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Abstract: For the first time, the effect of a significant change in the resistance of the aquatic 

environment of a population of protozoan microorganisms under the influence of radiofrequency 

electromagnetic radiation from cell phones has been experimentally studied. The results of the 

experiment demonstrate the biological nature of the changes occurring in the “water population of 

protozoa” system, which indicates that the impact of radiation directly affects the cell. This 

conclusion is confirmed by the same order of magnitude time of information exchange between 

individual individuals of the population in the calculation and in the experiment. An extremely low 

concentration of protozoa in the experiment was established, equal to 1000 pcs./liter, at which the 

indicated effect is observed. An unambiguous dependence of the biological effect in the “water – 

amoeba population” system on the average power of electromagnetic radiation of cell phones, both 

in standby mode and in talk mode, has been established. It is concluded that the presented method 

of changing the physical properties of the aquatic environment of a population of protozoa under 

the influence of electromagnetic fields can be a model experiment in identifying the mechanisms of 

interaction of biological systems with electromagnetic radiation, determining the response time of 

biological systems to external electromagnetic influence, and establishing the degree of influence of 

radiation in the 4G, 5G ranges. 

Keywords: cell phone; electromagnetic field; population of protozoan microorganisms; resistance 

of the aquatic environment 

 

Introduction 

Exposure to radio frequency electromagnetic fields (EMF) generated by modern gadgets has an 

increasingly significant impact on human life, for example [1,2]. Understanding this motivates 

research into the depth and significance of this impact. Therefore, the task arises of determining 

criteria characterizing the impact of radio frequency EMFs of modern mobile devices, which would 

allow real-time monitoring of changes in the state of a living organism under external influence of 

electromagnetic radiation. 

A cell phone, being a mobile transceiver device, is present in the life of every modern person. 

The electromagnetic fields (EMF) emitted by such gadgets create an almost continuous general 

electromagnetic background (EMF) in which modern man lives. The effect of this EMF, enhanced by 

personal gadgets, on living organisms is quite noticeable and is reflected in the scientific literature, 

for example [3,13]. The consequences can be not only disturbances in the functional activity of the 

body, but also genetic changes in cells - mutations. Mutations in somatic cells can cause cancer and 

auto-aggressive diseases, decreased immunity, premature aging, etc. Mutations in germ cells may 

not affect the health of the person exposed to mutagenic effects, but they will be passed on to the next 

generation. The consequence of this can be various hereditary diseases, congenital malformations, 
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and decreased physical and mental health [3,4]. Thus, in an experiment using root meristems of 

Allium cepa, it was found that cell phone radiation modulated in conversation mode induces 

chromosomal mutations in dividing cells and micronuclear mutations in non-dividing cells. 

Cumulation of the mutagenic effect was detected. So, with a daily exposure of one hour (Allium cepa 

was grown for three days - total irradiation 3 hours), the frequency of mutations increases 5 times 

compared to the spontaneous (natural) level. With daily three-hour (total 9 hours) exposure, the level 

of mutations increased 7 times [3]. In addition, exposure to cell phones can dramatically reduce the 

production of the hormone melatonin, which helps a person fall asleep [6,9]. 

Constant radiation emitted by mobile phones can cause oxidative stress, inflammatory response 

and dysregulation of HPA axis hormones, [7], and high oxidative stress in the hippocampus with 

decreased corticosterone levels, [8]. When the scrotum was directly exposed to radiofrequency 

electromagnetic radiation from a 4G mobile phone on the testes of adult rats, testicular damage, 

disruption of the blood-testis barrier, decreased sperm quality and, as a result, decreased fertility 

were established. A change in the motility and viability of sperm under the influence of smartphones 

using the Wi-Fi spectrum for data transmission has been established. [13]. A review given in [11,12] 

showed histopathological changes in thyroid follicles after exposure of rats to non-ionizing radiation, 

and the results were directly related to the amount and duration of exposure to radio waves from cell 

phones. 

A review of the studies conducted shows how significant and versatile the influence of cell 

phones on biological organisms can be. However, it is worth noting that these studies represent the 

collection of statistical data on the results of the action of EMF of cell phones in the study of changes 

in the vital activity of biological organisms with their subsequent methodological generalization, 

which necessarily requires the use of large time resources and labor costs and does not solve the 

problem of determining the mechanisms effects of external EMFs on the state of the human body. 

In this regard, the question arises of creating a method for studying the influence of cell phone 

EMF on biological objects, which would allow real-time assessment of such influence depending on 

the distance, duration and frequency of exposure. It is important to have significant physical and 

biological characteristics of the method that can be measured experimentally, which will allow 

comparison of the effects of various modern gadgets. 

In [14], the biological effect of changes in the resistance of the aquatic environment of a 

population of protozoan microorganisms under the influence of EMF in the centimeter (CM) 

wavelength range of non-thermal intensity was first established and studied. Subsequently, the effect 

was obtained at millimeter (MM) and terahertz (THz) electromagnetic waves [15], the integral power 

of which in order of magnitude was 1 mW/cm2. It was experimentally shown that for short, 1 minute, 

irradiation times, the resistance of the aquatic environment of the protozoan population decreased 

by 1% of the order of magnitude of the total resistance value of the aquatic environment. In this case, 

a decrease in resistance was observed after a time on the order of 10 minutes after irradiation, which 

indicated the biological nature of the observed changes. In [14–16], it was found that the full cycle of 

changes in the resistance of the aquatic environment of a population of microorganisms under 1 

minute exposure to SM, MM or THz EMR includes 4 stages of changing the resistance of the aquatic 

environment: 1 stage of constant resistance of the aquatic environment, 2 - stage of decreasing 

resistance , 3 – stage of constant resistance with a value lower than the initial resistance of the aquatic 

environment, 4 – stage of increasing the resistance of the aquatic environment to the initial level. The 

duration of the entire response cycle of the population of protozoan microorganisms from the 

moment the irradiation began until the resistance of the population of the aquatic environment was 

restored was 20–60 minutes in the experiments, depending on the physical parameters of the 

impacted EMF, which also indicated the biological nature of the observed phenomena. The described 

response of the population of microorganisms in water was observed at a concentration of protozoa 

from 1000 to 5000 pcs/liter. 

The frequency range of mobile communications, depending on the phone standard, is 453-1800 

MHz. Radiation power is a variable quantity, depending largely on the state of the communication 

channel “mobile radiotelephone - base station”; a higher level of the base station signal at the 
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receiving location corresponds to lower radiation power of the cell phone. The maximum power of 

cellular devices is within the range of 0,125-1 W. However, mobile phones, including the GSM 

standard, transmit information in pulses, which significantly reduces the integral power of the 

phone's output signal. The average EMF power of modern cell phones is in the range from 1 μW to 

10 mW, depending on the standard, the distance to the cellular station, and its mode of operation at 

a given time. 

Biological effects arising from the action of EMF of non-thermal intensity can be observed in 

living organisms with a high spread of the integral power of the influencing radiation, amounting to 

several orders of magnitude. Based on this premise, we can expect a similar response from the 

population of protozoan microorganisms to the one described above when exposed to cell phones. 

In this work, we experimentally study the response of a population of protozoan 

microorganisms in the form of a change in the resistance of the aquatic environment in the system 

“water – population of protozoa living in water” under the influence of cell phones of varying power 

at a concentration of microorganisms of 2000 pcs/liter. 

Materials and methods 

The diagram of the experimental setup for measuring water resistance in the system “water – 

population of protozoa living in water” at a constant external voltage is shown in Figure 1. Cuvette 

with water 1 is used as an arm of the bridge circuit. The constant resistance values were 10 kOhm, 

the variable resistance value was 15 kOhm. 

The cuvette was a cylindrical glass cup with a diameter of 100 mm and a height of 50 mm, into 

which 350 ml of water was placed. Contact plates made of brass mesh tinned with POS-60 solder with 

a mesh size of 0.3 mm were immersed in water along the side wall of the cuvette and had dimensions 

of 20x500 mm. 

A change in the water resistance in the cuvette led to the appearance of an unbalance voltage in 

the bridge circuit, which was converted by amplifier 2 and recorded as a time diagram on plotter 3, 

which graphically recorded the voltage change during a single sweep of the plotter for 70 minutes. 

The time constant of the measuring circuit was 5 seconds, which, with a sensitivity of the installation 

of 5 10-2%/cm, made it possible to register only processes of long duration. Voltage U0 = 20 V. 

  

Figure 1. Scheme of the installation for measuring the conductivity of water. 1 - cuvette with water 

and a population of protozoa, 2 - amplifier-converter, 3 - plotter, 4 - cell phone. 

The developed experimental methodology was hypothetically based on the possibility of 

recording the response of the “water – protozoan population” system in the form of changes in the 

parameters of the aquatic environment under external influence of EMF. Indeed, according to the 

concept of population homeostasis [17], intrapopulation relations of protozoa are required to ensure 

the unity of the population due to the population’s effect on water as its habitat. Then the impact of 
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EMF on the population of protozoa should lead to changes in water parameters due to the mutual 

influence of “water – population living in water.” The experiment used a concentration of amoebas 

(entamoeba gingivalis) of 2000 pieces/liter in the phase of slowing down population growth. For the 

experiments, 3 types of cell phones were used, the names and maximum output power of which are 

presented in Table 1. 

Table 1. 
 

Purism Librem 5 Fairphone 3 Pine64 PinePhone 

Passive mode 0.17 0.28 0.37 

Active mode 0.36 0.43 0.49 

The experiments were carried out in 2 stages. The first stage corresponded to the passive mode 

of cell phones in call waiting mode, the second stage was carried out with the active mode of cell 

phones in talk mode. The experiments were carried out under conditions of strong (4–5 display strips) 

signal reception. 

For each cell phone, 6 measurements were taken for passive and 6 measurements for active 

modes. The maximum values of the decrease in the resistance of the aquatic environment measured 

in the experiments were entered into the Excel 2013 program database, with the help of which the 

average value of the decrease in the resistance of the aquatic environment was calculated for each 

operating mode of the cell phone and its standard deviation. 

To control the procedure for determining the significance of the values of reducing the resistance 

of the aquatic environment of the amoeba population, control measurements were carried out in the 

absence of an amoeba population in the water. It is immediately worth noting that no biophysical 

effects were detected during the experiments in the absence of a population of amoebas in the water. 

The pH value of the aqueous medium during all experiments was 6,9. The water temperature 

was 220C for all experiments. 

Impact of Cell Phones on Amoeba Populations 

The cell phones indicated in Table 1, in accordance with the parameters of the base station, 

received and transmitted the signal, as in most populated areas of the Russian Federation, in the 3G 

standard of the UMTS 2000 range. The phones operated in the MTS UpLink standard in the frequency 

range 1950-1965 MHz, DownLink 2140 - 2155 MHz , that is, the population of protozoa was exposed 

to an external electromagnetic signal from telephones at EMF frequencies in the range of 1950-1965 

MHz. The distance of the cell phone from the surface of the aquatic environment of the population 

of protozoan microorganisms in the experiment was 35 mm. 
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Figure 2. Dependence of the resistance of the aquatic environment of the population of protozoa on 

time under the action of a Samsung cell phone, Purism Librem 5 in passive, curve 1, and active, curve 

2, operating modes. 

In Figure 2 shows a curve of changes in the resistance of the aquatic environment of the 

protozoan population when using the Purism Librem 5 phone in passive and active modes. The effect 

of the telephone on the population occurs in the time interval between points 1 and 2. The result of 

the response of the population of protozoan microorganisms to the action of the telephone can be 

divided into 3 stages, differing in their time intervals. The course of the curves in Figure 2 

demonstrates that at first the effect of the telephone radiation was characterized by a transient process 

with a duration of T1 = 13 minutes. from the beginning of irradiation with practically unchanged 

water resistance. Further, the resistance began to decrease upon reaching the minimum value = 0,33% 

after T2 = 17 min. The water resistance value was restored after T3 = 60 min. from the onset of EMF 

exposure. The course of the curves reflecting the effect of telephone radiation shows that the influence 

of the telephone on the protozoan population significantly depends on the operating mode of the 

telephone. Thus, stronger irradiation in the active mode is characterized by a more significant, curve 

2, 20% decrease in the resistance of the aquatic environment, although the process of response of the 

protozoan population itself is determined by time intervals similar to passive exposure. 

Figure 3 shows the response of the protozoan population to the Fairphone 3 phone when 

operating in passive and active modes. 

 

Figure 3. Dependence of the resistance of the aquatic environment of the population of protozoa on 

time under the action of a Samsung cell phone, Fairphone 3, in passive, curve 1, and active, curve 2, 

operating modes. 

As in the previous experiment, the effect of cell phone radiation on the population was carried 

out in the time interval between points 1 and 2. The dynamics of changes in the aquatic environment 

in this case also demonstrated the same course of resistance change curves as in Figure 2. Figure 3 

shows that the characteristic times T1, T2 and T3 in the case of exposure to radiation from the 

Fairphone 3 are the same as when exposed to Purism Librem 5. However, the maximum values of 

changes in resistance when exposed to radiation from the Fairphone 3 significantly exceed the 

maximum values of changes in the resistance of the aquatic environment for Purism Librem 5. This 

difference in experiments can be explained by the stronger signal of the Fairphone 3. 

In Figure 4 shows the response of the protozoan population to the Pine64 PinePhone when 

operating in passive and active modes. The figure demonstrates the dynamics of changes in the 

resistance of the aquatic environment in active and passive modes, which is qualitatively similar to 

the experiments whose data are presented in Figure 2 and 3. The characteristic times T1, T2 and T3 

have not changed. The maximum changes in the resistance of the aquatic environment have 

increased, which can be attributed to a more powerful signal from the Pine64 PinePhone. 
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Figure 4. Dependence of the resistance of the aquatic environment of the protozoan population on 

time when operating the Pine64 PinePhone cell phone in passive, curve 1, and active, curve 2, 

operating modes. 

In Figure Figure 5 shows a histogram of the average values of maximum changes in the 

resistance of the aquatic environment depending on the impact of the considered cell phones in 

passive and active operating modes and their standard deviation. The histogram shows that an 

electromagnetic signal with greater power corresponds to a more significant change in the resistance 

value of the aquatic environment of the population of protozoan microorganisms. The dependence 

of the dynamics of changes in the resistance values of the aquatic environment on the power of the 

irradiation signal occurs for both passive and active modes of phones and has a clear difference in 

magnitude for different irradiation powers. 

 

Figure 5. Average values of the maximum decreases in the resistance of the aquatic environment of 

the protozoan population when exposed to radiation from cell phones in passive and active operating 

modes and their standard deviations. 

The discussion of the results 

Shown in Figure 2 - 4 time dependences of water resistance values show the real significance of 

the impact on the “water - protozoan population” system of EMFs of modern cell phones. It is 

important that the recorded results of exposure prove the biological nature of the observed 

phenomena. Indeed, only biological objects can organize an adequate response to external influences 

after a time that is several orders of magnitude longer than the characteristic period of the external 

signal. In this case, the characteristic times of the observed processes of change in the resistance of 
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the aquatic environment exceed the period of the signal of the affecting EMF by 9–10 orders of 

magnitude. 

The concept of population homeostasis of a protozoan population is based on the integrity and 

stability of the population in the external environment [17]. The results of this work confirm that the 

integrity of a population is the result of continuous interaction between its constituent parts and 

individuals. One of the channels of information interaction within the protozoan population occurs 

at the level of metabolites [17]. The change in the resistance of the aquatic environment of the system 

under study proves the possibility of the population changing the structure of water. This indicates 

that the effect of EMF can go directly to a biological object. In this case, biochemical processes change 

their speed, which leads to a change in active membrane transport. Individuals of a population, after 

exchanging information, change their habitat, restructuring the water. The change in the structure of 

water and the associated decrease in resistance does not occur immediately, but after the sequential 

transmission of information about irradiation from individual to individual within the population. 

The time of information transfer can be estimated by representing an ensemble of individuals in a 

population in the form of ideal gas molecules. Then, in accordance with the formulas of 

thermodynamics, the calculation of the frequency of collisions of the molecule 

Vn 2=           (1) 

and free path length 

 V=           (2) 

where n is the concentration of molecules - protozoan individuals, v is their average speed and is the 

effective diameter of the individual, for values n = 107 м-3, V= 10-4 м/sec,    = 10-6 м2, we can estimate 

the order of their values:   = 10-3sec-1 and   = 0,1 m. This means that in the cases considered above, 

the transmission of information about external influences received by part of the protozoan 

population during the period of exposure reaches all individuals of the population in a time equal in 

order of magnitude to T = 1/  = 10 minutes. The calculated value of T is in good agreement with the 

experimental data obtained on the temporary change in the resistance of water with the population 

of protozoa living in it. 

The difference in the characteristic times of the dependences of water conductivity in Figure 2 

and 4 is explained by the difference in the experimental conditions, the course of which, other things 

being equal, was determined by the power of the telephone signal when irradiating the protozoan 

population. The response of the protozoan population to EMF, expressed in a temporary change in 

water resistance in Figure 2 - Figure 4, indicates a group response of individuals in the population to 

external influences. Comparison of the values of the characteristic times in the experiment T1 and the 

calculated information exchange time of the population T indicate that the effect of EMF directly 

affects the cell. The presence of a two-way intercellular information channel and an adequate 

response to external influences demonstrates the ability of a population to manifest itself as a single 

organism. This confirms the fact that the interface of the intercellular information channel is based 

biochemical reactions at the level of metabolites and the process of biological structuring of water. 

An important result is the dependence of the biological effect of the “water – protozoan 

population” system on the power of the influencing signal. In this case, the external signal is a 

sequence of powerful, up to 0,5 W, pulses with a high duty cycle such that the average signal power 

does not exceed the thermal barrier for biological media. The dependence of the biological response 

of the “water – protozoan population” system on the power of a cell phone signal makes it possible 

to conduct a comparative analysis of the impact of radiation in the 4G, 5G and 6G ranges on humans. 

These studies allow us to conclude that the time of the transition process of the dependence of 

the biological effect on power is the time of information exchange between individuals of the 

population. The biological effect of reducing the resistance of the aquatic environment to a population 

of simple microorganisms is subject to population homeostasis and is associated with the transition 

of the “water - population” system to a new state due to a change in the organization of the cell-
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aquatic environment exchange channel, manifested in the restructuring of the water macromolecule. 

Maintaining the integrity of the population is the result of squeezing out entropy obtained due to 

external influences into the habitat, which manifests itself in the experiment as a change in water 

resistance. Being a non-equilibrium isothermal system with changing free energy due to the 

absorption of radiation [18], the population maintains entropy in a wide range of external influences 

as a result of bidirectional metabolic processes in the “population - aquatic environment” system, the 

simultaneity of which is maintained due to continuous intercellular information exchange. 

It should be noted that for a biological system in a steady state, entropy can vary within small 

limits compared to inanimate objects (for example, an ideal gas, a distributed system with chaotic 

behavior, etc., where the change in entropy in an experiment can be several orders of magnitude). 

This means that guaranteed repeatability of the results of experimental studies on living systems can 

be expected after a period of time determined by the return to the original state with the entropy 

value of the undisturbed “living organism - habitat” system. Experiments have shown that 

guaranteed repeatability of results with the same population of protozoa is observed after no less 

than 24 hours. 

Conclusions 

The experiments carried out as part of the work showed a significant dependence of the change 

in the resistance of the aquatic environment of the population of protozoan microorganisms on the 

radiation power of cell phones. The dynamics of changes in the resistance of the aquatic environment 

indicate the biological nature of the processes observed in the “water – protozoan population” 

system. It has been established that a significant change in water resistance values occurs about 10 

minutes after the start of irradiation. The dependence of the change in the resistance value of the 

aquatic environment on the power of the irradiated signal has been established for both passive and 

active modes of the phones under study. It has been shown that a more powerful signal corresponds 

to a more significant change in the resistance of the aquatic environment. The results of the work 

show the possibility of observing in real time the effects of cell phone radiation on a biological object. 

The developed method for studying changes in the state of living systems under the influence of 

external EMFs of non-thermal intensity will make it possible to conduct original research to elucidate 

the mechanisms of the influence of EMFs on living objects. 
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