレゼンテーションのノート
…with why you need to be monitoring for DO… 




In which application do you typically measure 
DO levels?

1. Environment monitoring
2. Waste Water monitoring
3. Aquaculture
4. Other
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What is Dissolved Oxygen (DO)?
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• Required by most aquatic orgs to survive

• Source of oxygen is NOT H2O

• Gaseous, molecular oxygen (O2) from:
• Atmosphere

• Byproduct of photosynthesis

• Once dissolved, it is available for use by living 
organisms and can play a large role in many 
chemical processes

プレゼンター
プレゼンテーションのノート
So, what on earth is dissolved oxygen? Most aquatic organisms require dissolved oxygen, often abbreviated as DO, in order to survive, but the source of this oxygen is not the water molecule - H2O. DO is actually gaseous, molecular oxygen in the form of O2 that originates from the atmosphere or as a byproduct of photosynthesis. Once dissolved in water (CLICK!!!), it is available for use by living organisms and can play a large role in many chemical processes in the aquatic environment. Besides being dissolved in water, this oxygen is no different than the oxygen humans breathe.





Sources of Dissolved Oxygen (DO)
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• Atmosphere

• Oxygen follows concentration gradient
• Diffuses from air into water until water is 

completely saturated

• System is in equilibrium when concentration of 
oxygen is the same in air and water

• Aeration = mixture of water and air
• Mixing causes increased levels of DO in water

• Occurs anywhere water and air mix – waterfall, 
air stone, etc.

プレゼンター
プレゼンテーションのノート
Molecular oxygen can enter water from the atmosphere in several ways. If water has a lower concentration of oxygen than the atmosphere above it, molecular oxygen will naturally diffuse from the air into the water until the water is completely saturated with oxygen. Equilibrium conditions are met when the concentration of oxygen is the same in air and water.

Aeration of water occurs when water and air mix, resulting in increased levels of DO in water. This occurs naturally at waterfalls and rapids. Windy conditions can also cause turbulent conditions on the surface of a water body.

Aeration of water can also occur artificially. Examples include a paddle wheel or a fountain in the middle of a water body, the use of an air stone in an aquarium, and pumping air into aeration basins at wastewater treatment plants.







Sources of Dissolved Oxygen (DO)
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• Photosynthesis

• Process to generate and repair cells 

• Requires water, light energy, and carbon 
dioxide

• Byproduct is gaseous, molecular oxygen

プレゼンター
プレゼンテーションのノート
Another major source of DO is photosynthesis. Aquatic plants and algae use photosynthesis to generate new cells and repair damaged cells. This process requires water, light energy, and carbon dioxide. A byproduct of photosynthesis is gaseous, molecular oxygen that can become dissolved in water. Not all plants are created equal, as some of them produce more oxygen than others.








Sources of Dissolved Oxygen (DO)
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• Photosynthesis

• Plants & algae produce and
consume oxygen during the day

• Cells are performing respiration

• Plants & algae can’t produce 
oxygen during the night but they 
continue to consume it 

• Organisms like fish continuously 
consume oxygen

• DO levels rise during the day, but 
fall at night

プレゼンター
プレゼンテーションのノート
Continuing our discussion of photosynthesis, plants and algae not only produce oxygen during the day when photosynthesis is occurring, they also consume it for respiration. However, plants and algae produce far more oxygen during the day than they consume. At night, plants and algae no longer produce oxygen, but they continue to consume it. Meanwhile, other organisms like fish consume oxygen at a steady rate around the clock. 

So, in a healthy system, oxygen concentrations rise throughout the day, and decline at night when respiratory activity consumes that oxygen. Please check out Stephanie’s Algae webinar from earlier this summer for more details on photosynthesis.





Environmental Variables
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• Temperature

• Most significant variable

• Always measure temp in addition to DO!

• Diffusion through sensor membrane changes 
with temperature

Water obviously hot and cold (2 pics)

Nate to get these

プレゼンター
プレゼンテーションのノート
Dissolved oxygen concentrations in water are affected by temperature, barometric pressure and salinity. Temperature is the most significant variable, so it is important that temperature be measured whenever you are taking DO measurements. Temperature affects DO measurements in two ways.

First, the solubility of oxygen in water is inversely related to temperature, so as temperature increases, DO decreases. 

Second, diffusion of oxygen through the membrane of an electrochemical probe or sensing element of an optical probe changes with temperature.




Environmental Variables
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• Salinity

• Seawater can hold about 20% less oxygen than 
freshwater

• Measure salinity along with DO when in estuary, 
wetland, ocean

• Most DO meters will automatically compensate for 
changes in salinity

プレゼンター
プレゼンテーションのノート
Similar to temperature, the solubility of oxygen in water is inversely related to salinity. So as salinity increases, DO decreases. For instance, seawater can hold about 20% less oxygen under the same temperature and atmospheric pressure as freshwater. Therefore, it is important to measure salinity whenever you’re measuring DO in estuaries, wetlands, coastal areas, aquaculture, or any other application where salinity can vary. Most modern DO instruments, such as the YSI ProDSS, will provide real-time salinity-compensated DO measurements if a conductivity and DO sensor are connected. Otherwise you will have to enter salinity yourself for this compensation to occur.



Environmental Variables

14

• Barometric pressure

• Higher altitude, lower pressure

• Weather systems also impact pressure

• Quick drop means a storm is on the way!

• Most DO meters will automatically 
compensate for changes in pressure

プレゼンター
プレゼンテーションのノート
Unlike temperature and salinity, there is a direct relationship between barometric pressure and DO levels in water. So as pressure decreases, DO also decreases. At lower elevations, such as Badwater Basin in Death Valley National Park, the barometric pressure is high because there is more pressure to “push” gaseous oxygen from the atmosphere into water. But at higher elevations, such as the top of Mt. Whitney which is only 80 miles away from Badwater Basin, the barometric pressure is much, much lower. 

In addition to altitude, barometric pressure can change due to a change in weather. A quick drop in pressure can indicate a storm is on the way. Most modern DO instruments have a built-in barometric pressure sensor that will automatically compensate DO readings for changes in barometric pressure. 



DO Units
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• mg/L: milligrams of DO per liter of water

• DO%: percent saturation

• 21% of the atmosphere is oxygen

• Pressure at sea level = 760 mmHg

• Overall pressure attributed to oxygen:

• 760 mmHg * 21% = 160 mmHg

• Termed partial pressure

プレゼンター
プレゼンテーションのノート
DO is expressed in many different units, but most often in mg/L or % saturation. 

mg/L is straightforward, as it is the milligrams of gaseous oxygen dissolved in a liter of water. 

The best place to start when explaining percent saturation is with the atmosphere. Approximately 21% of the earth’s atmosphere is oxygen. Another consideration is the barometric pressure at sea level, which is equal to 760 millimeters of mercury. So the part of the overall pressure caused by oxygen, termed ‘partial pressure’, is equal to 160 mmHg, which is 21% of 760. 




DO Units
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• DO%: percent saturation

• DO probe at sea level (760 mmHg) will calibrate to 100%

• If not at 760 mmHg, probe will calibrate to DO% value less 
than 100%

• Let’s say pressure = 750 mmHg

• 750 / 760 = 98.68%

• Probe at this pressure will calibrate to 98.68%

• DO% local function
• Calibration value = 100% regardless of pressure at time of cal

プレゼンター
プレゼンテーションのノート
So why does this matter? Well, if you calibrated your DO probe at sea level, your probe should calibrate to a percent saturation of 100% assuming the water and air are in equilibrium. But what if the barometric pressure is less than 760 mmHg? What will your probe calibrate to? 

Let’s say the barometric pressure determined by your meter is 750 mmHg. To determine what you probe will calibrate to, divide 750 by 760. This equals 98.68%, so at this pressure saturation cannot be greater than 98.68% as long as water and air are in equilibrium. Therefore, your probe will calibrate to 98.68%.

Some users may wish to report “Local DO” where the calibration value is 100% regardless of the barometric pressure at the time of calibration. The 100% calibration value reflects the fact that the calibration environment is at 100% oxygen pressure for that specific location. There are several YSI instruments that are capable of reporting Local DO. Some users value this feature, but others have no reason to use it.  




DO Unit Comparison
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• Barometric pressure is the only variable 
that impacts DO%

• mg/L is calculated from DO%, 
temperature, and salinity

Temp (oC) DO mg/L when salinity = 0 ppt DO mg/L when salinity = 18.1 ppt

10 11.29 10.06

25 8.26 7.46

45 5.93 5.41

Pressure (mmHg) Altitude (meters) DO% Calibration Value

760 0 100

654 1254 86

502 3371 66

プレゼンター
プレゼンテーションのノート
Now I’d like compare how each unit is calculated. You can think of DO% as the unit being determined directly by the instrument. The only variable that impacts DO% is barometric pressure, as can be seen in this top table.

In contrast, DO mg/L is calculated by the instrument from DO%, temperature, and salinity. The table to the right demonstrates the impact of varying temperatures and salinities. 





Causes of Supersaturation

• Photosynthesis
• Pure oxygen is produced!

• Account for DO% values up to 500%

• Rapid temperature changes
• If water temp quickly rises but oxygen can’t “escape” 

quickly enough, DO concentration can be higher than 
what is expected in equilibrium conditions

• Other sources such as air stones
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YSI Tech Note on Supersaturation

プレゼンター
プレゼンテーションのノート
While we are discussing DO%, I wanted to mention supersaturation. Some customers commonly see DO% values over 100%, but they don’t understand what causes this. 

Photosynthesis can be a big cause of supersaturation. Pure oxygen is produced during photosynthesis, so it can readily account for DO% values up to 500%.

Another cause is rapid temperature changes. While the equilibration of water with the air above it is seldom rapid, it is possible for the temperature of a water body to change rapidly. So, let’s say the temperature of a stagnant lake quickly increases by 5 degrees once the sun starts shining. DO levels in water should decrease as temp increases, but if the equilibration between air and water is not as rapid as the temperature change, the lake will technically be supersaturated with DO until an equilibrium state is once again established between water and air. 

Another cause of supersaturation is the presence of turbulent conditions or anything else that can cause mixing of the air and water.



https://www.ysi.com/File%20Library/Documents/Technical%20Notes/T602-Environmental-Dissolved-Oxygen-Values-Above-100-percent-Air-Saturation.pdf


Why Monitor for DO in Surface Water?
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• Direct indicator of water body’s ability to 
support aquatic life

• DO level needed varies by species

• Fish grow and thrive b/w 5-12 mg/L

• Hypoxia occurs when DO level can no 
longer support organisms; 2 mg/L or lower

プレゼンター
プレゼンテーションのノート
DO is one of the most commonly measured water quality parameters, but the reason for measuring it vary based on environment.

In surface water, it is a direct indicator of a water body’s ability to support aquatic life – aquatic organisms need DO to survive!

The level of DO required varies by species. In general, most fish species will grow and thrive within a range of 5-12 mg/L. However, if levels drop below 4, they may stop feeding and become stressed, possibly leading to large fish kills.

Hypoxia occurs when the concentration of DO decreases to a level that can no longer support aquatic organisms. This level is often considered to be 2 mg/L of water or lower.




Why Monitor for DO in Surface Water?
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• Imbalance of DO occurs in harmful 
algal blooms (HABs)

• High photosynthetic activity during the 
day causes drastic increase in DO

• Decomposition of algae results in 
consumption of DO

• Hypoxia can result

Read about Red Tide monitoring efforts in 
the latest issue of Mission: Water

プレゼンター
プレゼンテーションのノート
An imbalance of DO occurs when there is a harmful algal bloom. Stephanie covers HABs in much more detail in her Algae presentation, but I did want to mention what happens to DO levels during a HAB.

During the early and peak growth phases of a HAB, DO can increase significantly in the vicinity of the bloom due to photosynthetic activity during the day.  More oxygen is generated than can be consumed by either the algae or the other organisms, day or night.  This can lead to super-saturation.

As the bloom fades and dies, the algae become food for bacteria and other things that consume oxygen, and DO levels can drop drastically. Hypoxia can be the consequence.


https://www.ysi.com/mission-water


Why Monitor for DO in Surface Water?
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• Thermal pollution is the dumping of hot or 
cold water by power plants, industrial 
manufacturers, etc.

• Fish kills due to suffocation as a result of 
influx of hot water

プレゼンター
プレゼンテーションのノート
Thermal pollution a big concern around power plants and industrial manufacturers. While the water from these plants can, and should be, very clean, it is often much, much warmer than the surface water it is being dumped into. As we discussed earlier, as temperature increases, the level of DO in the water decreases. Therefore, if there is a large influx of warm water, fish kills can result due to low DO levels. 



Why Monitor for DO in Surface Water?
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• Road salt runoff increases salinity

• Fish kills due to suffocation as a result 
of too much salt runoff 

プレゼンター
プレゼンテーションのノート
Salt is commonly applied to icy roads in winter. This salt runs off the road and into surface water bodies, increasing salinity. As salinity increases, DO levels decrease. So, even though oxygen is more soluble in cold water, high salinity can result in large fish kills in winter due to suffocation, as can be seen in this picture here. For a more thorough discussion of conductivity and salinity, check out Zack’s webinar from earlier this summer. 





Why Monitor for DO in Groundwater?
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• Helps determine when stable 
conditions are met during purging 

• Monitor for artificial aeration when 
sampling

• Plays role in chemical reactions in the 
subsurface

• Regulates valence state of trace metals

• Constrains bacterial metabolism of 
dissolved organic species

プレゼンター
プレゼンテーションのノート
Many assume DO is absent below the water table, but this is an incorrect assumption. Before water percolates downward from the surface, water is in contact with the atmosphere and oxygen becomes dissolved. DO can exist at great depths in an aquifer as long as there is little or no oxidizable material.

DO can help determine when stable conditions have been reached during purging and can be used to evaluate well construction. 

DO can also help ensure proper groundwater sampling procedures are being followed when collecting samples for the analysis of metal and volatile organic compounds. Any artificial aeration can impact laboratory analyses for these compounds.

DO plays a significant role in chemical reactions that occur in the subsurface. It regulates the valence state of trace metals and constrains the bacterial metabolism of dissolved organic species, which brings us to the next slide.





Why Monitor for DO in Groundwater?

24

• Microbes use DO when degrading oil 
contamination 

• Microbes need to respire (breathe); 
requires an electron acceptor

• Oxygen is the most preferred electron 
acceptor, carbon dioxide is the least

• Oxygen is used up first! DO present only 
where there is no contamination

• Distinct redox zones form as electron 
acceptors are used up by microbes

• Process can occur in other environments, 
such as marine ecosystems

Adapted from Parsons, 2004

プレゼンター
プレゼンテーションのノート
Microbes can degrade oil that has leaked into an aquifer. Just like other organisms, microbes need to breathe, or respire. Respiration requires an electron acceptor and oxygen is the most preferred one. Since microbes really want to use DO while they are doing this degradation, DO is quickly used up by microbes where there is contamination present. So DO can only be found outside a plume of contaminated groundwater, as can be seen in this image (CLICK!!!)

So what happens once DO is gone? Other electron acceptors are used. After oxygen, nitrate will be used up. So nitrate can only be found relatively far away from the plume, just like DO. The electron acceptor used last is carbon dioxide. The process of using CO2 is called methanogenesis, so this will be going on closest to the plume once all of the other electron acceptors have been used up. 

This is a great example of an environment becoming anoxic due to microbial activity. This process occurs in other environments, such as an oil spill in open water like the Deepwater Horizon spill that occurred in 2010. 




Why Monitor for DO in Wastewater?

25

• Waste is transformed into harmless 
end products by microbes

• Microbes in process rely on DO to 
survive

• In activated sludge process (ASP), air is 
pumped into aeration tanks that are 
filled with microbes suspended in water

プレゼンター
プレゼンテーションのノート
In the treatment process at wastewater treatment plants, microbes consume waste and transform it into harmless end products. DO plays a critical role in this process, as these microbes rely on it to survive. In the activated sludge process (ASP), which is the most common configuration of a plant, air is pumped into aeration tanks filled with microbes suspended in water. This image shows air being pumped into aeration tanks. 



Why Monitor for DO in Wastewater?
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• Effluent must contain limited amount 
of nutrients

• Biological Nutrient Removal (BNR) 
processes remove nutrients

• BNR requires VERY strict conditions; 
anerobic, anoxic, and aerated zones

プレゼンター
プレゼンテーションのノート
Effluent, which is the treated water leaving the plant, must contain a limited amount of nutrients to ensure eutrophication does not occur in the environment. Biological nutrient removal processes can be used to ensure compliance with nutrient effluent limits, but these processes require controlled conditions within the treatment plant. BNR is characterized by the presence of unaerated anaerobic and anoxic zones upstream and downstream of aeration zones. Mixed liquor recycle and sludge return streams are arranged to make best use of the organic content and activated sludge in the system.



Evolution of 
Dissolved Oxygen 
Monitoring

プレゼンター
プレゼンテーションのノート
Now we will dive into the different methods and sensors used to measure DO.




What method you preferably use to 
measure DO?

1. Wrinkler Titration
2. Colormetric
3. Diaphragm electrode 

(Galvanic or Polographic sensor)

4. Optical or Luminescent sensors
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プレゼンター
プレゼンテーションのノート
I’d like to get a better idea of the methods you currently use to measure DO. Do you use a colorimeter, perform a titration, use a polarographic electrochemical sensor, galvanic sensor, or an optical sensor? 



Measurement Methods
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プレゼンター
プレゼンテーションのノート
As was suggested in the poll question we just reviewed, there are several methods that can be used to determine DO concentrations. These include:
Colorimetric
Titrimetric
Electrochemical sensors
and Optical sensors 



Colorimetric

• Colorimeters = filter photometers

• Sample and reagent are mixed

• Light passes through solution and a colored filter onto a photodetector
• Filters are for a specific wavelength

• Light is absorbed if target species present

• Two colorimetric methods - Indigo Carmine and Rhodazine D

• Disadvantages: time and limited range

30

プレゼンター
プレゼンテーションのノート
Colorimeters, also known as filter photometers, are instruments that measure color intensity. When using these instruments, chemical reagents are reacted with the sample. If the target parameter is present, the solution will have a color and its intensity is proportional to the concentration of the parameter being tested.

Light is passed through a test tube containing the sample solution, and then through a colored filter onto a photodetector. Filters are chosen so that light of a specific wavelength is selected. When the solution is colorless, all of the light passes through. With colored samples, light is absorbed and that which passes through the sample is proportionately reduced.

There are two different colorimetric methods of determining DO – Indigo Carmine and Rhodazine D. Indigo carmine reacts with DO to form a blue complex, while Rhodazine D reacts with DO to form a bright pink complex. 

Regardless of the method used, it does take time to mix the reagent and solution, and there are some pretty tight limitations on measurement range.




Winkler Titration

• DO in sample is “fixed” by adding a series of reagents
• Endpoint is where a color change occurs
• Many SOPs still call for a Winkler Titration
• Often requires three samples; results are averaged
• Advantage: Accurate at low concentrations
• Disadvantages: Time-consuming and 

VERY easy to mess up
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プレゼンター
プレゼンテーションのノート
The Winkler Method uses titration to determine DO in solution. DO is "fixed" by adding a series of reagents that form an acid compound that is then titrated with a neutralizing compound, resulting in a color change. The point of color change is called the "endpoint," which coincides with the DO concentration.

Many standard operating procedures, SOPs, still call for a Winkler to be done, especially at wastewater treatment labs that are determining biological oxygen demand. Winklers do need to be done in triplicate, with the results being averaged. While Winklers are sometimes regarded as being accurate at low concentrations, they are very time-consuming and incredibly easy to mess up. 





Electrochemical Sensors

• Sensor submerged directly in water or 
larger sample aliquot

• Oxygen diffuses through membrane and is 
consumed during measurement

• Advantages: Very fast response, wide 
measurement range

• Disadvantage: Requires sample 
movement over membrane!

32

プレゼンター
プレゼンテーションのノート
YSI has a rich history of developing and manufacturing DO sensors, starting with the Clark electrochemical sensor, also known as a membrane-covered electrode. This type of sensor can be submerged directly into solution without the need to add any reagents. Oxygen diffuses through a membrane and is consumed during measurement. The sensor provides very fast measurements and has a wide range, but it does require sample movement across the membrane because oxygen is consumed. We’ll dive more into the electrochemical sensor here in a few slides. 




Optical Sensors

• Sensor submerged directly in water or 
larger sample aliquot

• Light causes sensing element to glow
• Oxygen affects lifetime and intensity of 

luminescence
• Advantages: No stirring required, very little 

maintenance, high accuracy, stable
• Disadvantage: Slightly slower response time

33

プレゼンター
プレゼンテーションのノート
Optical sensors are the new kids on the block. Like electrochemical sensors, optical sensors are submerged directly into the sample. However, rather than consuming oxygen, this sensor measures how oxygen affects the luminescence of a sensing element that glows. Optical sensors have a lot of significant advantages:
There’s no stirring or warm-up time required
They are very stable and require less maintenance
And they are more accurate than Clark sensors.

The only real drawback compared to Clark sensors is a slightly longer response time, but the difference is typically insignificant for most customers.



Evolution of Dissolved Oxygen Monitoring: Summary
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• Photometers require mixing of a reagent 
and have limited range

• Winker Titrations are difficult; it doesn’t 
take much to mess them up!

• Electrochemical sensors have been 
around for a long time and are still used

• Most modern instruments feature optical 
sensors

プレゼンター
プレゼンテーションのノート
In summary, photometers require the use of a reagent and have a limited range, while Winkler Titrations are very easy to mess up. 

Electrochemical sensors have been around for a long time. Here you can see Dr. Leland Clark. In 1956 Dr. Clark invented the membrane-covered Polarographic
electrode while working with YSI Scientists. 

Optical sensors have a lot of advantages compared to the other methods, so most modern DO meters use an optical probe.



How Dissolved Oxygen 
Sensors Work:  
Principles

プレゼンター
プレゼンテーションのノート
Now we will discuss electrochemical and optical sensors in more detail.



Which webinars in this series have 
you watched besides this one? 
Select all that apply.

36

プレゼンター
プレゼンテーションのノート
I do have another poll question for you before we start this section. Which webinars in this series have you watched? The series kicked off with Algae in June, and since then we have covered turbidity, conductivity, and pH & ORP. 



What Does a DO Sensor Measure?
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• Measure the pressure of oxygen that is 
dissolved in the sample

• Expressed in DO%

• Barometric pressure is the only variable 
that impacts DO%

• mg/L is calculated from DO%, 
temperature, and salinity

プレゼンター
プレゼンテーションのノート
I’d like to mention again what these sensors are actually measuring (CLICK!!!). These sensors measure the pressure of oxygen that is dissolved in the sample and readings are expressed as DO%. The only variable that affects DO% is barometric pressure. The higher the barometric pressure, the more oxygen will be pushed into the water.

Meanwhile, mg/L is calculated from DO%, temperature, and salinity.




Electrochemical Sensors
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• Oxygen diffuses through membrane
• Oxygen reduced (consumed) at cathode
• Electrons flow = electrical signal
• Oxygen conc. proportional to signal level (mA)
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Membrane

Probe Solution

プレゼンター
プレゼンテーションのノート
Let’s now take a look at electrochemical sensors. All electrochemical DO sensors consist of an anode and a cathode (CLICK!!!) that are confined in electrolyte solution by an oxygen-permeable membrane (CLICK!!!). 

(CLICK!!!) Oxygen molecules that are dissolved in the sample diffuse through the membrane (CLICK!!!).

The oxygen molecules are then reduced at the cathode (CLICK!!!) producing an electrical signal that travels from the cathode to the anode and is then sent to the instrument (CLICK!!!).

The amount of oxygen diffusing through the membrane is proportional (CLICK!!!) to the partial pressure and concentration of oxygen outside the membrane.  As the oxygen concentration varies, so does the oxygen diffusing through the membrane and this causes the probe current to change proportionally.  

Now, there are two types of electrochemical sensors – polarographic and galvanic 





Comparison of Electrochemical Sensors
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Polarographic

• Silver anode and gold cathode

• These materials require the probe to polarize 
(warm up) before use

• Probe is not “used up” when the meter is off

Galvanic

• Zinc anode and silver cathode

• These materials allow the probe to always be on

• No warm up required, but it also means the 
probe is “used up” faster

プレゼンター
プレゼンテーションのノート
Polarographic sensors have a silver anode and a gold cathode. These materials require the probe to warm up, or polarize, before use. This takes about 10 minutes. Because the probe requires polarization and is thus not always on, polarographic probes last longer than galvanic probes.

Galvanic probes has a zinc anode and a silver cathode. These materials allow the probe is always be on, so no warm up is required when using a galvanic probe. However, since the probe is always on, it has a shorter life than a polarographic sensor. 



Available Sensors
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Spot Sampling

Continuous 
Monitoring

ODO 
Sensor

プレゼンター
プレゼンテーションのノート
Now let’s move on to optical sensors. As I mentioned earlier, most modern meters use optical sensors. This includes the YSI EXO for continuous monitoring, and the ProDSS for spot sampling. The sensors used on these platforms are identical except for the connector. 



Anatomy of YSI’s Optical DO Sensor
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ODO
Sensor

プレゼンター
プレゼンテーションのノート
YSI optical sensors have several important structures that I’d like to review. 

The EXO and ProDSS sensors have a highly-ruggedized, welded titanium sensor body. These are smart sensors because they store calibration records and their own serial number.

There are two different LEDs. The blue one causes a dye layer in the sensor cap to glow, while the red LED serves as a reference. 

At the end of the sensor cap is a black paint layer that is called the diffusion layer. DO is constantly moving across this diffusion layer. 

Now let’s put all of this together.



Optical Dissolved Oxygen Sensors
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ODO SENSOR ODO CAP DYE LAYER DIFFUSION LAYER

The excitation fiber in the 
sensor emits a blue light

causing the sensing element 
to glow, or luminesce red 

Oxygen is constantly moving 
through the Diffusion Layer, 
affecting the luminescence 

of the sensing layer.The amount of oxygen passing 
through the sensing layer is 
inversely proportional to the 

lifetime of the luminescence in 
the sensing layer.  

The lifetime of the luminescence is measured 
by the sensor and compared against the 
reference and a stable dissolved oxygen 

concentration is calculated.

プレゼンター
プレゼンテーションのノート
(CLICK!!!) Here we can see the distinct diffusion and dye layers in the sensor cap. 

A blue light is emitted (CLICK!!!) that causes the dye layer to luminesce, or glow (CLICK!!!)

Meanwhile, oxygen is constantly moving across the diffusion layer (CLICK!!!), affecting the luminescence of the dye layer. 

The amount of oxygen passing through the sensing layer (CLICK!!!) is inversely proportional to the lifetime of the luminescence in the sensing layer.

The lifetime of the luminescence is measured by the sensor (CLICK!!!) and compared against the reference, allowing for DO to be determined.



Sensor Cap Coefficients

• Sensor firmware stores coefficients for the 
sensor cap

• Coefficients allow for linear output from the 
sensor

• These coefficients are what allow YSI to give you 
the highest-accuracy sensor

• Always update coefficients when changing a cap

43

プレゼンター
プレゼンテーションのノート
There are coefficients specific to each sensor cap that are stored in the sensor’s firmware. These coefficients allow for linear output from the sensor. We are often asked what happens if the sensor cap coefficients are not updated when changing a cap. Well, these coefficients are how we give you the highest-accuracy sensor, so not updating them would not allow your sensor to be as accurate. 




Comparison of Electrochemical and Optical
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Electrochemical (Polarographic or Galvanic)
• Consumes oxygen; sample movement across membrane is required

• Membranes need to be changed every ~6 weeks

• Fast response (stabilization) time

• Calibrate every day 

• Some gases (hydrogen sulfide) can interfere

Optical
• No stirring required

• Less maintenance; change cap every 12-24 months

• Slower response (stabilization) time

• Better accuracy in typical DO range

• Calibration is much more stable; they drift less

• Alcohol and organic solvents can damage materials in the cap

プレゼンター
プレゼンテーションのノート
Now I’d like to summarize some of the key differences between electrochemical and optical sensors. Electrochemical sensors consume oxygen, so there must always be fresh sample moving across the membrane. The membranes are easy to damage and must be changed every 6 weeks or so. Electrochemical sensors are known for having a fast response time, but they do require frequent calibration. Some gases, notably hydrogen sulfide, can also cross the membrane, thus interfering with your measurements. 

Optical sensors do not consume oxygen, have much less maintenance requirements, and do not drift as much as electrochemical sensors. These advantages are what have made optical sensors the go-to DO sensing technology. Optical sensors do have a slightly slower response time, but it isn’t drastic. Optical sensors aren’t impacted by any dissolved gases, but the sensor cap can be damaged if exposed to alcohol or organic solvents. 




How Dissolved Oxygen 
Sensors Work:  
Best Practices

プレゼンター
プレゼンテーションのノート
Before I move on to best practices, we’d like to better understand the webinar you would like to see from us in the future, keeping in mind that we have already covered algae, turbidity, conductivity, pH, and ORP as part of this webinar series. I’ll give you all a moment to answer. 



Dissolved Oxygen in water is most 
strongly affected by

1. Temperature
2. Atmospheric pressure
3. Salinity
4. All of the above
5. None of the above
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Best Practice
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I. Calibration

II. Membranes & Optical Caps

III. Maintenance

IV. Preventing Biofouling

プレゼンター
プレゼンテーションのノート
In this last section I will practical topics such as calibration, membrane and optical cap replacement, maintenance, and how to prevent biofouling. 



Calibration Options
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• Calibration against a Winkler Titration

1. Sample of water divided into four parts

2. Titrate three of the samples

3. If any one of the samples’ titrated value varies more than 
+/- 0.5 mg/L, it should be discarded.

4. Average the results

5. Place the DO sensor in the fourth solution, start 
calibration, enter the averaged value

プレゼンター
プレゼンテーションのノート
In general, calibration consists of exposing the sensor to a sample of known oxygen content and calibrating the instrument to read that value. There are three primary methods for calibrating a DO instrument:
Winkler titration
Air-saturated water
Water-saturated air

We already discussed the Winkler Method earlier, but this shows how to calibrate your probe against a Winkler. First, divide a sample into four parts. Perform a Winkler titration on three of them. If any one of the samples’ titrated value varies more than +/- 0.5 mg/L, it should be discarded. Then average the results.

Next, place the DO sensor in the fourth solution. On the calibration screen, enter the averaged value determined by your Winkler titrations. This is the only method where you are telling the probe what value to calibrate to.

As I’m sure you can see, this method is cumbersome, time-consuming, and error can easily be introduced, so YSI does not recommend calibrating a DO sensor using this method. 



Calibration Options
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• Air-saturated water

1. Use an air pump and air stone to aerate tap water 
for 1 hour

2. Place sensor in solution and calibrate

- Value will be 100% only if pressure = 760 mmHg

プレゼンター
プレゼンテーションのノート
Probes can also be calibrated in air-saturated water. For this method, an aquarium air pump and air stone is used to aerate a sample of clean tap water for 1 hour. The sensor is then placed in the sample and readings are allowed to stabilize before calibration is completed. The DO% calibration value will be determined based on barometric pressure, as we discussed earlier. If doing this type of calibration, make sure air bubbles do not get trapped on the surface of the probe. 

This method is also time consuming and could introduce error if not done properly, so most customers do not use this method.





Calibration Options

• Water-saturated air

1. Dry the thermistor and the membrane (e-chem) 
or sensor cap (optical)

2. Place probe in water-saturated air environment 
(100% humidity)

3. Wait 10 minutes for the calibration chamber to 
become completely saturated

4. Complete calibration

• Easy, accurate calibration method!
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プレゼンター
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Water-saturated air is the third method. This requires the probe’s thermistor and membrane to be completely dry, so make sure there are no water droplets on them. The probe is placed in a water-saturated air environment. This can be created by placing about an inch of water in a calibration cup, as is shown here. Wait about 10 minutes for the air inside the container to become completely saturated with water, then complete the calibration. The DO% calibration value will be determined based on barometric pressure. 

This is by far the quickest and easiest method, and it is also very accurate, so this is the method we typically recommend. 



Calibration Options

• Zero DO Cal

• Only recommended if measuring in low DO or to 
verify operation across entire range

• One calibration point completed in environment 
with no DO, second point is typical DO% cal

• Sodium sulfite solution or nitrogen gas

• Don’t do it every time you calibrate!
• Perform check before actually calibrating

• Remove wiper and rinse VERY well
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プレゼンター
プレゼンテーションのノート
Calibrating using one of the methods we just described will not adjust the zero point of the sensor, but most customers don’t need to adjust it. If you are measuring in low DO, you can perform a zero calibration, but this must be followed by a typical DO% calibration.

To perform a zero calibration, place the probe in a zero-DO environment, such as a solution of sodium sulfite or in nitrogen gas. The image here is from the calibration screen of the ProDSS. It shows that a probe that has been placed in sodium sulfite solution and the live readings are approaching zero. 

There is no need to perform a zero calibration each and every time you intend to do a DO% cal. We recommend performing a calibration check in a zero solution before actually calibrating.

Also, always remove a wiper, if equipped, before doing a zero calibration and make sure you rinse extremely well after calibrating the zero point. 



Why Calibration Matters
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• 1-point calibration is a slope correction

• 2-point calibration adjusts the slope and zero point
• Adjusts everything to be perfectly linear between zero 

and DO% calibration point

• How frequently should I calibrate?
• Optical sensors drift less than electrochemical 

sensors and are therefore better for monitoring 
applications

• Calibrate when possible

DO%
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プレゼンター
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So, you might be wondering why calibration even matters. Well, calibration will adjust the slope of your sensor, which is important because all sensors will eventually drift. A 2-point calibration will adjust the slope and zero point, allowing everything to be perfectly linear between these points

Regarding how often to calibrate, optical sensors drift less than electrochemical sensors, so they are much better for monitoring applications where the probe is left in the field for an extended period of time. However, a good general rule of thumb is to perform a DO% calibration every day or, if your probe is left in the field, calibrate it when you perform service on the sonde. 




Stretch Membrane Replacement
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• Older electrochemical probes often have a 
stretch membrane

• Change every 2-8 weeks

• Stretch membranes are difficult!

• Easy to wrinkle and trap air bubbles

プレゼンター
プレゼンテーションのノート
Older electrochemical probes use a sheet-like membrane that is stretched over the probe and held in place by an o-ring. This is referred to as a stretch membrane. The general procedure to change a stretch membrane is seen here. These need to be changed every 2-8 weeks. These membranes can be difficult to install, because they are easy to wrinkle and it is easy to get an air bubble trapped under the membrane when installing. 



Cap-Style Membrane Replacement
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• Newer electrochemical probes have a 
cap membrane

• Change every 2-8 weeks

• Membrane already installed 

• Simply fill with electrolyte and install!

• Ensure there are no tears or air bubbles

プレゼンター
プレゼンテーションのノート
Newer electrochemical probes typically have cap-style membranes that are much easier to change, as can be seen here. The cap already has a membrane installed, so there is no need to stretch the membrane over the probe and cut away the excess membrane material. The replacement interval is basically the same as the stretch style, and you should still make sure there are no tears or trapped air bubbles. 



Optical Sensor Cap Replacement
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• Optical sensors have a sensor cap rather 
than a membrane

• Change every 12-24 months

• No electrolyte!

• Install cap

• Should be no large scratches in the paint layer

• Update sensor cap coefficients for highest 
accuracy

プレゼンター
プレゼンテーションのノート
Optical sensors have sensor caps. These are much different than cap-style membranes for electrochemical sensors. As mentioned earlier, optical caps have a diffusion layer, dye layer, and there are coefficients that are specific to each cap. These need to be changed every 12-24 months and there is no electrolyte needed. Care should still be taken when installing these, as the painted diffusion layer should not have any large scratches. When changing, make sure you update the sensor cap coefficients.



Polarographic Sensor Maintenance
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• Error message during calibration could be 
due to anode fouling

• Soak overnight in 3% household ammonia 
cleaner

• Wet sand with 400 grit sand paper after soak

• Rinse thoroughly with DI water and install a 
new membrane

• Don’t clean unless necessary

プレゼンター
プレゼンテーションのノート
There are different maintenance procedures for each probe. A tarnished polarographic silver anode can be cleaned by soaking the probe in household ammonia cleaner overnight. After soaking the probe, rinse it thoroughly with clean water. This will brighten the anode. Wet sand the anode with 400 grit sand paper after performing the ammonia soak. This can be done by wrapping the sanding disc around the anode and twisting, as is shown here. The cathode can also be sanded by placing the 400 grit sanding disc face-up in the palm of your hand. Next, touch the cathode to the sanding disc and twist the probe. Please note you can just do the sanding without the ammonia soak if you wanted. 

We only recommend performing these cleaning steps if you are having issues with your probe or you notice a lot of build-up.



Galvanic Sensor Maintenance
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• Sand anode and cathode using 400 grit 
wet/dry paper to remove white deposits

• Rinse with DI water

• Allow probe to stabilize before calibration

• Don’t soak galvanic probe in ammonia

• NOTE: YSI polarographic sensors have a black 
body, galvanic sensors have a grey body

Before

After

プレゼンター
プレゼンテーションのノート
While the galvanic sensor can be sanded just like I described for the polarographic sensor, it is critically important you do NOT soak the galvanic probe in ammonia. You can only perform the sanding procedure on galvanic probes. You can see here the difference between an old sensor with a lot of white deposits and a brand new sensor. One thing I wanted to mention, YSI Pro Series polarographic sensors have a black body, while galvanic sensors have a grey body. 



Optical Sensor Maintenance
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• Clean sensor cap using clean water, a lint-
free cloth and mild detergent (if necessary)

• Don’t scratch paint layer

• Don’t use abrasives, alcohol or organic 
solvents

• Replace cap if damage to paint layer as this 
impacts sensor accuracy (confirmed with 
failed calibration)

• Don’t let the sensor cap dry out

プレゼンター
プレゼンテーションのノート
If you notice any build-up on your optical sensor cap, it can be cleaned using water and a lint-free cloth, just make sure you don’t scratch the paint layer. A mild detergent can be used if needed. Don’t use any abrasives, alcohol, or organic solvents to clean the cap, as this can permanently damage it.

If the paint layer has been damaged and/or you can’t get the sensor to calibrate, replace the sensor cap.

Finally, don’t let the sensor cap dry out, but you can try to rehydrate it….



Optical Sensor Cap Rehydration
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• If left dry for longer than 8 hours, it must be 
rehydrated

• Soak the ODO sensor in room temperature 
tap water for 24 hours

• Recalibrate the sensor after soaking

プレゼンター
プレゼンテーションのノート
..by placing the sensor and cap in room temperature tap water for 24 hours. This may not always work, but it often does. Make sure you recalibrate the sensor after soaking. In fact, make sure you recalibrate after any type of maintenance procedure – this goes for any probe type. 



Prevent Fouling - Sonde
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• Anti-fouling accessories

• Copper components

• Sonde sleeves

• C-Spray

• Central Wiper

プレゼンター
プレゼンテーションのノート
If you are using a long-term monitoring instrument like the EXO, it is important to prevent fouling. We always recommend a central wiper for long-term monitoring, but there are other accessories that can be used to prevent fouling. These include copper components, sonde sleeves, and C-spray. Kerry did a great job covering fouling at the end of her Turbidity webinar, so I highly recommend you check it out. With that, I do have one more poll question for you. 



Do you want someone from YSI to 
contact you to discuss dissolved oxygen 
sensors?
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プレゼンター
プレゼンテーションのノート
Would you like someone from YSI to contact you to discuss DO sensors? While everyone provides an answer, I will check with Zack to see if there are any questions. 
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Questions?
YSI
info@ysi.com

Xylem APAC & MEA
info.apac@xyleminc.com

Contact us:

June 23rd / www.xylem-analytics.asia
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