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BACKGROUND

• 14 years at YSI
• Started in Repair and Technicial Support 

Departments
• Now an Application Specialist, supporting 

sales and customers
• Maintains sites in coastal environments

プレゼンター
プレゼンテーションのノート
Worked in Repair and Technical Support before becoming an applications specialist. Responsible for supporting the Sales Team, Key Customers, and managing our Test Sites in FL where we challenge our equipment with some of the harshest Bio Fouling environments in the region.
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BACKGROUND

• 2 years at YSI as a Product Specialist for 
Outdoor Water Quality

• >10 years of field experience with water quality 
and flow monitoring

• Maintains a site in freshwater urban 
environment



Go To Webinar Instructions
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Audio Settings
Make sure you can hear us loud and clear

Ask Questions
We’ll try to answer as many as we can during the 
presentation

Chat
You can also use the Chat panel to ask questions or 
contact us if you’re having technical difficulties

Modify Audio 
Settings

Please Ask 
Questions!



Agenda

• Freshwater Fouling
• Marine Fouling
• Evolution and Principles of Antifouling 

Technology
• Recommended Cleaning Procedures
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Which environment do you work in?

プレゼンター
プレゼンテーションのノート
Poll question options:
Coastal/Estuarine
Freshwater
Both
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Freshwater 
Fouling

プレゼンター
プレゼンテーションのノート
Thank you, Michael, for the introductions and for setting this webinar up. Curt and I are very excited to speak with you all today and we will get started with a discussion on freshwater fouling. 



Fouling Types

Fouling will change dependent on site:
• Soils
• Leaves/Debris
• Fish/Invertebrates
• Algae
• “Urban Scum”

Each fouling source can have a 
different effect on data!
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プレゼンター
プレゼンテーションのノート
Freshwater fouling types change depending on the site. For example, is the site downstream of many agriculture fields? Is there a lot of residential or industrial construction with limited sediment control? Is the stream in an urban area that has highly variable discharges during storm flow? Or maybe the site is a highly productive ecological environment with many animals in the area. Let’s take a look at each of these for a moment. 



Fouling Type: Soils

• Sands, Silts, Clays
• Different types suspended depending on flow

• Storms have higher velocity  carry larger particles
• Baseflow has lower velocity  carry smaller particles

• Some soils can “stain” sensors causing 
erroneous readings
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プレゼンター
プレゼンテーションのノート
The first type of fouling that we will look at is soil or sediment. There are different types, including sands, silts, and clays. These sediment types tend to change as flows change as well. The heavier sediment particles will be carried to the site during higher flows and they will deposit on the sonde as flows decrease. The smaller particles, like sand, tend to remain suspended in the channel during baseflow and can shift whether there are storms or not. Some types of sediment also have metals that can cause the appearance of staining, but these stains can be removed and we will talk about that it a bit. The central wiper is an important tool for ensuring the removal of sediment from the sensor faces. 




Fouling Type: Leaves & Debris

• Caused by:
• Storm Flow
• Season Change

• Predominantly affects optical 
sensors but can affect all sensors if 
sonde guard is full
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プレゼンター
プレゼンテーションのノート
Leaves and other natural debris can enter the sonde guard which will cause spikes in the data – especially in your optical sensors, like in the turbidity record seen here. If the sonde guard is actually full of debris, ALL of your sensors can be affected. Leaves and debris tend to be more of a fouling source during season changes and during large storm events that bring those larger objects into the water body. Adding mesh around a sonde guard can help prevent leaves from entering the guard and affecting the readings. 



Fouling Type: Animals
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• Sonde guard and pipe can be a nice home for 
many creatures

• Small animals that fit inside cause spikes in 
optical sensors

• Worms and larvae can fit inside non-wiped 
conductance sensors

• Birds and mammals can cause spikes when 
migrating through area

プレゼンター
プレゼンテーションのノート
You wouldn’t think that animals would be a source of fouling but honestly, they are frequent causes of fouling! Many smaller animals, such as this little crawfish, like to climb into the sonde guard and others like to hang out in the sonde deployment tubes themselves as a source of food and shelter. From personal field experience, I can say that I have had a four foot long snake wrapped around and inside my sonde guard, which was an unexpected surprise!! Animals like beavers drag debris into bodies of water and this debris can cause the sonde to become fouled. Adding guards around the deployment tube and sonde guards may help alleviate some of the effects of animals on the sondes. 



Fouling Type: Algae

• Filamentous algae can attach to sonde
guard or deployment tube

• Biofilm can also grow on sensor faces 
and prevent light from sensors getting 
through

• Copper keeps organisms from growing
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プレゼンター
プレゼンテーションのノート
The top panel shown the chlorophyll a 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.  On the bottom is a competing “high-accuracy chlorophyll sensor” that 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 light is not penetrating the biofilm on the sensor’s face - there is a growth of algae on it; all the signal from that biofilm is directly reaching the photodetector.  

Copper can help in these algae-laden bodies of water because copper is toxic to most organisms. In this example, we have a copper sonde guard that was used in this deployment.  As you can see in the picture-this was a high-fouling environment but the sonde guard doesn’t have hardly any growth on it.  



Fouling Type: “Urban Scum”

Urban Scum: Things that come out of a sewer 
or things that have been improperly disposed. 
• Solids like toilet paper or diapers
• Trash like plastics, cans, cigarettes
• Films caused by fats, oils, greases

These items can cause spikes in data or 
gradually foul sensors causing a slow drift in 
data.
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プレゼンター
プレゼンテーションのノート
The last type of fouling that I will talk about in freshwater systems is what I call “urban scum.” You can think of urban scum as anything that comes out of a sewer or things like garbage that have been improperly disposed of. These things, like toilet paper, cigarettes, and films caused by grease, can cause varying effects such as spikes or slow drifts in sonde data. Again, the central wiper will be key in keeping the sensor faces clean of this type of fouling.



Marine 
Fouling

プレゼンター
プレゼンテーションのノート
Alright, now I will turn the show over to Curt for a discussion on marine fouling. 



Fouling Types

Fouling will change dependent on site:
• Barnacles
• Bryozoans
• Animals
• Sea Plants

REMINDER:
Each fouling source can have a 

different effect on data!
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プレゼンター
プレゼンテーションのノート
Thanks so much for that segment Kerry.  I would just like to take a moment to echo Kerry’s sentiments and tell you how happy I am to be with you today.
There are many different types of Marine biofouling. Depending on your site you are likely to run into varying types of Biofouling. You may come up against Barnacles, Bryozoans, Animals and Sea Plants to name a few. The picture shows a couple of my test sondes that have been in the active biofouling environment of the Gulf of Mexico. This was after 5 weeks insitu and although I protected the sonde bodies, you will notice that I took NO additional precautions on the top side of the sonde. We will discuss some simple ideas a little later to protect this area also. 




Fouling Type: Barnacles

• As little as 1 minute, conditioning begins!
• As little as 1 hour, biofilms are laid down!
• As little as 1 day, colonization can occur!
• As little as 2 weeks, Barnacle Growth!!

We need to take measures to combat this growth!
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プレゼンター
プレゼンテーションのノート
It can be a little alarming to think that in as little as 1 minute that biofouling is already conditioning your equipment to set the stage for further growth. In as little as 1 minute to an hour microorganisms are conditioning the surface areas of your equipment. This conditioning layer is the foundation for biofilms that can start forming in an hour to a day. This biofilm in tern lays the foundation for colonization growth that can occur from 24 hours to a week which finally leads the way to hard barnacle type growth. Any and all of these stages of biofouling can negatively affect the quality of your data if we do not employ counter measures to fight against them.




Fouling Type: Bryozoans

The EXO Central Wiper has 
done well against this Bryozoan:
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プレゼンター
プレゼンテーションのノート
If it were not for the EXO Central Wiper and the copper accessories employed on this sonde, this Bryozoan would surely have impacted the data on this deployment. The Central Wiper along with copper tape and Anti Fouling Sensor guard were able to keep the sensor faces clean and collecting high quality data throughout the deployment. 




Fouling Type: Animals

• Fish, crabs, and other sea creatures might 
seek the safety of your sensor guard

• You may need to cover the sensor guard 
with copper mesh
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プレゼンター
プレゼンテーションのノート
You may find that all types of little sea creatures like fish, crabs and snails may find the safety of your sensor guard to their liking. 
If these little guys are present when the sonde takes a sample you could have interference with the data. You may find that you need to cover the sensor guard with copper mesh to help deter them. The reason I like this type of thin flexible copper mesh is that it can be formed to fit snuggly around your sensor guard and if you are using a PVC pipe for deployment it will scrape off very little Antifouling paint from the inside of your tube when pulling your sonde in and out throughout the year.




Fouling Type: Sea Plants (Pre-deployment)
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プレゼンター
プレゼンテーションのノート
These are, pre-deployment images of EXO2 sondes at two diverse sites. The left image is of a buoy system deployed in a high fouling application in the North Sea. The right image was taken at our highly productive YSI R&D test sites in the Gulf of Mexico. 
NEXT SLIDE PLEASE




Fouling Type: Sea Plants (Post-Deployment)
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プレゼンター
プレゼンテーションのノート
Now we see post-deployment images of the same EXO2 sondes taken during the recovery of the instruments. Notice the variety of fouling displayed, ranging from hard growth build-up inside the sensor guard (right) the left photo is a good indicator of what a deployed monitoring system can look like in highly productive environments. NEXT SLIDE PLEASE





What is Most Important?
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プレゼンター
プレゼンテーションのノート
What’s most important however, is not accumulation of fouling on the sonde itself, but rather how the sensors (and data!) are affected. These photos demonstrate the power of the EXO central wiper in maintaining the most critical aspect of an EXO2 – the sensor heads where the measurements are taking place. 





Evolution and 
Principles of 
Antifouling 
Technology

プレゼンター
プレゼンテーションのノート
Thanks, Curt, for that informative discussion about marine fouling. There are certainly differences between freshwater and marine deployments but there are also similarities in how these can be taken care of. In the next couple of sections, we will talk about antifouling technology over the years and then we will talk about how to properly clean and set up your equipment for a lengthy deployment. But before we get into that, let’s get some more audience participation with another poll question. Michael, if you please?



How are you using your sonde?

プレゼンター
プレゼンテーションのノート
How are you all using your sonde or other monitoring equipment? Are you doing spot sampling, unattended logging, are you telemetering your data from a data logger, or are you not monitoring yet?

Poll question options: 
Spot sampling
Unattended logging (stand-alone)
Remotely monitored (telemetered from data logger)
Not monitoring yet!!



Early Technology in Continuous Monitoring

YSI 6000 Sonde
• Only wiped sensor: Turbidity
• No other optical sensors
• Required frequent servicing for cleaning
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プレゼンター
プレゼンテーションのノート
The earliest multiparameter sondes were pretty basic – kind of like this slide. Not much going on as far as antifouling because only one sensor had a wiper on it and that is the turbidity sensor. These sondes required pretty frequent servicing for cleaning of the sensors…



Early Technology in Continuous Monitoring

Later: 6-Series Sondes
• More individually wiped sensors

• Turbidity, Algae, Dissolved Oxygen, Rhodamine
• Addition of copper as antifouling tool

• Copper sonde guards
• Copper sensors
• Organisms have a hard time attaching to copper 

components and copper is also toxic to some!
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プレゼンター
プレゼンテーションのノート
So these concerns were acknowledged during the development of the next series of multiparameter instruments, which you all may know as the 6-series. In this series, we incorporated a wiper on each optical sensor to try and extend those deployment times. During the life of the 6-series sondes, we also began to incorporate the use of copper. Copper has actually been used on the bottom of ship hulls for many years to prevent the accumulation of barnacles. Barnacles accumulating on the bottom of ships can actually make the ships so heavy that they sink when an additional load is added. Taking a hint from the shipping industry, if it works for them, it ought to work for us and it sure does!



Current Technology in Continuous Monitoring

EXO Series Sondes
• Powerful central wiper

• Wipes ALL sensors
• Sensors specifically designed to be wiped

• All sensors on same plane
• Wiped CT
• Unguarded pH/ORP and ISE’s

• Old and new antifouling tools
• Antifouling sleeves for sonde and sensors
• Copper tape
• Copper sonde guards
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プレゼンター
プレゼンテーションのノート
The most recent equipment that we have developed is the EXO series of multiparameter sonde. The EXO uses a powerful central wiper to wipe all of the sensors that are housed on the sonde. What is nice about the EXO is that all of the sensors have been specifically designed to be wiped. First, they are all on the same plane, which is how one brush can be used instead of multiple. Next, we have developed a wiped conductance sensor with a U-shaped channel that allows the brush to wipe the electrodes completely. Finally, we also developed unguarded pH, ORP, and ISE sensors. The normal guarded sensors have a little ring around the outside of the bulb that is for protection of the bulb. The unguarded sensors have this ring removed so that the wiper brush can adequately wipe the bulbs or electrodes of these sensors. Also, we incorporated the use of copper again in the form of copper tape and copper sensor guards, but we also developed heat shrink sonde and sensor sleeves to help keep debris off of your instrumentation.



EXO Central Wiper Brush

• Wipes all sensors to remove fouling
• Parks in a “Parking Garage”

• Monitor wiper position 
• Wiper position should be around 1.20V

• Wiper brush may need replaced!
• Fray caused by:

• General wear wiping sensors
• Sediment entrapment
• Biological growth
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New Replace Soon Replace!

プレゼンター
プレゼンテーションのノート
This is our central wiper! It is a standalone sensor that can be calibrated just like the other sensors but its calibration is solely to make sure that it parks in the parking garage. I would recommend that you log the wiper position over time because it will tell you if your wiper is parking incorrectly which could be a result of debris blocking the brush or general wear of the sensor over time. The wiper brush itself is a replaceable item and as the bristles fray, we suggest that you do replace them for the best protection from fouling. Fray can be caused by general wear and tear, sediment being trapped inside the bristles, or biological growth. Whenever you clean the sonde, make sure that you clean the bristles of the brush as well. In this series of images here, we see the progression of a wiper brush over time. It starts out new with all of the bristles together and then wears a little bit, showing some fray. By the time that we have this amount of splay in the bristles of this third wiper brush image, we really need to replace the brush!




Other Technology Used for Antifouling

Flow-Through Chamber:
• Pump water into flow cell or tub from 

body of water
• Strainer on end of tubing in water
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プレゼンター
プレゼンテーションのノート
Some groups also choose to monitor the water indirectly as opposed to deploying the sonde in a tube directly in the water. In the image on the right here, we have a Pisces unit that pumps water from beneath it into one of these yellow boxes. Inside the yellow box is a flow cell chamber that is attached to the sonde. Fresh water is pumped in and old water is pumped out during every sampling cycle. A similar operation is taking place in this image at the bottom of the slide here but instead of using a flow cell, water is just purged out of and then fresh water is pumped into a tub for fresh readings. Using these types of deployments helps keep some types of fouling, like leaves, from becoming a problem because a strainer is typically deployed on the end of the tubing used to pull water in and that keeps much of the debris out. 



Other Technology Used for Antifouling

Equipment provided by third party manufacturers:
• Ultraviolet light
• Air burst
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プレゼンター
プレゼンテーションのノート
https://amloceanographic.com/biofouling-control/

A couple of other types of equipment that people have been trying in the field as of late are the ultraviolet light and air pump. Ultraviolet light has been shown to slow or stop microbial growth. An air pump could be used to blast a jet of air on the faces of your sensors to blow off any sorts of sediment contamination. Some groups have been connecting air pumps to their data loggers and powering them on before their readings are to take place so that the sensors are as clean as possible for the reading. There are a variety of air pumps and UV lights on the market. Those pictured here are examples only and I have personally not tested either of them. If you guys are using any types of equipment like this that you would recommend, please feel free to share that information with us!



Remote Monitoring
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• Data available anywhere and anytime, 24/7
• Easy connection to telemetry system
• Real-time data assistance:

• Alarms warn if a threshold is met
• Alerts let you know if a site stops transmitting

プレゼンター
プレゼンテーションのノート
And for the last part of my section, I really want to highlight the importance of telemetry as a piece of the anti-fouling puzzle. Connecting your site to a web based data hosting platform can allow you to easily visualize your network of sites and data. In the first image here, you can see how quickly that an issue with a pollution source could be spotted, fouling could be identified, or potential algae blooms could be monitored. Graphically viewed data is a tremendous help when it comes to spotting trends and issues in data. Having the ability to view this data from your computer at Starbucks, your office, or your couch at home can help you really determine if a visit to your site really needs to take place. 
 
Also, real-time data telemetry sounds like a complicated thing to set up, but realistically, with a few simple clicks, you can be logging your data and seeing it live. Then, you can see your site displayed on a map, like we have shown in these next couple of pictures. Maybe you have a site near the coast like ours at the YSI ISS office in Massachussetts, or maybe you are monitoring on a canal, like another team does in Florida. By geotagging your stations, you can take a peek at some data simply by clicking on the name or you can also identify where alarms have been triggered – none in these locations right now!
 
HydroSphere can also be your behind the scenes friend and can alert you if something goes amiss without you having to continually look at the data. I won’t get too into details here since we recently presented another webinar about telemetry, but just know that with our tool, you can get alerts if anything you don’t want to have happen at your site starts to happen. On the next slide, I will show you an example of an alarm. 




Remote Monitoring Example: Alarm for Fouling
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• Turbidity fouling at this site is 
typically anything greater than 3 
FNU

• Set an alarm for:
• Turbidity greater than 30%                     

of average of last 96 
samples

• AND Water Level less than                 
1.95 feet

プレゼンター
プレゼンテーションのノート
In the picture here, you can see that something caused my turbidity to rise on the night of April 14. When I actually visited the site on April 16, I found a bunch of leaves trapped in the sensor guard and removed them, which led to the drop in the data seen here. 
 
What is nice though, is that I was actually alerted to the fouling by an alarm that I had set, so I knew that something was going to be affecting my sonde even before I logged into HydroSphere. 
 
In this instance, I set an alarm to trigger if my turbidity value most recently reported is greater than 30 percent higher than the average of the last 96 samples. 96 samples in my case is 24 hours of samples, so I am looking at answering the question, “Is my current sample much higher than the average in the last day?” However, we all know that storm events are really going to skyrocket the turbidity values higher than what is found at baseflow, so I also added a second condition that says that the water level must be less than 1.95 feet. Baseflow is around 1.85 to 1.9 feet, so this threshold allows for me to account for some possible inputs into the stream from spills or releases as a trigger for my alarm, but does not allow the alarm to trigger based on rain events. 



Recommended 
Cleaning 
Procedures

プレゼンター
プレゼンテーションのノート
Alright, Curt, it is your turn again! Would you please explain some of our recommended cleaning procedures to everyone?



What is your typical deployment length before 
servicing your sonde?

プレゼンター
プレゼンテーションのノート
Poll question options: 
1 week
2-3 weeks
4-5 weeks
6+ weeks



Fouling Field Kit
Common items found in a field trip kit:
• Lint free cloths
• Sponges
• Hard bristle brushes and/or toothbrushes
• Toilet bowl brush
• Scraping tool for hard growth
• Cotton swabs
• Brush kits that come with sensors
• Mild soap and clean water
• Spare O-rings and Krytox grease
• Sonde & sensor sleeves/duct tape/copper tape
• Sensor wrenches
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プレゼンター
プレゼンテーションのノート

Thanks so much for that interesting poll question Michael. 

I would like to share the three major reasons that I pay so much attention to Antifouling technologies at our test sites in Florida. Obviously we all want to make sure that we collect the highest quality data possible regardless of the length of our deployment. This is THE most important point when applying antifouling accessories. We have to keep the fouling at bay in order that our sensors can collect data that has not been interfered with. The second reason is that the longer we can leave equipment in the field without going out to do routine maintenance then the lower the overall cost of ownership of our equipment becomes. This time and money can be spent on other more important scientific endeavors. Lastly, the reason that I spend so much time trying to come up with ways to beat the fouling is that I HATE TO CLEAN SONDES. The less time I have to spend cleaning my sondes between deployments the better!
Now let’s spend a little time talking about how to take care of cleaning off all of the biofouling that will likely build up on the sonde during deployments 
Whether you are doing you cleaning in the field or the lab there are important items that you should always have on hand to help you with the cleaning process. Lint free cloths. It is important that when you are using paper towels to clean your equipment particularly the final wipe down that they be lint free cloths. The use of other regular paper towels can actually leave behind paper particles that can floresce and could potentially impact optical readings during calibration.  You will want to have on hand a variety of cleaning solutions like Simple Green, White Vinegar and Scrubbing Bubbles bath room cleaner. Having a wide range of brushes with differing bristles can also be very helpful. From a small brush like a tooth brush to help get into tight spots to a toilet brush which happens to be perfect for cleaning the inside of your sensor guard. I like using a small soft brass bristle brush for cleaning around the sensor retaining nuts. This works great for dislodging hard fouling that likes to get into the holes on the retaining nuts. Cotton swabs and sponges are very helpful also, but just remember to thoroughly rinse away any particles that might contaminate your calibration standards. 






Removing Hard Growth

• Use scrapers to remove growth as needed
• Soak equipment in vinegar, if needed

Curt’s Favorite Tool: Putty Knife!
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プレゼンター
プレゼンテーションのノート
It is always a good idea to have a variety of different blades and scrapers available to aid in the cleaning process. You will all come up with your own “favorite” items over time and each one has individual characteristics that help clean in all the little hard to reach areas. 
One of my “Go To” tools is the putty knife. It is terrific for scraping hard barnacle growth off of the sonde body and particularly the upper section of the sonde where the Sonde Bail, battery cover, cable and auxiliary connectors are located. This can be a very time consuming area when it comes to cleaning between deployments. If the hard fouling is too difficult to remove remember you can do an overnight soaking in White Vinegar or a shorter soaking in 1 Molar HCL solution. No longer than 15-20 minutes in the HCL. This is one of the reasons that I prefer to use Vinegar over HCL. If you forget that your sonde is soaking in Vinegar it is not going to damage the sonde and sensors. 
NEXT SLIDE PLEASE



NEXT SLIDE PLEASE





Removing Sediment and Staining

• Rinse off with fresh water
• Use mild soap cleaners

• Ex. Scrubbing Bubbles, Magic Erasers, Simple Green
• Make sure to clean between all sensors
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プレゼンター
プレゼンテーションのノート
Start by rinsing the sonde with fresh water or a mild dishwashing soap solution. Moving on to stronger cleaning solutions as needed.  It is common to use a bathroom cleaner like “Scrubbing Bubbles” or “Simple Green” to give you a little more help with the process. And remember you can always do a short soak in 1 Molar HCL, no more than 15-20 minutes or an overnight soaking in White Vinegar. CAUTION!! Please be sure to rinse well before going between HCL and Vinegar as you would NEVER want to mix these two together. 
NEXT SLIDE PLEASE





Sensor Specifics: Wiped Conductance

• Important to stop conductance 
fouling because salinity is also used 
for depth and DO

• Wiped conductance sensor can be 
wiped by central wiper, unlike 
standard sensor

• Fouling on electrode only
• Remove with Scotch Brite cleaners
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プレゼンター
プレゼンテーションのノート
Let’s chat a little further about cleaning some of the individual sensors as the technique can vary depending on the parameter. Once you have pulled the sonde from the water and cleaned its exterior it is also important to clean all of the sensors. Let’s start with the Wiped Conductivity Temperature Sensor.  Whether you are using the standard CT sensor or the Wiped CT sensor. It is imperative that the electrodes are perfectly clean between deployments and prior to each calibration.  If you are using heat shrink sleeves and copper tape, simply slice the copper tape off of the sensor with a sharp blade. This will allow you to remove the entire copper “skin” and will speed the cleaning process immensely. To clean the inside of the Wiped CT Electrode channel l like to use a sheet of Scotch Brite cleaning pads to gently scrub the electrodes clean. Make sure the cleaning pad is wet when performing this procedure. This same pad can be used to gently clean buildup off of the face of the Turbidity, Total Algae, fDOM and the new Rhodamine sensor. Please do not attempt to clean any of the ISE sensors or the ODO sensor with this cleaning pad. It can damage the membranes on these types of sensor. 
 If using the Standard Conductivity Temperature probe the electrodes are buried inside the body of the sensor and are more difficult to access. Use the small brush that was shipped with the sensor to clean the openings in the sensor. Both cross ways through the hole in the middle and also down from the top where the temperature sensor is located. If you have excessive buildup down inside this sensor you can soak the sensor first in warm water with a little bit of dish soap, or you can soak in white vinegar and then brush the electrodes clean. 
Make sure that whichever sensor you use that you rinse the sensor thoroughly with DI water before moving on to calibration.
NEXT SLIDE PLEASE
The ISE sensors will all vary a little bit in terms of the cleaning process that you can perform on the membrane or sensor face of the probe. 
Let’s start with the Ammonium or Nitrate sensor: When deposits, biofouling, or other contamination appear on the membrane, you should gently remove them with a fine jet of deionized water or rinsing in alcohol followed by soaking in the high calibration standard.  Finally, gently dab the membrane dry with a lint-free tissue.
 
The Chloride sensor is a little bit different:  When deposits, biofouling, or other contamination appear on the membrane, you should gently remove them by washing with alcohol and/or gently polishing with fine emery paper in a circular motion to remove deposits or discoloration, then thoroughly washing with deionized water to remove any leftover debris.
 
Please note that the  ion-selective membranes are very fragile. Do not use coarse materials (e.g. paper towels) to clean the membranes, as these could permanently damage the sensor. The exception is fine emery paper for the chloride sensor, noted above. I would like to refer you to the EXO user guide for further details on the ISE sensor.
Clearly the most popular of the ISE sensors, the pH sensor can be cleaned using one, or all of the three steps that I am about to describe. The first and simplest step is to simply vigorously swish the sensor in a beaker of warm water with a tiny bit of dish soap. If you do this in a small plastic beaker it is less likely for you to damage the pH glass bulb. Many times this is sufficient to clean the lightest of dirt and fouling. The second step can be used if after inspection the pH glass bulb is “foggy” or “dull” looking. Soak the pH sensor in 1 Molar HCL solution for approximately 3 minutes. Then rinse thoroughly in clean water. It is also a good idea to let the sensor soak for a few minutes in a little buffer 4 or tap water. This will help leach out any of the HCL that may have migrated down into the reference junction of the pH sensor. The third and my “Go To” cleaning process is to soak the pH sensor in a 1:1 mixture of tap water and regular household bleach. Let it soak for about 30 minutes and rinse with clean water or DI water and then again let this sensor soak in pH 4 or tap water for a few minutes to help leach any Bleach out of the reference junction of the pH sensor. It is ok to rinse a pH sensor with DI water but never store a pH sensor in DI water as it will prematurely leach the inside solution of the sensor out through the reference junction and will lead to its premature failure. 
One of the tell-tale signs that your pH sensor could use this third cleaning step is if your pH sensor is very slow to stabilize when moving from one buffer to another during the calibration process. The calibration process is the time when the pH sensor should be at its best, so if it is very slow to stabilize when moving between buffer 7 and buffer 10, or buffer 7 and buffer 4 this is an indication that the reference junction has been clogged with biofouling. Once we clean this biofouling out of the reference junction the sensors response time will likely improve.  
NEXT SLIDE PLEASE






Sensor Specifics: pH/ORP/ISE’s

• Make sure you choose unguarded sensor if 
using a sonde with a wiper brush

• Be careful to not damage glass bulb or 
membrane

• ISE Sensors:
• Gently use lint free cloth
• Use DI water or alcohol rinse

• pH Sensors:
• Swirl in soap and water
• Soak in 1M HCl
• Soak in 1:1 mix of bleach and water
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The ISE sensors will all vary a little bit in terms of the cleaning process that you can perform on the membrane or sensor face of the probe. 
Let’s start with the Ammonium or Nitrate sensor: When deposits, biofouling, or other contamination appear on the membrane, you should gently remove them with a fine jet of deionized water or rinsing in alcohol followed by soaking in the high calibration standard.  Finally, gently dab the membrane dry with a lint-free tissue.
 
The Chloride sensor is a little bit different:  When deposits, biofouling, or other contamination appear on the membrane, you should gently remove them by washing with alcohol and/or gently polishing with fine emery paper in a circular motion to remove deposits or discoloration, then thoroughly washing with deionized water to remove any leftover debris.
 
Please note that the  ion-selective membranes are very fragile. Do not use coarse materials (e.g. paper towels) to clean the membranes, as these could permanently damage the sensor. The exception is fine emery paper for the chloride sensor, noted above. I would like to refer you to the EXO user guide for further details on the ISE sensor.
Clearly the most popular of the ISE sensors, the pH sensor can be cleaned using one, or all of the three steps that I am about to describe. The first and simplest step is to simply vigorously swish the sensor in a beaker of warm water with a tiny bit of dish soap. If you do this in a small plastic beaker it is less likely for you to damage the pH glass bulb. Many times this is sufficient to clean the lightest of dirt and fouling. The second step can be used if after inspection the pH glass bulb is “foggy” or “dull” looking. Soak the pH sensor in 1 Molar HCL solution for approximately 3 minutes. Then rinse thoroughly in clean water. It is also a good idea to let the sensor soak for a few minutes in a little buffer 4 or tap water. This will help leach out any of the HCL that may have migrated down into the reference junction of the pH sensor. The third and my “Go To” cleaning process is to soak the pH sensor in a 1:1 mixture of tap water and regular household bleach. Let it soak for about 30 minutes and rinse with clean water or DI water and then again let this sensor soak in pH 4 or tap water for a few minutes to help leach any Bleach out of the reference junction of the pH sensor. It is ok to rinse a pH sensor with DI water but never store a pH sensor in DI water as it will prematurely leach the inside solution of the sensor out through the reference junction and will lead to its premature failure. 
One of the tell-tale signs that your pH sensor could use this third cleaning step is if your pH sensor is very slow to stabilize when moving from one buffer to another during the calibration process. The calibration process is the time when the pH sensor should be at its best, so if it is very slow to stabilize when moving between buffer 7 and buffer 10, or buffer 7 and buffer 4 this is an indication that the reference junction has been clogged with biofouling. Once we clean this biofouling out of the reference junction the sensors response time will likely improve.  
NEXT SLIDE PLEASE






Sensor Specifics: Dissolved Oxygen

• Do not use any types of alcohol on 
the membrane cap. It will eat the 
paint layer.

• Use soap and water
• Replace membrane cap if >25% of 

paint layer is missing
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The Membrane cap on the Dissolved Oxygen sensor is relatively sensitive. The paint layer can be damaged if you are too aggressive. Do not use alcohol on the membrane as it will damage the paint. You can gently wipe the membrane with a damp lint free cloth. You can use soap and water and if for some reason you have more severe fouling on the membrane you can soak the sensor in White Vinegar to help soften the fouling. This would be unusual as the Central Wiper does a very good job of keeping the membrane clean. If you inspect your membrane and it has lost more than 25% of its paint layer then it would be a good idea to install a new membrane on the sensor. 
NEXT SLIDE PLEASE





Sensor Specifics: Depth

• Do NOT stick things inside the depth sensor
• Use a plastic syringe and squirt water into 

depth sensor holes to loosen debris
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Occasionally you will find that biofouling has begun to clog the holes in the bulkhead that allow water to flow across the Depth transducer. It is very important that you never try to stick anything into these holes. You should only use the syringe supplied by YSI to flush water into the holes. Continue to flush with clean water until clean water is flowing out of the open holes. If the biofouling is harder in nature you can soak the sonde in White Vinegar to help to soften the fouling. AGAIN only use the syringe to flush with water do not attempt to pry or stick anything into the holes the transducer is very close to the other side and can be damaged if you make physical contact with it. This could result in costly repairs.
NEXT SLIDE PLEASE




Inspect Accessories

Verify integrity of:
• Sonde cable connectors
• Sonde cable
• Sonde bail
• Chain carabiner

Make sure you clean your deployment tube!!
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After you have everything all cleaned up it is very important that you take a closer look at your equipment. You want to protect your investment and also make sure that everything is in tip top shape before your next deployment. You want to make sure to inspect all aspects of the system. It is very important to inspect any O-rings and replace them if they are cracked or damaged. You also need to clean and  re-apply Krytox grease to your O-rings.  Always put a little dab of Krytox on your finger tip and apply by hand, this will allow you to feel any nicks or cuts in the O-ring. It is equally important to inspect all or your wet-mate connectors between deployments. We never want them to dry out. They should always have a clean coating of Krytox grease on the male and female parts of the connectors. It is also very important to clean off old grease occasionally before applying a new pristine layer of fresh grease.  Don’t forget about the sonde’s cable connectors, the cable itself, the sonde’s bail and chain carabiner. Be sure to look for signs of wear and tear.





Applying Sonde Sleeves

• Slide sonde into sleeve
• Use heat source (like hair dryer or heat gun) to 

shrink sleeve to sonde
• Wrap duct tape around sonde sleeve

• Duct tape provides additional protection for sonde

42

プレゼンター
プレゼンテーションのノート
We talked quite a bit about using heat shrink sleeves and copper tape to help fight against bio fouling so I thought I would go into a  little more detail about the process of applying the sleeves and copper tape. We have three different size heat shrink sleeves. One larger one that slips over the entire sonde. Smaller ones for all of the sensors and then a size that is specifically designed to fit the Central Wiper. They are easy to apply! You just slip the thin heat shrink sleeves over the sonde or sensors and then use a heat gun or hair dryer to apply enough heat to shrink them down to become a snug fit around the sonde body, sensors and Central wiper.
 
If you are in a low fouling fresh water environment you could stop here as these sleeves will be helpful in speeding the cleaning process when the system is covered by a soft sediment type fouling. But if you are in a Marine Environment the sleeves will need some protection against the harsh barnacles. This is why we finish the sonde body off with a layer of duck tape and shipping tape, and the Wiper and Sensors are protected with copper tape for the ultimate in Antifouling protection. 
Starting with the sonde. Once you have the sleeve applied to the sonde, take regular clear shipping tape to cover the area just above the bulkhead-where the sensors are installed. You do not want to cover this area with duck tape as it will block access to your LEDS and Blue tooth. Then using a brightly colored duck tape wrap the rest of the sonde body with duck take. You might wonder why I suggest brightly colored duck tape. There are a couple of reasons for this. Number one, the bright color will make the sonde easier to find should it be lost due to a heavy storm. Secondly, our testing has indicated that the bright colors also have some Anti Fouling characteristics that make it difficult for biofouling to get a foothold. NEXT SLIDE PLEASE





Application and Removal of Copper Tape
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If you are using our heat shrink sleeves you will enjoy the time saved in cleaning the sensor body.  In this sequence the customer is using regular shipping tape to first cover the sensor. Once you have installed either the heat shrink sleeve or the shipping tape, you are ready to wrap the sensor with copper tape.  You want to make sure that the tape does not protrude above the edge of the sensor where the “data collection” is being done. If you do, don’t panic, just use an X-Acto knife to carefully trim the edge off around the sensor face. I like to use a hard smooth surface like the edge of a Sharpe to smooth out the wrinkles in the tape. The final picture is a post deployment picture after the copper tape has been sliced for removal. **Remember if you are applying copper tape to either the STANDARD CT SENSOR OR THE WIPED CT SENSOR YOU MUST CUT OUT AROUND THE HOLES IN THE SENSOR SO THAT IT DOES NOT BLOCK THE FLOW OF WATER AROUND THE ELCTRODES**
 NEXT SLIDE PLEASE

 NEXT SLIDE PLEASE




Removing Sonde Sleeves
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As you can see from these photos, having the heat shrink sleeves under the duct tape make for simple removal. Carefully run the blade of an X-Acto knife down the length of the sonde and then peel away weeks and weeks of nasty buildup in about 10 seconds. This will reveal your pristine sonde beneath!






Protecting the Top of the Sonde
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The top end of the sonde can be very time consuming to clean. We wanted to come up with some easy way to reduce or eliminate this clean up time. We started running different tests to see how we could protect this area and save time between deployments. This is a simple Automotive CV boot that fits nicely over the top of the sonde. Zip ties were used to secure the rubber at the top end where the cable and chain run through and around the bottom edge to secure the CV boot to the sonde body. This item cost about $15 dollars at the local automotive supply store.  I have been using and re-using the same rubber boot for over four years!





Antifouling: Quick, Efficient, Inexpensive
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This is a photo of a triple sonde deployment at our FL Test Site. I simply wrap the top end of the sondes with duct tape before deployment and then post deployment, carefully cut the tape off to reveal a nearly spotless top end of the sondes. With no light getting into this area during deployment we do not see the amount of growth that we would otherwise experience. This simple inexpensive step turns what would have been 90 minutes of scraping and cleaning into about 5 minutes of work




Site Maintenance and Cleaning
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The diagram at the left shows the proper hole placement and size for a PVC sonde deployment tube. The picture in the top middle show two deployment tubes. The one on top shows a tube that was not cleaned for six months. The holes are too small and do not allow for proper flow. This will lead to data being collected that is not representative of the actual environment outside the tube but rather the micro environment within the tube. This particular data set is from our friends at the Jacques Cousteau National Estuarine Research Reserve. This sonde calibrated fine in the lab and passed all post deployment testing. The DO data was very odd and had what we would later refer to as “DO Fangs” As the tide came in, it flushed the tube with some fresh marine water and the Dissolved Oxygen levels appeared relatively normal. As the water inside the tube stagnated the Dissolved Oxygen values began to fall. Then with a fresh tide the DO bounced back to near normal levels then again began to fall. This very interesting data set is an indication of how important it is to build regular deployment tube maintenance into your site schedule. 




PVC Tube Cleaning Tool
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This Slide shows our Test Site in the Gulf of Mexico. We used a power washer to first clean off all of the hard fouling that even our AF paint had been unable to keep at bay. Then we re-painted with Antifouling paint before re-installing and my final photo for today is a quick reminder to check you solar panel whenever visiting your sites to make sure that the Birds are not helping to drain your batteries power 





R&D Test Site Deployment Tube out for Annual Cleaning
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This Slide shows our Test Site in the Gulf of Mexico. We used a power washer to first clean off all of the hard fouling that even our AF paint had been unable to keep at bay. Then we re-painted with Antifouling paint before re-installing and my final photo for today is a quick reminder to check you solar panel whenever visiting your sites to make sure that the Birds are not helping to drain your batteries power 



Questions?
YSI
info@ysi.com
Xylem APAC

info.apac@xyleminc.com

Contact us:

May 26th / www.xylem-analytics.asia
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Thanks so much for taking time out of your busy schedules to join us today. My hope for you is that you are blessed with health and safety throughout this pandemic. 
With that we will be glad to field some of the questions that have been coming in throughout the presentation.  
Michael, if you would not mind jumping back in for this portion we would appreciate your assistance. 
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