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Abstract—This paper describes the calibration of pH sensor located at the OBSEA marine observatory. This instrument is based 

on an industrial pH electrode that is connected to a CTD instrument (Conductivity, Temperature, and Depth). 

The calibration of the pH sensor has been done using a high precision spectrophotometer pH meter from Institute of Marine 

Sciences (ICM), and in this way it has been obtained a numerical function for the pH sensor proportional to real pH. 

 

 

I. Introduction 

The pH is a way to quantify how much acidic or basic (alkaline) is a solution [1-2]. To identify changes in the seawater, a pH 

sensor has been developed to operate in the OBSEA underwater observatory [3]. The instrument is based on an industrial pH 

electrode of Honeywell [4-6] that is connected to a CTD instrument. The pH electrode is a non-glass electrode that resists 

breakage in normal usage and offers up to 10 times faster responses than glass [7]. The ISFET-based, solid state pH electrode 

emits a stable, low impedance signal, eliminating the need for frequent calibrations. 

The calibration of the pH sensor located at the OBSEA has been done in two phases. In the first phase it has been calibrated the 

temperature value provided by the sensor. The second phase consists in the calibration of pH provided by the sensor comparing 

this with the spectrophotometer from the Institute of Marine Sciences (ICM) [8]. 

II. Detailed Description 

The pH electrode provides one analog output voltage proportional to the measured pH and one analog output resistance 

proportional to the temperature. The electrode signals cannot be connected directly with the CTD instrument; due to this it has 

been designed a signal conditioning [9]. These two signals are connected to the analog inputs of the CTD instrument. The 

measuring system of the pH sensor proposed for the OBSEA observatory is shown in Figure 1. 

 

 
Figure 1 Measurement System 

 

 

The measurement system comprises the following components: 

1. PH Sensor Honeywell Durafet 07777DVP. 

2. PVC Watertight Cylinder of 75mm diameter. 

3. Electronics for sensor signal conditioning of PH. 

4. CTD that measures the output signals of the pH sensor. 

5. OBSEA observatory 

6. Data acquisition system, where received data from the pH sensor is processed accordingly to the numerical function 

found in the calibration process. 

 

 

 

pH Sensor Calibration Procedure 
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III. Calibration System 

To obtain the pH value there have been used two procedures. In the first procedure the temperature value is calibrated. In the 

second procedure the pH value is calibrated. These calibration values are used to obtain the final numerical pH value. 

Figure 2 shows a more detailed description of the measuring system. 

 

 

Figure 2 Description of the measurement system 

 

 RT1: Durafet output temperature sensor. Resistance proportional to the temperature. Order of KΩ. 

 VT2: Analog output voltage signal. Voltage proportional to the temperature. Order of V. 

 VT3: Analog voltage measured provided by the CTD. It is the same voltage that VT2. 

 T: Temperature value in °C.  

 VpH1: Durafet output voltage sensor. Voltage proportional to pH. Order to mV.  

 VpH2: Analog output voltage signals. Voltage proportional to pH. Order to V. 

 TCTD: Temperature measured by the CTD sensor in °C. 

 VpH3: Analog voltage measured provided by the CTD. It is the same voltage that VpH2. 

 pH: pH value. 

 

 

A. Temperature calibration procedure 

 

To calibrate the temperature, the measurement system (Figure 2) is introduced in a climatic chamber with different temperatures. 

During this period, the output data from the temperature sensor is acquired and stored for further processing. 

 

Values were compared using two methods. In the first method the value of temperature T was obtained in relation to voltage VT3.  

In the second method the value of temperature T was obtainde in relation to voltage VT3 taking into account the conditioning 

circuit parameters (constants of the thermistor). 

Referencing the temperature provided by the CTD sensor in the Figure 3 shows that the first method has an error 0.23 ° C while 

the second method an error is 0.053 ° C. 
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Figure 3 Comparison of values temperature between two methods of calibration 

 

 

B. pH calibration procedure 

 

To calibrate the pH are used the VpH1 and VpH3 output values of measurement system (Figure 2). First, the sensor was calibrated 

using buffer solutions of pH. Secondly, the sensor has been recalibrated using water samples from OBSEA Observatory which 

was measured with a spectrophotometer from ICM institute. 

 

Steps taken during the calibration procedure: 

1) Get the relationship between VpH1 (V1) and VpH3. 

 

2) Get the sensor calibration factors 

 pHs = pH calibration substance 

 Ts = temperature of the calibration substance (in K) 

 V0 = output voltage of the sensor for calibration substance  

 

3) Calculation of the parameter E0 after calibration 

E0 = V0 - pHs * R * Ts * ln(10)/F.    (1) 

 

Where R (Universal Gas Constant) and F (Faraday Constant) values R= 8.31451kPa and  F = 96487 C/mol 

 

4) Calculation of final pH 

pH = F*(V1 - E0 + 0.001(Temp - Ts))/(R * (Temp) * ln(10))    (2) 

 

Where the temperature Temp and Ts must be in Kelvin 

 

The output voltage value from the pH sensor is calculated using equation (3) 

 

V1 = -0.064*VpH3 + 0.1557     (3) 

 

Table 1 Calibration values for the used standard 
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7.839 293.8215 0.0552 

Using equation (1) and values from the calibration has been obtained E0 = -0.401862187. 

 

Tabl2 2 Calibration values for the OBSEAwater sample 

pHs Ts [K] V0 [mV] 

8.096 286.007 0.073431 

With the values obtained in the in situ calibration and using equation (1) the E0 parameter have been recalculated, E0= -0.38612 

As seen in the figure5, using the calibration parameters obtained in the laboratory, the nominal pH is around 8.3, and using in 

situ calibration, the pH values is around 8.1. Giving the value of the pH measured with the spectrophotometer of ICM institute of 

about 8.1, the final calibration parameters obtained from in situ calibration is chosen. 

 

 

 
Figure 4 Comparison of values pH between two methods of calibration 

 

IV. Conclusions 

A system to measure the pH of the sea water has been designed for the OBSEA observatory. The calibration of the system has 

been performed and the numerical function for the pH sensor proportional to real pH has been obtained. The pH sensor has been 

installed in the observatory and the data has been collected for five mouths which demonstrate that the system works properly 

with an accuracy of 0.1. In order to achieve the desired accuracy in situ calibration has been fundamental. 

ACKNOWLEDGMENT 

This work has been carried out in part thanks to the Project CGL2011-28682-C02-02. “Peligro Volcanico y Evaluacion del 

Riesgo en Tenerife”. 

References 

[1] MedSeA Project: http://medsea-project.eu/ 

[2] Amy J. Symstad, F.Stuart Chapin III, Diana H. Wall, Katherine L. Gross, Laura F. Huenneke, Gary G. Mittelbach, Debra P. C. “Long-Term and Large-
Scale Perspectives on the Relationship between Biodiversity and Ecosystem Functioning”. BioScience DOI:10.1641/0006-

3568(2003)053[0089:LTALSP]2.0.CO;2 pp.89-98 

[3] A.Mànuel, M.Nogueras, J.Del Rio. OBSEA an Expandable Seafloor Observatory. Sea Technology (ISSN 0093-3651). Vol: 51 Nº7, July 2010 

7

7,2

7,4

7,6

7,8

8

8,2

8,4

8,6

01/12/12 15/12/12 29/12/12 12/01/13 26/01/13 09/02/13 23/02/13 09/03/13 23/03/13 06/04/13 20/04/13 04/05/13 18/05/13

p
H

 

Date 

pH measures in OBSEA 

pH calibrated in situ
pH calibrated in laboratory

http://medsea-project.eu/


19th Symposium IMEKO TC 4 Symposium and 17th IWADC Workshop 

Advances in Instrumentation and Sensors Interoperability 
July 18-19, 2013, Barcelona, Spain 

 

 

ISBN-10: 84-616-5438-2 | ISBN-13: 978-84-616-5438-3       743 

 

[4] J.R. Sandifer, J.J. Voycheck, “A Review of Biosensor and Industrial Applications of pH-ISFETs and an Evaluation of Honeywell's ‘DuraFET’”, 
Mikrochim, Acta, 1999. 131: p. 91-98. 

[5] Matthew P. Seidel, Michael D. DeGrandpre, Andrew G. Dickso. “A sensor for in situ indicator-based measurements of seawater pH”. Marine Chemistry 

109 (2008) 18–28 Elsevier. 
[6] Todd R. Martz, James G. Connery, and Kenneth S. Johnson. “Testing the Honeywell Durafet® for seawater pH applications”. Limnol. Oceanogr.: Methods 

8, 2010, 172–184 

[7] Encapsulation of ISFET sensor chips. Authors: W. Oelßner, J. Zosel, U. Guth, T. Pechstein, W. Babel, J.G. Connery, C. Demuth, M. Grote Gansey, J.B. 
Verburg. Sensors and Actuators B 105 (2005) 104–117. 

[8] ICM http://www.icm.csic.es/ 

[9] Artero, C.; Nogueras Cervera, Marc; Manuel Lázaro, Antonio. PH sensor. "Instrumentation viewpoint", 2012, vol. Winter, núm. 13, p. 23-25. 
1886-48643  

 

http://www.icm.csic.es/

