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Successful implementation of a novel autonomous 

total alkalinity (AT) analyzer on a commercial Ship of 

Opportunity (SOOP) 
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The ship 

• M/V Atlantic Sail operated by Atlantic Container Line 

(ACL) between Europe and North America 

 

Installation in the ship’s engine room 

The AT analyzer 

• Measurement principle:  

Single-point open-cell titration of 

the seawater sample with 

subsequent  spectrophotometric 

pH determination (indicator dye = 

bromocresol green) 

• Measurement interval: 15 min 

  Daily reference measurements for drift correction and 

quality assurance (á 5 consecutive measurements) 

CONTROS HydroFIA® TA  

(-4H-JENA Engineering GmbH, Germany) 
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1. CONTROS HydroFIA® TA system 

2. Crossflow filter device (-4H-JENA Engineering 

GmbH, Germany) for AT measurements (0.2 

µm filter) 

3. SBE 21 SeaCAT Thermo-salinograph (Sea-

Bird Electronics, USA) and seawater manifold 

4. Electric box (containing the main electrical 

management and the control computer) 

5. General Oceanics (GO) underway pCO2 

system 8050 (USA) for autonomous pCO2 

measurements 

High-volume reference 

seawater storage tests 

• Standard Certified Reference Material (CRM) bottles 

(500 mL) are not sufficient for long-term deployments 

 

 Testing several high-volume (5 L) container types and 

materials with respect to their suitability to stably store 

seawater over a long time (max. 30 days) 

Gas sampling bags 
Multi-foil with polyethylene (PE) inner layer 

Multi-foil with PE inner layer 

Polyvinylidene fluoride (PVDF) 

 Nalophan™ bag 

Infusion bags 

Ethylene-vinyl acetate (EVA) 

EVA 

PVDF 

Other containers 

PE canister 

Glass bottle 

Polypropylene (PP)  

canister 
• ∆AT = Bias to the start AT value after x days 

• Light gray area =  Uncertainty requirement for AT 

measurements by ICOS (± 10 µmol kg-1); for more 

details see: https://otc.icos-cp.eu 

• Dark gray area = Typical uncertainty of the 

CONTROS HydroFIA® TA (± 2.2 µmol kg-1); 

determined during previous study 

• Stability requirements:  

 Must: All ∆AT within ± 10 µmol kg-1  

 Ideal: All or most ∆AT within ± 2.2 µmol kg-1 

 

 Only the gas sampling bag made of PVDF fulfills the 

requirements (average bias = 0.2 ± 1.3 µmol kg-1) 

 

• All reference measurements on the ship were 

conducted out of a 5 L PVDF gas sampling bag 

First four measurement campaigns 
With one of our working group 

onboard (with discrete sampling): 

Entirely unattended: 

Intercomparison with discrete samples 

Mean 

± 1σ 

-0.2 ± 4.7 µmol kg-1 -0.5 ± 4.3 µmol kg-1 

Bias (∆AT) 

between 

autonomously 

measured AT (drift 

corrected) and AT 

values of discrete 

samples 

Conclusion 

 Stable high-volume CRM storage for regular reference measurements during 

campaigns was found → 5 L PVDF gas sampling bag 

 

 After installation → four measurement campaigns with autonomous AT 

measurements were conducted (two of them with discrete sampling) 

 

 Comparison between autonomous AT values (drift corrected using CRM out of 

PVDF gas sampling bag) and AT values of discrete samples 

 Slight deterioration compared to previous field characterization  

(-0.3 ± 2.8 µmol kg-1 with freshly opened CRM bottles for each reference 

measurement)  

 But: Entire fulfillment of uncertainty requirements for SOOP lines given by 

ICOS (± 10 µmol kg-1) 

 

 Implementation of autonomous AT measurements was successful 


