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Abstract 
 

This paper describes the development of a portable instrument for measuring the conductivity and temperature of water. The system con-

sisted of thick film sensors fabricated on alumina substrates using screen printing technique, and Arduino microcontroller to process and 

display the measured water parameters. The conductivity sensor was designed in a four-electrode configuration using AgPd conductor 

with a cell constant of 0.2 cm-1, whereas the temperature sensor was screen printed using RuO2 paste. The system has been tested to 

measure the conductivity of various water samples, including river and drinking water, and comparison with a commercial system 

demonstrated an error of less than 2.4 %. The maximum conductivity value that could be measured was under 2000 S/cm, which makes 

the system suitable for monitoring of general drinking water and domestically polluted river water. 
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1. Introduction 

Problems related to water pollution has become increasingly com-

plicated over the years, especially in the third world countries like 

Indonesia. The rapid increase in human population and industrial 

activities has caused rapid degradation of the country’s water re-

sources, which leads to lack of clean sources for drinking water. 

Among all water pollution parameters, conductivity is one of the 

most important parameters as it tells the combined effects from all 

ions in the water [1]. The measurement of conductivity is im-

portant to determine the quality of ground and drinking water 

since the conductivity value can be directly related to the total 

dissolved solids (TDS) in the water [2]. In aquatic life where many 

species are sensitive to abrupt changes in the ionic concentration 

of the water, conductivity plays a vital role [3]. Conductivity 

measurement is also important when applied to soil solution in a 

modern precision agriculture system [4,5]. 

Measuring the conductivity of a liquid can be done using sensors 

having two electrodes by which an alternating current is passed 

through them and into the solution, and then measuring the result-

ing voltage. In their simplest configuration, conductivity sensors 

can even be constructed using two wire probes. This principle has 

been applied in many previous works [6]. However, today’s con-

ductivity sensors employed solid state thick or thin film technolo-

gy because they provide accurate, robust, inexpensive, and minia-

ture devices suitable for long-term water quality measurement [7]. 

Using thick film technology, sensor components can be fabricated 

on planar structures, and their materials may be chosen so that 

resulted in highly sensitive devices and minimized the effect of 

nonlinearity and antifouling, which are commonly encountered in 

field application of chemical sensors. The use of gold [8] and plat-

inum [9] electrodes have been very common in chemical sensors 

as those materials are non-corrosive and stable over a long period 

of time. The main limitation, however, is their price which are still 

higher than most other sensor materials, and when a sensor signal 

conditioning electronics must be considered including its ability 

for temperature compensation [10], it is not surprising that today’s 

commercial conductivity sensors are still quite expensive. 

This research was aimed at fabricating a low-cost instrument for 

accurately measuring the conductivity and temperature of water. 

The main part of the system was a thick film sensor made from 

silver palladium (AgPd) electrodes, which is known to be less 

expensive than gold or platinum counterparts. The conductivity 

sensor has been designed in a four-electrode configuration on an 

alumina (Al2O3) substrate, integrated with a ruthenium-based tem-

perature sensor screen printed on the same side of the substrate. 

Signal processing, electronics and display was controlled using 

Arduino microcontroller. 

2. Design and fabrication of thick film sensor 

device 

In designing the device using thick film technology, the first con-

sideration was that the structure must accommodate both the con-

ductivity electrodes and temperature sensor in the same substrate. 

The presence of temperature sensor is important for temperature 

compensation purposes. To maximise the number of devices that 

can be fabricated in one substrate, the sensor device has been de-

signed to fit on a 12.5 mm x 25 mm alumina (Al2O3) substrate, 

with both sensors designed on one side of the substrate. With such 

structure, it allows for eight devices to be simultaneously fabricat-

ed on a 50 mm x 50 mm Al2O3 substrate. Figure 1(a) shows the 

design of the sensor devices on the alumina substrate. 

http://creativecommons.org/licenses/by/3.0/
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Fig. 1: (a). Layout of the conductivity and temperature sensor tracks on 

alumina substrate, (b). The final sensor device as mounted on a PVC hous-
ing 
 

The maximum conductivity value that can be measured by the 

sensor was determined by the cell constant of the device, which is 

the ratio between the distance and cross-sectional area of the 

measuring electrodes [11]. With the width of the electrode tracks 

of 0.4 mm, the cell constant can be calculated from the designed 

sensor as 3 mm/(3.75 mm x 0.4 mm) or equal to 0.2 cm-1. With 

the cell constant of 0.2 cm-1, the highest conductivity value that 

can be measured was up to 2000 S/cm [12]. 

The ability of a liquid to conduct electrical current depends on the 

mobility of ions in the solution. Since ion mobility depends on 

temperature of the solution, therefore conductivity is also depend-

ent on the temperature of the solution. The dependence of conduc-

tivity () on temperature with 25 oC reference temperature can be 

expressed as [13] 

 

                         (1) 

 

where  is temperature compensation factor as % change per oC 

and T is the measured liquid temperature in oC. 

As has been described elsewhere [14], fabrication of the sensor 

device was started by screen printing AgPd conductor paste (Shoei 

Chemicals, Inc.) used as electrodes for the conductivity sensor on 

a 50 mm x 50 mm, 96% Al2O3 substrate. After printing, the tracks 

were dried at 150 oC for 15 min. The second step was screen print-

ing a RuO2 (ESL Electro Science 3911) resistor paste used as the 

temperature sensor followed by drying at 150 oC for 15 min. The 

resulting structure was then fired using conveyor belt furnace for 

45 min with a peak temperature of 800 oC. Passivation of the con-

ductor and resistor tracks was done by screen printing a dielectric 

layer (Dupont), followed by drying at 150 oC for 15 min. The 

structure was then fired at 500 oC for 45 min. The substrate was 

then cleaned by ultrasonic for 5 min, and each device was cut 

manually using a diamond cutter. The final device structure was 

mounted on a PVC pipe as shown in Figure 1(b). 

3. System design and realization 

As can be seen in Figure 2, the overall system has been designed 

in three parts: the input block, the processing unit, and the output. 

3.1. The Input Block 

The input block consisted of a Real Time Clock (RTC), an Oscil-

lator, and the fabricated device sensor. The RTC was based on IC 

DS3231 (Maxim Integrated) that functioned to provide date and 

time information to the Arduino microcontroller. Connection from 

IC DS3231 to the AT Mega 328 microcontroller was done through 

I2C pins (SDA, SCL). The conductivity sensor operates in a four-

electrode configuration. Thus, it requires an AC input signal to 

reduce polarization effect [15]. A Wien Bridge type oscillator was 

used to generate 10 kHz sinusoidal input for the conductivity sen-

sor. The bridge was based on a general purpose OpAmp TL074 

(Texas Instrument). The output of the oscillator was connected to 

the reference electrode of the conductivity sensor. For the temper-

ature sensor, the connection to the ADC was done through voltage 

divider configuration.  
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Fig. 2: Block diagram of the overall sensor system design 

3.2. The Processing Unit 

The processing unit consisted of Arduino microcontroller, loop 

gain, buffer circuit, and an Analog to Digital Converter (ADC). 

The main part of the processing unit was the Arduino, with micro-

controller based on IC AT Mega 328. The microcontroller was 

used to process all instructions and control the entire system func-

tion. The output of the conductivity sensor must be amplified be-

fore it can be read by the ADC. The loop gain circuit was con-

structed using OpAmp TL074, which functioned as an impedance 

amplifier for the sensor output. To maintain a stable output volt-

age from the loop gain, a buffer circuit has been used before con-

nection with the Arduino. 

3.3. The Output Block 

The output block consisted of an SD Card, buzzer and an LCD. 

An SD Card was used to store data that have been processed by 

the Arduino. The data include conductivity value, temperature, 

date and time of the measurement. They were stored in “.csv” 

format to be readable using Microsoft Excel. The SD card can also 

read and write a file so that the microcontroller can display it on 

the LCD. Connection of the SD Card to the microcontroller was 

done through SPI (MISO, MOSI, SCK) pins. 

A touchscreen LCD (Nextion 2.8 inch) with Graphical User Inter-

face (GUI) capability has been used as interface to display the 

output of the sensor reading. The LCD was connected to the mi-

crocontroller through serial pins (TX, RX) of the Arduino. As an 

indicator that a menu has been selected, a buzzer circuit was used 

with sound output connected to directly to pin 8 of the Arduino. 

A user interface was required to allow user to communicate with 

the system using LCD. For this purpose, the LCD has been de-

signed to have four main menu options as the user interface: Sen-

sor, Log, Time, and Format where each has specific function. Data 

from the sensor reading can be read directly by touching the Sen-

sor menu, in which then a sub menu Hold and Save will appear to 

allow data to be displayed or saved into the SD card. The Log 

menu can be used to display the previously stored data, whereas 

the Format menu will allow user to delete all data stored in the 

micro SD card. 

3.4. The Power Supply 

For a portable instrument, power supply plays an important role in 

providing efficient and long-lasting power to the entire system. 

The block diagram for the power supply system used in the devel-

oped instrument is shown in Figure 3. A battery charger module 

(TP4056 Nanjing Top Power ASIC Corp.) is used to allow re-

charging of the Li-Ion battery. The module provides 1000 mA 

charging current to the Li-Ion battery. Since the microcontroller 

and some components in the system required 5V input voltage, a 

step-up voltage circuit was needed to increase the battery voltage 

from 3.7V to 5V. For this purpose, a CE8301 (Sunrom Electron-

ics/Technologies) DC to DC step up module has been employed. 

Finally, a symmetrical voltage regulator circuit was used to gener-
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ate a -5V using IC7660 (Intersil), which was required to drive IC 

TL074 for the sinusoidal input of the conductivity sensor.  
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Fig. 3: Block diagram of the power supply system 

4. Results and discussion 

The completed portable system can be seen in Figure 4. The data 

logger was enclosed inside an acrylic body which was laser cut to 

fit the microcontroller, electronic circuits, battery, and the LCD. 

Connection from the sensing probe to the data logger was made 

through a 6-pin male input port connector. The system has been 

characterized and calibrated against a commercially available 

conductivity meter (Jenway 4150). The characterization was done 

using several solutions containing 100 ml water added by solu-

tions with conductivity value of 2043 S at 1 ml increment. The 

solution was chosen since the designed system had a conductivity 

sensor with a maximum theoretical measurement limit of 2000 S. 

Sensing Probe LCD Display

Power Switch Input Port Battery Charger/

Power Bank
 

Fig. 4: The developed portable instrument consisting of a sensing probe 

and a data logger 

 

The aim of the characterization was to compare the measurement 

values as read from the sensor (through the output of the ADC) 

and the commercial conductivity meter. For each sample, the 

measurement was done by dipping the sensor into the sample so-

lution for 5 minutes. Figure 5 shows the resulting measurement 

where both outputs have been plotted to find their linear relation-

ship. Using Least Square Method (LSM), their linear relationship 

can be approximated in the form of y = a + bx, where y is the 

measured conductivity value, x is the ADC value, and a and b are 

constants. Substituting the numbers into the LSM equation, it was 

found that the values of a and b were -20.46 and 4.75, respective-

ly.  

 

 

Fig. 5: The plot of conductivity values as read Jenway 4150 and the 16-bit 

ADC 

For the temperature sensor, the same method was applied to find 

the linear relationship between the sensor (through the output of 

the ADC) and the built-in temperature sensor of the commercial 

conductivity meter. The results of measurement can be seen in 

Figure 6, and using the LSM equation, it was found that that the 

values of a and b were 52.12 and -0.002, respectively. 

 

 

Fig. 6: The plot of temperature values as read Jenway 4150 and the 16-bit 

ADC 

Once the equations for both conductivity and temperature sensors 

were found, the microcontroller was then programmed using those 

equations to calibrate the measured sensor values into the corre-

sponding real parameter values. The final characterization was 

then done using real water samples from various sources. For each 

sample, the measurement was done for 5 minutes and the resulting 

measurement was compared with that from the commercial meter. 

Table 1 shows the results of measurements conducted using vari-

ous water samples. 

In general, the developed system performed well when used for 

measuring water samples with conductivity values of less than 

2000 S, and temperature range from 24 to 30 oC. The lowest 

conductivity value measured was from rain water, with a value of 

17 S, and only 1.73% different compared with the commercial 

system. Mineral waters from 8 different brands have the measured 

conductivity values ranged from 120 to 349 S, with the highest 

being comparable with ground water. The system also gave good 

measurement when used to measure mildly polluted river water, 

with conductivity values around 1500 S. For high conductivity 

sample such as sea water, the system began to give higher meas-

urement different of more than 50%, because it was beyond the 

measurement range of the developed system. 

5. Conclusion  

The development of an instrument for measuring the conductivity 

and temperature of water has been described in this paper. The 

developed system consisted of thick film conductivity and temper-

ature sensors fabricated on alumina substrate using screen printing 

technique, and Arduino microcontroller to process and display the 

measured parameters. The conductivity sensor was designed in a 

four-electrode configuration using AgPd conductor with a cell 

constant of 0.2 cm-1, whereas the temperature sensor was screen 

printed using RuO2 paste. The system was calibrated against a 
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commercial conductivity meter, and has been tested to measure 

the conductivity of various water samples, including ground, 

drinking, polluted river and seawater, and comparison with a 

commercial system demonstrated an error of less than 2.4 % for 

conductivity values of less than 2000 S. The developed system 

was suitable for monitoring of general drinking water and domes-

tically polluted river water. 

 
Table 1: Conductivity and temperature values as read from various water 

samples using the developed sensor system 

Water Type 

Temperature (°C) Conductivity (μS) 

X Y 
% 

diff 
X Y % diff 

Household 

water supply 
25.18 25.20 0.08 155 158.8 2.39 

Ground Water 26.15 26.10 0.19 346 349.0 0.86 

Rain Water 24.93 24.93 0.12 17 17.3 1.73 

Min. Water A 25.27 25.30 0.12 120 121.7 1.40 

Min. Water B 25.18 25.10 0.32 275 278.0 1.08 

Min. Water C 25.36 25.4 0.16 268 265.0 1.13 

Min. Water D 25.22 25.2 0.08 307 310.0 0.97 

Min. Water E 25.28 25.3 0.08 304 301.0 1.00 

Min. Water F 25.29 25.3 0.04 250 253.2 1.26 

Min. Water G 25.25 25.2 0.20 297 294.0 1.02 

Min. Water H 25.36 25.4 0.16 349 347.0 0.58 

Coffee 32.81 32.7 0.34 714 718.0 0.56 

Tea 30.14 30.1 0.13 519 522.2 0.61 

River Water 
(07.00 am) 

25.11 25.2 0.36 1476 1473.0 0.20 

River Water 

(noon) 
26.78 26.8 0.07 1523 1521.0 0.13 

River Water 
(17.00 pm) 

26.23 26.2 0.11 1597 1594.0 0.19 

Sea Water 25.36 25.4 0.16 1982 4565.0 56.58 
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