
 Towards reliable in-situ real-time 

oxygen measurements 
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Oxygen measurements 

Oxygen measurements: 

• deliver information about the biological status of the sea area 

• deliver information about water exchange 

• help to evaluate the environmental conditions for marine life 

• indicate biological production/extinction 
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Oxygen measurements 

Oxygen distribution in the Western Baltic Sea, Sep. 2001 

Insufficient: 

Poor: 

Fair: 

Good: 
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Oxygen measurements 

Ways of measuring oxygen: 

• Winkler Titration 

• Clark-cell Sensor (electrochemical, closed system) 

• Züllig Sensor (galvanic, open system) 

• Optode (chemo-optical system) 
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Oxygen measurements 

Winkler Titration: 

Advantages: 
 

• Standard measuring method 

• High accuracy 

• High resolution 

 

Disadvantages: 
 
• not usable for continuous measurements 

• laboratory equipment is needed 
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Advantages: 
 
• automatic measuring system 

• generating continously data 

• acceptable resolution/accuracy 
 

Disadvantages:  
• extensive calibration/maintenance work before installation neccessary 

• long-term stability is limited to the reaction of the electrolytical liquid 

• susceptible to bio-fouling 

Oxygen measurements 

Clark-cell Sensor: 
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Oxygen measurements 

Oxygen satur- 

ation in 30 m 

depth at MAR- 

NET - station 

German Bight in 

2001 (Clark-cell) 

 New sensor 

installed 

 New sensor 

installed 

 New sensor 

installed 

Sensor-drift beginning 

in September and 

failure afterwards 
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Advantages: 
 
• automatic measuring system 

• generating continously data 

• acceptable resolution/accuracy 

• not susceptible to bio-fouling 

• little calibration/maintenance work before installation neccessary 

• high long-term stability due to open system without electrolytical liquid  
 
Disadvantages:  
• whetstone has to be working continuously 

• relatively high energy consumption 

• mechanical instability 

• small changes in the surface geometry of the electode create major changes in the 

oxygen values 

• in-situ calibration necessary 

 

 

 

Oxygen measurements 

Züllig Sensor: 



16.10.2012 Detlev Machoczek (BSH) 9 

raw 

data 

No recalibration or maintenance of 

the sensor during measuring period 

Difference between Winkler-titration 

and sensor value after 3 1/2 month‘s 

of operation is only 2 - 3 % !   

Winkler- 

titration 

Winkler- 

titration 

Winkler- 

titration 

Oxygen measurements 
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Oxygen measurements 

Optode: 

Advantages: 
 
• no movable parts 

• easy to handle 

• stable measurements up to one year 

• comparatively low energy consumption 
 
Disadvantages:  
• foil cannot be treated by mechanical cleaning 

• relative long response time, not suitable for profiling systems  
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Oxygen measurements 

Dynamic Luminescence Quenching: 
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Oxygen measurements 

The optical design 
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Sauerstoffoptoden Fehmarnbelt 03.07.2009 - 26.01.2010
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Oxygen measurements 
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Oxygen measurements 
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Oxygen measurements 

Fast response oxygen sensor: 



16.10.2012 Detlev Machoczek (BSH) 16 

Oxygen measurements 

CTD 

Winkler 
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Oxygen measurements 

Fast response oxygen sensor: 

First results: 

Calibration measurement 12. 06. 2012: CTD – Winkler-Tit.: 0.6 % 

Calibration measurement 27. 09. 2012: CTD – Winkler-Tit.: 0.4 % 

No calibration of the CTD – oxygen sensor between the two 

measurements!  


