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Sensors & biofouling



Biofouling example 

Marine Benthic Observatories.

Biofilm development must be taken into acount ...
Photos : Ifremer (FR)



YSI 6600 EDS (Extended Deployment System) - Clean Sw eepTM

150 days ���� April - Sept 2005 ���� St Anne Portzic Brest

Biofouling example 

Photo : Ifremer (FR) L. Delauney



Biofouling example 

YSI 6600 EDS (Extended Deployment System) - Clean Sw eepTM 
150 days ���� April - Sept 2005 ���� St Anne Portzic Brest

Photo : Ifremer (FR) L. Delauney



Biofouling example 

Optisens Transmissometer 
90 days ���� August - October 2005 ���� Trondheim

Photo : Ifremer (FR) L. Delauney



Biofouling example 
Seapoint Fluorometer

90 days ���� May - July 2006 ���� Brest

Photo : Ifremer (FR) L. Delauney



Biofouling example 
70 days ���� June - August 2005 ���� Helgoland - DE

Ifremer (FR) L. Delauney Y. Faijan
GKSS (DE) K. Kröeger et Al. - CNRS UPR15 (FR) H. Cachet et Al.



Biofouling example 

� Materials and shape should be chosen very carefully  in order to 
reduce fouling attachment.

40 days ���� August - October 2005 ���� Helgoland - DE

Photos : Ifremer (FR) L. Delauney



Biofouling effect on marine sensors :

Progressive interface modification.

� Optical sensors : turbidimeter, fluorometer, ...,

=> optical property modification
(Window opacity, interference, ...

� Membrane based sensors : pH, oxygen.

=> membrane permeability modifications.

Loss of sensibility,
drift,

response time, etc.

This problem must be treated as long as autonomous m easurement 
longer than 1 week is involved.

Atlantic Ocean Bosphorus strait Baltic sea



Biofouling effect on an in-situ Fluorometer

100 days ���� 19 may - 31 August ���� Millport

Scufa n°°°°1
Unprotected

Scufa n°°°°2
Protected

Fluorimètre SCUFA - Millport - Écosse

jours19 mai au 31 août

Ifremer (FR) Delauney, V.Lepage Ifremer (FR) Delauney, V.Lepage -- UMBSM UMBSM (UK) Dr P. Cowlie(UK) Dr P. Cowlie



Conductivity Measurement - TPS35 Micrel Instrument

Sensor deviation example : conductivity

133 days ���� 03 June - 16 October 2003 ���� St Anne Portzic Brest



� The protection system must delay the biofouling eff ect on the 
response of the measuring system for at least 1 mon th in severe 
conditions and for 3 months in average condition.

For specific applications like deep sea observatori es, biofouling 
protection effect should last for at least 6 months .

� The protection system should be compatible with aut onomous 
energy supplying (batteries).

Objectives

� The protection system must be adaptable quite easil y on existing 
instrumentation.

� The protection system must not affect the measureme nts produced.



Protection Strategy

to get closer and closer

the measurement interface



Global Protection

� Pumping is needed

Water Inlet

Water Outlet

Biocide

Sensors

MAREL - Ifremer
Mesures Automatisées pour l’environnement littoral

(Autonomous Measurement for Coastal Environment)

Photos : Ifremer (FR)



Local Protection

Turbidimeter TBD 35 Turbidimeter TBD 35 -- NKENKE

Biocide

� Biocide can be localised as close as 
possible of the sensing element of 
the instrument.

� Pumping system not needed

SensorSensor



Coated window Protection

Interface Modification
Glass window coated with a specific material
in order to generate biocide on the surface

� Biocide generation is situated on 
the window surface.

� Biocide quantity needed is very low.

� Optical sensor, camera, lights, ...

TriOS microFluTriOS microFlu --chlchl

SensorSensor BiocideBiocide



ExistingExisting biofoulingbiofouling protectionprotection

for oceanographic sensorsfor oceanographic sensors



Mechanical Protection

YSI 6600 EDS (Extended Deployment System) - Clean Sw eepTM



Mechanical Protection
ZEBRA-TECH (NZ) – Hydro Wiper

Photos : Zebra-Tech Web Site



Mechanical Protection
ZEBRA-TECH (NZ) – Opto Shutter

Photos : Zebra-Tech Web Site



Mechanical Protection
ZEBRA-TECH (NZ) – Opto Shutter

Film : Courtesy of NORTEKMED



Copper Biofouling protection
Fluorimeter Seapoint + Hobilabs Hydroshutter 

• The Hydroshutter must be controlled by an external unit  in order to 
open and to close it.

• The instrument must be customised in order to build a Copper cell.

Ifremer (FR) L. DelauneyIfremer (FR) L. Delauney



Copper Biofouling protection
Fluorimeter Seapoint + Hobilabs Hydroshutter 

Ifremer (FR) L. Delauney



Biocide tablets 
Seabird conductivity sensor => TBT

Projet NOSS : NKE, Telecom Bretagne, SHOM, ifremer 

Illustration : NKE Illustration : NKE



Sensors biofouling protection by

seawater electrolysis

ROSE Experiment results
Benthic station – June to September 2006 - 25 meters deep 

• Hydrocarbon fluorometer : Trios EnviroFlu-HC

Photo : Delauney Photo : Delauney



Tempo mini

Photo : Delauney

Sensors biofouling protection by

seawater electrolysis



Ifremer (FR) L. Delauney Y. Faijan

GKSS (DE) K. Kröeger et Al. - CNRS UPR15 (FR) H. Cachet et Al.

40 days ���� August - October 2005 ���� Helgoland - DE

Coated window Protection



ConclusionConclusion

•• Various techniques are now available to protect windows :Various techniques are now available to protect windows :

-- WipersWipers
-- Copper shutterCopper shutter
-- Bleach Bleach 
-- Local biocide generationLocal biocide generation

•• The choice can be driven by different aspects :The choice can be driven by different aspects :

Hardware matter :Hardware matter :
-- Robustness (depth of use) Robustness (depth of use) 
-- Mechanical complexityMechanical complexity
-- Easiness of adaptation to the existing instrumentEasiness of adaptation to the existing instrument
-- Level of integrationLevel of integration

Metrological aspect :Metrological aspect :
-- Adverse effect to the measured parameter.Adverse effect to the measured parameter.
-- Is system can be turned on and off.Is system can be turned on and off.

Economical  aspect :Economical  aspect :
-- Availability on the market.Availability on the market.
-- Price.Price.



Local Local chlorinationchlorination

by seawater electrolysisby seawater electrolysis

forfor biofoulingbiofouling protectionprotection

of oceanographic sensorsof oceanographic sensors

Ifremer (FR) L. Delauney
laurent.delauney@ifremer.fr



Chlorine Generation System
In Sea Water

« Working electrode »
Anode (-)

« Counter electrode »
Cathode (+)

Current

� Sea water electrolysis : Hypochlorous Acid generati on.

Note : Anode and Cathode naming is electrochemistry convention, electricity convention is the opposite. 

Current generator

Ifremer (FR) L. Delauney
laurent.delauney@ifremer.fr



Chlorine Generation System
In Sea Water

« Working electrode »
Anode

Then in function of pH and Temperature :

Hypochlorous Acid

When pH => btw 7 and 8.5, temperature has no effect  (Chambers et al.)
Seawater pH = 8.2

Ifremer (FR) L. Delauney
laurent.delauney@ifremer.fr



Chlorine Generation System
In Sea Water

« Counter electrode »
Cathode

A deposit can be observed on the counter electrode :

Ifremer (FR) L. Delauney
laurent.delauney@ifremer.fr



Laboratory and

in situ

tests



Tests performed :Tests performed :

VariousVarious
places for testplaces for test

•• Turbidity : TBD 35 NKETurbidity : TBD 35 NKE
-- Sainte Anne du Portzic Brest, FranceSainte Anne du Portzic Brest, France

-- Mont Saint Michel Bay, FranceMont Saint Michel Bay, France

•• OxygOxyg èène : Optode Aanderaane : Optode Aanderaa
-- Sainte Anne du Portzic Brest, FranceSainte Anne du Portzic Brest, France

•• Fluorescence sensors :Fluorescence sensors :
-- Scufa  Turner Designs Scufa  Turner Designs -- Millport island, ScotlandMillport island, Scotland

-- microFlumicroFlu --chl TriOS chl TriOS -- Helgoland, GermanyHelgoland, Germany

-- Seapoint Seapoint -- Brest Brest -- FranceFrance

•• Transmissometer : OptisensTransmissometer : Optisens
-- Trondheim, NorwayTrondheim, Norway



VariousVarious
instrumentalsinstrumentals
technologiestechnologies

VariousVarious
places for testplaces for test

•• Turbidity : TBD 35 NKETurbidity : TBD 35 NKE
-- Sainte Anne du Portzic Brest, FranceSainte Anne du Portzic Brest, France

-- Mont Saint Michel Bay, FranceMont Saint Michel Bay, France

•• OxygOxyg èène : Optode Aanderaane : Optode Aanderaa
-- Sainte Anne du Portzic Brest, FranceSainte Anne du Portzic Brest, France

•• Fluorescence sensors :Fluorescence sensors :
-- Scufa  Turner Designs Scufa  Turner Designs -- Millport island, ScotlandMillport island, Scotland

-- microFlumicroFlu --chl TriOS chl TriOS -- Helgoland, GermanyHelgoland, Germany

-- Seapoint Seapoint -- Brest Brest -- FranceFrance

•• Transmissometer : OptisensTransmissometer : Optisens
-- Trondheim, NorwayTrondheim, Norway

Tests performed :Tests performed :



in situ results
---

Local chlorination

by seawater electrolysis



Scufa #1
UnprotectedScufa #2

Protected

Chlorinator
is out of order

for 7 days

Local ChlorinationLocal Chlorination
In situ biofouling prevention efficiency testIn situ biofouling prevention efficiency test

100 days duration 100 days duration �������� 19th may 19th may -- 31st Aug 31st Aug �������� MillportMillport

Fluorescence Measurement Fluorescence Measurement -- Turner Scufa instrumentTurner Scufa instrument
Ifremer (FR) Delauney, V.Lepage Ifremer (FR) Delauney, V.Lepage -- GMTC (UK) Pr M.J. Cowling GMTC (UK) Pr M.J. Cowling -- Dr P. CowlieDr P. Cowlie



Protected

UnProtected

Conductivity Measurement Conductivity Measurement -- TPS35 Micrel InstrumentTPS35 Micrel Instrument

Local ChlorinationLocal Chlorination
In situ biofouling prevention efficiency testIn situ biofouling prevention efficiency test

133 days 133 days �������� 03 June 03 June -- 16 October 2003 16 October 2003 �������� St Anne Portzic BrestSt Anne Portzic Brest



Observatoire fond de mer : NEPTUNE Canada

Underwater network (3 km)

40m to 300m deep

6 months between 

maintenance…



VENUS TRANSMISSOMETERVENUS TRANSMISSOMETER
Ifremer Biofouling Protection Ifremer Biofouling Protection –– VENUS DataVENUS Data

1 month

6 months

6 months

5 months
6 months

4 months

Ifremer Ifremer 
Biofouling Biofouling 
protectionprotection

No protection or copper protectionNo protection or copper protection



VENUS TRANSMISSOMETERVENUS TRANSMISSOMETER
Biofouling ProtectionBiofouling Protection



VENUS TRANSMISSOMETERVENUS TRANSMISSOMETER
Ifremer Biofouling Protection Ifremer Biofouling Protection –– VENUS DataVENUS Data

5 months

Ifremer Ifremer 
Biofouling Biofouling 
protectionprotection

No protection or copper protectionNo protection or copper protection

Signal Signal 
level after level after 
cleaningcleaning



Protection antisalissure

chloration localisée (procédé ifremer)



Seafloor observatory

Neptune

Photo : ifremer



Tempo Mini
Biofouling protection



Tempo Mini
Biofouling protection



48

MOMAR-D – Lucky Strike - Açores
RDT & DEEP & IDM

Observatoire déployé en octobre 2010 par 1700m sur le site hydrothermal Lucky Strike

Image extraite de la caméra HD IFREMER « SMOOVE » et transmise quotidiennement à

terre par lien acoustique et satellite



ConclusionConclusion

•• Local Protection can be adapted to many kind of inst rument Local Protection can be adapted to many kind of inst rument 
quite easily.quite easily.

•• The energy need is compatible with autonomous monitor ing The energy need is compatible with autonomous monitor ing 
(2 D cell for 3 months).(2 D cell for 3 months).

•• Good  results have been obtained for parameters common ly Good  results have been obtained for parameters common ly 
used for marine monitoringused for marine monitoring ..

•• local Protection can be scheduled in order to leave fre e time local Protection can be scheduled in order to leave fre e time 
interval to perform the measurement (if needed).interval to perform the measurement (if needed).

•• 50 mm diameter windows of optical sensors have been 50 mm diameter windows of optical sensors have been 
protected with success.protected with success.

•• In some situations, pumping should be kept in order to flush In some situations, pumping should be kept in order to flush 
the system to prevent sediment trap or deposit on sens ors.the system to prevent sediment trap or deposit on sens ors.



ProspectiveProspective

•• Fouling sensor for optimized schedulingFouling sensor for optimized scheduling

•• Synchronization with the sensor to protectSynchronization with the sensor to protect

Active fouling
protection device

Area to protect

Energy
Scheduling

board

Fouling
sensorProtected sensor

Synchronization with
the sensor to protect

Fouling protection device

Biofouling managementBiofouling management



ProspectiveProspective
Global Biofouling Global Biofouling managementmanagement

Data acquisition
Fouling protection

Data acquisition
Fouling protection

Data acquisition
Fouling protectionSequencing

- Data acquisition

- Fouling protection

Protected
Sensors

O
n shore adm

inistration

Marine underwater observatory node

Data acquisition
Fouling protection

Data acquisition
Fouling protection

Energy

Fouling
sensor



SmartSmart SensorsSensors

ProspectiveProspective
Biofouling managementBiofouling management


