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ABSTRACT

In this paper, the prototype of the well-water conductivity sensor system is presented which consists of

the power supply, temperature sensor circuit,

conductivity sensor circuit, Arduino UNO

microcontroller, 16x2 12C LCD characters and the conversion equation. The sensor is designed for
conductivity measurements at various temperature and conductivity at 25°C by conversion equation.
Furthermore, it measured the conductivity of water 15.24 - 1031.60 uS/cm in a range with error 0.39 —
21.48 uS/cm and the temperature of water 20.10 — 50.20°C with error 0.13 — 0.72°C. The
measurement of 11 sample points in the Pesayangan Martapura and Antasan Senor East Martapura,
Banjar, South Kalimantan, Indonesia showed the conductivity of the well-water at the actual
temperature was at the range of 128.50 — 364.51 pS/cm and the 161.97 — 364.51 uS/cm at 25°C.
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Introduction

Conductivity value is an early indication
of water pollution.' The conductivity of
drinking water by WHO standards should not
exceed 400 pS/cm.? The conductivity value
is also related to other water quality
parameters such as salinity.

Prompak® made a conductivity
measurement instrument of electrolyte
solution using a Wheatstone bridge and
differential amplifiers. Another research by
Hemanth and Sowmya® developed a
pollution detection apparatus for drinking
water by using a conductivity sensor and an
Arduino microcontroller, but the effect of
temperature on conductivity measurement
has not been considered.

An approach for conductivity
measurement of water quality can use the
reference temperature or the characterized
temperature  parameter in  which the
conductivity and the concentration of the
other dissolved substances in water are
connected. EQ.1 shows the relationship of
conductivity at the actual temperature oy with
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conductivity at 25°C o35, where P is a
coefficient temperature.

or = 05 [1 + B(T — 25)] (1)
— or
925 = 13T —29)] @)

The value of g in these equations is
0.0187°C™. Eq.2 can be used to estimate the
conductivity at 25°C based on the o7 value.”
This research presents the prototype of the
well-water conductivity sensor system based
on microcontroller. This prototype is able to
measure the conductivity of water at the
various temperature and convert it to the
conductivity value at 25°C using the
conversion equation, i.e., Eq.(1) and Eqg. (2).
The conductivity sensor system constructed
with two electrodes made of stainless steel,
Wien bridge circuit, Wheatstone bridge
circuit, differential amplifier circuit, a
rectifier circuit, and microcontroller Arduino
UNO. The prototype of the conductivity
sensor system equipped with a temperature
sensor circuit composing a non-inverting
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amplifier circuit and an LM35 sensor to
measure the water temperatures.

Samples were taken from the well-water
in the areas Pasayangan Martapura and
Antasan Senor East Martapura, Banjar, South
Kalimantan, Indonesia.  Residents in
Martapura and surrounding areas prefer to
use the well-water as drinking water.
Pasayangan and Antasan Senor are located
around the Martapura River and considered
as a dense populated residential area. High
populations and sanitation issues are at risk
of increasing the pollution of water.
Therefore, measuring the conductivity of
water needed as an initial water quality
parameter. The value of salinity of well water
samples also measured as the supporting
data.

Methods

Fig. 1 shows a block diagram of the sensor
system.
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Figure 1. Block diagram of the system

Power Supply Circuit

The power supply is made to convert 220
Vrms AC voltage into +9 V DC, +12 V DC,
and -12 VV DC. This DC voltage applied to
the prototype components such as ICs,
microcontroller, and LCD.

Temperature Sensor Circuit

The temperature sensor circuit created
in this research is shown in Fig. 3.
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Figure 3. Temperature sensor circuit

The water temperature measured by a
digital thermometer compared with an output
voltage generated by the temperature sensor
circuit to characterize the temperature sensor
circuit. Water is heated using a hot plate and
cooled using ice blocks within 20°C - 50°C.
The output voltage value from the
temperature sensor circuit is recorded every
change of 1°C while the water heated and
cooled.

Conductivity Sensor Circuit

The conductivity sensor circuit consists of
a Wien bridge oscillator, Wheatstone bridge,
a differential amplifier, rectifier, and voltage
follower. The Wien bridge oscillator circuit
produces a sine wave Vvoltage with a
frequency of 1 kHz. This wave amplitude is
arranged to 1 Vrms and applied to the
Wheatstone bridge circuit. The Wheatstone
bridge circuit connected to a differential
amplifier to increase the output voltage.®

The rectifier created without using diode
but made use of saturation from the
operational amplifier with a single supply
voltage. Therefore, the rectifier performance
increased as there is not disturbed by the
characteristics of the diode.”

The voltage follower circuit with
bootstrap added to function as a buffer circuit
and act as a low-frequency noise filter.® The
relay added to the circuit to control the sine
wave applied to the Wheatstone bridge
circuit.
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Figure 4. Conductivity sensor circuit

In Fig.4, one of the resistors in the
Wheatstone bridge circuit replaced with a
conductivity probe. The conductivity probe
consists of two parallel plates made of
stainless steel with a design as shown in
Fig.5.
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Figure 5. Design of the conductivity probe

The circuit of the conductivity sensor
shows in Fig.4. The output voltage generated
by the conductivity sensor circuit compared
with the conductivity value of NaCl solutions
measured by the conductivity meter at 25°C
to characterize the conductivity sensor
circuitt.  The NaCl  solutions  with
concentrations of 500 mg/L, 400 mg/L, 300
mg/L, 200 mg/L, 150 mg/L, 100 mg/L, 50
mg/L, 20 mg/L, 10 mg/L, and 5 mg/L was
prepared for this process.

Test Measurement

The result of temperature measurement by
prototype sensor compared with a digital
thermometer. The temperature of the water
heated from 20°C to 50°C using a hot plate.
The temperature value from the thermometer
and the prototype of the sensor recorded
every 2°C while the water was heating up.

The conductivity value of the test
solutions measured by the prototype sensor
and compared with a standard conductivity
meter while the temperature of solutions kept
in the range of 25°C for every measurement.
After the measurement test by maintaining
the temperature, the prototype was used to
measure the conductivity of three NaCl
solutions at various temperature. It is
intended to test the measurements of
conductivity values at different temperatures.
EQ.7 used as conversion equation to convert
actual conductivity to conductivity at 25°C.
This test carried out by heating up the test
solution from 20°C to 50°C. The
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conductivity value recorded every 5°C
increase of temperature.

The well-water conductivity measurement
test was carried out by measuring the
conductivity value of the well water of
Pasayangan Martapura and Antasan Senor
East Martapura using the prototype.

Result and Discussion
Power Supply

The power supply circuit that has been
made converts the AC voltage 220 Vrms to a
DC voltage of +9.16 V, +11.96 V, and
—11.87 V. The +9.16 V used to turn on the
Arduino UNO, +11.96 \ and
-11.87 V is used to turn on amplifiers on the
conductivity sensor circuit and temperature
sensor circuit.

Temperature Sensor

Characterization of temperature sensor
circuit divided into heating and cooling
stages. The result of the characterization, the
temperature sensor circuit shows the linear
pattern as shown in Fig.6.
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Figure 6. Temperature sensor
characterization result
Vt—-0.194
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Eg.3 formulated from the characteristic
equations in Fig. 6 where T is temperature
and Vt is the temperature sensor output
voltage. EQ.3 embedded into the
microcontroller programs to convert the

output voltage of temperature sensor circuit
in volt to a temperature in degree Celsius.
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Figure 7. Conductivity and temperature
probe

The conductivity sensor probe and
temperature sensor probe are incorporated as
presented in Fig.7 for simplifying the process
of further measurement.

The comparison result between the
measured conductivity by the standard
conductivity meter and the output voltage
generated by the conductivity sensor circuit
at 25°C shown in fig.8.
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Figure 8. Conductivity sensor
characterization result

The relation of the conductivity value to
the sensor output voltage approximated by
the pattern of linear and natural logarithmic
equations. Eq.5 formulated from the
characteristic equations in Fig.8. Eq.5 is used
to change the value of the sensor output
voltage VK in volts to the conductivity value
in uS/cm.

Vk—0.003’0.109 <Vk <1.186

— 0.009
o= (Vk +4.063 (5)
e

1093 ), 1.186 <Vk < 3.500

Copyrigh © 2018, Jurnal Neutrino:Jurnal Fisika dan Aplikasinya, ISSN:1979-6374/ EISSN:2460-5999



Jurnal Neutrino:Jurnal Fisika dan Aplikasinya,Vol. 10, No.2, April 2018 (p.45-51) [49]

1. Power Supply

2. LCD I2C 16x2 Characters

3. Relay

4. Voltage Follower

5. Wien Bridge

6. Wheatstone Bridge,
Differential Amplifier

7. Rectifier

8. Arduino UNO
9. Non Inverting Amplifier
10. Probe Sensor

Figure 9. The components of the prototype

Fig.9 shows the realization of the
prototype components. Components
placement made of two levels to minimize
the size of the prototype. The Wheatstone
bridge, a differential amplifier and Arduino
UNO placed under the Wien bridge, rectifier,
and non inverting amplifier circuit.

Temperature Measurement Test
The temperature measurement test is

temperature from 20°C to 50°C. The
temperature  measurement  from  the
thermometer and the prototype sensor
recorded every temperature rise of 2°C. The
comparison of temperature measurement
between the digital thermometer with the
prototype sensor has an error 0.13°C to
0.72°C.

Conductivity Measurement Test

The first conductivity measurement test of
the solutions at 25°C show the prototype
sensor error from 0.39 pS/cm to 21.48
uS/cm. Tests of conductivity measurements
with the variations of temperature were
performed using three NaCl solutions with
different conductivity values. The actual
conductivity and conductivity calculated with
the conversion equation recorded every
temperature rise of 5°C from 20°C to 50°C.
The result of this test presented in Fig.10.

Fig.10 shows the result of conductivity
measurement using the conversion equation
approaching a value of conductivity
measured at 25°C with error 0.06 puS/cm to
31.56 uS/cm. The prototype will display the
measured  conductivity at the actual
temperature (c) and conductivity at 25°C by

carried out by measuring the water  sing the conversion equation (c25).
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Figure 10. The result of measurement of the conductivity with the temperature variation
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Well Water Conductivity Measurement
Result

Measurements of well water conductivity
held in Pasayangan subdistrict of Martapura
and Antasan Senor subdistrict of East
Martapura,  Banjar  Regency,  South
Kalimantan, Indonesia at 15.00 WITA.
Fig.11 shows the sampling points. The 1st
and 2nd points located at Martapura River.
While point 3, 7, and 10 are conventional
(dug) wells water samples obtained and At
the point 4, 5, 6, 8th, and 9 are artesian wells
water obtained.

Table 1 shows the results of measurements
from water samples by prototype sensor
where (o) shows measured real conductivity

values at the actual temperature and (c25)
shows measured conductivity values at 25°C
with the conversion equation.

The second measurement held after the
samples stored for three days long. The
second measurement carried out by using
prototype and standard conductivity meter.

The second measurement of water
conductivity using a standard conductivity
meter carried out by keeping the water
temperature at 25°C. The measurement
conductivity with a prototype carried out
without conditioning the water temperature at
a specific point. The salinity value used as
supporting data and measured at 25°C by
salinity meter.

Figure 11. The well-water sample points in areas

Table 1. The result of conductivity and temperature measurement of the water sample

Sample Coordinate Con;juctlwty (“S/gg]s) Temperature (°C)
1 3°24'04.4"S 114°50'49.6"E 129.53 118.11 30.17
2 3°24'03.8"S 114°50'53.8"E 129.47 118.47 29.96
3 3°24'03.2"S 114°50'52.8"E 224.89 203.96 30.48
4 3°24'01.7"S 114°50'56.4"E 157.92 145.20 29.68
5 3°24'04.2"S 114°50'57.3"E 401.44 364.51 30.42
6 3°23'58.2"S 114°50'54.0"E 307.44 282.55 29.71
7 3°24'06.1"S 114°50'42.6"E 128.50 116.97 30.27
8 3°24'08.1"S 114°50'38.6"E 197.77 179.87 30.32
9 3°24'05.6"S 114°50'34.6"E 156.25 141.92 30.40
10 3°24'13.1"S 114°50'42.4"E 192.64 175.56 30.20
11 3°24'10.9"S 114°50'34.9"E 157.77 144.35 29.97
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Figure 11. Graphical comparison of conductivity measurements and salinity of water

Fig.11 presented the result of the first
measurement and second measurement the
conductivity and salinity of water samples.
The conductivity and salinity measurements
of each sample have similar characteristics.
The result of the second measurement of
conductivity (025) using prototype and real
conductivity (o) using a conductivity meter
indicates a measurement error from 2.17
puS/cm to 16.59 pS/cm.

Conclusion

The prototype sensor system is capable of
measuring the conductivity of water from
15.24 pS/cm up to 1031.60 uS/cm with error
0.39 uS/cm to 21.48 uS/cm and measure the
water temperature from 20.25°C up to
50.20°C with error 0.13°C to 0.72°C. The
result of measurement test from 11 sample
points in Pasayangan Subdistrict of
Martapura and Antasan Senor Subdistrict of
East Martapura show the value of well water
conductivity from 128.50 uS/cm to 401.44
uS/cm at 29.68°C to 30.48°C and
measurement conductivity at 25°C using
conversion equation ranging from 116.97
uS/cm to 364.51 uS/cm.

References

1. Miller R, Wesley B, Norman P. Specific
Conductance: Theoretical Considerations
and Application to Analytical Quality

samples

2.

Control. United States Geol Surv Water-
Supply. 1988;2311:3-6.

Mohsin M, Safdar S, Asghar F, Jamal
F. Assessment of drinking water
quality and its impact on residents
health in Bahawalpur City. Int J
Humanit Soc  Sci [Internet].
2013;3(15):114-28. Available from:
http://www.ijhssnet.com/journals/Vol_
3 No 15 August 2013/14.pdf
Prompak K, Sisuk N, Suphramit S,
Kaewpoonsuk A, Maneechukate T,
Dussadee N. Electro-Conductivity Of
Electrolytic Solutions. ICIC Express
Lett. 2014;8(4):1097-102.

Kumar CH H, Sowmya |. Low-Cost
Sensor Network for Contamination
Detection in Drinking Water. Int J Eng
Res Appl. 2015;5(4):71-4.

Hayashi M. Temperature-electrical
conductivity relation of water for
environmental monitoring and
geophysical data inversion. Environ
Monit Assess. 2004;96(1-3):119-28.
Malvino AP, Bates DJ. Electronic
Principle. 1970. p. 1116.

Dixit R, Dwivedi CK. Precision AC /
DC Converter using OP-Amp
Saturation. Int J Emerg Technol Adv
Eng. 2014;4(3):388-91.

Horowitz P, Winfield H. The Art Of
Electronics. Press Syndicate of the
University of Cambridge. 1994.

Copyrigh © 2018, Jurnal Neutrino:Jurnal Fisika dan Aplikasinya, ISSN:1979-6374/ EISSN:2460-5999



