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Topics
• Overview of recent progress toward documenting best practices:

Bresnahan et al. (2014); Martz, McLaughlin, Weisberg (2015)
• Summary of OA technology

Martz et al. (2015) Technology for OA Research: Needs and Availability, 
Oceanography Magazine.



Outline (will loosely follow protocols)



Background

• 2008-2009: SeaFET developed at MBARI, refined at SIO, commercialized by Satlantic.
• 2010: SeapHOx developed at SIO to expand measurement suite and extend the duration of 

moored deployments.
• 2014: WavepHOx designed for surface mapping in specialized applications (Waveglider and 

Stand Up Paddleboards).

WavepHOx

SeapHOx
• 2007: Durafet operated underway 

adjacent pCO2 on MBARI cruise.
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# Site Name Habitat

1 VanDamme intertidal

2 Bodega Bay mooring

3 Bodega Marine Lab intertidal

4 Hog Island Oyster Co mooring

5 Terrace Point intertidal

6 Big Creek mooring

7 Rancho Marino intertidal

8 Purisima Point mooring

9 Lompoc Landing intertidal

10 Alegria Reef mooring

11 Alegria Beach intertidal

12 Arroyo Quemado mooring

13 Naples Reef mooring

14 Coal Oil Point intertidal

15 Mohawk Reef mooring

16 Stearn’s wharf pier

17 Del Mar mooring

18 Scripps Pier pier

19 San Miguel North mooring

20 Prisoner’s Harbor pier

21 Landing Cove pier
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Figure 1: UC COAST sensor network

Other groups are now building their own Durafet-based pH data 
loggers independent of the SeaFET family of sensors.  Hundreds 
operating in the various (overlapping) sensor networks. 

Figure from G. Hofmann

http://omegas.science.oregonstate.edu/



NOAA has installed several SIO 
SeaFETs configured as underway 
systems for repeat hydrography 
cruises. 

The Ocean Acidification Environmental Laboratory 
(OAEL) at U. Washington Friday Harbor operates 12 
Durafet sensors in mesocosms.

(photo: http://electronicbiology.org



• Some Burkelator systems have integrated Durafet sensors, 
allowing measurement of 3 variables (pH, pCO2, TCO2)

• CalCOFI and CCE-LTER now have a pH-pCO2 system (below).

Underway multi-parameter measurement systems

Photos: Kylee Chang



Underway multi-parameter measurement systems

Martz et al. (2010)
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1Benchtop: discrete bottle, auto-assisted.
2Underway: flow-thru, automated, externally powered.
3Autonomous: automated, internally powered, in situ.

Commercially-available instruments designed to measure seawater CO2

system variables, categorized by level of autonomy.  Although custom systems 
have been developed for all cases shown, only commercially-available 
instruments are displayed here; the criteria for inclusion being a 
manufacturer/vendor website with purchasing information as of March 2015.

Martz et al. (2015)
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Complete L20 pH anomaly time-series beginning 12-Jul-2010: the lines represent 
anomaly relative to the stable SeapHOx pHINT. Shown are four independent 
sensors: SeaFET0, SeaFET1, SeaFET2, and a SAMI-pH. A SAMI-pH failure on day 2 
was fixed after which it operated until day 30. pHEXT values for the three SeaFETs
overlap their corresponding pHINT time-series at this resolution and are therefore 
not displayed.









8.   Assess and control pH sensor data quality using time-series anomaly and 
property-property plots.



Martz et al. 2003

How well should bottle samples agree with in situ 
sensors?

Common metrics used to answer this question 
include relative accuracy and the standard 
deviation of the residual plot (same as RMSE). 

-0.003 ± 0.004 (n = 16)

Relative accuracy reflects overall quality of calibration; 
useful for applying corrections in post-processing.

RMSE reflects sample collection errors 
(spatiotemporal mismatch) plus bottle 
measurement errors. 



RMSE description Reference

±0.0007 (n = 6) Shipboard underway vs. mooring  - Not 
from bottles. (pH derived from pCO2).  

Friederich et al (1995)

±0.002 (n = 12) small boat collecting samples at a near 
shore mooring (L20, previous slides)

Bresnahan et al. (2014)

±0.004 (n = 16) SAMI pH in a river Martz et al. (2003)

±0.008 (n = 86) SAMI pH at an ocean reef Cullison et al. (2012)

±0.007 (n = 107) ACT test for SeaFET at CBL ACT (2015)

±0.029 (n = 84) ACT test for SeaFET at MLML ACT (2015)

±0.02-0.10 ACT test for various glass electrodes ACT (2015)

How well should bottle samples agree with in situ 
sensors?



SeaFET
-0.008 ± 0.029

How well can we expect to do when using bottle 
measurements to validate in situ sensors?

ACT results from MLML test for SAMI and SeaFET.  ACT reports 

SAMI
0.039 ± 0.003

0.03?







Pressure

The commercial version of the Honeywell Durafet is not 
designed for pressure cycling (i.e. profiling applications). 

Pressure is not addressed in the 10 recommended 
protocols, but might be summarized by a the following:

11. Operate Durafet-based sensors at a constant depth 
or pressure in the range 0 – 70 m (0 - 100psi). Pressure 
cycling of the Durafet is not recommended due to 
sensor-specific, non-repeatable, hysteresis of the 
sensor response with pressure.



Salinity

• The SeaFET has not yet been characterized 
over the full salinity range (0 to >36).  

• Therefore, calibration protocols for the 
sensor do not apply to freshwater.  

• Existing data suggest that the present 
calibration protocol is adequate to a salinity 
of 30. 

• For S = 30-36, when the sensor is properly 
functioning, the two pH signals agree to 
better than 0.005 (bottom figure at left). 
Therefore, we do not apply a salinity 
correction for the pH signal based on the 
internal reference in this salinity range. 

• As seen here, it is critical to correct the 
external reference signal (using established 
thermodynamic relationships).  

• If left uncorrected, pHext error will is: 0.013 
pH Salinity-1.





I decided to include this note because most publications explain pH scales 
using the minimum number of equations and usually as concentration rather 
than –log(concentration) (e.g. previous page).  This often leads to confusion 
for non experts when converting among the scales because it requires 
multiple arithmetic steps.  The equations below explicitly express each scale 
in terms of one other scale, which is convenient for programmers and 
engineers not familiar with chemical terminology.




