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In this supplementary material, we describe a simplified air-calibration for O2 optodes that 

can be readily implemented by any laboratory. We assessed the reproducibility and accuracy of 

this method by comparing the air-calibration to the standard Winkler Titration in the laboratory 

and on a shipboard underway system, and demonstrated that an accuracy of better than 1% can be 

achieved. 

 

Simplified air-calibration of optodes 

Drift in the calibration for oxygen optodes can be accurately corrected for by applying a 

gain correction to the raw output of the sensor: 

 𝑂2,𝑐𝑜𝑟𝑟 =  𝑂2,𝑟𝑎𝑤 × 𝐺 (1) 

where G is the gain, O2,raw and O2,corr are the raw sensor output and the corrected O2, respectively. 

This correction assumes that the zero drift for optodes are negligible, and is supported by field 

(Takeshita et al. 2013) and laboratory observations (Bushinsky and Emerson 2013). The gain can 

be computed from optode measurements in air, with knowledge of total atmospheric pressure and 

humidity, since the mole fraction of O2 in the atmosphere is constant (Bittig et al. 2018). Air 

calibrations can be conducted in situ (Johnson et al. 2015; Bushinsky et al. 2016), or in the 

laboratory (Bushinsky and Emerson 2013). Laboratory air calibrations can achieve an accuracy of 

better than 0.5 % (Bushinsky et al. 2016), when conducted in temperature-controlled vessels, with 

a highly accurate sensor (± 0.01%) to measure atmospheric pressure (Bushinsky and Emerson 

2013). Our objective in this study was to test a simplified air-calibration protocol with no 

temperature control and cheaper components, with a target accuracy of ± 1 %.  

Air calibration gain factors (Gair) were generated by placing an optode (Aanderaa 4835) in 

a custom-built flow cell while pumping ambient air through the flow cell using a UL40 aquarium 

pump (Figure 1). Air was pumped for at least 30 minutes prior to calibration to ensure the flow 

cell was fully flushed. Once the optode readings were stable, sensor readings, atmospheric 

pressure, and relative humidity were recorded (Digi-Sense Digital Barometer (68000-49) with 



NIST-Traceable calibration (±4 mbar, ±3% relative humidity; ~130$). Temperature from the 

optode was used for the calibration. Gair was computed based on the formulation presented in 

Johnson et al. (2015):  

 

 𝐺𝑎𝑖𝑟 =  
𝐾𝑠𝑝(𝑂2) ∗ (𝑃𝑎𝑡𝑚 − 𝜑 ∗ 𝑝𝐻2𝑂𝑠𝑎𝑡)

[𝑂2,𝑟𝑎𝑤 ∗ (1013.25 − 𝑝𝐻2𝑂)]
 (2) 

 

where 𝑃𝑎𝑡𝑚 is total atmospheric pressure, 𝜑 is relative humidity, Ksp(O2) is the solubility constant 

for O2, and pH2O is the partial pressure of water vapor. 

 

Figure 1: Picture of the simplified air-calibration setup. 

 

The precision and repeatability of Gair was tested by conducting multiple air calibrations in 

different locations at the Monterey Bay Aquarium Research Institute (MBARI) from mid-July to 

early August, 2019. Air calibrations were conducted at the main laboratory (n = 9), in a nearby 

staff kitchen (n = 2), and outside on the balcony (n = 2). Temperature readings ranged from 19.96 

to 22.14°C while measured oxygen concentration ranged from 245.69 to 258.2 µM. The mean Gair 

was 1.120 ± 0.0016 (1σ), demonstrating excellent reproducibility. There were no clear patterns of 

gain obtained from different locations at MBARI. 



 

Figure 2: Gair (red, n = 13) and Gwink (blue, n = 9) as a function of oxygen concentration. Different 

shapes indicate different locations where air calibrations were conducted. Mean gains are 

represented by the solid line while dotted lines represent one standard deviation. 

 

Assessment of Gair in the laboratory 

The accuracy of Gair was assessed by comparing it to gain factors obtained from Winkler 

titrations (Gwink). Gwink was calculated using Eqn (1) by comparing raw optode outputs to O2 

determined by Winkler titration. The optode used in the air-calibration described above was placed 

in a 20-liter Nalgene Rectangular Autoclavable PPCO Carboy with a spigot. The carboy was filled 

with deionized water, and was slowly stirred using a stir bar. A Uniclife UL40 aquarium pump 

was used to bubble air near the water surface for several days prior to the calibration to produce 

very stable O2 conditions inside the carboy. Once optode readings were stable to < 1µM over 12 

hours, Winkler samples were collected using a spigot attached to an adapter and silicone tubing 

and titrated following best practices (Dickson, 1996). The mean Gwink was 1.115 ± 0.0015 (1 σ), 

which was 0.46 % lower than Gair. Also note that the reproducibility of the two methods were 

similar.  

 

Assessment of Gair in shipboard underway  

The accuracy of Gair was assessed in a shipboard underway system on the R/V Western 

Flyer during the Central California Carbon, pH, and Oxygen (C3PO) cruise from July 23-29, 2019 

(Figure 3). Two Aanderaa 4835 (different than the one above) were tested. The optodes were air-

calibrated before and after the cruise using the procedure explained above. During the cruise, 

optode oxygen concentration and temperature were measured every 15 minutes. Winkler samples 

were taken from an adjacent lab sink which was also connected to the ship’s underway system (n 

= 23), and were analyzed within 12 hours of collection. The sensor timestamp was interpolated to 

the time discrete samples were collected for comparison. 



 

 

Figure 3: The cruise track during the July 2019 C3PO cruise (red line). Individual markers 

represent locations where surface O2 samples were analyzed for Gwink.  

 

Both optodes showed agreement to better than 1% between pre-cruise Gair and Gwink. For 

optode 1, Gair (pre-cruise) and Gwink was 1.066 and 1.063 ± 0.004, respectively, with a mean 

difference of 0.23%. For optode 2, Gair (pre-cruise) and Gwink was 1.041 and 1.047 ± 0.007, 

respectively, with a mean difference of 0.64%. However, a significant increase in Gair was 

observed for the post-cruise calibration for both sensors. Gair for optode 1 (post-cruise) was 1.073 

(0.74% increase), whereas Gair for optode 2 (post-cruise) was 1.064 (2.3% increase). However, 

this increase in Gair likely does not represent a drift in sensor performance, as Gwink did not appear 

to experience significant drift during the cruise for both sensors (Optode 1,slope = -0.00017 ± 

0.00069, R2 = 0.0032, P = 0.80; Optode 2, slope = 0.0019 ± 0.0010, R2 = 0.14, P = 0.087; Figure 

4). We attribute this increase in Gair to residual humidity that remained in the flow cell for the post-

cruise calibration. This would increase pH2O in equation (2), leading to a high bias in the calculated 

Gair. In the future, we plan to use 100% humid air by bubbling it through water prior to the flow 

cell to eliminate this source of error.  

 



 

Figure 4: Comparisons of calculated gain factors among Winkler, pre-cruise air, and post-cruise 

air calibration methods for both SeapHOx optodes deployed in the underway system of the R/V 

Western Flyer. Individual Winkler gain factors are represented by blue markers while solid and 

dotted lines represent mean and one standard deviation respectively (air calibrations only had one 

gain factor each). 

 

 


