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Abstract

In this study, the influence of road salts on groundwater was investigated. The use of anti-ice reagents 
in winter requires certain precautions since the main chemical composition of the salts is chlorides.  
At the same time, the widely used sodium chloride does not form ion pairs in water, which means  
that it has a high migration ability and a weak sorption potential. In addition, the concentration of 
chloride salts in the components of the environment is so high (10-140 ppm). Therefore, the rapid 
assessment of the concentration of technogenic chlorine ion in water by pH is an urgent task. The average 
chemical composition of groundwater in Bishkek and its environs was considered, and the concentration 
of chlorine ions in water from 72 wells was determined. To develop the pattern of dispersion of chlorine 
ions, the thermodynamic modeling of the sodium chloride-water system was carried out at a minimum 
of Gibbs energy with a wide range of water temperature changes corresponding to the flow regime 
of cold groundwater. The concentration distribution of the components, charged particles, as well as 
the values of pH and Eh were determined. As a result, an empirical equation and a scheme for rapid 
assessment of the quantitative content of chlorine ions in water bodies were compiled.
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Introduction

A mixture of chloride salts of alkaline (NaCl) and 
alkaline earth metals (CaCl2, MgCl2) is usually used 
to effectively dissolve snow and ice on urban transport 
roads in winter [1-2]. It should be noted here that the 
choice of deicing chemicals is very wide (Brands in 
the world: Ratmix, Aquays, Rockmelt, Ejik, Bionord, 
Greenride, Bischofite, Biomag, Icemelt power, Icemelt, 
Icemelt mix); they are produced both in solid and 
liquid form, depending on the technology of their 
application and production [3]. The unique properties 
of the above-mentioned modern deicing chemicals 
consist in a strictly dosed combination of salts used 
in winter conditions. Salts dissolve in water, and then, 
due to natural evaporation, are gradually dispersed in 
the surrounding natural environment, and part of the 
salt solutions seeps into groundwater. According to 
some literary sources, the concentration of chloride 
salts in waters located near transport roads, is  
130-140 ppm [4].  The snow water from roadside zones 
has a higher mineralization (up to 3600 mg/L) [5-8]. 
The concentration of salt components (chlorides - up 
to 2160 mg/L, sodium - 355 mg/L, Potassium - up to  
225 mg/L, calcium - up to 530 mg/L, magnesium - up to 
360 mg/L) often exceed the threshold limit value (TLV) 
in water by 10-200 times. During the winter months, the 
concentration of chlorine ion (Cl-) in streams increased 
20 times and ranged from 36 to 1350 mg/L. The use of 
23% of urban land for transport purposes increased the 
concentration of chlorine ions in river water by more 
than 150 mg/L.

It has been noted that saline deicing agents lead 
to periodic changes in biogeochemical cycles in lake 
waters, including dissolved oxygen, pH, and alkalinity. 
It is emphasized in [7] that the concentration of 
chlorides increases by more than 100 mg/L, especially 
in most shallow (<60 m) public wells with groundwater, 
which strongly affects the chemical composition of 
watercourses and urban lakes. In the study of Mayer T. 
et al. (2008), a comprehensive study of the impact of 
road salts on the benthic compartment was carried out. 
The processes of exchange and transfer of Na+ and Cl- 
in the pond and their influence on the remobilization of 
heavy metals were evaluated. The salt reagents used are 
optimal in terms of efficiency, but at the same time have 
a negative impact on the environment [8]. 

Taking these circumstances into account, chloride 
salts used in winter conditions can be considered 
as potential loads influencing: changes in the 
biogeochemical water cycle [4]; salinization of drinking 
water [9-12]; degradation of aquatic life [13-15]; 
reduction of drinking water supplies [16-20]; on the 
processes of redox stratification of substances, including 
dissolved oxygen [10, 21]; to increase the accumulation 
of methane and its release into the atmosphere [21]; 
toxicological effects on organisms of terrestrial and 
aquatic environments [22-29]. Accordingly, all deicing 
agents require certain precautions to be taken. In 

Finland, salt is no longer used at temperatures below 
minus 5 °C. Instead, sand and rock chips are used. In 
Austria and Sweden, fine sand in a ratio of 7:3 is mixed 
with hot water at a temperature of 90-95 °C and sprayed 
on the streets. Hot sand melts into snow and makes the 
surface rough [13]. Iceland uses geothermal energy to 
heat the road. In Germany, the law permits the use of 
salt only on hazardous road sections. Baumgartel S. et 
al (2020), suggested groundwater heating to keep the 
road temperature above 0°C [30]. USA, Canada use 
magnesium chloride, which contains less chlorine than 
other chlorides [4, 6]. In the study of Terry L.G. et al 
(2020), alternative deicing agents such as agro-based 
products, formates, succinates, acetates, and glycols 
were proposed instead of using traditional chloride salts 
[31].

Thus, the above-mentioned problems are discussed 
in many regions of the world. Nevertheless, the study of 
the effect of the chloride ion of salts on the distribution 
of the concentrations of cations, anions, and dissolved 
gases in the water itself remains open. This situation is 
extremely relevant for cities where nearby groundwater 
is used as a source of drinking water [32-34]. Taking 
these provisions into account, the goal was formulated: 
to study the effect of road salts on the components of 
groundwater and rapid assessment of the content of 
chlorine ions based on the pH of an aqueous solution. 
Research objectives were: determination of the 
technogenic load of sodium chloride used in winter on 
transport roads in Bishkek; сompilation of a chemical 
matrix of groundwater based on samples from 72 
wells of Bishkek and its environs, as the main source 
of the water supply in Bishkek [35-38]; determination 
of the concentration distribution of cations, anions and 
dissolved gases in the sodium chloride- water system at 
different temperatures; study of the effect of chlorine 
ion on the components of the water itself; obtaining 
an empirical equation for the rapid assessment of the 
concentration of chlorine ion in wastewater based on 
the pH of the solution.

Material and Methods

Municipal company “Tazalyk” of Bishkek city 
performs deicing work with such materials as sand 
and salt in winter.  The preparation of a mixture of 
salt and sand is carried out at three bases located on 
Rostovskaya 19b, Ala-Archinskaya 74, Severnaya 31A 
streets in Bishkek. Sand to “Tazalyk” is supplied by 
the public limited company (LLC) “Kum-Shagyl” and 
salt from “Kaz Tuz Trans” LLC. According to the city’s 
municipal construction department, the total length of 
roads in Bishkek is 31,200 km. The municipal company 
“Tazalyk” uses 2184 tons of salt and 29016 tons of 
sand in winter. Consumption rate of sand and sand-
salt mixture is 200-300 g/m2, chlorides are 20-40 g/m2. 
The total demand for the mixture is 8646.9 tons, of 
which sand is 93% (8042 tons); salt - 7% (605 tons). 
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A sand-salt mixture is obtained by mixing sand with 
sodium chloride or calcium chloride in a ratio of 92-97% 
sand and 3-8% reagents. The required amount of salt is 
determined on a dry matter basis. For the preparation of 
the sand-salt mixture per 1000 m² area, 4-8 m3 of sand 
is used per 1 m3 of chlorides. They are stored in special 
containers [39]. Anti-icing agents dissolve snow (ice) 
dwell, but due to non-observance of the optimal ratio 
of salts and sand, they can penetrate into underground 
horizons, at the same time harming the environment, 
especially in the water supply system of Bishkek. 
Taking into account the above circumstances, the 
content of the chlorine ion in water were investigated 
by the hydrogen index (pH). Samples were collected 
from 72 wells in and around Bishkek, Kyrgyzstan, and 
the pH values were measured using a pH meter (Mettler 
Toledo, USA). Below is a schematic map of the location 
of individual wells (Fig. 1) [36-38].

Accordingly, the physicochemical modeling of the 
NaCl-H2O system was carried out with a wide variation 
in the content of chlorine-ions by minimization of 
the isobaric-isothermal potential (Gibbs energy). The 
calculations were carried out using the “Selector” 
software. The software works based on the Gibbs 
free energy minimization method and is widely 
used in world scientific research (Russia, Irkutsk, 
Karpov; Moscow State University, Shvarov, Rafalski, 
Galimzyanov; Paul Scherrer Swiss Institute; German 
universities in Bayreuth, Hanover) [40-41]. The 
advantages of the method include the possibility of 
combining the models of dynamics and mass transfer 
into a system consisting of reservoirs directly and 
inversely connected with each other and with the 
environment through flows of matter and energy. In 

other words, the combination and coordination of the 
methods of equilibrium thermodynamics with the 
kinetics and dynamics of physicochemical processes 
were realized. At the same time, the methodological 
basis for modeling hydrogeological processes is the 
provision on the existence of partial and local equilibria. 
It should be noted that the water-sodium chloride system 
is usually not in equilibrium. However, the principle of 
local equilibrium was observed concerning an aqueous 
solution, components dissolved in it and minerals 
precipitated from it. Here, the most important factor 
that allows a non-equilibrium system to approach the 
state of chemical equilibrium is the rate of movement 
of groundwater, which regulates the emergence and 
maintenance of a chemical potential gradient in the 
system. Groundwater is a complex multicomponent 
system, the chemical elements in it are mainly not 
in the form of simple cations and anions, but in the 
form of complex associated compounds with different 
stability. Taking into account the above circumstances, 
independent and dependent components were the 
initial information for calculating the equilibrium 
state of the water-sodium chloride system, i.e. all 
forms of the compounds of independent components, 
potentially existing in the range of temperatures and 
pressures, wherein the simulation was performed. At 
the same time, the original thermodynamic properties 
of chemicals (G, H, S, Cp, C, V) were obtained from 
widely validated standard thermodynamic databases 
[41].

In calculations the range of temperature variation 
of an aqueous solution of salts was set from 278.1 to 
308.15 K. The average elemental compositions of 
groundwater from 72 wells (in moles) were taken into 

Fig. 1. Map of samples taken to determine the physicochemical parameters of water (wells).
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account: Na (0.00179), Ca (0.00107), Mg (0.00055), C 
(0.00251), Cl (0.00068), S (0.00085), N (0.00016), K 
(0.00006), H (111.02), O (55.52). The thermodynamic 
parameters of the initial components and their possible 
compounds in individual phases (gas, liquid, solid) 
were determined, and the concentration distributions of 
components, particles, and dissolved gases in solution 
were calculated. In addition, formulas for calculating 
pH were obtained. The experimental and calculated pH 
values are in satisfactory agreement. The relative error 
does not exceed 5%.

 
Results and Discussion

The study of the direct effect of the chlorine ion 
on water components and the environment remains 
open. The concentration can change rapidly and a 
quick assessment of the chloride ion is required. In this 
study, a rapid assessment of the concentration of the 
technogenic chlorine ion in the water of reservoirs by 
the pH of the solution was carried out. For this purpose, 
the model system NaCl-H2O was first considered at 
various concentrations of the technogenic chlorine  
ion (34.2-1000 mg/L) and water temperatures  

(278.1-308.15 K). The chemical matrix of the studied 
groundwater included (mg/L): Na+ = 41.24; K+ = 2.18; 
Ca+2 = 42.91; Mg+2 = 13.9; NH4

+ = 0,11; HCO- 3= 152.9; 
Cl- = 24.26; SO4

2-= 81.3; NO3
- = 8.91; NO2

- = 0.39; 
initial salinity of water S = 367.34 mg/L. The average 
experimental value of groundwater pH in 72 wells was 
7.7. (Fig. 2). This value correlates very well with the 
calculated value of 7.27 (pH) at 278.15 K (Table 1).

Physicochemical and thermodynamic data (volume, 
mass, density, heat capacity, redox potential, hydrogen 
index, ionic strength, number of dissolved substances, 
Gibbs energy, enthalpy, entropy, internal energy)  
of the studied NaCl-H2O system at 278.15K are given 
in Table 1.

In this table, the values of total enthalpy (ΔH<0)  
and internal energy (ΔU<0) are negative, which 
means that the process of dissolution of salts in water  
(ΔH = -15.95 MJ/kg; water salinity by sodium chloride 
was S = 362.6 mg/L). The deicing agent absorbs 
moisture from the external environment; heat is 
released as a result of the reaction (ΔH<0); synergy 
between moisture and heat leads to the dissolution of 
snow and melting of ice. The dissolution of the solid 
phase is also associated with a change in the value of 
the redox potential (Eh), as well as the pH of the NaCl-

Fig. 2. The pH value of 72 groundwater wells in Bishkek and its environs.

Table 1. Physicochemical and thermodynamic parameters of the system NaCl-H2O at 278.15K, Cl = 24.26 mg/L (0.00068 mol).

Temperature. К 278.15 G, MJ -13.09 Eh, V 0.81

Pressure, MPa 0.1 H, MJ -15.95 - -

Volume, m3 0.00103 S, kJ/K  3.59 pH 7.27

Weight, kg 1 U, MJ -15.75 I 0.004

Density, kg/m3 971.84 Cp. kJ  4.19 TDS. mg/kg 183.5
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H2O system at different concentrations of the chlorine 
ion in the solution (Figs 3 and 4).

The redox potential of the sodium chloride-water 
system was calculated and the following equations were 
obtained: 

278.15 K, Eh = 0.0268  ln(CCl-) + 0.9158, 
R² = 0.8592; 283.15 K, Eh = 0.0274  ln(CCl -) + 0.9087, 
R2 = 0.8575; 288.15 K, Eh = 0.028    ln (CCl -) + 0.9014, 
R2 = 0.8556; 293.15 K, E = 0.0285  ln(CCl -) + 0.8941, 
R2 = 0.8533; 308.15 K, Eh = 0.0307  ln(CCl -) + 0.869, 
R2 = 0.852 (Fig. 3).

The calculation formulas for the pH of the solution 
were obtained (Fig. 4, Table 5): 

278.15K, pH = 24.178·CCl
-0.401, R² = 0.988; 

283.15 K, pH = 24,716·CCl
 -0.405, R² = 0.9872; 288.15 K, 

pH = 25.15·CCl
 -0.407, R² = 0.9866; 293.15 K, 

pH = 25.557·CCl
 -0.41, R² = 0.9861; 308.15 K, 

pH = 41.839·CCl
 -0.49, R² = 0.9658; in general 

form: pH = 29.17·CCl
-0.44 (increase in the 

concentration of chlorine ion in water, mg/L),  
pH = 8.49·CCl

-0.015 (decrease in the concentration of 
chlorine ion in water, mg/L).

It is noted that with an increase in the content 
of chlorine ions in the solution, the redox potential 
increases. However, a decrease in pH was observed due 
to the influence of the chlorine ion on the concentration 
distribution of dissolved gases, cations, and anions in 
water at TH2O = 288K, P = 0.1 MPa (Tables 2-4, Fig. 5). 
Values of pH, Eh, TDS, solution density calculated by 
the model are consistent with the experimental results. 
The total weight percent of the phase (liquid, gas, solid) 
in all calculations was 100%, i.e. the balance is in place.

The concentration distribution of anions was 
studied: NO2

-, NO3
-, SO4

2-, CO3
2- HCO3

-, ОН-, cations: 
Н+, К+, Na+, Ca2+, Mg2+ and dissolved gases CO2, O2 
(Tables 2-4) at different concentrations of chlorine ion 

Fig. 3. Change in the value of the redox potential of the NaCl-H2O system depending on the concentration of chlorine ion.

Fig. 4. Change in the pH value of the NaCl-H2O system depending on the concentration of the technogenic chlorine ion.
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in solution (from 11.40 to 117 mg/L). It was noted that 
with a change in the concentration of the chlorine ion 
in the solution, the carbon concentration decreased  
from 27.46 to 0.05 mg/L, and oxygen from 172.7 to  

94.21 mg/L. At the same time, the hydrogen 
concentration increased from 2.33 to 6.71 mg/L, 
respectively, the pH of the solution decreased from 4.78 
to 1.18 (Fig. 4), and the total dissolved solids in the 
solution (TDS) increased and ranged from 367.34 to 
541.29 mg/L.

Based on the data obtained, it was concluded for 
the first time that the chlorine ion mainly affects the 
content of carbon, oxygen, and hydrogen-containing 
components and particles in an aqueous solution  
(Tables 2-4). It is shown that with an increase in the 
chlorine ion content of in the model water, the redox 
potential (Eh>0) of the NaCl-H20 system increases 
and remains positive. Consequently, the concentration 
of anions such as nitrite, sulfate, bicarbonate, and 
hydroxyl decreases. However, the concentration of 
cations: H+, CaCl+, MgCl+, and components such as O2, 
N2, HCl, HClO increases. The concentration of ions of 
nitrate, calcium, magnesium, potassium, and sodium 
remains constant. With an increase in the concentration 
of chlorine ions in the solution, the content of CaCl+, 
MgCl+, HCl, HClO changed (Fig. 4). It was found 
that sodium chloride does not form ion pairs in water, 

Table 2. The influence of the chlorine ion on the concentration distribution of anions in water. TH2O = 288 K, P = 0.1 MPa.

Table 3. The influence of the chlorine ion on the concentration distribution of cations in water at TH2O = 288K, P = 0.1 MPa.

Table 4. The influence of the chlorine ion on the concentration 
distribution of dissolved gases in the water at TH2O = 288K, 
P = 0.1 MPa.

Concentration, mg /L

Cl- NO2
- NO3

- SO4
2- CO3

2- HCO3
- ОН-

11,40 0.25 · 10-12 5.98 · 10-12 27.00 0.2 · 10-3 68.70 0.51 · 10-5

16,80 0.14 · 10-12 5.98 · 10-12 27.00 0.13 · 10-3 56.10 0.42 · 10-5

33,40 0.09 · 10-12 5.98 · 10-12 27.00 0.09 · 10-4 14.90 0.12 · 10-5

49,7 0.07 · 10-12 5.98 · 10-12 25.80 0.06 · 10-6 1.11 0.09 · 10-6

66,7 0.06 · 10-12 5.98 · 10-12 24.30 0.01 · 10-6 0.45 0.04 · 10-6

83,40 0.05 · 10-12 5.98 · 10-12 23.00 0.40 · 10-8 0.27 0.02 · 10-6

100,0 0.05 · 10-12 5.98 · 10-12 21.80 0.20 · 10-8 0.18 0.02 · 10-6

117,0 0.05 · 10-12 5.98 · 10-12 20.80 0.12 · 10-8 0.14 0.15 · 10-7

Concentration, mg /L

Cl- Н+ К+ Na+ Ca2+ Mg2+

11.40 1.83 · 10-2 0.73 13.70 14.30 4.42

16.80 2.21 · 10-2 0.73 13.70 14.30 4.42

33.40 7.87 · 10-2 0.73 13.70 14.03 4.42

50.10 1.01 0.73 13.70 14.03 4.42

66.7 2.36 0.73 13.70 14.03 4.42

83.40 3.73 0.73 13.70 14.03 4.42

100.0 5.11 0.73 13.70 14.03 4.42

117.0 6.50 0.73 13.70    14.03 4.42

Concentration, mg /L

Cl- СО2 O2

11.40 98.50 0.91

16.80 96.38 3.03

33.40 92.23 7.17

50.10 88.43 10.96

66.7 88.24 15.14

83.40 80.21 19.17

100.0 76.35 23.02

117.0 72.7 26.66
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suspensions. The main method for determining the 
salinity of a solution is the argentometric method 
based on this principle for silver nitrate [42]. When 
determining the concentration of chlorides by the 
argentometric method, it is necessary to determine the 
content of all halogens present in the water. The method 
requires the automation of experimental studies, and 
silver nitrate, an expensive chemical, is used as the 

but the chlorine ion exists as Cl- anions. Сalcium and 
magnesium cations were found in the form of ion pairs 
such as CaCl+, CaOH+, MgCl+, Mg (HCO3)

+ (Table 3, 
Fig. 5).

Sodium chloride is widely used in winter as an 
anti-ice reagent that does not form ion pairs in water, 
therefore, technogenic chlorine ion (Cl-) has a high 
migration ability, i.e. practically not sorbed by various 

Table 5. The concentration of chlorine ion in water and the pH of solution. CNa
+ = 41.24 mg/L, CCl

-= 24.26 mg/L, pH= 7.68 (experimental 
values), T= 278-308 K.

Fig. 5. Dependences of the concentration distribution of components and particles in the sodium chloride-water system on the content of 
chlorine-ion in the solution. T = 288.15 K.

Increasing of  СCl 10-3, mg/L pH (T = 278-308 K) СCl 10-3, mg/L pH (T = 278-308 K)

0.034 4.72-4.91 3 1.17-1.18

0.050 4.64-4.84 5 0.99-0.99

0.1 4.09-4.27 10 0.74-0.74

0.15 3.03-3.05 30 0.40-0.38

0.2 2.67-2.69 50 0.28-0.25

0.25 2.47-2.49 100 0.19-0.14

0.3 2.34-2.35 200 0.14-0.07

0.35 2.24-2.25 500 0.1-0.04

0.5 2.03-2.04 1000 0.09-0.03

1 1.58-1.58 - -

Decreasing of  СCl 10-3, mg/L pH (T = 278-308 K)

0.024 7.94-7.48 (calc.) - -

0.014 8.49-7.97 - -

0.004 8.81-8.30 - -

0.0004 8.85-8.35 - -

0.00004 8.87-8.36 - -
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main reagent. In such situations, an express assessment 
of the concentration of technogenic chlorine ion in the 
water of reservoirs by the pH of the solution is effective 
(Table 5). Taking into account the distribution of the 
concentrations of elements (Na, Ca, Mg, C, Cl, S, N, K, 
H, O), components and particles (An-, Kt +) contained in 
1 kg of an aqueous solution, diagram and an empirical 
equation was obtained (Fig. 6). It was also noted that 
complex cations and anions are formed in an aqueous 
solution with a strong adsorption capacity for various 
suspensions. Accordingly, it is required to calculate the 
equilibrium concentrations of such complex particles as 
CaOH+, Mg (HCO3)

+, etc.
Table 5 shows that the experimental pH value 

coincides with the calculated pH values, for example, 
at CCl

- = 24.26 mg/L, pH = 7.68 (experimental) and 
calculated pH = 7.94-7.48 (calculated) in the temperature 
range from 278 K to 308 K.

The results of studies carried out in the NaCl-H2O 
system made it possible to draw up a scheme (Fig. 6), 
showing the effect of technogenic chloride not only 
on environmental components but primarily on the 
concentration distribution of dissolved gases, anions 
(An-), cations (Kt+) in the water itself, as well as to 
obtain a generalized equation: 

CCl = 2.22*103 * pH-2.2, mg/L.

The obtained empirical equation:

CCl = 2.22*103*рН-2.2, mg/L, 

allows an express assessment of the content of chlorine 
ion in water of reservoirs by means of experimental 

determination of pH in the range of changes in the 
concentration of chlorides from 50 to 1000 mg and 
liquid temperatures from 278 to 308 K.  Experimental 
and calculated pH values are in satisfactory agreement. 
The relative error does not exceed 5% (Table 5).

The determination of chlorine ions in groundwater 
by hydrogen index is carried out for the first time. 
Most of the studies focused on the determination of 
groundwater salinity by laboratory conditions using 
argentometric methods [42] or ionic conductivity 
methods for determining the salinity [3, 7, 10-15, 17, 21]. 
However, these methods require expensive reactive and 
instrumental tools. Therefore, a simple method has been 
proposed for determining the concentration of chloride 
ions using an empirical formula based on pH. Our 
calculation methods showed that certain concentrations 
of chlorides from foreign studies correlate with our 
work [10, 21, 43]. 

Conclusions

The anthropogenic load of sodium chloride used 
in winter on the roads of Bishkek was determined.  
The chemical matrix of groundwater in Bishkek  
and its environs was compiled on the basis of 
experimental data from 72 wells, which are the main 
source of water supply in Bishkek. Thermodynamic 
modeling of the sodium chloride-water system was 
carried out at the minimum of Gibbs energy. Thus,  
the physicochemical and thermodynamic parameters of 
the model aqueous system NaCl-H2O were calculated 
at a wide temperature range. The Eh and pH values 
were calculated over a wide range of water temperature 

Fig. 6. Scheme of rapid assessment of the content of technogenic chlorine ion in water of reservoirs by pH.
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variations. It was shown that with an increase  
in the content of technogenic chlorine ion in the 
model water, the redox potential (Eh) of the NaCl-H20 
system was positive.  The concentration distribution 
of components and charged particles in solution was 
established for the first time: CO3

-2, Ca2
+, CaCl+, Cl-, 

HSO4
-, K+, KSO4, Mg2

+, MgCl+, NO2
-, NO3

-, Na+, 
SO4

-2, HCO3
-, NaSO4, OH-, H+, and also noted 

the selective effect of the chlorine ion on the cations 
and anions of the water. The results of the study 
made it possible to carry out an express assessment  
of the quantitative content of technogenic chlorine ion  
in the water of reservoirs by experimentally  
determining the pH in the range of changes in 
chloride concentration from 50 to 1000 mg and 
liquid temperature from 278 to 308 K. The obtained 
scheme for evaluating the chlorine ion in water and  
the empirical equation based on it are useful  
in analytical studies of water.
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