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Summary. Electrical conductivity is an important 

electrical parameter of the substance, by which you can 

identify its quality characteristics. Determining the 

admittance of the substance is crucial. Admittance of the 

substance as an active element depends on its chemical 

composition, temperature, voltage that is applied to the 

measuring circuit and the frequency of the measuring 

signal. In this regard, it is advisable to carry out a series 

of experimental tests to determine the effect of these 

parameters on the admittance of the substance. 

The object of research is water from different sources of 

centralized drinking water supply. For theoretical analysis 

of admittance, water is seen as a multi-element two-

terminal, placed in the electric circuit of alternating current. 

To reduce the methodological error, active and reactive 

components of electrical conductivity were researched in 

different frequencies ranges (from 50 Hz to 100 kHz). 

Investigation of the temperature dependence showed that 

the active and reactive components of the electrical 

conductivity are temperature dependent, but the reactive 

component is less sensitive to change. The dependence of 

the admittance of the frequency at different levels of the 

test signal is investigated. The article presents the graphical 

specification of changing admittance at the change of 

frequency, at different levels of the test signal. Also, the 

dependencies of active and reactive components were 

studied of the electrical conductivity of drinking water 

from changing test signal U at different frequencies. 

Key words: conductivity, admittance, physicochemical 

parameters, test signal. 

 

 

INTRODUCTION 

 

Electrical conductivity is important physical 

parameter of the investigated substance by which a 

number of its qualitative characteristics can be inferred. 

Measurement of electrical conductivity, in particular, is 

used to control quality parameters of water [1-3], milk, 

grains [4] oil products [5] and biological materials [6]. In 

particular, the study of the complete conductivity of the 

investigated substance i.e. admittance is essential. 

Admittance is a complex value that characterizes the 

ability of electrical circuit or substance to conduct current 

under influence of the applied AC voltage of f frequency. 

For admittance measurement, RLC-meters (resistance-

inductance-capacitance) or immittance meters are used. 

Immittance is a common name for admittance and 

impedance (complex resistance). Balancing of the 

measuring system of the instrument is carried out 

simultaneously by capacitive and active components of 

admittance, which looks like: 
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Y fCB
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where:  

G – active part of admittance – conductance,  

B – capacitive part (susceptance),  

R – resistance, C - capacity.  

 

Reciprocal to admittance value is impedance Z. 

Admittance of the investigated substance as an active 

element is determined by its chemical composition and 

therefore depends on the temperature applied to the 

measuring voltage circuit and frequency of the 

measurement signal. In this regard, it is necessary to carry 

out a number of experimental methods of analyzing of 

substances, based on registration of admittance of the 

investigated structure depending on one of the above 

options. 
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Since electrical conductivity is an important indicator 

with which it is possible to describe qualitative 

parameters of investigated objects of non-electric nature, 

then both the developments of conductometric 

measurement theory and improvement of technical means 

for their implementation are of high relevance. 

The significant contribution to the development of 

theory and practice of obtaining information on 

admittance of object of non-electric nature was made by 

researchers presented in scientific studies [7-10], where 

ability to control certain parameters of water, alcohol 

solutions and other substances is highlighted. Among 

the recent works dissertations by M.R. Herasymovych 

[11], N.L. Plakhtii [12], N.V. Martynovych [13] should 

be noted. As a result of researches conducted by the 

authors, a range of important theoretical and practical 

issues, concerning methods for measuring electrical 

parameters of various qualimetry objects and 

metrological assurance of measurements, was addressed. 

However, the issue of development, research, and 

improvement of the measuring system for 

implementation of the method of differentiated 

evaluation of products quality parameters by its 

electrical parameters [14-17] is important. 

 

 

 

MATERIALS AND METHODS 

 

Potable water from various sources of centralized 

potable water supply was taken as a research object. The 

aim is to investigate the effect of temperature on active 

and reactive components of electrical conductivity of the 

object of research and impact of frequency and test signal 

level on results of measurements of active and reactive 

component of electrical conductivity. Equivalent scheme 

(electric model) of investigated object of non-electric 

nature is the basis of theoretical analysis of 

implementation of immittance measurement method. 

Measurement of water electrical conductivity was held on 

alternating current [18]. In this case, water can be 

represented as a multi-component two-terminal placed in 

the AC electric circuit [19, 20]. Parameters of such two-

terminal elements would reflect individual quality 

indicators of the object of research. 

 

 

RESULTS AND DISCUSSION 

 

In carrying out such measurements, primary measuring 

converter – admittance sensor – is an important element. 

Requirements for the electrical circuit depend on sensors’ 

technical parameters. The generalized block diagram for 

such measurements will be as follows (Fig. 1): 

 
Fig. 1. Generalized block diagram of measuring admittance 

 

The main units of the measuring tool are immittance 

sensor, communication line and measuring circuit. 

Investigated and basic potable water samples with sensing 

elements in direct contact with the physical value form an 

immittance sensor (primary converter). Under test signal 

(voltage level and frequency) it converts water, which is 

non-electrical physical value, into the electrical value of 

capacitive nature. 

To reduce methodological errors it is advisable to 

measure active and reactive components of electrical 

conductivity in a range of different frequencies. During 

the experiments, it was found out that when controlling 

electrical quality parameters on reactive component the 

sensitivity is much higher than in determining the active 

component [21]. This is important because potable water 

is actually a diluted electrolytes solution and even small 

change in salt concentration should be controlled. 

Fig. 2 shows a block diagram of admittance 

measurements taking into account all the non-informative 

parameters [22]. 
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Fig. 2. The electrical equivalent circuit of the cells, appointed for measuring admittance 

 

 

When conducting measurements at high frequencies, 

frequency-dependent elements of electrical circuit, such 

as parasitic capacities, Warburg impedance, etc., 

disappear – they can be equated to zero. Then electrical 

measurements circuit at high frequencies will become 

simpler and will take the following form (Fig. 3): 

 
Fig. 3. Scheme of replacing the electrolytic cell in the 

measurements at high frequencies. 

 

In this circuit R – resistance of water, C – electrode 

capacity, CП – parallel capacity, which is also an 

informative parameter and is determined, uses the 

formula, which looks like: 

 

 321 С+С+С=CП , (2) 

 

where:  

d

Sεε
=С x0

1 ,  

d

Sεε
=С п0

2 ,  

C3 – capacity between conductors that connect the 

electrolytic cell with the measuring tool. 

 

Capacities C1 and C2 are determined by distance d 

between electrodes, area s of electrodes, as well as 

dielectric penetration of the solution xε and air пε  

respectively. That is, capacitance C1 should be considered 

the informative parameter which contains information on 

the composition of the electrolyte in addition to resistance 

R. Thus, only C2 and C3 must be considered parasitic 

capacities that cause measurement errors. 

Using admittance measurement method water from 

various water sources was investigated. Experiments were 

conducted in the frequency range from 50 Hz to 100 kHz. 

Investigation of temperature dependence showed that 

both active and reactive components of electrical 

conductivity increase with increasing of temperature, but 

reactive component is less sensitive to its change [21]. 

Active G and reactive B components of impedance of 

water were assessed using a capacitive sensor. As a 

result of the research, graphic dependences were 

obtained (Fig. 4). 
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Fig. 4. Dependence of active and reactive components on the electrical conductivity of various types of water from 

change of frequency 

 

 

The studies showed that potable water supplied from 

artesian wells has the lowest electrical conductivity. This 

is caused by the low concentration of calcium, 

magnesium, sodium ions, which are crucial elements for 

hardness and salinity of the water. This may explain the 

absence of scale after boiling such water. Active 

components of electric conductivity of various types 

increase with increasing frequency, and dependence is 

nonlinear at the beginning of the range. After 2 kHz the 

dependence becomes linear. This is due to the elimination 

of influences of frequency-dependent non-informative 

elements.  

However, investigation of reactive components of 

electrical conductivity of various types of water showed 

that reactive component of electrical conductivity 

decreases with increasing frequency. Especially there is a 

sharp change when going from 100 Hz to 2 kHz. That is, 

the sensitivity of measurements of water electrical 

conductivity by reactive component is higher at the 

beginning of the range. 

In the meantime, assessment of dependencies of active 

and reactive components of water electrical conductivity 

(Fig. 5 and Fig. 6, respectively) in the frequency range 

from 100 Hz to 100 kHz at six different levels of the test 

signal was held. 

 

 

 

 

 

 

 

 

Fig. 5. Graphical dependence of the conductivity active 

component on frequency at different levels of the test 

signal U. 
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Fig. 6. Graphical dependence of the conductivity reactive 

component on frequency at different levels of the test 

signal U. 
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Fig. 7. Graphical dependence of the active component of 

conductivity on test signal changes at different values of 

frequency. 
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Fig. 8. Graphical dependence of the reactive component 

of conductivity on test signal changes at different values 

of frequency. 

 

Also, assessment of dependencies of active and 

reactive components of potable water electrical 

conductivity from change of test signal U at different 

frequencies (Fig. 7 and Fig. 8, respectively) was held. 

By the nature of dependencies shown in Fig. 7, 8, we 

can conclude that the impact of changes in test signal on 

research results is clearly expressed only at low frequency 

and is observed both for active and reactive components 

of electrical conductivity. This may indicate the possible 

impact of near-electrode capacities.  

Accordingly, it is unadvisable to look for connections 

between the physical and chemical properties of potable 

water and its electrical parameters based on changes in the 

test signal. Besides, active and reactive components of 

potable water electrical conductivity virtually do not 

change at a frequency exceeding the value of 1 kHz, which 

shows the unreasonableness of high-frequency studies of G 

and B. 

 

 

CONCLUSIONS 

 

1. When measuring the admittance, the result is 

influenced by various non-informative parameters. 

Therefore, research should be conducted at high 

frequencies to reduce their impact. The optimal 

frequency for measurement is the frequency of 5 kHz. 

2. Investigation of admittance at different levels of the 

input voltage has shown that it is unadvisable to look 

for connections between physical and chemical 

properties of potable water and its electrical 

parameters based on the changes in test signal. 

3. Results obtained allow forming the requirements to 

the appropriate operational control over the electrical 

parameters of liquids. 
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