Using a Copper-Alloy Based Systentor Effective Biofouling

Deterrence
New Anti-Fouling Methoddrom YSI Inc.Reduce Impact of Biological Fouling on
Water Monitoring Instrumentation

Although biological fouling has always been an issue for water quddits collection,
longer deployment times are now more common due to advances in electronics and equipment
design. Considering this, manufacturers are actively pursuingoaitig methods to reduce the
impact of biofouling on the quality of collected daResearchers i YSI Incorporated tested
anti-fouling materials fortwo yearsat six different sites This paper examines data from two of
these sitesDeployments indicate that afituling hardwareon water quality sondesffectively
provides viable da for extended deployments of more thhdays. In contrast, biofoulingore
rapidly affected the control instrumeriised inthese experiments.

Battling Biofouling

Collecting viablewater quality data always has challeng®¥'ster and weatheonditions, as
well as site location and access are some of the difficulties faced when trying to collect high quality
data. On the technology side, improved sensor stability, longer battery life and lower power
consumption allow for longer sensor deploymémesat lower operating costsThese factors
create new questions about sensor maintenance intervals due to biofouling; the longer an instrument
stays in the field, the greater the risk for biofouliRgr our purposes,itfouling is defined aghe
acaimulation ofmicroorganismsplants algaeand small animalson water monitoring equipment
Biofouling impacts data quality as the biological growth on sensing components interferes with
readings and often causes false positives, increased noise andfagunsorFor example, optical
turbidity sensors eminfraredlight and then measure tlseatter of lightcaused by particles in the
water Biological growthon the optics also causes ligddatter,creatingartificially high turbidity
values. With this kowledge, water managers must consider biofouling tepecific sites and
seasongn order to plan site maintenance visitypical site visitsrequire multiple employees and
vehicle usage as well as the time and resources to travel to the site(gmenqu preparation,
equipment cleaning, readings verification and instrument redeployment. Therefore, more frequent
site visits require more resources and ultimately more money spent to collect quality data for a
given site.

The Alliancefor Coastal Teahologiesestimates that maintenance costs due to biofouling
consume 50% of operational budgets. Over the years, methods for combating biofouling on
submerged sensors hageolved fromthe use of toxic chemicals and puntpsmore mechanical
systems that usaipers or shutters to combination systems that use mechayssmsand
technologies such asdtrasonicor chlorine generation systenibhe latter systems areften more
effective and typically do not have a negative impact on the environment. GQuop@ningpaints
have been used as a biofouling countermeasure but there are significant limitations when applying
to sensors since the paint interferes with sensing technologies, pollutes the environment, and must
be reapplied on a regular basidowever,copperbased alloys are being use as a good alternative;
many alloys have low dissolution rates and little impact on the environment, and they can last for
long periods of time. Mterials with antfouling properties aréncreasingly beingcoupled with
mechanical systems that physically wipe guardthe sensing etaent between sampling intervals
to provide optimal protection.
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Generally, marine biofouling presents a greater challenge than freshwater biofouling due to
presence of hard fouling organisms lsas barnacles and mussels. Also, when considering marine
applications, the speed of settlement and aggressive growth of organisms on submerged surfaces are
key factors. Soft fouling organisms typically characterize freshwater systems and are often more
easily controlled by mechanical wipers. It should be noted that hard fouling can completely cover
the optics on probes, thus completely corrupting data and potentially damagiegsing glement.

Figure 1. Water quality sondeith soft fouling

Figure 2. Water quality sonde with hard fouling
Anti -Fouling Experiments

Researchers choséx ssites throughout the United States for leteym field tests on a
variety of prototype antiouling systemswhich were used in conjunction with the sensor wipers
and brushes e mPeries Mdtgparameter SoBddsach sité, two freshwater and four
marine, represented a challenging field condition. Over 18 months, the research team tested and
refined the ati-fouling componentsselecting specific materials that provided optimal durability
and antifouling properties.
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South Florida Test Site

The University of South Florida collaboratetth YSI at a deployment siia St. Petersburg
Harbor. Deploymentwere to a depth of 0.5 meters with sondes configured to collect data every 15
minutes. A sondenounting apparatus and test platform used in the study allowed researchers to
deploy multiple sondes in close proximity at the same depth to expose the soildesséme
conditions. The platform allowed easy access to the sondes for biofouling checks and instrument
servicing. Visual inspection, photographic documentation and data downloads were completed on a
weekly basis.
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Figure 3. Test platform in SPetersburg Harbr used for antfouling testing

For the experiment, the following three afttuling treatments were deploye@ontrol;
Copperalloy componentsandCopperalloy components Copper nesh.The control sonde did not
utilize any antifouling hardwareother than standard wipenshile thecopperalloy sonde utilized
copperalloy sensor guasiplus copperalloy sensor housings or copper tape onhtbasings The
copperalloy + mesh sondeutilized the same hardware as tbepperalloy sondes, but also
included a copper wire mesh on the inside of the sensor guard. The mesh was used to minimize the
entry of potentially colonizing marine plants and animals into the sensor area.

The temperature dataom all three configurationslid not exhibit lofouling effects and
accurately represented site conditions. The sonde tempecatapensates all data; therefore it is
important to always ensure that fouling does not corrupt temperature readings. Specific conductance
dataindicated that biofouling a#icted theconductivity sensor on theontrol sonde. All sondes
exhibited similarspecific conductivitytrends for the first 22 days; after which, the control sonde
began to deviate from the two afduling sondes.

YSI 6s conducti vi t yckel dentodes inside thes sessor bany with n i
channels that allow water to flow freely throud
location of the electrodes presented an-fmitiing challenge. The solution was a combination of
treatments. Gpper tape treated the outside of the sensor housing. While initial testing of copper
paint provided protection to the inlet and outlet portions of the sensor, it cannot be used on the
electrodes as it insulated the sensor from the measurement envireanddnased the data. In the
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end, a small coppenesh screen was used around the probe to prevesettteemenof biofouling
organisms. In addition, the electrodes were treated wiBpKay, a nanopolymer coating used to
inhibit the attachmenaf fouling organisms. These treatments did not impact the conductivity signal
and extended deployment times from weeks to months.
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Figure 4. Anti-fouling copperii s o aidedfor conductivity sensors

Data from asecondmarine sitein Marion, Massachaetts, indicatedhe effectiveness of a
conductivity/temperature probeitiv this antifouling protection When first deployedhe probe did
not have the copper mesbreenDuring a 46-day deploymenin mid-summey biofouling impacted
the unprotectedconductivity sensor afted8 days After cleaning the sensoresearchers installed
the copper meshisockdo and treated t he c o3phy blate sunmeythee |l ect
sondes were redeployethe data indicated that the treated conductivity senssulted in93 days
of maintenancdree, accurate data.
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Figure 5. Antifouling datafrom sondausing copper messcreenand GSpray

Opticalwater quality sensors aseisceptible to biofouling due to the exposed @psarface
and thesensitivity to @rticles in the light path or covering the membralmeaddition, multiple
potential growth surfaces (sonde guard and wiper assemblies) surround the optical sensors and
provide opportunity for fouling tampact these surfaces amdfect readings. Opticalissolved
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oxygen data from theest site in Floridandicated that both antouling sondes performed well over
the 40day deployment, while the control sonde diverged from the norm 11 days after deployment.
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Figure 6. Optical Dissolved Oxygen data frortofida test site. The control sonde showed evidence
of fouling after 11 days of deploymenthile the antfouling sondes were not affected by fouling for
40 days.

Like dissolved oxygen, turbidity data was similarly compromised. The data indicated that
the control sonde began to deviate from the-fanting sondes after only nine daysowever the
anti-fouling sonde collected good datdatoughout the 4@ay deploynent Theanti-fouling sonde
showed evidence of biofouling on the mounting apparatus, but sensor surfaces, wiper bodies and
brushes were free of biological growth. In contrast, the control sonde displayed fouling on sensor
surfaces as well as wiper andisin bodies that ultimately affected the quality of data collected.

Gulf of MexicorTest Site

The Louisiana Universities Marine Consortium (LUMCON) provides coastal laboratory
facilities to Louisiana universities and conducts research and educational programs in the marine
sciences. LUMCON compared data from sondes withouffanling protection® data from sondes
that applied an anfouling sensor guard as well as copper tape on sensor bodies and wiper/brush
bodies. Data are from separate deployments at the same site in the Gulf of Mexico, 30 miles
offshore and deployed to a depth ah&ter The control sonde (no adbuling measures) collected
data in the lowefouling winter environment and the aftiuling sondes collected data in the
higherfouling summer environment.
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Turbidity data from the control sondesshow low NTU levels until day 4%f the
deploymentwhen theNTU levels steadily riseHigh turbidity readings and the high frequency of
spikes in the data suggest that the optical sensor is covered by biofouling. Similar trends appeared in
the chlorophyll data. In the first 32 daygikes in the data may have resulted from algae or other
chlorophylicontaining material in the water column. However, after 32 days the increase in spike
frequency in the data indicates that biofouling impacted thdituradity of the sensor

30 ‘ ” r 1200
* M I | | B
g 20 r 800 E'
o S
2 i S
© 15 r 600 <
(0] —
= 2
§ c
= 109 +— — Temperature (C) L 400
— Turb - NTU
5 r 200
0 - T T T 0
12/3/07 0:00  12/18/07 0:00 1/2/08 0:00 1/17/08 0:00 2/1/08 0:00 2/16/08 0:00
Date

Figure 83. Turbidity datafrom control sonde at Gulf of Mexico test site. Nmtdouling dfectafter
45 days

Figure 9. Chlorophyll datafrom control sonde at Gulf of Mexico test site. Note biofouling effect
after 32 days
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