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Dissolved oxygen: RIN KO®   

プレゼンター
プレゼンテーションのノート
Before starting talk about the sensor, let me just quickly give you an overview of what JFE Advantech is in terms of oceanographic instruments

We manufacture various types of sensor, loggers, profilers, current meter, sensors for moorings equipped with wiper, 
deep sea loggers, OEM sensors for integration. All of this covering many seawater parameters (shown here in middle). But Our most famous sensor is our dissolved oxygen sensor, that we named RINKO.
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Measurement principle 
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 RIN KO ® is an optical dissolved oxygen sensor 

3 February 2020 

RINKO ®  means phosphorescence in Japanese 

プレゼンター
プレゼンテーションのノート
RINKO is an optical dissolved sensor and its principle is based on the phosphorescence quenching caused by the oxygen presence in a excited porphyrin based complex luminophore.

So, what happens is that we have dissolved oxygen permeating a very thin foil, that when we excite the foil with a source of light (such as a blue LED) and produce phosphorescence (red bandwidth). 

The phosphorescence is then measured by the receiver (a photodiode). The amount of phosphorescence depends of how much oxygen is present.
 
In fact, the name of our sensor, RINKO, is an allusion to its principle, since RINKO means phosphorescence in Japanese
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Measurement principle 

O2 Permeation 

O2 Sensing Foil 

Excitation Light (LED) Phosphorescence 

Phosphorescence 
quenching 

Porphyrin (excited) 
Porphyrin (ground) 

Phosphorescence intensity is not stable 

Phosphorescence life time 
(is what the sensor measures) 

プレゼンター
プレゼンテーションのノート
In other words, oxygen quenches phosphorescence by energy transfer from the complex when oxygen collides with it.

That means phosphorescence intensity will be somehow proportional to the amount of oxygen interacting with the sensing foil. 

The problem is that phosphorescence intensity is not stable, it varies depending on many factors and cannot be trusted. However, the phosphorescence life time, which also depends on oxygen concentration is far more reliable. And this is what the sensor measures.

What  I just presented here is not new and it is basically the principle for all optical dissolved oxygen sensors. However, RINKO’s particularity lies on its sensing foil manufacturing, which I would like to explain as well
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Development 

We are one of the few 
manufacturers in the 
world that provide both 
sensing foils and optical 
system technologies. 

As result, we can provide various types of sensing foil 

No. 165 for Argo floats 

プレゼンター
プレゼンテーションのノート
As result, we are able to provide various types of sensing foils for dissolved oxygen sensors, for different types of sensors,  adjusting the foils sensitivity depending on our needs.

We are one of the few manufacturers in the world able to produce both the sensing foil and the optical sensor.

Today I will present results and information on the prototype number 165 that was developed for Argo floats.
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RINKO® for Argo floats 
(Development challenges) 

 Maintain fast-response  

 

 Long-term stability (small drift over time) 

  

 High accuracy 

 

 Small size, low power consumption 

プレゼンター
プレゼンテーションのノート
In order to succeed in the development of this foil

We needed to overcome some challenges developing this foil.

We needed it to be fast-response, stable with a small drift over time, accurate and the instrument carrying the foil would need to be light, small and consume low power.
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RINKO FT    (RINKO® for Argo floats) 

 Fast-response  
• Robust sensing foil with increased gas 

permeability 

 

 Long-term stability (small drift over 

time)  
• Controlled excitation light emission in 

order to avoid deterioration of the 

oxygen sensing foil 

プレゼンター
プレゼンテーションのノート
Our answer for these challenges is a product that we called RINKO-FT

The sensor foil is robust with increased permeability, allowing a fast response.

We have a controlled excitation light emission in order to avoid deterioration of the foil
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RINKO FT    (RINKO® for Argo floats) 

 High accuracy 
• Modified Stern-Volmer equation is 

applied (Uchida et al., 2010). 

• Multipoint direct calibration 

 

 Small size, low power consumption 
• ϕ30 x 146 mm,  

• 162g in water 

• Operation mode: less than 30 mA  

Sleep mode: less than 0.1 mA  

プレゼンター
プレゼンテーションのノート
We used the Stern-Volｍer equation modified by Uchida et al 2010 together with a multipoint direct calibration in order to improve accuracy

The sensor body is small, about 15 cm large, weight 162 g and consuming less than 30 mA, which is suitable for floats.
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Fast response is essential to understand fine-scale DO variability. 
 
A slow O2 time response reduces fine-scale resolution and causes a 
lag between in situ and observed O2 profiles (Bittig & Körtzinger, 2017).  
 

Time series of DO in water at 
25 °C measured by RINKO FT. 

(63% response time) 

RINKO FT - Fast response 

RINKO FT response time(63%): less than 1s in water 

プレゼンター
プレゼンテーションのノート
A slow O2 time response reduces fine-scale resolution and
causes a lag between in situ and observed DO profiles

The ideal would be using a fast (and accurate) DO sensor to avoid that.

We used to confirm RINKO’s response time in air, but with RINKO FT we started doing in water

We measured the response time in water from bubbling water to sodium sulfite solution.
And obtained 63% in less than 1s
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RINKO FT – High accuracy 
RINKO FT  accuracy: ± 2 % of measured value or ± 2.0 μmol L-1 

• DO reference standard from National Metrology Institute of Japan - 
NMIJ certified traceable gases with air saturation values of approx. 
20%, 50%, 80% and 120%. 

• 16-point calibration 
 

• 4-point verification. 

プレゼンター
プレゼンテーションのノート
RINKO FT accuracy is plus minus 2% or 2 micromol per litter 

This picture shows once of our calibration facility. The sensors are placed in a isothermal bath were the oxygen saturation 
is changed by diffusing different mixtures using the National Metrology Institute of Japan - NMIJ certified traceable gases 


.
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RINKO FT – High accuracy 
RINKO FT  accuracy: ± 2 % of measured value or ± 2.0 μmol L-1 

• More accurate  
 

• It does not require a reference to be compared with, such as 
Winkler titration – minimizing systematic and experimental error). 

 

120% 

100% 
80% 

50% 

20% 

プレゼンター
プレゼンテーションのノート
We perform this calibration in four different temperatures (at 1, 10. 20 and 30 degC)
 
We use four mixtures of traceable gases with air saturation values of approx. 20%, 50%, 80% and 120%. Than as I said before, we perform 16 calibration points

The 4 verification points are done under 100% of saturation

This plot shows one complete calibration process with the respective error at each temperature, which are no larger than 2 micromol per liter

This method is very accurate. And we do not use any reference calibrated using Winkler titration in order to minimize systematic and experimental errors. 
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User 2-point calibration 

RINKO FT is designed to satisfy the 
required accuracy for a number of years 
without the need for recalibration. 

In case of long-term storage: user cali-
bration kit is available as an option, 
including a cable and a GUI software. 

 “Aging process” applied at factory to newly 
made DO sensing foil in order to overcome 
the initial drift. 

 RINKO FT can be easily detached from the 
float for calibration just before deployment 

RINKO FT – High accuracy 

プレゼンター
プレゼンテーションのノート
We also applied an aging process for all the new foils to overcome the initial drift.

IF, your instrument was stored for a long period of time, sensing foil may deteriorate and you may want to have it calibrated. 
The sensor can be easily detached from the float in order to perform a fresh calibration just before deployment. 

The sensor is design to hold its accuracy for a quite good number of years without the need of recalibration.
In case of long-term storage or even using in a recoverable platform we also provide a calibration kit as option (with cable and software) 
in order to perform 2-point calibration that should be enough to correct any drift before deployment.
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We have integrated RINKO-FT on different platforms 
(floats and gliders). 

RINKO FT – Performance 

S3A  
MRV floats 

SEAEXPLORER Glider from 
Alseamar 

Deep APEX float from 
Teledyne Marine 

APEX float from 
Teledyne Marine 

プレゼンター
プレゼンテーションのノート
Availability of different connectors allows for an easy integration in various platforms
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 We analyzed data from  BGC Argo floats equipped 
with RINKO FT 

RINKO FT – Performance 

 This is a work in collaboration with JAMSTEC 

Russia 

Japan Pacific  
Ocean 

 Floats deployed 
by JAMSTEC 

(Japan Agency for Marine-Earth Science and Technology) 

プレゼンター
プレゼンテーションのノート
We, TOGETHER with JAMSTEC.  analyzed data from BGC Argo floats 
equipped with RINKO FT to infer about its long term stability

We have only two floats, one APEX and one MRV float that were deployed 
by JAMSTEC (Japan Agency for Marine - Earth Science and Technology) 
in the northwestern Pacific Ocean since 2014 as shown in this map.
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  NO adjustment applied to data labeled as “realtime 
QC mode data” made available by Argo’s website. 

 

We analyzed DO profiles down to 2000 m depth. 

• 07/2014 to 01/2016 - MRV S3A(WMO ID2902530) 

 

• 07/2018 to 07/2019 - APEX (WMO ID2903354) 

 

 

RINKO FT – Performance 

(still operational as July 2019) 

プレゼンター
プレゼンテーションのノート
We did not make any adjustments or corrections of the data we have used from the Argo’s website.

We analyzed profiles down to 2000 m depth between 2014 and 2016 for the mrv float and from 2018 to 2019 for the apex float
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RINKO FT – Performance 

 DO minimum or maximum thin layers, as well as sharp 
gradients can be identified by the RINKO FT 

プレゼンター
プレゼンテーションのノート
RINKO FT fast response gives us a better spatial resolution, improving resolution and identification of  local maxima and minima as well as sharp gradients.

Such as those here pointed by the red circles.
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RINKO FT – Performance 
 RINKO FT reveals fine scale DO distribution that cannot be 

obtained by slow response sensors or water sampling 

 RINKO FT DO concentration 
agreed well with Winkler (blue 
circles) 

ΔDO < 2 μmol kg-1 

プレゼンター
プレゼンテーションのノート
Again, because of its fast and accurate response, RINKO FT reveals fine scale DO distribution 
that cannot be obtained by slow response sensors or water sampling, 
as you can see here in the zoomed area and a little bit below surface, where RINKO FT identified a local maximum.

This is the first vertical profile of the RINKO FT  on the MRV float that collected data at 2 dbar . DO data is plotted against the Winkler titration data sampled at the nearest site. 
The figure shows that the RINKO FT DO concentrations agreed well with what was obtained with Winkler.

The differences is less than 2 micromol/kg
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RINKO FT – Long-term stability 
No remarkable drift 

• 2014: less than 1 μmol kg-1 

• 2018: less than 2 μmol kg-1 

Sal. µmol kg-1 ℃ dbar 

σθ = 27.60 

σθ = 27.60 

プレゼンター
プレゼンテーションのノート
The figure shows DO concentrations at potential density of 27.6 (around 1500 m depth) together with depth (blue triangle) temperature(white triangle and salinity white square from the MRV and APEX float

We did not find a remarkable time drift. We found that for the MRV float less than 1 micromol/kg at same potential density around 1500 m depth  (sigma theta equal to 27.60)
And less than 2 micromol per kg for the APEX float over the period. 
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 High accuracy: RINKO FT agrees well with values obtained from Winkler 

 Fast response: allowed for fine scale DO gradient observations  

 Small drift: DO varied within 1 μmol kg-1 after several pressure cycles. 

RINKO FT – Conclusions and next steps 

(Uchida, H. et al. 2018 – poster pres. at 
6th Argo Science Workshop, Tokyo, 
Japan)ーarticle under preparation 

Pressure-induced effect:  
RINKO®  sensing foils did 
not present noticeable 
time-dependent pressure-
induced effect at 1000 m 
(parking depth).  

(difference is below 2 μmol kg-1) 

Next steps: 
RINKO-FT performance in the deep 
ocean (using Deep Argo floats and 
laboratory experiments). 
- analyzing pressure-induced effects 
and its correction. 

プレゼンター
プレゼンテーションのノート
To conclude 

We obtained high accuracy, fast response data that allowed a fine scale distribution of Dissolved oxygen gradients data
and a small drift along time after several pressure cycles which indicates that these new sensing foils are not affected by any 
pressure induced time dependent effect on their data at 1000 m parking depth – 
We hope that the article about this issue is under preparation be available soon.

We hope to analyze Deep Argo data using the filed and laboratory data, including pressure induced time dependent effect that may be present.  
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Thank you 
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RINKO FT A S 

Response time 
(63%) < 1 s < 8 s < 6 s 

Initial accuracy ±2 μmol L-1 

or ±2 % 
±2.5 μmol L-1 

or ± 1.5 % 
±3 μmol kg-1 

or ±2 % 

Resolution < 0.1 μmol L-1 < 1 μmol L-1 0.2 μmol kg-1 

Sampling speed 1 Hz 1 Hz 1 Hz 

Depth rating 2000 m/6700 m 6000 m 7000 m 

プレゼンター
プレゼンテーションのノート
0.1μmolL-1でも優位性をアピールできると思いますが，スペックシートでは以下を採用しています。
0.02μmolL-1（25℃100%近辺の標準値）
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