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ABSTRACT

The contamination of groundwater and surface water with nitrates is a global environmental problem today.
Elevated concentrations of nitrates lead to eutrophication of water bodies, resulting in problems with water supply.
Purification of water from nitrates should be carried out by ion exchange methods, which are quite simple and
inexpensive. In addition, they are not subject to harsh conditions of pre-treatment of water. Anion exchange resin
AV-17-8 provides the degree of extraction of nitrates at the level of 90 - 92 %. Methods for efficient regeneration of
anion exchange resin to obtain products suitable for further use have been developed. When using sodium chloride, the
degree of desorption was 98.1 %, for sodium sulfate and potassium chloride it was 89.9 % and 72.11 %, respectively.
Regenerative solutions of potassium nitrate should be used to produce liquid fertilizers. The technological scheme of
ion exchange purification of water from nitrates with regeneration of ion exchanger by solutions containing potassium
compounds is suggested. This will allow further use of regeneration solutions for production of liquid fertilizers.
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INTRODUCTION

Pollution of the water reservoirs is a very important
environmental problem, which is currently becoming
increasingly acute [1, 2]. Due to anthropogenic impact,
a significant number of reservoirs have a high level of
mineralization, the greatest negative impact is on low-
water rivers [3]. There is a decrease in water quality
in terms of the presence of heavy metals, organic,
surfactants, nutrients [4 - 6]. As a result, in industrial
regions, the population consumes water with a quite
high level of salts.

One of the very serious problems that need to be
addressed immediately is water pollution with nitrates
due to both anthropogenic and natural factors [7, 8]. An
increase in the concentration of nitrates in water bodies
is observed all over the world [9, 10]. Since nitrates are
widely used as mineral fertilizers in agriculture, nitrogen
fertilizer plants are one of the biggest polluters [12].
Large quantities of nitrates enter the reservoirs during the

discharge of treated municipal wastewater [13]. Nitrates
complicate the problem of water supply due to exceeding
the permissible level. Also, high concentrations of these
pollutants lead to a significant negative impact on water
reservoirs, as they lead to increased eutrophication,
which causes disruption of the development of existing
biocenosis and changes in ecosystem parameters. In
addition, high levels of nitrates have a negative effect on
human health [14, 15]. It should be noted that elevated
concentrations of nitrates have many dangers, besides
methaemoglobinemia, this includes colorectal cancer,
neural tube defects and thyroid disease [16, 17].

The choice of a specific method of extracting nitrates
from water is determined by the cost, technical means,
and degree of purification, as well as the final purpose
of the purified water [18, 19].

Existing methods of water purification have a
number of disadvantages [20, 21].

Water purification processes used at municipal
water treatment plants, such as coagulation, filtration,
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chlorination, are not effective for removing nitrates
[22 - 24].

Biological methods of nitrate removal from water
are based on the denitrification process. Denitrification
is the process of microbiological reduction of nitrates
to nitrites and subsequently to gaseous oxides and
molecular nitrogen [25, 26]:

NO,” > NO, - NO —->N,O — N,

It should be noted that the biological decomposition
of nitrates is quite slow, in addition, this method has
limitations when used for drinking water, because the
bacterial contamination of water takes place [27, 28].

Electrochemical membrane methods are quite
effective in the practice of water purification [29].
Various electrolytic methods for removing nitrates from
water are constantly being researched and tested [30 -
32]. During the electrochemical reduction of nitrates
[33], they are decomposed with the formation of toxic
substances - nitrites and ammonia. Furthermore, this
method is quite energy consuming.

An obstacle to the widespread introduction of
membrane methods is the high requirements for the
pre-treatment of water and the unresolved conditions
of efficient processing of concentrates that are formed
[34 - 36].

Another common method used to remove nitrates
is sorption on synthetic and natural sorbents [37 - 39].
When choosing a sorbent, it is necessary to consider
various parameters: cost, efficiency, availability,
environmental safety of waste sorbents [40, 41].

Therefore, a very promising method of purification
of water from nitrates is ion exchange [42 - 44]. It is a
simple and inexpensive way, which does not require
harsh pre-treatment conditions [45, 46]. The use of
ion exchange reduces the concentration of nitrates
to acceptable levels [47]. But the issues of effective
regeneration of ion exchangers and processing of eluates
are unresolved. Therefore, it is important to develop
a comprehensive technology for mineralized water
treatment [48, 49].

The aim of this work is to study the processes of
water purification from nitrates on a highly basic anion
exchange resin, as well as to determine the conditions
of effective regeneration and methods of utilization of
spent regeneration solutions in fertilizers.
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EXPERIMENTAL

The processes of water purification from nitrates
were studied using a highly basic anion exchange resin
AV-17-8 in CI' and SO,* forms. Model solution with
nitrate concentration of 3.2 mg-eq/dm® and artesian
water from Kyiv (hardness = 4.1 mg-eq/dm’, calcium
ion concentration = 2.1 mg-eq/dm?, magnesium ion
concentration = 2.0 mg-eq/dm?, alkalinity = 3.4 mg-eq/
dm’, sulfates = 9.0 mg/dm?, chlorides = 117.0 mg/dm?,
nitrates, = 194.0 mg/dm?, pH = 8.4, mineralization =
345 mg/dm®) were used.

The solution was passed through an anion exchange
resin with a volume of 20 cm?, with a water flow rate of
10 - 15 cm?/min. During regeneration, 10 cm?® samples
were taken. The consumption of regeneration solution
is 1 -2 cm*/min.

The total dynamic exchange capacity (TDEC) of
the resin was determined by the formula based on the
mass of absorbed ions on the anion exchange resin.

The total dynamic exchange capacity (TDEC) of
the resin was determined by the formula based on the
mass of absorbed ions on the anion exchange resin:

_ Eiilicm —C) W
V.

L
where C, - initial concentration of nitrates in solution,
mg-eq/dm’; C, - the concentration of nitrates in the i-th

DEC

sample after sorption, mg-eq/dm’; V_- sample volume,
cm’; V. - volume of resin, cm’;

The degree of regeneration of the resin after passing
n samples of the regeneration solution was calculated
by the formula as the ratio of the mass of desorbed and
absorbed ions:

n i
_ EZIM

z 2 .100%

n
=

where M/ is the number of desorbed nitrates with the i-th
breakdown of the regeneration solution, mg-eq/dm’; M
is the number of sorbed nitrates, mg-eq/dm?.

RESULTS AND DISCUSSION

The maximum permissible concentration of
nitrates in accordance to Directive 98/83/CE and
the State Sanitary Norms and Rules “Hygienic
requirements for drinking water intended for human
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consumption” (DSanPiN 2.2.4-171-10) is 50 mg/
dm?®. The concentration of nitrates in water can be
at the level of 60 - 250 mg/dm’, which significantly
exceeds the permissible standards. This necessitates
the development of environmentally friendly methods
of water purification from nitrates.

As it can be seen from Fig. 1, the anion exchange
resin has satisfactory efficiency when used in Cl form in
the process of extracting nitrates from water. Sorption of
nitrates on the anion exchange resin AV-17-8 in sulfate
form was quite effective. At a nitrate concentration
of 3.2 mg-eq/dm?, the AV-17-8 anion exchange resin
in CI form had a total exchange dynamic capacity of
1.027 g-eq/dm’, and in SO, form 0.992 g-eq/dm’.
This can be explained by the higher selectivity of
ion-exchanger for sulfates, compared with chlorides.
When using anion exchangers for sorption of nitrates
from dilute solutions, the value of the working capacity
of anion exchangers for nitrates is at the level of
0.8 - 0.9 g-eq/dm?, which can be quite a satisfactory
result.

However, the relatively efficient extraction of
nitrates from water on the anion exchange resin does not
provide a complete solution to the problem of isolating

nitrates from water to obtain useful products.

Solutions of chloride and sodium sulfate were used
to regenerate the AV-17-8 anion exchange resin. The
results on the use of solutions of sulfate and sodium
chloride are shown in Fig. 2. When using 10 % solutions
of sodium chloride and sulfate, quite satisfactory results
were obtained.

The best results were obtained when using a solution
of sodium chloride. At a specific consumption of the
regeneration solution of sodium chloride of 6 volumes
per 1 volume of ion exchanger, the degree of desorption
at the level of 87.1 % was reached, while for sodium
sulfate this value is only 57.9 %. With increasing ¢ to
10 cm?/cm?, the desorption rate was 98.1 % for sodium
chloride and 89.9 % for sodium sulfate. In this case,
the concentration factor provided higher regeneration
efficiency with NaCl solution. This is due to the fact
that the 10 % NaCl solution contains 1.71 g-eq of salt
per 1 dm’, and the 10 % Na_SO, solution contains only
1.41 g-eq/dm’® of salt.

The best results are obtained when using chlorides,
while the efficiency of regeneration increases with
increasing concentration of regeneration. In further
studies for the regeneration of the anion exchange resin
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Fig. 1. Initial curves of sorption of nitrates on the anion exchange resin AV-17-8 in CI (1) and SO,* (2) forms when filtering

NaNO, solutions with a concentration of 3.2 mg-eq/dm’.
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Fig. 2. Dependence of the degree of regeneration of the anion exchange resin AV-17-8 in NO,” form on the specific
consumption of 10 % solutions of sodium chloride (1) and sodium sulfate (2).

AV-17-8, solutions of potassium chloride of different
concentrations were used (Fig. 3).

The choice of this reagent is due to the formation of
the potassium nitrate, which is a mineral fertilizer that
can be easily used, in the process of regeneration. [onite
regeneration was insufficiently effective when using
potassium chloride with a concentration of up to 6 %. At
q = 10 cm®/cm?, the degree of desorption was 45.11 %
for 6 % KCl and increased to 58.61 % and 72.11 % for
8 % and 10 % potassium chloride, respectively.

Regenerative solutions of potassium nitrate should
be used in the production of liquid fertilizers.

In general, these results are satisfactory. The main
disadvantage of this process is the low efficiency of the
anion exchange resin, so in further studies it is necessary
to check the efficiency of nitrate extraction on low-basic
anion exchangers.

Based on the obtained results on the efficiency of
ion exchange water purification from nitrates, a basic
technological scheme of water purification is proposed.

Quite often the artesian waters, which meet the
requirements for drinking water quality in all respects,
are characterized by a significant excess of permissible
concentrations of nitrates. At the same time, nitrate
concentrations may reach 1 - 3.5 mg-eq/dm?, and
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sometimes have even higher values. Therefore, for the
organization of water supply of the population from
artesian sources it is necessary to develop effective
methods of water purification from nitrates.

Studies have shown that nitrates are effectively
absorbed on highly basic anion exchange resin
in chloride and sulfate form. Since the maximum
permissible concentrations of sulfates and chlorides are
higher than the permissible concentration of nitrates, the
anion exchange resin can be used in sulfate or chloride
form. As a rule, the content of sulphates or chlorides in
artesian freshwater does not exceed 70 mg/dm?, so when
sulfates or chlorides enter the water when displacing
the nitrates from the anion exchange resin, their
concentration will not exceed the permissible levels.

If the final purpose is not only the release of nitrates,
but also their separation from chlorides and sulfates,
the most important indicator is not the full exchange
dynamic capacity, but the exchange capacity of the
resin for nitrate before leakage. EDC before and after
the passage of nitrates at a concentration of 50 mg/
dm® was determined. This indicator was chosen as
the maximum allowable value of the concentration of
nitrates in drinking water. It was found that during the
ion exchange purification of artesian water on the highly
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Fig. 3. Dependence of the degree of regeneration of the anion exchange resin AV-17-8 in NO," form on the specific flow
rate and concentration of potassium chloride.

basic anion exchange resin AV-17-8 in the chloride form, degree of desorption was 89.97 %.

the EDC before the NO,” < 50 mg/dm’ leakage was The basic technological scheme of purification of
0.74 g-eq/dm’. EDC after the leakage of NO, < 50 mg/ artesian water from nitrates is presented in Fig. 4. After
dm? was 0.99 g-eq/dm’. Regeneration of the resin was the receiving tank, the water enters the ultrafiltration
performed with 10 % potassium chloride. With a specific unit. Then the extraction of nitrates from water occurs
consumption of regeneration solution of 16 cm®/cm?, the due to the sorption on the highly basic anion exchange

U J

Fig. 4. Schematic technological scheme of purification of artesian water from nitrates: I - water supply from the well; II -
supply of the solution for production of liquid fertilizers; I1I - water supply to the consumer; (1 - receiving tank; 2 - pumps;
3 - ultrafiltration unit; 4 - anion exchange filter filled with highly basic anion exchange resin AV-17-8; 5 - clean water
tank; 6 - consumable tank with regeneration solution; 7 - receiving tank with flush water; 8 - tank with spent regeneration
solution; 9 - ozonator installation).
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resin AV-17-8. Regeneration of the anion exchange
resin should be carried out with a solution of potassium
chloride, which provides a very effective desorption of
nitrates. Spent regeneration solutions should be used
in the production of liquid fertilizers. The flush water
is used to prepare regeneration solutions. After the ion
exchange resin is depleted, it enters the receiving tank
and is reused. This allows one to create low-waste
technologies for the purification of artesian water from
nitrates.

CONCLUSIONS

As aresult of the research on the removal of nitrates
from water, it was shown that the highly basic anion
exchange resin AV-17-8 provides the removal degree of
nitrates at the level of 90 - 92 %. It was established that
the sorption efficiency of highly basic anion exchange
resin is higher in chloride form than in sulfate form.

During regenerations, it was found that the
regeneration efficiency of the highly basic anion
exchange resin AV-17-8 is higher when using chloride
solutions and increases with increasing concentration of
regeneration solutions.

A low-waste technological scheme of nitrate
extraction, which allows obtaining purified water and
liquid fertilizers that are suitable for further use, was
proposed.

Acknowledgements

The work was supported by National Research Fund
of Ukraine, grant No 144/01.2020.

REFERENCES

1. V. Buzylo, A. Pavlychenko, T. Savelieva, O.
Borysovska, Ecological aspects of managing the
stressed-deformed state of the mountain massif
during the development of multiple coal layers, Paper
presented at the E3S Web of Conferences, 60, 2018,
doi:10.1051/e3sconf/20186000013.

2. I. Remeshevska, G. Trokhymenko, N. Gurets, O.
Stepova, 1. Trus, V. Akhmedova, Study of the Ways
and Methods of Searching Water Leaks in Water
Supply Networks of the Settlements of Ukraine, Ecol.
Eng. Environ. Technol., 22, 4, 2021, 14-21.

770

3. I. Radovenchyk, 1. Trus, V. Halysh, T. Krysenko, E.
Chuprinov, A. Ivanchenko, Evaluation of Optimal
Conditions for the Application of Capillary Materials
for the Purpose of Water Deioning, Ecol. Eng.
Environ. Technol., 2, 2021, 1-7.

4. I. Trus, M. Gomelya, Effectiveness nanofiltration
during water purification from heavy metal ions, J.
Chem. Technol. Metall., 56, 3, 2021, 615-620.

5. LM. Trus, M.D. Gomelya, [.M. Makarenko, A.S.
Khomenlo, G.G. Trokhymenko, The Study of the
particular aspects of water purification from heavy
metal ions using the method of nanofiltration,
Naukovyi Visnyk Natsionalnogo Hirnychogo
Universytety, 4, 2020, 117-123.

6. I. Trus, V. Halysh, 1. Radovenchyk, H. Fleisher,
Conditioning of iron-containing solutions, J. Chem.
Technol. Metall., 55, 2, 2020, 486-491.

7. MLJ. Pennino, J.E. Compton, S.G. Leibowitz, Trends
in Drinking Water Nitrate Violations across the
United States, Environ. Sci. Technol., 51, 2017,
13450-13460.

8. H.J.M. Van Grinsven, A. Tiktak, C.W. Rougoor,
Evaluation of the Dutch implementation of the
nitrates directive, the water framework directive
and the national emission ceilings directive, NJAS-
Wagening J. Life Sci., 78, 2016, 69-84.

9. I. Gupta, A. Salunkhe, N. Rohra, R. Kumar,
Groundwater quality in Maharashtra, India: Focus
on nitrate pollution, J. Environ. Sci. Eng., 53, 2011,
453-462.

10. L. Vitoria, F. Maraver, F. Sanchez-Valverde, F. Armijo,
Nitrate concentrations in tap water in Spain, Gac.
Sanit., 29, 2015, 217-220.

11. H. Feng, S. Dong, Y. Li, H. Hu, T. Zhang, Z. Li, B.
Liu, Characterizing nitrogen distribution, source
and transformation in groundwater of ecotone of
agriculture-animal husbandry: An example from
North China, Environ. Earth Sci., 79, 2020, 133.

12. M. Giammarino, P. Quatto, Nitrates in drinking
water: relation with intensive live-stock production,
Journal of Preventive Medicine and Hygiene, 56, 40,
2015, 187-189.

13. P. Taneja, P. Labhasetwar, P. Nagarnaik, J.H.J. Ensink,
The risk of cancer as a result of elevated levels of
nitrate in drinking water and vegetables in Central
India, J. Water Health., 15,2017, 602-614.

14. J. Schullehner, B. Hansen, M. Thygesen, C.B.



Inna Trus, Mukola Gomelya

Pedersen, T. Sigsgaard, Nitrate in drinking water and
colorectal cancer risk: A nationwide population-based
cohort study, Int. J. Cancer., 1, 2018, 73-79.

15. M. Parvizishad, A. Dalvand, A. H. Mahvi, F.
Goodarzi, A review of adverse effects and benefits
of nitrate and nitrite in drinking water and food on
human health, Health Scope, 6, 2017, ¢14164.

16. M.H. Ward, R.R. Jones, J.D. Brender, T.M. de Kok,
P.J. Weyer, B.T. Nolan, C.M. Vilanueva, S.G. van
Breda, Drinking water nitrate and human health: An
updated review, Int. J. Environ. Res. Public Health,
15,7,2018.

17. Z. Yanhao, Z. Fohua, X. Siqing, W. Xuejiang, L.
Jixiang, Autohydrogenotrophic denitrification of
drinking water using a polyvinyl chloride hollow
fiber membrane biofilm reactor, J. Hazardous Mater.,
1, 2009, 203-209.

18. I. Trus, V. Halysh, M. Gomelya, D. Benatov, A.
Ivanchenko, Techno-economic feasibility for water
purification from copper ions, Ecol. Eng. Environ.
Technol., 22, 3, 2021, 27-34.

18. S. Archna, S.K. Sharma, R.C. Sobti, Nitrate removal
from ground water: A review, E-J. Chem., 9, 4,2012,
1667-1675.

20. J.W. Palko, D.I. Oyarzun, B. Ha, M. Stadermann,
J.G. Santiago, Nitrate removal from water using
electrostatic regeneration of functionalized adsorbent,
Chem. Eng. J., 334, 2018, 1289-1296.

21.S.S. Hosseini, A.H. Mahvi, Freezing process - A new
approach for nitrate removal from drinking water,
Desalin. Water Treat., 130, 2018, 109-116.

22. H. Zhou, Y. Tan, W. Gao, Y. Zhang, Y. Yang,
Selective nitrate removal from aqueous solutions by
a hydrotalcite-like absorbent FeMgMn-LDH., Sci
Rep. 10, 2020, 16126.

23. N.D. Gomelya, [.N. Trus, Y.V. Nosacheva, Water
purification of sulfates by liming when adding
reagents containing aluminum, Journal of Water
Chemistry and Technology, 36, 2, 2014, 70-74.

24. S. Kyrii, T. Dontsova, 1. Kosogina, 1. Astrelin,
N. Klymenko, D.Nechyporuk, Local wastewater
treatment by effective coagulants based on wastes,
Journal of Ecological Engineering, 21, 5, 2020, 34-41.

25. L. Xiao, E.B. Young, J.J. Grothjan, S. Lyon,
H. Zhang, Z. He, Wastewater treatment and
microbial communities in an inte-grated photo-
bioelectrochemical system affected by different

wastewater algal inocula, Algal Res., 12, 2015,
446-454.

26. S. Pradhan, L. Fana, F.A. Roddicka, E. Shahsavarib,
A.S. Ballb, Impact of salinity on organic matter
and nitrogen removal from a municipal wastewater
RO concentrate using biologically activated carbon
coupled with UV/H,O,, Water Research., 94, 2016,
103-110.

27. Q. Zhang, X. Chen, H. Wu, W. Luo, X. Liu, L.
Feng, T. Zhao, Comparison of Clay Ceramsite and
Biodegradable Polymers as Carriers in Pack-bed
Biofilm Reactor for Nitrate Removal, Int J Environ
Res Public Health., 16, 21, 2019, 4184.

28. J. Wang, L. Chu, Biological nitrate removal from
water and wastewater by solid-phase denitrification
process, Biotechnol. Adv., 34, 6, 2016, 1103-1112.

29. G. Trokhymenko, N. Magas, N. Gomelya, I. Trus, A.
Koliehova, Study of the Process of Electro Evolution
of Copper lons from Waste Regeneration Solutions,
Journal of Ecological Engineering, 21, 2, 2020, 29-38.

30. F. Ghanbari, M. Moradi, A. Mohseni-Bandpei,
F. Gohari, T. Mirtaleb Abkenar, E. Aghayani,
Simultaneous application of iron and aluminum
anodes for nitrate removal: a comprehensive
parametric study, Int. J. Environ. Sci. Technol., 11,
6,2014, 1653-1660.

31.J.-H. Yeo, J.-H. Choi, Enhancement of nitrate removal
from a solution of mixed nitrate, chloride and sulfate
ions using a nitrate-selective carbon electrode,
Desalination, 320, 2013, 10-16.

32. D. Reyter, D. Belanger, L. Roue, Nitrate removal by
a paired electrolysis on copper and Ti/IrO, coupled
electrodes — influence of the anode/cathode surface
area ratio, Water Res., 44, 2, 2010, 1918-1926.

33. A.E. Midaoui, F. Elhannounia, M. Taky, L. Chay,
M.A.M. Sahli, L. Echihabi, M.Hafsi, Optimization
of nitrate removal operation from ground water by
electrodialysis, Sep. Purif. Technol., 29, 2002, 235-
324,

34. L.A. Richards, M. Vuachére, A.l. Schifer, Impact
of pH on the removal of fluoride, nitrate and boron
by nanofiltration/reverse osmosis, Desalination, 261,
2010, 331-337.

35. M. Talaeipour, J. Nouri, A.H. Hassani, A.H. Mahvi,
An investigation of desalination by nanofiltration,
reverse osmosis and integrated (hybrid NF/RO)
membranes employed in brackish water treatment, J

771



Journal of Chemical Technology and Metallurgy, 57, 4, 2022

Environ Health Sci Eng., 2017, 15, 18.

36. R. Epsztein, O. Nir, O. Lahav, M. Green, Selective
nitrate removal from groundwater using a hybrid
nanofiltration—reverse osmosis filtration scheme.
Chem. Eng. J. 279,2-15, 372-378.

37. M. Mohsenipour, S. Shahid, K. Ebrahimi, Nitrate
adsorption on clay kaolin: batch tests, Journal of
Chemistry, 2015, 1-7.

38. D. Bhardwaja, M. Sharmab, P. Sharmac, R. Tomard,
Synthesis and surfactant modification of clinoptilolite
and montmorillonite for the removal of nitrate and
preparation of slow release nitro-gen fertilizer, J.
Hazard. Mater., 228, 2012, 292-300.

39. S.0. Kyrii, V. Kosogina, [.M. Astrelin, L.S.
Obodenko, Investigation of the properties of activated
carbon modified by wastes of alumina production,
Vopr. Khim. Khim. Tekhnol., 2, 2018, 70-78.

40. I. Trus, N. Gomelya, G. Trokhymenko, N. Magas, O.
Hlushko, Determining the influence of the medium
reaction and the technique of magnetite modification
on the effectiveness of heavy metals sorption, East.-
Eur. J. Enterp. Technol., 6/10, 2019, 102, 49-54.

41. V. Halysh, I. Trus, M. Gomelya, I. Trembus,
B. Pasalskiy, N. Chykun, G. Trokhymenko, I.
Remeshevska, Utilization of Modified Biosorbents
Based on Walnut Shells in the Processes of Wastewater
Treatment from Heavy Metal lon, J. Ecol. Eng., 21,
4,2020, 128-133.

42. S. Duan, T. Tong, S. Zheng, X. Zhang, S. Li,
Achieving low-cost, highly selective nitrate removal
with standard anion exchange resin by tuning recycled

772

brine composition, Water Res., 173, 2020, 115571.

43. P. Shahbazi, F. Vaezi, A.H. Mahvi, K. Naddaffi, A.R.
Rahmani, Nitrate removal from drinking water by
point of use ion exchange, J. Res. Health Sci., 10,
2,2010, 91-97.

44, X. Xu, B. Gao, Y. Zhao, S. Chen, X. Tan, Q. Yue, J.
Lin, Y.Wang, Nitrate removal from aqueous solution
by Arundo donax L. reed based anion exchange resin,
J. Hazard. Mater., 203-204, 2012, 86-92.

45. B. Midyurova, M. Dimova-Todorova, lon-exchange
softening of natural waters of high total hardness, J.
Chem. Technol. Metall., 56, 2, 2021, 342-347.

46. B. Midyurova, M. Dimova-Todorova, Study on the
effect of ion exchange equilibrium between Lewatit
S-100, Duolite C26, Amberlite 200C and electrolytes
solutions, J. Chem. Technol. Metall., 55, 6, 2020,
2071-2075.

47. M. Nuji¢, D. Milinkovi¢, M. Habuda-Stani¢, Nitrate
removal from water by ion exchange, Croatian journal
of food science and technology, 9, 2, 2017, 182-186.

48. 1. Trus, 1. Radovenchyk, V. Halysh, M. Skiba, I.
Vasylenko, V. Vorobyova, O. Hlushko, L. Sirenko,
Innovative Approach in Creation of Integrated
Technology of Desalination of Mineralized Water,
Journal of Ecological Engineering, 20, 8, 2019,
107-113.

49. 1. Trus, N. Gomelya, V. Halysh, I. Radovenchyk,
O. Stepova, O. Levytska, Technology of the
comprehensive desalination of wastewater from
mines, East.-Eur. J. Enterp. Technol., 3/6, 105, 2020,
21-27.



