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Abstract  
 

This research study focuses on the design and construction of an electronic tester using locally soured materials for 

measuring the concentration of table salt in solution. Salt, also known as table salt is a mineral that is composed primarily 

of sodium chloride (NaCl), this is a chemical compound belonging to the large class of ionic salts. The operating system 

consists of sensor, which senses the concentration of salt in solution, the signal amplification unit, which amplifiers the 

signal from the sensing unit and the display unit, which displays the concentration of salt in various solutions. The 

realization of the research study was achieved using different components like resistors, capacitors, op-amp, CA3162E, 

CA3161E and seven segment display. The design parameter was obtained from component calculations configured with 

the amplification unit to work with the sensing and display unit. These components were connected together on a 

veroboard with the aid of different tools. After completion of work, the project was tested and the percentage error values 

obtained by dipping the sensor in salt concentration were 0.58, 1.43, 1.73, 2.10, 2.21 respectively, which was relatively 

low compared to other electronic salt tester. 
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1. INTRODUCTION 
One of the most precious gifts from God to 

mankind is salt and it is affordable at a very cheap rate 

by everyone. Salt, also known as table salt is a mineral 

that is composed primarily of sodium chloride (NaCl) a 

chemical compound belonging to the large class of 

ionic salts. It is essential to human in small quantities, 

but harmful in excess [1]. The maximum daily salt 

consumption by human is 6g per day for age 11 and 

above, 5g per day for age 7 to 10,3g per day for age 4 to 

6 and 2g per day for age 1 to 3. Salt help in regulating 

fluid balance of the body. Because of its importance to 

survival, it has often been considered as valuable 

commodity in human history however too much salt 

expose man to various health hazard such as muscle 

cramps, dizziness, high blood pressure, Edema, stomach 

cancer, stroke and cardiovascular disease [2]. Therefore 

the knowledge of salt concentration is very important in 

our daily life. Man uses his sense organ which is tongue 

to carryout judgment on salt concentration. This varies 

from man to man. This judgment is unreliable. In other 

to avoid these irregularities, the project is aimed at 

designing and constructing a salt tester which can 

measure the concentration of salt in various liquid 

substances [3, 4]. The operation of the salt tester is 

subdivided into various sections as shown by the block 

diagram. 

 

 
Fig-1:  Block diagram of a salt tester 

 

1.1.    Sensor and Display Unit 

Sensor is a device that detects change in 

measured variable (salt) and converts such change to its 

electrical equivalent hence it serves as a transducer. The 

signal from the sensor is very weak so the signal is 

being amplified in this section by increasing its 
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amplitude. The signal amplification is done with an 

amplifier [5]. The signal from the amplifier is being 

displayed by this unit to indicate the various 

concentration of salt at different grams. The aims and 

objectives of this research include to: measure the salt 

concentration of liquid substances containing salt; assist 

individuals to manage salt level in the body; help to 

control salt concentration in liquid food [6, 7]. 

 

1.2.    Applications 

The use of salt is unquantifiable: It is used in 

hospitals to control diet of patient; it is used by 

companies manufacturing drips; it is equally useful in 

manufacturing industries for producing soap and 

detergents; It is useful in applied in chemistry 

laboratory for measurement of salt concentration in 

solution [8]. 

 

The NPN transistor has a forward biased 

emitter - base junction and reverse biased collector base 

junction. The forward bias causes the electrons in the N 

- type emitter to flow towards the base. This constitutes 

the emitter current (IE). These electrons flow through 

the P-type base, they tend to combine with the holes. 

Since base is slightly doped and very thin, only few 

electrons combine with the holes to constitute base 

current (lB), the remaining electrons cross over into the 

collector region to constitute the collector current (lC). 

In this way almost the entire current 1lows in the 

collector circuit [9]. Hence, it is clear that the emitter 

current is the sum of base and collector current. The 

PNP has a forward biased emitter -based junction. The 

forward bias causes the holes in the P-type emitter to 

flow toward the base. This constitutes the emitter 

current IE. As these holes cross into N-type base, they 

tend to combine with the electrons. As the hole is 

lightly doped and very thin therefore, only a few holes 

combine with the electrons. The remainder cross into 

the collector region to constitute collector current IC. In 

this way almost the entire current flows in the collector 

circuit [10].  

 

2. MATERIALS AND METHOD 
2.1. Design and Displacement Unit 

The design of the salt tester was carried out in 

stages. These stages are discussed in the various 

sections. The display unit consists the ADC (CA3162), 

the decoder driver (CA316lE) and the seven segment 

display unit. 

 

From manufacturer's specification 

R10 = 1OKΩ 

 

 
Fig-2: The Display and Displacement Unit of the System 

 

R11 = 50OKΩ 

C1 = 0.27uF 

C2 = 0. 1uF 

C1 serves as integrator in the ADC while C2 smoothen 

the power supplied to the ADC. Refer to Appendix for 

manufacturer's Specification. 

 

As shown in Figure 2, the transistor connected 

to the display serves as a switch that switches the 

required display corresponding to the BCD code from 

the driver. The transistor used is BC557. The transistor 

is a PNP transistor. The reason for choosing PNP 

transistor is because the seven segment display is 

connected in common anode [8]. Since a high is at the 

anode, the transistor must be saturated for the display to 

work. Furthermore BC557 has maximum collector 

current rating of 10OmA and each seven segment need 

a current of 49mA. See appendix III for manufacturer's 

data sheet of BC557. Choice of ADC- CA3162 was 

chosen because of the following reasons. 
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It produces BCD code 

 Capable of reading 0-9v 

 Low speed because it does not require high 

frequency 

 Differential input because any pin either 1l or 10 

can serve a input. 

 

Choice of Driver: The CA3161 was chosen because of 

the following reasons; 

 Produces 25mA constant current segment outputs 

 Eliminates need for output current limiting resistor. 

 Low standby power dissipation (18mW) 

 

2.2. Design Choice of Amplifier 

The signal amplification is done with the aid of 

an instrument amplifier. The instrument amplifier used 

is LM324. The LM324 was chosen because of the 

following reasons: High input impedance; low input 

offset; high common made rejection ratio; low power; 

large DC voltage gain; intended application. The 

instrument amplifier is shown in Figure 2. 6g is the 

maximum daily requirement for human for healthy 

living. In converting the change in concentration to 

voltage a reference voltage is assigned to one probe [9]. 

From measurement salt concentration with respect to 

voltage is shown in table 3.0.1. 

 

Table-3:  Salt concentration with respect to voltage 

MASS OF SALT VOLTAGE ACROSSS 

PROBE 

6g 6mV 

5g 5mV 

4g 4mV 

3g 3mV 

2g 2mV 

1g 1mV 

 

Sensor Unit: In converting the change in 

concentration to voltage, reference voltage was assign 

to one probe. For the ADC to be able to interpret the 

concentration of solution to voltage, the reference probe 

in supplied with maximum reference voltage of 6mV.  

 

3 TESTING 

3.1. Construction Procedure 

The construction of the circuit was done 

according to the following procedures: The electronic 

component was first assembled, tested, connected on a 

breadboard and the connection was tested to ensure 

effective connection as well as effective modification 

on the circuit; after the breadboard experiment, the 

component was transferred to a veroboard; the layout of 

the component was done to be very compatible so to 

reduce the use of long connecting leads in the 

construction; the component was properly soldered to 

ensure proper connection; after construction of the 

circuit, all connecting points where tested to ensure 

continuity. 
 

3.2. Mode of Operation 

The operation of the project is based on the 

conductivity of salt is solution.  When salt is poured 

into water, alter some seconds the salt is fully dissolved 

in the water and its ions becomes mobile. The probes 

are dipped into the salt solution and are placed at equal 

distance from each other. The movement of ion 

constitutes the conductivity of the solution. The 

movement of ion results in current flow but as a result 

of resistance of the salt in solution, there exist voltage 

drop across the probes. As salt concentration is 

increased through addition of more salt in solution, the 

voltage across the probes continue to increase. The 

change in voltage is equivalent to the changes in the 

concentration of salt. The change in voltages is send to 

the amplifier for amplification. 
 

The amplifier amplifiers the difference in 

voltage between probe (one probe is at a higher 

potential compared to the other) and sends signal to the 

ADC. The ADC converts the signal to a digital readout 

which is then send to the decoder /driver. The driver 

decodes the signal and at same time drives the seven 

segment display to display the equivalent Concentration 

of the salt. After constructing the electronic circuit, it 

was cased using an adaptor box made with plastic.  
 

3.3. Operational Test 

Testing was carried out by putting of salt in 

water and after 10secs the probe were dipped into it. 

The display displays the concentration corresponding to 

the quantity of salt poured in the water. Several quantity 

of salt was put into water and various concentrations 

were displayed at the output. 

 

Table-5: Result of the Performance Test 

s/n Mass of 

salt 

Calculated 

concentration value 

(M/mL) 

Display concentration value Percentage 

error Value on 

display (M/mL) 

Actual value 

(M/L) 

1 1g 0.17 171 0.171 0.58 

2 2g 0.35 345 0.345 1.43 

3 3g 0.52 511 0.511 1.73 

4 4g 0.68 666 0.666 2.10 

5 5g 0.86 841 0.843 2.21 
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3.4. Observation and Precaution 

It was observed that when the probe touches in 

the concentrated solution, the voltage drop was zero. I 

also observed to prevent 1C socket was used in the 

construction to prevent IC from being over heated 

during soldering. The stability of solution and 

temperature of the environment affects measurement of 

concentration; hence, it is difficult to display 

concentration of salt above 5g with 100mL of water 

because of the display used. Since different grams of 

salt was used for same volume of water, once the 

solution becomes saturated it will yield no result at the 

output. 

 

4. CONCLUSION 
The electronic salt tester assists in quick and 

approximate indication of the salt content in diets. 

Hence, is recommended in controlling salt intake for 

ailment prevention. In addition, the salt tester is used in 

physics and chemistry laboratories to detect salt 

concentration in solution and also to check the salinity 

of soil. The sensitivity and display should be improved 

so that the device can work for large volume of 

solution. 
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