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The article presents the results of an experimental study of the changing the ionic composition of water 

under the influence of acoustic cavitation. The effect of acoustic radiation on the physical and chemical properties 

of water was studied in the frequency range 20 Hz - 50 kHz. It is shown that the ultrasonic range leads to an 

increase in the concentration in the area of metal traces and affects the change in the pH of water. The 

mechanism of action of cavitation leads to a change in the structural characteristics of water. It is shown that one 

of the manifested effects of ultrasonic cavitation can be used for various applications.    
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Introduction 

The data of the materials of the International Committee on Water Resources at the UN (United 

Nations), WHO (World Health Organization) and other generally recognized and specialized international 

expert organizations that fresh and especially drinking water will become a strategic resource by 2025 are 

well known. Water quality issues for drinking, agricultural irrigation and irrigation are becoming more acute. 

The relevance and relevance of practical applications in the field of water treatment and treatment is beyond 

doubt. The boom in demand for nanotechnology, new technologies in various ways of structuring water, 

other liquids and solutions is growing exponentially. In work [1], a wide range of applications of acoustic 

(ultrasonic) and hydrodynamic cavitation in various fields of science and high technologies was thoroughly 

investigated. Changes in the properties of water under the influence of hydrodynamic cavitation were also 

noted in [2], where studies were carried out on the basis of numerical modeling. The range of technical 

applications of hydrodynamic and ultrasonic cavitation in the world is rapidly expanding when they are 

directly used in medicine, naval affairs, pharmaceuticals, chemical technologies, cosmetics and cosmetology, 

etc. pressure of hydraulic microjets up to 40 MPa causes ionization of water and aqueous solutions and is 

accompanied by many poorly studied processes. 

Studies of the influence of hydrodynamic cavitation on the change in the physicochemical properties of 

aqueous solutions are devoted to works [3-5], and works [6, 7] are shown to purify water both from bacteria 

and other contaminants, and to disinfect water. Ultrasonic cavitation can also lead to changes in cellular 

structures, as shown in [8], and can be used in cancer therapy. The phenomenon of hydrodynamic cavitation 

was also used to purify water from pharmaceutical contaminants [9].  It is known that it influences the 

growth and development of cell structures and the transfer of various substances into cells under the 

influence of acoustic frequencies and cavitation of a different spectrum [10, 11]. For example, in [12, 13], 

the influence of ultrasonic acoustic emission, accompanied by cavitation, on various structural characteristics 

of water, including some aspects of physical chemistry and microbiological composition, was studied. 

It is obvious that the use of hydrodynamic and ultrasonic cavitation is an example of nanotechnology, 

and many aspects of this effect are poorly understood.  The questions were studied in detail and the results of 

the influence of the infrasonic spectrum of oscillations on the growth of some types of cereals were used. 

The issues of structuring water under the influence of cavitation continue to be studied and are of interest in 

various fields, including crop production and agricultural technology. 

1. Experimental part. Materials and method  

For this, two experimental installations were created for the generation of infrasound and ultrasound 

with the subsequent transfer of the pulse to piezoelectric transducers (emitters). The generator unit consists 

of a pulse generator and a frequency amplification unit of a special shape, a power supply unit and a control 
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panel.  Direct action on water is carried out in a radiation installation through piezoelectric transducers using 

a device for generating infrasound and ultrasound (Fig.1), [14]. The frequency spectrum of radiation before 

and after experiments on the effect of irrigation with acoustic vibrations was recorded using a VALLEMAN 

PC SGU250 broadband oscilloscope and the adjustment range was from 20-50 Hz on the first block to 20-50 

kHz per second.  

The water was subjected to ultrasonic action using the emitters shown schematically in Fig. 2. 

Ultrasonic emitters are made in the form of flat piezoelectric emitters for generating ultrasonic pulses located 

on the inner surface equidistantly relative to the flow path of the cavitation generator on two opposite sides 

and connected in parallel with the formation of a cavitation field directed perpendicular to the fluid flow.  

 
 

Fig.1. The device for generating infrasound and ultrasound. Fig.2. Emitter layout. 

 

Ultrasonic piezoelectric emitters are made of barium titanite, which allows generating a high-frequency 

spectrum of ultrasonic radiation. The ultrasonic emitters are rigidly fixed to the nozzle, for example, using a 

composite adhesive and are completely sealed against the corrosive effects of a liquid medium. Water flows 

through the inlet nozzle 1 and under the influence of ultrasonic transmitters 2 rigidly fixed to the inner 

surface of the dielectric wall nozzle using an adhesive or adhesive material such as composite adhesive 3 

(Fig. 2). The coolant is exposed to ultrasonic action due to pulses supplied from ultrasonic transducers 2, 

which are turned on perpendicular to the direction of fluid flow. The frequency spectrum of ultrasonic 

transducers varies from 20 KHz to 50 MHz, and the "traveling wave" is generated by an adjustable 

microprocessor and is automatically correlated with the flow rate of the coolant. Since the frequency of the 

radiation spectrum is adjustable, this makes it possible to control the processes of the intensity of the 

generation of cavitation cavities, depending on a number of physical factors, including both the speed and 

flow rate of the coolant flow, and the diameter of the inlet pipe. Along the length of the zone of action of 

ultrasonic emitters 2, cavitation cavities begin to form in the entire volume of the inlet pipe of the moving 

coolant, which, after passing the inlet pipe, begin to "collapse" (collapse), while releasing the amount of heat 

adequate to the breaking energy of intermolecular bonds. In addition, the effect of "cold boiling" or the 

formation of cavitation cavities with their subsequent collapse (collapse) leads to ionization of the coolant 

throughout the volume of the supply pipe and a controlled change in its physicochemical properties. 

In [15] on physical and technical acoustics, ultrasonic cavitation usually means the formation of 

discontinuities in the continuity of a liquid medium under the action of tensile stresses in the rarefaction 

phase, the emergence of unstable vapor-gas cavities and the subsequent collapse of these cavities in the 

compression phase. 

2. Results and Discussion  

The frequency spectrum of the radiation in the range 20-50 Hz virtually did not affect the pH of 

irrigation water. The most characteristic effects on the structure of irrigation water at 20 Hz manifested in 

increasing cadmium concentration by almost 92% zinc and almost 7 times. As seen from the integrating 

spectrograms where abscissa mg dm-3 drawn on generalized results of analyzes of samples (Fig. 3, 4) with a 

sharp increase in the concentration of cadmium Cd (about 4 times), and tin Sn (by 11 times) the remaining 

group trace metals have remained virtually unchanged.  
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Fig. 3. The increasing of Sn and Cd concentration in water after ultrasound influence 

 

 
Fig.4. The increasing of Zn concentration in water after ultrasound influence. 

 

At the same time, the content is within the MPC as the EU countries and the United States, Russia and 

the MAC recommended by WHO. For example, MPC WHO compared with the obtained data are shown in 

Table. 1. The highest efficiency of irrigation water gave exposed to ultrasound in a range close to 20 kHz, 

the second pilot unit. 

 
Table 1. The comparative characteristics of the content of trace minerals 

 

MAC (WHO), 

mg/dm3 
After influence 20 kHz, 

mg/dm3 
After influence 50 kHz, 

mg/dm3 

Cu 0.20 0.14 0.136 

Zn 0.30 0.231 0.148 

Cd 0.003 0.00039 0.00011 
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Results of averaged spectrograms in mg/dm3 (Fig. 5 - 6) show that a pronounced positive effect on the 

growth of tomato at a frequency range of 20 kHz the radiation had growth of concentration iron of 22%, 

copper Cu in 1.6 times and manganese Mn by 8  times.  

 

 
Fig.5. The increasing of Fe concentration in water after ultrasound influence 

 

 
Fig.6. The increasing of Cu and Mn concentration in water after ultrasound influence 

 

Thus, minor, an average of 1.14 - 2.01% grew acidity (pH) of the treated water for irrigation at 20 kHz 

and at a frequency of 50 kHz pH values increased to 3.28%. Analysis of the spectrograms and measurement 

of irrigation water pH after ultrasonic treatment led to the conclusion that the water gets new properties 

related to its partial ionization leading to changes in its molecular structure. 

A number of works are known, among them [15], where various scientific explanations of the 

phenomenon of hydrodynamic and ultrasonic cavitation are given, accompanied by the processes of 

changing the mechanism of microalgae development. It is the cavitation mechanism that causes new effects 

of molecular changes in the structural characteristics of algal cells was shown in these studies. 

It is quite obvious that ultrasonic and hydrodynamic cavitation has a rather complex mechanism of 

affecting water and aqueous solutions and is manifested in many physical and chemical aspects. Mass 

spectrometric analysis of irrigation water allowed to illustrate that partial ionization of irrigation water 
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occurs with activation of metal ions dissolved in it. In all probability, the activated metal ions, the 

concentration of some of which increased several times in the form that ultrasonic cavitation caused, greatly 

improve and intensify plant growth and appear as one of the factors contributing to this. 

Conclusions 

For the first time, data were obtained on the change in the physicochemical properties of water under 

the influence of ultrasonic cavitation in the radiation range from 20 to 50 kHz. The accuracy and 

reproducibility of all experimental data in the specified frequency range fully meet the standard 

requirements. The measuring equipment used in the work meets international quality and accuracy standards. 

Changes in the physicochemical properties of water affect the complex mechanism of the physical effects of 

cavitation, which were analyzed on the basis of data from other authors. The effects of sono luminescence, 

the collapse of cavitation microbubbles lead to additional ionization and activation of water. The data 

presented on the change in the structure of water after exposure allow us to conclude that cavitation has a 

significant effect on the molecular composition of water. The analysis of the effect of ultrasonic cavitation on 

water brings new knowledge and data in a deeper study of the phenomenon of cavitation. The data on the 

increase in the concentration of ions of dissolved metals obtained using mass spectrometry and changes in 

the pH of water make it possible to expand the range of scientific data on the practical use of this effect in 

various agrotechnical and engineering applications. 
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