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Abstract. Differential pH sensor is proposed. Reference electrode and 
measuring electrode are the same type. Reference electrode is immersed in 
standard buffer solution with known pH value. The differential pH sensor 
has longer service life as compared with the traditionally used sensors with 
silver chloride reference electrode. Ultrasonic cleaning system is proposed 
to clean the primary measuring transducer from pollution that form as 
result of silting during long-term operation with the sensor. 

1 Introduction 

Currently, one of the most common methods of environmental monitoring is an online 
autonomous monitoring. In Russia, the most common monitoring system is sampling and 
subsequent analysis in the laboratory, and, in rare cases, the mobile monitoring. In turn, the 
autonomous remote monitoring is a promising step in the development of environmental 
objects control methods [1–4]. 

Development of the automated analytical complex for monitoring of key indicators of 
water quality (after cleaning) and control of the techno logical cleaning process is 
challenging because it needs selectivity and sensitivity of the determination of the 
components, their diversity, as well as ensuring a reliable long-term operation of sensors 
and the preservation of their sensitivity and calibration at an acceptable cost. 

The main impediment to the creation of devices for autonomous monitoring, is the lack 
of transducers providing reliable long-term operation, while maintaining selectivity and 
sensitivity [5].  

pH control is an integral part of the enviromental objects monitoring, as in many cases, 
the pH value is a informative indicator of the state of the environment. Measuring of pH 
value is realized in different laboratories, both stationary and mobile, including a those 
working in the field conditions [6–9]. Potentiometric analysis methods are effective for the 
control of the environment. These methods are characterized by high sensitivity and 
selectivity, high speed of response to changes in the composition of the object being 
analyzed, ease of automation and possibility of remote control. Finally, they do not require 
expensive analytical equipment and can be used in laboratory, production and field 
conditions [10, 11]. 
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The aim of the study is to develop a differential sensor for pH monitoring of 
environmental objects. The main objectives are: 

⎯ procuring of pH at-site analysis and simplification of sensor calibration procedure;  
⎯ ensuring long life (few months) of the sensor without the need for its servicing. 
A wide variety of sensors for pH-meters is currently produced [12, 13]. Most of them 

take into consideration the dependence of the potential on the temperature, but their use 
involves the provision of laboratory conditions to run correctly. 

Thus, it nesessary a search of pH sensor for continuous monitoring of environmental 
objects having indications stability in long time and strength sufficient for use in production 
and field conditions. 

Also, there is the problem of finding the reference electrode having a stable potential. 
Silver chloride electrode is most widely used today [14]. It is known that the main factor 
reducing the operating life of pH sensor is the instability of the reference electrode 
potential, in particular silver chloride electrode. Its disadvantages are: 

⎯ a relatively high rate of electrolyte expiration from electrode; 
⎯ a favorable medium for microorganisms growing; 
⎯ a dilution of internal solution, which leads to change of the electrode potential 

caused by change of the internal concentration of the solution. 
Thus, for increasing the lifetime of the pH sensor has been proposed the differential 

measurement scheme, which avoids the shortcomings of the silver chloride reference 
electrode. 

2 Main partition 
Differential pH sensor (Figure 1) with the ion-selective electrode comprises a body 1 with a 
measuring glass electrode 2 and the reference electrode 4. The measuring glass electrode 2 
and the reference electrode 4 are connected with the secondary transducer 5. The reference 
electrode 4 is glass electrode 3, immersed in reference solution 6 having a buffer capacity. 
The electrodes are mounted in the body by sealing elements 7, 8. In order to determine the 
pH value, body of sensor with electrodes is placed in the analyzed medium 9. 

 
Figure1. Functional scheme of differential pH sensor with ion-selective glass electrodes. 

 
The sensor works like this: when it is immersed in the analyzed medium on the 

measuring glass electrode appears the potential, which is proportional to the pH value. 
Since the glass electrode 3 is placed in a solution 6 having a stable pH value, its potential is 
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constant. The porous membrane eliminates mixing analyzed medium and a reference 
solution having a buffer capacity. 

The potential of a glass electrode depends linearly on the pH: 
рНЕ Е b= −� , (1) 

where: Еo–the standard potential of the glass electrode; ln10 /b RT F= –factor depending 
on the temperature; pH–pH value. 

Then the potential of the measuring electrode is equal: 

1 1 рНЕ Е b= −�  (2) 
Reference electrode potential is equal: 

2 2 refрНЕ Е b= −� , (3) 
where pHref — potential of the reference solution. 

Since the indicator electrode and the reference electrode are the same type, the 
1Е�  and 

2Е�  is also the same. Thus, the potential difference between the indicator electrode and the 
reference electrode, measured by secondary transducer is determined by the following 
relation: 

( )refрН pH .E b= −  (4) 
Since the solution having a buffer capacity, has a known pH, there is no need to 

calibrate the electrodes on a series of buffers [15]. As a solution having a buffer capacity, 
we used phosphate buffer (pH = 6.86), in which 25-fold dilution causes a change in its pH 
not more than 0.05 pH-units. 

The b coefficient is the only parameter used in the recalculation potential E to pH. The 
steepness of the calibration curve b depend of temperature, the influence of which can be 
take into account in secondary transducer. 

Calibration of the differential pH sensor with ion-selective electrodes can be made on 
one point. For this purpose, the device is immersed in the analyzed medium with a known 
pH value and measured value of the potential difference E between the measuring glass 
electrode and auxiliary reference electrode. Then calculate coefficient b: 

ref

.
рН pH

Eb =
−

 (5) 

To improve the accuracy of b when the device calibration is performed is necessary that 
the difference in pH between the sample solution and pHref was maximum. For example, 
when the internal solution pHref = 6.86 buffers with 1.65 or 12.43 pH can be used for 
calibration. 

When used as a first transducer glass electrode measuring scheme must satisfy a number 
of conditions. On the water you need to use operational amplifiers with input impedance 
more than 10 GOhm and low leakage currents. As the input amplifier was selected 
AD8606. Simplified measuring scheme of differential pH sensor is shown in Figure 2. 

The measuring electrode is connected to the noninverting input of the operational 
amplifier AD8606. The reference electrode is connected to the output of the operational 
amplifier, the potential of which relative to the internal ground potential as half the supply 
voltage. After RC chain with a cutoff frequency of 20 Hz filtered signal is input to an 
analog-to-digital converter AD1115. In I2C bus microcontroller receives a digital signal 
corresponding to the potential difference between the indicator and reference electrode. 
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Figure 2. Simplified measuring scheme of differential pH sensor. 
 

To account for the temperature dependence of the electromotive force sensor has a 
temperature measurement channel on a digital thermometer DS1820. At measured potential 
difference and temperature microcontroller calculates pH from equation 

ref
298pH pH

'
E

b T
= − , (6) 

where b’ — experimentally received slope of calibration curve at 298 K. 
The result is transmitted by UART to a computer via photocoupler, which provides 

galvanic isolation between internal and external ground. Isolating power supply converts 
the input voltage of 12 V to output 7 V, then this voltage is supplied to the linear stabilizer 
7805 to generate 5V voltage for analog and digital circuits Vdd. To reduce electromagnetic 
noises internal and external ground are connected by capacitor. 

Calibration characteristics of the differential pH sensor with the new electrodes and 
after six months of operation are shown in Figure 3. 

 
Figure 3. The calibration characteristics of the differential pH sensor with new ion-selective 
electrodes (left) and after six months of operation (right). 
 

It should be noted important property of calibration characteristics: only its steepness 
(b) is changed in continuous operation of the differential sensor, while the isopotential point 
coordinates remain constant E = 0, pH = 6.86. 

During prolonged continuous operation in natural water sensor can accrete silt or algae, 
leading to measurement error. To ensure the purity of the transducers ultrasonic cleaning 
system was used [16, 17], shown in photos differential sensor (Figure 4). 
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Figure 4. Photo of the differential pH sensor with ultrasonic cleaning system (bottom left). 

Ultrasonic cleaning system is a pulsed boost converter supplying the piezoelectric 
element 40 mm in diameter. The microcontroller switches on cleaning system once every 
five minutes for 20 seconds, this mode allows to maintain a clean transducer even in the 
most adverse conditions. The power consumed by the sensor during cleaning, is not more 
than 30 W, and in the measurement mode without purification less than 1W. The diameter 
of sensor 100 mm, length 350 mm, weight 1.5 kg. 

3 Conclusion 

Advantages of the proposed design of the sensor, realizing the differential measuring 
scheme: 

⎯ simplifying the calibration procedure (one-point, instead of the traditional two-
point); 

⎯ increasing the duration of continuous operation through the use of a glass electrode 
in phosphate buffer pH 6.86 as the reference electrode; 

⎯ ultrasonic cleaning system that supports transducers clean and does not allow the 
ion-selective electrodes to grow algae or sludge. 

During the six months of continuous operation of the sensor the steepness of calibration 
function has decreased from 56.7 to 54.9 mV/pH, which corresponds to the measurement 
error in the range 0 – 12 pH, no more than 0.1 pH. An important feature of the differential 
pH measurement scheme is a long-term stability of the isopotential point (pH = 6.86). 
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