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Abstract. The article presents the results of investigation on wastewater purification from various 

contaminants and bacteriological infections by the method of physical-chemical treatment. The paper 

substantiates the choice of effective methods of ozonation by physical fields, in particular by 

electromagnetic ones. The results are substantiated experimentally and make it possible to continue research 

in the chosen line. 

Introduction 

In the hot climate of Uzbekistan, providing the population 

with good-quality drinking water is of great social, 

hygienic and anti-epidemic significance. This is due to the 

fact that water is a way of spreading various diseases 

related to the group of intestinal infections (typhoid fever, 

paratyphoid fever, viral hepatitis and many others) [1-4]. 

The situation is aggravated by the fact that many water 

sources, including underground ones, are polluted and the 

quality of water in them, especially bacteriological, is 

deteriorating. As a result, water analysis performed by the 

supervisory authority from many wells and boreholes, 

including those located on the territory of the Tashkent 

region, do not meet health and hygiene standards during 

research conducted. 

The rules specify that if the quality of water in a water 

source is deteriorated, it is necessary to retest according to 

the health and hygiene standards. 

Since the level of bacterial contamination of drinking 

water can vary widely, different methods of disinfection 

are used in practice. Chlorination of water is most often 

used; for underground water sources are recommended 

ultraviolet treatment of drinking water. Recently, low-

frequency pulsed electromagnetic treatment of drinking 

water has been proposed as an alternative method. 

Unfortunately, until very recently, the usage of this 

purification type in Republic of Uzbekistan was not 

widely spread and there was not the health and hygiene 

assessment of their work and efficiency. At the same time, 

it was simultaneously recognized that it was necessary to 

carry out additional health and hygiene researches in order 

to determine the optimal operating modes of the 

installation, differentiation of the bactericidal effect in 

relation to different microbes, identification of promising 

areas for the use of highly effective installations and 

chemicals [5-8]. 

Main part 

Methodology of work. Laboratory studies included the 

determination of water oxidizability, the content of 

ammonia, nitrites and nitrates, the total number of 

microbes in 1 ml of water and the coli-index, as well as 

enteropathogenic bacteria. Standard research methods 

were used. 

In total, 3 cycles of experiment were carried out both with 

water from a well and with artificially polluted one. The 

main object of observation was well No. 2, located on the 

territory of the automobile plant. The water quality, 

according to the Health and Epidemiology Service, 

fluctuated significantly during 2018, in particular the coli-

index deteriorated to 43. In the nearby well No. 1, water 

from which also is used, the water quality was sometimes 

even lower, and coli-index was up to 93 [9-12]. 

The process of electromagnetic treatment of water from a 

well was carried out with different operation modes: the 

irradiation frequency was 1.66; 6; 8; 10; 15; and 20 Hz, 

processing time was different in field and laboratory 

researches. 

The research cycles were 5-7 days and were performed in 

December 2018 (December 1-8, December 9-16 and 

December 17-24). 

Research results. Before electromagnetic treatment, the 

chemical analyses of water from the investigated wells 

showed that the water was practically not contaminated 

with organic compounds. As can be seen from Table 1, 

there were no nitrogen compounds in water, and the 

oxidizability of water was 3,1 mg/l (pH 7.8). 

Electromagnetic treatment of water for several seconds 

slightly reduced the oxidizability of water, reducing it to 

1.82 – 2.3 mg/l (pH 7.87-7.97). It was not possible to 

establish a link to the decrease in the oxidizability of water 

depending on the processing frequencies (from 1.66 to 20 

Hz). 

As the water from the well proved to be of adequate 

quality, the investigated water was contaminated with 

organic compounds at the laboratory. As a result the 

content of ammonia reached 0.57 mg/l, nitrites – 0.012 

mg/l and nitrates – 0.5 mg/l. After treatment through the 

electromagnetic installation with a frequency of 10 Hz, 

the content of nitrogen compounds decreased by 40-60%: 

ammonia up to 0.17 mg/l, nitrites – 0.0046 mg/l and 

nitrates – 0.3 mg/l. 

In a special series of experiments, an attempt was made to 

find out the effect of electromagnetic water treatment to 
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the total hardness value (Table 2). Processing time during 

all experimental series was from 3 to 5 seconds [13-14]. 
 

 

Table 1. The chemical analyses of water from well No.3 after electromagnetic treatment 

No. Frequency, Hz 
Ammonia, 

mg/l 
Nitrites, mg/l Nitrates, mg/l Oxidizability, mg/l pH 

1 control 0 0 0 3.12 7.8 

2 1.66 0 0 0 2.3 7.94 

3 6.0 0 0 0 2.02 7.95 

4 8.0 0 0 0 2.02 7.97 

5 10.0 0 0 0 2.02 7.95 

6 15.0 0 0 0 1.82 7.87 

7 20.0 0 0 0 2.11 7.94 

 

Table 2. The total hardness value of water after electromagnetic treatment 

Samples No. Frequency, Hz Total hardness, mg-eqv./l 

1 series 

1 control 20.64 

2 1.66 19.44 

3 5.0 19.92 

4 10.0 17.91 

5 15.0 19.40 

6 20.0 18.70 

2 series 

1 control 15 

2 10 14 

3 20 14.3 

3 series 

1 control 3 

2 10 2.6 

3 20 2.8 

4 series 

1 control 2 

2 1.66 1.6 

3 5 1.4 

4 10 1 

5 15 1.44 

6 20 1.3 
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As can be seen from Table 2, at high level of total 

hardness, the degree of its decrease after electromagnetic 

treatment does not exceed.OD At low values (2.0-3.0 mg-

eqv./l) it increases to 20-30 %. However, the conclusion 

on the influence of electromagnetic treatment on the level 

of total water hardness requires deeper chemical 

investigations of various types of surface and ground 

water after different duration of its treatment [15-18]. 

As electromagnetic water treatment is supposed to be used 

as an alternative method of disinfection, the main 

attention was paid to hygienic and bacteriological analysis 

of well water. The results were compared with health and 

hygiene standards for drink water: the total number of 

microbes in 1 ml – no more than 100, coli-index – no more 

than 3, no enteropathogenic bacteria [19-25]. 

The bacteriological analyses (first series of experiments) 

were conducted of well water treated directly on the 

territory of the automobile plant No. 3. As can be seen 

from Table 3, the well water turned out to be adequate 

quality according to the investigated indicators: total 

bacterial count in 1 ml (TBC/ml) – 4, coli-index – 4, 

enteropathogenic bacteria was not detected. 

             

Table 3. Bacteriological analyses of water from the well No. 3 (culture date: 8 December 2018) 

Sample 

No. 
Sample type TBC/ml 

Coli-

index 

Enteropathogenic 

bacteria 

Compliance with the 

requirements of State 

standard (GOST) for 

"Drink water" 

1 Untreated water - control 4 4 Not identified No 

2 Treated water – 1.66 Hz 1 4 Not identified No 

3 Treated water – 4 Hz 1 4 Not identified No 

4 Treated water – 6 Hz 0 4 Not identified No 

5 Treated water – 3 Hz 2 < 3 Not identified Yes 

6 Treated water – 10 Hz 1 < 3 Not identified Yes 

7 Treated water – 15 Hz 8 < 3 Not identified Yes 

8 Treated water – 20 Hz 1 < 3 Not identified Yes 

 

When the frequency of treatment was from 1.66 to 6 Hz, 

the effect was insignificant, but at higher frequencies the 

coli-index in all experiments was less than 3. It meets the 

requirements of the drinking water standard. 

Similar results were occurred in second series of 

experiments in December 2018 (Table 4). 

 

Table 4. Bacteriological analyses of water from the well No. 3 (culture date: 15 December 2018) 

 

Sample 

No. 
Sample type TBC/ml 

Coli-

index 

Enteropathogenic 

bacteria 

Compliance with the 

requirements of State 

standard (GOST) for 

"Drink water" 

1 Untreated water - control 5 4 No No 

2 Treated water – 8 Hz 1 3 No Yes 

3 Treated water – 12 Hz 4 3 No Yes 

4 Treated water – 20 Hz 3 3 No Yes 

 

Later, realizing that artificial contamination of the source 

water under natural conditions is impossible, two series of 

experiments were carried out with artificial contamination 

of the source water with a culture of colibacillus: in 3rd 

series it was introduced at the rate of 100 cells per 1 ml of 

water (extremely massive contamination) , in 4th series – 

at the rate of 10 and 100 cells per 1 liter of water (at the 

level of water pollution in the wells of the automobile 

plant No. 3, observed by the Sanitary and Epidemiological 

Services during 2018) [26-28]. 

As can be seen from Table 5, in case of massive 

contamination of the initial water from the well with a 

culture of colibactera in the control sample, the run of 

electromagnetic treatment was 109 in 1 ml, and the coli-

index was more than 1,100, enteropathogenic bacteria 

were not detected. Electromagnetic treatment of such 

water at different frequencies was ineffective: TBC did 

not decrease below 109 in 1 ml, and the coli-index was 

more than 1,100 in all samples, that is, it remained at the 

same level. In general, such a result can be considered 
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common, since it is known that, for example, ultraviolet 

irradiation of water is effective only when the 

contamination of Escherichia coli is below 1,000. It 

should also be noted that the time of electromagnetic 

treatment of water remained very short (about 3 -5 sec). 

 

Table 5. Results of bacteriological studies of artesian water delivered from automobile plant No. 3 with preliminary 

culture introduction. Sowing date 15 Dec 2018 

Sample type 

Micro- 

organisms / 

ml 

Coli 

index 

Pathogenic 

microorganisms 

Compliance with the 

requirements of GOST 

2874-82 "Drinking 

water" 

Artesian water with artificial 

culture introduction at a dose of 

100 cells / ml (control) 

109 

More 

than 

1100 

not found No 

Artesian water with artificial 

introduction of culture at a dose of 

100 cells / ml and sample. low-

frequency pulsed field of 1.66 Hz 

105 

More 

than 

1100 

not found No 

Artesian water 

with artificial introduction of 

culture at a dose of 100 cells / ml 

and sample. low-frequency pulsed 

field of 2.0 Hz . 

128 

More 

than 

1100 

not found No 

Artesian water 

with artificial introduction of 

culture at a dose of 100 cells / ml 

and sample. low-frequency pulsed 

field of 4.0 Hz . 

118 

More 

than 

1100 

not found No 

Artesian water 

with artificial introduction of 

culture at a dose of 100 cells / ml 

and sample. low-frequency pulsed 

field 6.0 Hz 

130 

More 

than 

1100 

not found No 

Artesian water with artificial 

introduction of culture at a dose of 

100 cells / ml and sample. low-

frequency pulsed field 8.0 Hz 

106 

More 

than 

1100 

not found Does not match 

Artesian water with artificial 

introduction of culture at a dose of 

100 cells / ml and sample. low-

frequency pulsed field of 10 Hz 

155 

More 

than 

1100 

not found Does not match 

Artesian water 

with artificial introduction of 

culture at a dose of 100 cells / ml 

and sample. low-frequency pulsed 

field of 15 Hz 

118 

More 

than 

1100 

not found Does not match 

Artesian water 

with artificial 

introduction of culture at a dose of 

100 cells / ml and sample. low-

frequency pulsed field of 20 Hz 

121 

More 

than 

1100 

not found Does not match 
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Table 6. Results of bacteriological studies of artesian water delivered from automotive plant No. 3 with preliminary 

introduction of 8 coli cultures. (Sowing date 23 Dec 2018) 

No. 

p.p. 

Sample type COLI-INDEX 

Control Low frequency pulsed field processing in Hz Water 

filtered 

with 

sorbent 

 
10 hz 20 hz 10 Hz and 

filtered with 

sorbent 

20 Hz and 

filtered 

with 

sorbent 

1 Water 

with artificial introduction 

of 8 coli culture at a dose 

of 10 kl / l 

23 7 3 11 3 11 

2 Water 

with artificial introduction 

of 8 coli culture at a dose 

of 100 kl / l 

120 7 3 23 4 43 

 

Table 4. 

Years 
Calculated energy 

consumption kW*h 

Actual energy consumption 

kW*h 

Difference (+) cost 

overruns (-) economics 

2018 22789140,85 15962583 - 6826557,85 

2019 16462628,7 16242862 - 219766,7 

2020 

(9 month) 
18710403,96 15576015 - 3134388,96 

 
 

In 4th series of experiments, when the water was 

contaminated with smaller doses of Escherichia 

coli cultures, the electromagnetic treatment of 

water turned out to be more effective, especially 

since the processing time was increased to 3 

minutes (Table 6). As can be seen from this 

table, the most effective treatment turned out to 

be with a frequency of 20 hertz; in this case, the 

coli-index of water decreased from 23 to 3 and 

from 120 to 3-4. Additional filtration through 

the sorbent proved to be ineffective. One 

filtration through a sorbent reduced the coli 

index from 23 to 11, from 120 to 43. Note: water 

treatment by low-frequency pulsed field 

produced within 3 min [29-31]. 
 

      Conclusions 

1. Since the source water did not contain nitrogen 

compounds, and the oxidizability values were 

insignificant, it was not possible to check the 

effectiveness of electromagnetic treatment of water in 

relation to these indicators in natural conditions. reducing 

the content of nitrogen compounds by 40-50%. 

2. At high values of the total hardness of the initial water 

(15-20 mg-eq / l), electromagnetic treatment reduced it by 

10%, at low values (2-3 mg-eq / l), the reduction effect 

increased to 20-30%. These data require additional 

confirmation. 

3. Against the background of the level of sanitary 

bacteriological pollution of water from the well observed 

in December, its treatment with a frequency of 1.66-6 

Hertz turned out to be ineffective, with a frequency of 6-

20 Hertz the coli-index values corresponded to those of 

GOST "Drinking water" (less than 3) 5. If massive 

contamination of the initial water by the culture of 

Escherichia coli cultures (100 cells per 1 ml of water), its 

electromagnetic treatment for 3-5 seconds turned out to be 

ineffective in the control, and in all experimental samples 

the coli index was more than 1,100. 

4. The conducted studies allow us to consider the use of 

electromagnetic treatment as a rather promising method 

for disinfecting slightly contaminated groundwater. 

However, since the use of this method can be limited in 

conditions of significant fluctuations in sanitary and 

bacteriological indicators of the quality of the treated 

source water (including seasonal in nature), we consider 

it necessary: 

- implementation of constant laboratory control over the 

quality of the source water from the wells of the 

automobile plant No. 3 throughout the year by the 
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territorial bodies of the Sanitary and Epidemiological 

Service; and 

- carrying out in-depth studies on these wells similar to 

those described in this report, in the most unfavorable 

season of the year in terms of groundwater pollution. 

5. In case of using this method on a wider scale, we 

consider it necessary to conduct special studies, according 

to the hygienic assessment, of the proposed method of 

electromagnetic treatment of water in different operating 

modes of the installation (in terms of time, frequency 

used, etc.). 

Such works, in case of their positive result, can serve as a 

basis for obtaining permission from the Ministry of Health 

of the Republic of Uzbekistan to introduce this method 

and relevant facilities in the sectors of the economy. 
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