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Abstract 
This paper presents a new system for measuring water 
conductivity as a function of electrophysical property 
(admittance). The system is cheap and its manufacturing is easy. 
In addition, it does not require any sort of electrolysis and 
calibration. The system consists of four electrodes made of silver 
(Ag 92.5 g to Cu 7.5 g) fixed in a plastic tube filled by water 
which allows the use of two and four electrode setups. The 
admittance (reciprocal of impedance) was measured for different 
water sources (distilled, rainfall, mineral, river and tap water) 
using different frequencies between 50 Hz and 100 kHz. These 
measurements were taken twice, first with four electrodes and then 
with two electrodes of two modes (inner and outer electrodes). 
The results showed good correlation between the measured 
admittance and the conductivity of all the water sources and the 
best correlation was found at low frequencies between 50 Hz and 
20 kHz. The highest efficiency can be achieved by using the four 
electrode system which allows circumventing the effect of the 
electrode impedance. This result makes the system efficient 
compared to traditional conductivity meters which usually require 
high frequencies for good operation. 
 
Keywords: Impedance, Admittance, Water conductivity, four 
electrode setup 
 

 
Introduction 
 
The electrical conductivity (EC) of a water solution is a 
measure of how much material is dissolved in the water. EC 
is an important electrochemical water quality parameter. 
However, except for drinking water, EC alone is not 
adequate to characterize water. It has been suggested that 
drinking water quality can be checked effectively by 
measuring the conductivity of the water [1]. EC is usually 
measured by a probe that applies voltage between two 
electrodes and records the drop in voltage. This drop 
reflects the resistance of the water, which is then converted 
to conductivity. Electrical conductivity cannot be measured 
directly but it is calculated from the measurement of the 
resistance of an electrolyte where the conductivity and 
resistance are inversely related. According to [2] this 
relationship is given by 
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In equation (1) R is the resistance, ρ is the electrical 
resistivity, k is the electrical conductivity with unit of 
Siemens/cm, l is the effective length of the current path, A 
is the effective cross-section area of the current path, and C 
is the cell factor. 

Although commercially available conductivity sensors 
are of good quality as far as range accuracy and sensitivity 
specifications are concerned they require extra cost [3]. 
Since all commercial conductivity meters incorporate 
temperature measurement an accurate electrical 
conductivity measurement is trivial even if the temperature 
and sometimes the water level are unknown. However, 
measuring the water level by a commercial conductivity 
meter is rather difficult [4]. Measuring EC conventionally 
requires calibration with a standard liquid and pre- 
determination of the cell factor C, which should be set to a 
constant, [4 and 5]. However, using a standard liquid and 
setting the cell factor to a constant value is not fully 
appreciated by most users because it is a costly process. 
The method of measuring water conductivity illustrated so 
far is based on electrochemical properties. 

Conductivity can also be measured using 
electrophysical properties such as impedance (Z) in units of 
(Ohm) and its reciprocal admittance (Y) in units of Siemens 
(Ohm-1). Research concerning the use of admittance is 
infrequent. An exception is the work presented in [6] which 
used the concept of admittance for the first time to 
determine the conductivity of solid electrolytes. 

In this paper a new system for measuring the 
conductivity of water is proposed. The system utilizes the 
correlation between the conductivity of water and the 
electrophysical parameters (impedance and admittance). It 
does not require calibration to a reference sample. 
 
The Proposed Setup 
 
There are two basic requirements (steps or procedure) for 
the conductivity measurement: 1) inducing a small ac 
current through a precise volume of the liquid to be studied 
and 2) measuring small changes of electric potential across 
the liquid. The first step is usually carried out by the 
conductivity measuring cell. The proposed setup consists of 
a function generator (Chauvin Arnoux C.A950), an RLC 
meter (M9803R), an ammeter (PeakTech 3340 DMM Auto 
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range) and connecting wires. To fulfill the two 
aforementioned requirements the setup is designed to 
consist of two main components: cell fabrication and 
impedance measurement. 
 
Cell Fabrication 
 
The admittance cell is fabricated in a plastic tube of 
diameter 1.67 cm and length 9 cm with four silver 
electrodes (Ag 92.5 g to Cu 7.5 g) fixed inside the tube. The 
four silver electrodes each of diameter 1.67 cm and 0.6 cm 
thickness are arranged at equal distances of 1.5 cm apart as 
shown in figure (1). 
 

 
Figure (1) Fabricated cell with electrical circuit. 

 
 
Impedance and Admittance Measurement 
 
The impedance measurements are carried out at different 
frequencies ranging from 50 Hz to 100 kHz by filling the 
tube with one water sample at a time (distilled, mineral, 
river, rainfall, and tap water). The voltage of the applied 
sinusoidal signal is about 10 volt rms. The electrical 
conductivity of the liquid is derived from its impedance Z. 
The admittance of the liquid is then calculated from the 
reciprocal of Z. 

Two setups were considered; four electrodes and two 
electrodes with two modes. 

In the four electrode setup, the impedance of the water 
samples is determined by the ratio of the electrical current 
(I) measured at the two outer electrodes and the measured 
potential drop ΔV between the two inner electrodes. 

In the two electrodes setup, one with two inner 
electrodes and the other with two outer electrodes, a voltage 

is applied to two electrode rings immersed in the water 
sample. Then the resultant current which is related to the 
small changes in the electric potential across the two 
electrodes is measured. The impedance is then determined 
in the same manner as mentioned above (the ratio between I 
and ΔV). The conductivity of water measured by both 
setups was compared to the measurements of a commercial 
conductivity/оC meter (Wagtech international) at room 
temperature 25 оC. 
 
Results and Discussion 

 
Conductivity as a function of admittance 

 
The impedance and admittance measurements were 

performed at three different inter-electrode distances for 
each frequency. The design of the system allowed the use 
of both the four and two-electrode setup. These two setups 
and their results are illustrated in subsections A and B. 

 
A. Four Electrode Setup 

 
In the four electrode setup, a relationship between EC 

values measured by a commercial instrument EC meter and 
the admittance was established for different water samples 
at each frequency. Table (1) and Figure (2) show these 
relationships at frequencies (0.05, 2, 20, 60 and 100 kHz). 
They can best be interpreted in accordance to the 
parameters of a linear equation (slope and intercept). The 
slope represents the distance between the electrodes. Figure 
(2) assures the correctness of the aforementioned 
interpretation. In this figure the slopes of the lines at low 
frequencies are (1.7, 1.66 and 1.56) with correlation factor 
(R2 > 0.99). These slope values approximate the distance 
between the electrodes (1.5 cm) with error percent (9.3 %). 
This result is in agreement with that of previous work [7]. 

In addition, the unit of the slope according to the figure 
is cm-1 which is the unit of the cell constant for any 
conductivity meter. So the distance between the electrodes 
can be taken as the cell constant of the four electrode setup. 
However, at high frequencies (60, 100 kHz) this 
interpretation is not feasible because the slopes of the lines 
exceeded the value of (2) with correlation factor (R2 < 
0.99). This value is rather far from (1.5 cm) the distance 
between the electrodes. 

The other parameter of the linear equation is the 
intercept value. Ideally the intercept value should be zero. 
However, experimentally according to figure (2) the 
intercept values were (3×10-6, 3×10-6, and 6×10-6). These 
values can be considered as errors attributed to the 
electrode conductivity. This point was noticed previously in 
[2]. 
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Table (1): Calculated values of admittance and measured conductivity for different frequencies by the 4-electrode system 
 

4-Electrodes 
f = 0.05 kHz f = 2 kHz f = 20 kHz f = 60 kHz f = 100 kHz 

Admittance 
(µS) 

Conductivity 
(µS/cm) 

Admittance 
(µS) 

Conductivity 
(µS/cm) 

Admittance 
(µS) 

Conductivity 
(µS/cm) 

Admittance 
(µS) 

Conductivity 
(µS/cm) 

Admittance 
(µS) 

Conductivity 
(µS/cm) 

Distilled Water 13.09 16.20 20.10 16.20 24.04 16.20 36.57 16.20 44.28 16.20 

Mineral Water 184.08 320.33 191.14 320.33 204.03 320.33 163.53 320.33 122.06 320.33 

Rain fall Water 37.84 79.56 39.75 79.56 45.23 79.56 48.85 79.56 53.69 79.56 

River Water 218.35 359 220.41 359 234.77 359 188.88 359 143.33 359 

Tap Water 243.70 429 258.40 429 282.73 429 235.10 429 171.61 429 

 
 

 
Figure (2): The relationship between admittance and conductivity is linear at frequencies (0.05, 2, 20, 60 and 100 kHz) for the 4-electrode system. 

 

 
B. Two Electrode Setup 

 
In this setup two modes were considered; 2-inner and 2-
outer electrodes. Table (2) and figure (3) show the results 
for the 2-inner electrodes. According to the previous 
interpretation of the slopes and intercept values, the slope 
values were (1.47, 1.50 and 1.57) at low frequencies with 
correlation factor (R2 ≈ 0.99). The average of these slope 
values was exactly equal to the distance between the 
electrodes (1.5 cm). Also at high frequencies (60, 100 kHz) 
this interpretation is not feasible because the slopes of the 
lines exceeded the value of (2) with correlation factor (R2 < 
0.99).  According to figure (3) the intercept values were 
(1×10-5, 1×10-5, and 7×10-6). 

Table (3) and figure (4) show the results for the 2-outer 
electrodes. The slope values of the lines were (4.012, 4.09 
and 4.567) at low frequencies with correlation factor (R2 ≈ 
0.99). These slope values approximate the distance between 
the electrodes (4.5 cm) with error percent (6.15 %). 
However, at high frequencies (60, 100 kHz) the slopes of 
the lines were (5.759 and 7.93) with correlation factor (R2 < 
0.98). These values are rather far from (4.5 cm) the distance 
between the electrodes. The intercept values in figure (4) 
were small at low frequency and relatively large at high 
frequency. In general, it seems that the intercept values for 
the 4 electrodes setup were less than that of the two modes 
of two electrodes setups. This confirms the point that the 
effect of the electrode impedance in the four-electrode 
setup is smaller. 

 
 
 

Conductivity vs Admittance @ frequencies 0.05,2,20,60,100 KHz for 4 electrodes

y0.05KHz = 1.7026x + 3E-06
R2 = 0.9953

y 2KHz= 1.6674x - 3E-06
R2 = 0.996

y20KHz = 1.5577x - 6E-06
R2 = 0.9958

y60KHz = 2.0577x - 4E-05
R2 = 0.9883

y100KHz = 3.2275x - 0.0001
R2 = 0.985
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Table (2): Calculated values of admittance and measured conductivity for different frequencies by the two-inner electrode system 
 

2-Inner 
Electrodes 

f = 0.05 kHz f = 2 kHz f = 20 kHz f = 60 kHz f = 100 kHz 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Distilled Water 2.91 16.20 3.77 16.20 10.38 16.20 20.25 16.20 23.81 16.20 

Mineral Water 216.85 320.33 208.53 320.33 201.52 320.33 184.76 320.33 155.85 320.33 

Rain fall Water 51.32 79.56 49.73 79.56 46.76 79.56 41.675 79.56 34.72 79.56 

River Water 215.94 359 212.23 359 204.36 359 187.76 359 158.41 359 

Tap Water 292.19 429 287.76 429 280.97 429 259.77 429 219.78 429 

 
 

 
   Figure (3): The linear relationship between admittance and conductivity at frequencies (0.05, 2, 20, 60 and 100 kHz) for the 2-inner electrodes system.   
 
 
 
 

Table (3) calculated values of admittance and measured conductivity for different frequencies by the 2-outer electrode system 
 

2-Outer 
Electrodes 

f = 0.05 kHz f = 2 kHz f = 20 kHz f = 60 kHz f = 100 kHz 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Admittance 
(µS) 

Conductivity 
(μS/cm) 

Distilled Water 1.491 16.20 1.65 16.20 6.62 16.20 15.78 16.20 20.05 16.20 

Mineral Water 77.15 320.33 75.05 320.33 72.13 320.33 63.44 320.33 51.98 320.33 

Rain fall Water 18.33 79.56 18.40 79.56 19.44 79.56 22.51 79.56 23.60 79.56 

River Water 79.03 359 77.42 359 73.69 359 65.26 359 53.55 359 

Tap Water 108.60 429 107.20 429 100 429 89.52 429 73.56 429 

 
 

Conductivity vs Admittance @0.05,2,20,60,100 KHz using 2-inner electrodes

y0.05KHz = 1.4745x + 1E-05
R2 = 0.9909

y2KHz = 1.5073x + 1E-05
R2 = 0.9916

y 20KHz= 1.5721x + 7E-06
R2 = 0.9894

y 60KHz= 1.7474x - 2E-06
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y100KHz = 2.1048x - 9E-06
R2 = 0.9799
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   Figure (4): The linear relationship between admittance and conductivity at frequencies (0.05, 2, 20, 60 and 100 kHz) for the 2-outer electrode system.   
 
 
 
The Influence of electrodes setup 
 

The influence of the three electrode setups (four, 2-inner 
and 2-outer) on the admittance measurements of the water 
samples was studied. Table (4) and figure (5) illustrates that 
the admittance of the water samples especially at low 
frequencies is changed depending on the electrode setup. 
This figure clearly shows that the admittance in the four 

electrode setup is greater than those of the two electrode 
setups at the same frequency. This can be attributed to the 
fact that increasing the number of electrodes makes the area 
of charge accumulation around each electrode smaller. This 
means that the charge transfer resistance decreases, which 
in turns leads to an increase in the admittance. These results 
agree with those reported in [8, 9 and 10]. 

 
 
 

Table (4): Comparing the values of impedance and 
admittance for the three experimental setups (4, 2-inner, and 
2-outer electrodes) at all frequencies of distilled water. 
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Figure (5): Admittance vs. frequency for the three 
experimental setups (4, 2-inner, and 2-outer electrodes) 
with the distilled water. 

 
 
 
 
 
 
 

Distilled Water 

f / kHz 
Admittance (µS)  

2-Outer 
Electrodes 

Admittance (µS)  
2-Inner  

Electrodes 

Admittance (µS)      
4-Electrodes 

0.05 1.49 2.91 13.09 

2 1.65 3.77 20.10 
6 2.55 5.06 24.96 

20 6.62 10.38 24.03 

60 15.78 20.25 34.16 
100 20.05 23.81 44.28 

Conductivity vs Admittance @ 0.05,2,20,60,100 KHz using 2-outer electrodes 
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Table (5) the influence of the three experimental setups (2-Inner, 2-Outer and 4- Electrodes) on the impedance and admittance values. 
 

Distilled Water 
Frequency 

(kHz) 
Impedance (kΩ)    

2-Inner electrodes 
Impedance (kΩ)    

2-Outer electrodes 
Impedance (kΩ)              

4-electrodes 
Admittance (µS)         

2-Inner electrodes 
Admittance (µS)     

2-Outer electrodes 
Admittance (µS) 

4-electrodes 
0.05 343.23 670.80 76.40 2.91 1.49 13.08 

2 265.16 606.41 49.74 3.77 1.64 20.10 

6 197.72 392.62 39.79 5.05 2.54 25.13 

20 96.33 151.11 41.60 10.38 6.61 24.03 

60 49.36 63.37 29.26 20.25 15.78 34.17 

100 42.00 49.87 22.58 23.80 20.05 44.28 

 
The configuration of the electrodes also contributes to the 
increase in the measured admittance. For the four electrode 
setup there is no current flow through the voltage 
measurement electrodes, thus there is no voltage drop 
across these electrodes. This is illustrated by table (5). 

In contrast, for the two electrode setup with two modes 
(inner and outer), the measured impedance was greater than 
that of the four electrode setup as shown in table (5). This 
table shows that the impedance of the two electrode setup is 
high because the voltage measurement electrode is the same 
as the current supply electrode thus the voltage that appears 
between them is affected by the voltage drop caused by the 
impedance of the electrodes. This result has been reported 
in [11]. 

The influence of the distance between the electrodes on 
the measured impedance can be explained as follows: the 
larger the distance between the electrodes the larger is the 
reactance capacitance value of the water sample. This 
behavior is especially feasible for the 2-outer mode of the 
two electrode setup. This makes the impedance to be 
higher, as seen in table (5). The same explanation was 
given in [12]. Table (5) shows that the four electrode setup 
is efficient for minimizing the impedance values. Thus the 
problem of electrode polarization can largely be eliminated 
for the four electrode setup. 

Although the electrode polarization exists in the two 
electrode setup, it can still be used as an alternative setup as 
the results it gave were fair and acceptable as shown in 
figures (3 and 4). The acceptance of the two electrode setup 
may be due to the large surface areas of the electrodes 
which lead to a reduction in the electrode impedance. 

 
Conclusion 

 
In the view of the aforementioned results, the 

admittance measured by the three different electrode setups 
correlates well with the conductivity of water. Best results 
can be achieved by performing the four electrode setup 
which allows more flexibility in controlling the effect of the 
electrode impedance. It can be concluded that the proposed 

setups are suitable for measuring the conductivity of water 
samples within a wide range (including very low 
conductivity of distilled water to high conductivity of tap 
water). 

Finally, the development of the setup was simple and 
cheap. It did not cost more than a plastic tube and four 
silver rings. 
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