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Abstract 

Seawater intrusion increases groundwater salinity and affects the quality of residents' 
healthy water around coastal areas. Therefore, simple mapping of seawater intrusion 
distribution based on the salinity values of healthy water around coastal areas is 
necessary. This mapping can be done by measuring the salinity of the water using a 
portable and real-time instrument. The existing measurement system is not resistant 
to corrosion, does not have a data logger system, and does not have a display system 
capable of showing real-time salinity value graphs. In this study, a portable salinity 
measurement system resistant to corrosion caused by high salt levels was developed. 
The salinity measurement method used is the conductivity method. The salinity value 
of the solution is proportional to the measured conductivity value of the solution. 
Conductivity measurement uses two electrodes connected to a voltage divider circuit 
with an AC power source to avoid electrode polarization and electrochemical 
reactions. The output voltage of this voltage divider circuit is proportional to the 
conductivity value of the solution in which the two electrodes are immersed, based on 
Ohm's law. This output voltage is fed into a signal conditioning circuit consisting of 
an amplifier, filter, and full-wave rectifier. Subsequently, an Atmega 328 
microcontroller processes this data for real-time display on a TFT LCD and real-time 
storage on a data logger module. Testing and calibration are then carried out to obtain 
the relationship between the solution's salinity value and the measured output voltage, 
expressed as a 2nd-order polynomial function Vout = -0.0012C2 + 3.5126C + 14.194. 
Additionally, it is known that salinity measurement results using the conductivity 
method are influenced by temperature, so temperature measurement using the 
DS18B20 sensor is required to obtain a compensation factor due to temperature 
changes. The higher the temperature, the higher the measured salinity value for the 
exact solution measurement. 
 

© 2024 State Islamic University of Mataram 

INTRODUCTION  
Salinity is a quantity or variable that indicates the amount of salt or salinity dissolved in water 

[1]. Water salinity levels can be affected by various factors, including seawater intrusion. This is 
particularly evident in coastal areas, where the seawater influx can significantly increase freshwater 
bodies' salinity [2]. An increase in salinity in water is caused by seawater intrusion. Seawater intrusion 
is the infiltration or seepage of seawater into the pores of rocks, which can contaminate the water 
contained therein [3]. One of the impacts of seawater intrusion is the increase in salt content (salinity) 
of water in the coastal areas [4]. The rise in salinity decreases the quality of water consumed by the 
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community [5] According to WHO standards, drinking water is considered safe for consumption if it 
has a salinity value of less than 100 ppm [6]. Therefore, seawater can cause water to be unfit for 
consumption by the community [7]. In addition, seawater intrusion can also cause damage and 
disruption to soil and building structures because it can cause corrosion to the foundation. If used for 
agriculture, it can reduce soil fertility [8]. Therefore, measuring the salinity level of water in coastal 
areas is necessary. This can be done by using accurate salinity measuring instruments, both laboratory-
based and mobile. 

Water salinity measurement can be done by observing the resistivity and conductivity 
characteristics obtained using the two-point method. The conductivity or EC method is the most 
effective and portable for measuring water salinity. The basic principle of water EC (Electrical 
Conductivity) measurement is to measure the conductivity of electricity that flows and is injected into 
the water. Water containing dissolved ions and cations will be more easily conductive to electricity [9]. 
his method is expected to make it easier for the community to determine and find out the magnitude 
of water salinity affected by intrusion. Overcoming this problem requires measurement of seawater 
intrusion based on water quality parameters, including electrical conductivity (EC) [10]. Therefore, in 
this study, a water salinity measuring instrument was developed using the conductivity method. 

METHODS OF RESEARCH 
Several work steps were created to facilitate the research process. The research steps are as 

follows: 
a) Literature study stage. This stage was conducted to collect information related to water salinity 

measurement methods. 
b) Design and development stage. The design and construction of the salinity measuring 

instrument are divided into two parts, namely, designing the hardware and software. 
c) Calibration Stage. Calibration is performed using NaCl solutions with varying concentrations. 
d) Testing Stage. Testing was conducted by measuring the salinity values of healthy water in 

coastal areas, which were indicated to have relatively high salinity due to seawater intrusion.  
e) Data processing and analysis stage. This stage was conducted to obtain the performance of 

the developed instrument. 
The design of the measurement system that was built is shown in Figure 1.  

 
 

 
Figure 1. Measurement System Design 

The design of the measurement system that was built is shown in Figure 1. In general, this 
system is divided into four subsystems. These subsystems include the program subsystem, the power 
supply subsystem, the sensor subsystem, the storage subsystem, and the display subsystem. The sensor 
subsystem comprises the EC-based salinity sensor and the DS18B20 temperature sensor. The 
software subsystem is built using the Arduino IDE application. The program creates commands or 
functions executed by each subsystem, such as taking data from the sensor, storing it in the data 
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logger, and displaying data on the display. The power supply subsystem is needed as a source of energy 
or power for the system. This sub-component regulates the output voltage from the battery and 
controls the on/off of the measurement system using a switch button. The sensor subsystem consists 
of several sensors that measure several physical parameters. The measurement results are then sent to 
the microcontroller to be displayed on the display and stored on the SD Card. 

The method used is the conductivity method, one of the main parameters in determining the 
quality of inorganic water [11]. his is because the concentration of dissolved ionic substances, such as 
salt, influences the conduction of electric current through a solution. There are several methods for 
measuring solution conductivity, one of which is using a two-electrode configuration. If the electric 
current injected through both electrodes is direct current (DC), corrosion will occur on both 
electrodes due to the accumulation of ions on the electrode surface. Therefore, to avoid this, 
alternating current (AC) with a specific frequency is used to prevent the formation of an oxide layer 
on both electrodes.  

The next step is to carry out the calibration process to obtain the correlation between the salt 
solution concentration values and the output voltage measured by the developed conductivity sensor. 
The salt solution concentrations used vary at values of 10ppm, 50ppm, 100ppm, 500ppm, and 
1000ppm. These salt solutions are made by dissolving several grams of salt or NaCl in several liters 
of distilled water. For example, to obtain a 1000ppm salt solution, 1000mg of NaCl is dissolved in 
one liter of distilled water. Then, a dilution process is carried out to get salt solutions with lower 
concentrations. Subsequently, the relationship between the salt concentration of each solution and 
the output voltage measured by the developed measurement system is obtained. It is known that 
salinity measurements using the conductivity method are influenced by the temperature of the 
solution. The higher the temperature of the solution, the greater the measured salinity value for the 
same solution. Therefore, a temperature compensation parameter is required for the measured salinity 
value. This can be achieved if temperature measurements are conducted simultaneously in real-time. 
Hence, an accurate and responsive temperature measurement system is needed. This study uses the 
DS18B20 waterproof digital temperature sensor, which can accurately measure temperature and 
respond quickly. Thus, the next step is calibrating the DS18B20 temperature sensor by comparing its 
measurements with those obtained using a mercury thermometer. 

The calibration results include an equation relating the salt solution concentration values to the 
output voltage of the developed measurement system. This equation is entered into the program code 
to convert the measured output voltage into dissolved salt concentration or salinity values. The 
conversion results are stored in the data logger system and displayed as real-time numbers and graphs 
on the TFT LCD screen. An equation relating temperature changes to shifts in the measured salinity 
value for the same solution is also obtained. This equation is used to compensate for changes in the 
measured salinity by the developed measurement system after the calibration process carried out in 
the previous step. 

Next, field testing was conducted by collecting salinity data from several wells around the coastal 
area using the developed measurement system. The testing was carried out in the coastal region of 
Kuta, Central Lombok, NTB. Eight wells located at varying distances from the shoreline were used 
as samples. The testing was done by taking one liter of healthy water and then measuring its salinity 
and temperature using the developed measurement system. Subsequently, a contour map of 
groundwater salinity distribution was created based on the measured salinity data from each well. The 
expected outcome of this testing is a decrease in the measured salinity value as the distance of the 
wells from the shoreline increases.  

RESULTS AND DISCUSSION 
The developed salinity measurement system is portable, so the system consists of a plastic box 

measuring 14.5 cm × 9.5 cm × 5 cm that already contains all the sensor components, microcontroller, 
battery, and display, as shown in Figure 2. 
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Figure 2. Image of the salinity measurement system design implementation results 

  
Figure 3. TFT displays images showing salinity and solution temperature measurement results in 

real-time numbers and curves 

The EC sensor calibration process compared the output value read when the sensor electrode 
was inserted into a solution with different NaCl concentrations. Therefore, the first thing that was 
done was to make NaCl solutions with different concentrations, namely 100 PPM, 500 PPM, 100 
PPM, 50 PPM, and 10 PPM. The calibration results of the built-in device are shown as the relationship 
between the concentration value of the NaCl solution and the sensor output voltage at a temperature 

of 29.62℃, as shown in Figure 3. 
 

 
Figure 4. Graph of calibration results showing the relationship between salt solution concentration 

and the output voltage measured by the developed measurement system 

y = -0.0012x2 + 3.5126x + 14.194
R² = 1
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Based on Figure 3, the relationship between the concentration value of the solution and the 
output voltage value of the EC sensor is obtained by a regression equation that is approximated by a 
2nd-order polynomial, namely: 

𝑦 = 0,0012𝑥2 + 3,5126𝑥 + 14,194                                         (1) 
 

The transfer function shown in equation 1 produces a correlation coefficient (R2) value of 1, 
indicating that the possible deviation during measurement is minimal. Meanwhile, the sensitivity value 
of the sensor is obtained from the gradient of the regression equation with a value of -0.0024x + 
3.5126 mV/ppm, where the sensitivity indicates how sensitive the sensor is to the measured quantity. 
The higher the sensitivity value of the sensor, the more sensitive the sensor is to its input, and 
therefore the better the quality of the sensor. Meanwhile, equation 2 can be used to obtain the 
estimation error value. 

 

𝑆𝑥,𝑦 = √
∑(𝑌−𝑌̂𝑡)

2

𝑛−2
                                                            (2) 

 
Therefore, the error value of the estimate is 1.45, which means that the deviation of the 

regression value from the actual value is 1.45. Transfer function obtained in the calibration process is 
entered into the programming logarithm of the developed salinity measurement system to obtain the 
solution's salinity value in ppm units based on the sensor's output voltage. 

Moreover, the measured solution value is also affected by the temperature of the solution. 
[12](Yolanda, 2023). Therefore, it is necessary to calibrate the measurement results against 
temperature changes. The temperature correction factor will be obtained in the calibration process. 
In this study, calibration is carried out to get the temperature correction factor by measuring the 
concentration of the same solution at different temperatures using the built measurement system. The 
calibration results show the relationship between the solution temperature and the measured 
concentration value shown in Figure 4. 

 

 
Figure 5 Graph of the Effect of Temperature on the Output of the EC Sensor 

Figure 4 shows the measured solution concentration increases as the solution temperature 
increases. After the calibration process of the built measurement system was carried out, field testing 
was then carried out to measure the concentration value of the salt solution of healthy water from 
residents on the coast of Kuta Village, Central Lombok. 

 

CONCLUSION 
Each subsystem functions appropriately so that the integrated system can work according to 

its purpose: to measure, store, and display data from the sensor. Furthermore, the relationship between 
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the concentration of its output voltage is also affected by temperature, where the higher the 
temperature, the higher the measured output voltage will be. It can be seen from each concentration 
that the trend or relationship between the change in output voltage and temperature has different 
trends. Furthermore, when field tests were conducted to measure salinity in several wells near the coast 
in the village of Kuta, Central Lombok, it showed that the further away from the beach, the smaller 
the salinity value of the healthy water will be. 
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