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Abstract: Paper presents the preliminary concept of salinity reduction in mine water by advanced chloride ions
oxidation. New methods and technologies of salinity reduction are crucial in the context of mine water management
strategies. These strategies are now the area of concern of coal mining entrepreneurs responsible for saline discharges
into environment, which should be significantly reduced or eliminated to meet legal requirements. The study presents
the effectiveness of standalone ultraviolet/hydrogen peroxide (UV/H,0,, no iron catalysts) as a robust, simpler
alternative to complex, multi-stage hybrid systems, e.g., ultraviolet/persulphate (UV/PS) or photo-Fenton) in real, high-
salinity mine water. Contrary to the assumption that chloride strictly inhibits oxidation, findings indicate that at high
salinity, UV/H,0, maintains high organic degradation efficiency (above 90% in complex matrices). While UV/PS can
achieve higher removal in some cases (e.g., up to 99% for chlorinated contaminants at 600 mJ-cm ), UV/H,0, is
highlighted as more environmentally sustainable, as persulphate production contributes a larger environmental
footprint than H,O,. The advanced chloride ion elimination method is a promising solution for mitigating the impact
of saline water on water resources generated by coal mining during the transition period. This approach utilises
UV/H,0, for direct photolysis and hydroxyl radical (*OH) oxidation, with results showing high efficiency (>90%
degradation) on recalcitrant organic contaminants even in complex matrices, demonstrating its effectiveness against
chloride inhibition.

Keywords: advanced oxidation processes (AOPs), chloride ions, mine water, mine water management, salinity

reduction, ultraviolet/hydrogen peroxide (UV/H,0,)

INTRODUCTION

Underground coal mining necessitates the dewatering of pits and
the discharge of saline mine waters into the environment, which
can exert pressure on surface waters in terms of both quantitative
and qualitative parameters (Janson, 2024). A significant impact is
the pollution of river water and the increase in salinity-causing
compounds, including chloride ions (Cl"). Concentrations of
chloride ions in mine waters directly relate to depth of
exploitation and dewatering levels. Rézkowski (2000) reports
a marked increase in water mineralisation with depth in the
Upper Silesian Coal Basin (USCB, Pol.: Gérnoslaskie Zaglebie
Weglowe). This pattern results from vertical hydrogeochemical
zoning and reduced exchange between deep and infiltrating
waters under natural conditions. Mining operations and intensive

dewatering have significantly disrupted this system. The expan-
sion of mining workings has increased hydraulic connectivity
between aquifers, promoting migration and mixing of waters with
different mineralisation levels. Nevertheless, the overall trend of
increasing salinity with depth persists. In Polish USCB chloride
concentrations range from 1 g Cl-dm™ to 140 g Cl-dm™
(mineralisation range from 2 g-dm™> to 230 g-dm ) on depths of
dewatering 300-1,250 m below ground level respectively.
Quantity of mine water in Polish coal mines range from
0.5-78 m’>min~', therefore the discharges of these loads of
chlorides may reach 5,500 Mg-day ™" which affects the chemical
status of surface water bodies in the Upper Silesia, with
electrolytic conductivity (EC) up to 4,000 puS-cm™" in the water
downstream (Janson, Gzyl and Banks, 2009). Due to legislative
requirements (Ustawa, 2017) and tightening of regulations in the
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future — EC of river waters defined as good status must meet the
limit of 690 uS-cm ™', management of saline mine waters requires
new advanced methods of reduction chlorides in mine waters,
while discharges without treatment may be no longer possible.
Existing methods of reducing chloride ion concentration (reverse
osmosis) are characterised by high electricity consumption,
carbon dioxide emissions, and generation of waste concentrates.
Advanced oxidation processes (AOPs) represent promising
strategies for reducing harmful substances, including chlorides
(Asefon, 2025). In particular, the combination of ultraviolet (UV)
light and hydrogen peroxide (UV/H,0,) can potentially reduce
chlorides from mining waters with relatively lower energy
demand. Nevertheless, this solution has not been implemented
at an industrial scale, limiting the ability to compare its energy
demand with mature technologies such as desalination or reverse
0Smosis.

Although the UV/H,0, process in AOPs has been
extensively studied for the removal of various pollutants,
a research gap remains in the systematic study of chloride
reduction from mine water using only hydrogen peroxide and UV
light.

Studies published between 2007 and 2025 (according to the
Scopus database) on the use of H,O, for salinity reduction have
primarily addressed the Fenton process and its modifications
(Filice et al., 2022; Ma et al., 2022; Yang et al., 2025). In contrast,
other works (Yoon et al., 2023; Loreti Hupsel et al., 2024; Wu
et al., 2024; Lan et al., 2025) have examined H,0, or UV/H,0, as
a preliminary treatment of mine water or as a part of hybrid
systems, but never as a standalone process. It is worth to add that
Lan et al. (2025) provide a computational approach to optimising
systems, while Yoon et al. (2023) provides a biological approach
to isolating microbes. In this context, the novelty of this work lies
in the direct application of UV/H,O, for the potential reduction
of chlorides from mine-impacted water as a standalone process.

Most researchers have focused on entirely different water
matrices (or only on deionised water alone), as well as on other
types of pollutants. Most studies omit the specific composition of
wastewater and focus on generating oxidising radicals to remove
usually single contaminants. Hence, a key aspect of this work is
the utilisation of the specific composition of mine water,
characterised by a high chloride ion concentration, to generate
oxidising radicals, such as *Cl, *Cl; and *CIOH".

MATERIALS AND METHODS

This conceptual study demonstrates the potential applicability of
UV/H,0, as an alternative to currently used reverse osmosis
(RO), electrodialysis (ED), multiple effect distillation (MED) or
multi-stage flash distillation (MSF).

The salinity of mine water from underground coal mines is
mainly related to chloride ions. Noteworthy is the fact that highly
saline mine waters are dominated by chloride ions with a low
proportion of other interfering ions. In drained coal mining areas
in Poland, there is a general tendency for water mineralisation
to increase with depth, with the composition of anions evolv-
ing along a sequence typical of the Silesian coalfields:
HCO; — SOE’ — CI” (Janson, Gzyl and Banks, 2009). The idea
presented in this paper is to exploit the properties of saline mine
waters rich in chloride ions toward using these ions to generate

oxidising radicals such as *Cl, *Cl; and *CIOH™ (Djaballah et al.,
2023), with simultaneous reduction of chloride concentrations in
mine waters.

RESULTS AND DISCUSSION

IMPLICATIONS

Chloride ions play a key role in advanced oxidation reactions,
although they are considered as interfering ions. Hence, in
Advanced oxidation processes (AOPs), interfering ions such as
NO;, NO3, CO? and Cl™ are avoided or removed from purified
solutions. Interfering ions can impair the oxidation process,
causing, for example, the absorption of radiation (required to
activate catalysts) or reacting with oxidising radicals, such as
hydroxyl or sulphate radicals, thereby producing less reactive
species (Zhao et al.,, 2025). Advanced oxidation processes are
widely used in the degradation of organic matter, but there is
a limited amount of research on their application to the removal
of chloride from saline industrial wastewater. The redox potential
of CL,/Cl™ is 1.36 V. Advanced oxidation processes can produce
highly reactive *OH with a redox potential of 2.8 V (Haynes,
2016; Wang et al., 2024). Therefore, they can also ensure
sufficient redox potential for CI”~ oxidation. Besides generating
the *OH radicals, these techniques can also directly oxidise CI™
via Og, electron transfer, and *SO; radicals. The NaOH solution
can absorb the post-process gas (Cl,). Alternative methods for
absorbing Cl, in industrial practice include lime, which can be
used depending on the desired end products. The Cl, neutralisa-
tion system must address both safety requirements and absorp-
tion efficiency. For safety reasons, the process must be sealed,
properly ventilated, and constructed with chemically resistant
components. Continuous monitoring of parameters such as pH,
oxidation-reduction potential, and chlorine gas detector is
required. The absorption system should be designed to achieve
an efficiency greater than 99.9%. Oxidising radicals have
a short half-life (#;,,), so they should not have a significant
negative impact on the environment. For example, the t,,, of the
*SO; radical is equal of 3.0-107°-4.0-107% s, while that of the *OH
radical is equal of 2.0-107® s. The t,,, of other radicals is shorter at
107°-10"* s (Zhu et al,, 2019).

A conceptual framework for the elimination of chloride ions
in advanced UV-hydrogen peroxide (H,O,) oxidation is shown in
Figure 1. The radical generation occurs through the activation of
H,0, by a UV lamp (A = 254 nm). This wavelength corresponds
to the maximum absorption of H,0O, (Parsa, Dhib and Mehrvar,
2024). The standard mechanism of radical generation follows
Equations (1)-(4) - Table 1. During the UV/H,0, process, the
photolytic decomposition of each H,O, molecule generates two
*OH radicals.

The theoretical mechanism for Cl”
UV/H,0, process, as illustrated in Figure 2, involves a series of
reactions in the presence of Cl™ ions described in Equations (5)
—(11) (Jayson, Parsons and Swallow, 1973; Haag and Hoigné,
1985; Klidning and Wolff, 1985; Glaze, Kang and Chapin, 1987;
Buxton et al, 1988; Neta, Huie and Ross, 1988; Nowell and
Hoigné, 1992; Hoigné, 1997; Yu, Bao and Barker, 2004). The
kinetic rate constants presented here are based on conditions in
dilute aqueous solutions (typically at 25°C and at low ionic

reduction in the
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Fig. 1. The concept of chloride ion reduction by UV/H,0, process; HoOy = hydrogen peroxide; CI” = chloride ion; *Cl, *Cl;, and
*CIOH™ = chlorine atom-based oxidising radicals; UV = ultraviolet light; H,O = water; *OH = hydroxyl radicals; source: own

elaboration

Table 1. Reaction rate constants

Rate .

. Equation
Reaction constant No
M ts™) ’

hv Lo

H202—>2 OH @Io (1)
H,0; + *OH — HOj + H,0 2.7 - 107 (2)
Hy0 + *OH — HOj + H,0 7.5 - 10° (3)
H202 Ad HJr + HO; - (4)
*OH + Cl~ — *CIOH™ 43.10° (5)
*CIOH™ +H' — *Cl 4+ H,0 2.1-10" (6)
*Cl+ OH™ — *CIOH™ 1.8 - 10" (7)
*Cl + H,0 — *CIOH™ +H* 25-10° (8)
*CIOH™ — Cl” + *OH 6.1-10° )
*Cl+Cl” —*Cly 14-10° (10)
*Cly +°Cly — 2C1” +Cly 9.0 - 10° (1)

Explanation: @I, = the quantum efficiency of the reaction and the
intensity of the photon flux incident on the system.
Source: own elaboration.

strength). In systems with high salt concentrations, actual
reaction rates may differ from the reported values due to ionic
strength, activity, and changes in the radical species. Initially, CI”
ion competes with other reactive species, mainly with the

generated *OH radical to form the *CIOH™ radical (Eq. 5).
Further reactions generate a series of intermediate radicals,
including *Cl from the reaction of *CIOH™ and H', and °Cly
from the reaction of *Cland CI™ (Egs. 6-10). In turn, gaseous Cl,
is formed from °Cl, radicals (Eq. 11).

Literature data indicate a slight or negligible effect of Cl™
ions on the efficiency of the oxidation process, i.e., their presence
does not adversely affect the kinetics of the oxidation reaction of
pollutants. Kudlek, Dudziak and Bohdziewicz (2016) showed that
the effect of chloride ions on oxidation efficiency in photo-
catalysis with titanium (IV) oxide is lower compared, for example,
to CO%’, HCOj, and SO?[ ions. Zhang et al. (2024) indicated the
negligible effect of chloride ions in the UV/H,0, process. Ecer
Uzun and Kabdash (2024) proved that the presence of chloride
ions can accelerate the mineralisation of some contaminants.
Xiong et al. (2024) demonstrated the conversion of Cl™ ions into
chlorine radicals by the electro-Fenton process. A study by Hu
et al. (2021) revealed the essence of the reduction of Cl™ ions
through the prior formation of *Cl i *Cl, radicals. Yang et al.
(2023) found that in the UV/H30,, the presence of Cl” ions
promote the mineralisation of contaminants (total organic
carbon, TOC), and above pH = 5, the rate of TOC removal
increases. While pH of minewaters is mostly circumneutral (6.5—
7.3) due to the presence of Triassic rocks in the USCB overburden
which are buffering zone for acidic mine waters during flooding
of the excavations or dewatering deeper Carboniferous strata
where waters pH range from 5.3-6.0 and chlorides concentrations
up to 100 g-dm_3 (Janson, Gzyl and Banks, 2009). Therefore, the
sensitivity of the process on the pH range is relatively low. The
UV/H,0, advanced oxidation process promoted TOC removal
and was effective even at Cl” concentrations up to about
71 g-dm™.

The potential reduction of CI” ions can be roughly
compared to the theoretical reduction of Cl” using sodium
persulphate (Na,S,0g), as described by Dou et al. (2023). The
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cited paper provides a mechanistic analogy rather than a direct
confirmation of the expected efficacy of UV/H,0,. At high
salinity, reactions involving *OH and °SO, radicals partially
convert primary oxidising radicals into chlorine radicals. This
transformation underpins the mechanistic analogy. The above-
mentioned work is based on the concept of generating another
strong radical - a sulphate radical (*SO; ), with a redox potential
of 2.5-3.1 V. Since the redox potential of the *SO, radical
exceeds that of Cl,/Cl7, the theoretical reduction of Cl is
possible. The application of Na,S,0g oxidation was further
validated by Hu et al. (2021). An efficiency of approximately 96%
was achieved in the reduction of Cl™ ions, with the remaining CI™
measured at a level of 0.158 g-dm ™. This result demonstrates the
significant role of °Cl and °Cl, radicals in CI~ reduction.
However, a potential limitation of the above method may be the
risk of secondary contamination with sulphates if reagent
overdose or incomplete reaction occurs. In contrast, the
UV/H,0,; concept utilises hydrogen peroxide, an environmentally
friendly reagent that decomposes into hydrogen and oxygen
atoms (Zhao et al., 2021). In this approach, the thermodynamic
threshold for the theoretical oxidation of ClI” to *Cl and °Cl;
radicals are also exceeded in the case of the *OH radical
(EY, OH/H,0) = 2.8 V). The theoretical chloride reduction effi-
ciency is expected to be comparable to that reported by Hu et al.
(2021), as both processes involve a similar radical mechanism.
Simulating chlorate formation within high total dissolved solids
(TDS) mine water environments indicate significant byproduct
risks, particularly when employing aggressive disinfection (chlor-
ine dioxide) or when high chloride levels are present in water
treatment processes. Mine water often exhibits high sulphate and
chloride concentrations (brackish, >1,000 mg-clm_3 TDS), which,
when coupled with pH adjustment (lime), increases the risk of
scaling and byproducts (Levanov et al., 2019).

PROCESS COMPARISON

The overall environmental benefits of the UV/H,0O, method can be
summarised as follows: limited generation of waste concentrate; the
possibility of controlling H,O, doses based on Cl~ concentration;
limited secondary pollution of the treated wastewater.

In contrast to the reverse osmosis (RO), the conceptual UV/
H,0, method does not generate waste concentrate. Such
concentrate is typically classified as hazardous waste, which
increases overall operational costs. The composition of mine
water can fluctuate, affecting the efficiency of separation. In the
physical separation process, it is crucial to select a technology
suitable for the specific and stable composition of mine water.
The UV/H,O, process allows for precise control of reagent
dosage for varying Cl~ concentrations, which is a significant
advantage of the process. The UV/H,0, method uses UV light
and H,0,; therefore, it does not contribute to secondary pollution
of the treated wastewater, e.g., compared to the ultraviolet/
persulphate (UV/PS) method.

Given that this approach presents a conceptual framework,
detailed investigations into the potential formation of by-
products should be carried out. In general, the minimised
formation of reaction by-products is key advantage of AOPs
(Silva, 2025); however, this benefit is typically realised only under
precisely selected and controlled reaction conditions. Guan et al.
(2020) demonstrated that no bromate or chlorate was detected in

UV/H,0, system, in contrast to PS-based AOPs (ultraviolet/
peroxydisulphate — UV/PDS and ultraviolet/peroxymonosul-
phate — UV/PMS). Furthermore, due to the greater number of
reaction mechanisms in UV/PS compared to UV/H,0,, the
probability of generating by-products is greater in the former
(Zhang et al., 2018). Effective control of oxidation by-products
generation requires careful consideration of H,0O, dosage
(mg-dm’3 or g-dmfz'), UV lamp power (W), UV dose (mJ-cm ),
reaction time (min or h), and the influence of other interfering
ions (Zhang, Sun and Yin, 2025). Operational monitoring of
byproducts, including ClO;~ and ClO,", typically involves both
online monitoring (e.g., pH, oxidation-reduction potential,
electrolytic conductivity — EC, UV 54, and free chlorine), as well
as offline laboratory testing.

Currently, comparing the energy efficiency of the UV/H,0,
system with other commercial technologies remains challenging.
However, specific technological components that affect electricity
consumption can be compared. The UV/H,0, system does not
require large capacity reactors or batch-type mixers to achieve
optimal contact between mine water and hydrogen peroxide. In
practice, this is achieved with static mixers, which require no
energy input, contain no moving parts, and are straightforward to
maintain. In contrast to RO, the UV/H,0, system does not use
high-pressure pumps, which in highly saline waters significantly
reduce energy efficiency. Electrical energy consumption is
approximately 9 kWh-m™ for RO, 6 kWh-m™ for multi-stage
flash distillation (MSF), and up to 3 kWh-m™ for multiple effect
distillation (MED). The UV/H,O, system also does not require
thermal energy, as is necessary in MSF and MED, which
substantially reduces operational costs. For example, thermal
energy consumption in MSF can reach approximately
20 kWh-m™, while in MED it is about 9 kWh-m™ (Thi and
T6th, 2023). Basically, H,O, activation occurs under the influence
of an effective radiation dose from UV emitters. The effective
radiation dose from UV emitters depends on factors such as the
absorbance water and chemical composition of the water. The
influence of these factors is typically evaluated through pre-
liminary studies and requires pilot studies.

CONCLUSIONS

The use of advanced oxidation processes (AOPs) for potential
salinity reduction in mine water is a promising alternative to
conventional methods, such as reverse osmosis, electrodialysis, and
thermal processes. This approach therefore warrants further
investigation through laboratory-scale trials. The conceptual model
facilitates understanding of the quantitative balance and conversion
of CI” in saline mine waters, as well as the associated risk of
oxidation by-products formation. Perspective studies should focus
on quantifying the fraction of Cl~ that passes into the solid product
with priority to batch kinetics on real mine water.

A comparative analysis of methods using H,O, and
persulphates will elucidate the relative reactivity of *OH and
*SO; radical in highly saline mine waters. The proposed method
offers practical potential for reducing chloride concentrations in
saline mine waters and other chloride-rich environmental
matrices. Advanced oxidation processes have been intensively
developed in recent years. A promising technological direction
involves integrating AOPs with renewable energy-driven electro-
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lysis of mine water and green hydrogen production, thereby
improving the economic efficiency and self-sufficiency of
treatment plants. Comparing the concept between AOPs and
conventional desalination processes, as well as robust estimation
of by-products quantity, are further research challenges. Further
in-depth development of the research should focus on enhancing
the water environment in the context of the Water Framework
Directive (WFD), as well as the increasing pressure on water
resources associated with climate change, long-term droughts,
and increasing salinity of surface waters. Mine-impacted rivers
(surface water bodies), according to the WFD and the Polish
Water Act Law, have established environmental goals in Water
Management Plans that should be fulfilled and met by 2027. In
these plans, in general, relevant requirements for the salinity of
surface waters are stated as electrolytic conductivity (EC). In near
future, the limits on industrial and mining discharges will be
significantly decreased. The implementation of the proposed
salinity reduction approach, facilitated by AOPs, is categorised as
an advanced strategy for reducing water contamination. Forward-
looking studies should consider the energy efficiency of this
technology relative to conventional desalination treatments.

FUNDING

This research was funded by Polish Ministry of Science and
Higher Education, grant number 111440325-340.

CONFLICT OF INTERESTS

All authors declare that they have no conflict of interests.

REFERENCES

Asefon, T. (2025) “Mitigating water pollution through synergistic
chemical and ecological approaches,” Journal of Geography,
Environment and Earth Science International, 29(1), pp. 79-88.
Available at: https://doi.org/10.9734/jgeesi/2025/v29i1857.

Buxton, G.V. et al. (1988) “Critical review of rate constants for
reactions of hydrated electrons, hydrogen atoms and hydroxyl
radicals ("OH/*O™ in aqueous solution,” Journal of Physical and
Chemical Reference Data, 17, pp. 513-866. Available at: https://
doi.org/10.1063/1.555805.

Djaballah, M.L. et al. (2023) “Radicals ("OH, CI’, CIO® and Cl,")
concentration profiles in the intensified degradation of reactive
green 12 by UV/chlorine process: Chemical kinetic analysis using
a validated model,” Journal of Photochemistry and Photobiology
A: Chemistry, 439, 114557. Available at: https://doi.org/10.1016/j.
jphotochem.2023.114557.

Dou, W. et al. (2023) “Removal of CI(-I) from acidic industrial
wastewater through oxidation: A review on methods and
mechanisms,” Environmental Science: Water Research & Techno-
logy, 9(1), pp. 38-47. Available at: https://doi.org/10.1039/
D2EWO00628F.

Ecer Uzun, C. and Kabdash, I. (2024) “Effect of chloride ions on
persulfate/UV-C advanced oxidation of an alcohol ethoxylate
(Brij 30),” Scientific Reports, 14(1), 15328. Available at: https://
doi.org/10.1038/541598-024-66442-x.

Filice, S. et al. (2022) Photo-Fenton degradation of methyl orange with
Dunino halloysite as a source of iron,” Catalysts, 12(3), 257.
Available at: https://doi.org/10.3390/catal12030257.

Glaze, W.H., Kang, J.-W. and Chapin, D.H. (1987) “The chemistry of
water treatment processes involving ozone, hydrogen peroxide
and ultraviolet radiation,” Ozone: Science ¢ Engineering, 9(4),
pp. 335-352. Available at: https://doi.org/10.1080/01919518
708552148.

Guan, Y.-H. et al. (2020) “Comparison of UV/H,0,, UV/PMS, and
UV/PDS in destruction of different reactivity compounds and
formation of bromate and chlorate,” Frontiers in Chemistry, 8,
581198. Available at: https://doi.org/10.3389/fchem.2020.581198.

Haag, W.R. and Hoigné, J. (1985) “Photo-sensitized oxidation in
natural water via -OH radicals,” Chemosphere, 14(11-12),
pp. 1659-1671. Available at: https://doi.org/10.1016/0045-6535
(85)90107-9.

Haynes, W.M. (ed.) (2016) CRC handbook of chemistry and physics.
A ready-reference book of chemical and physical data. 97th edn.
Boca Raton: CRC Press. Available at: https://ia800704.us.archive.
org/27/items/CRCHandbookOfChemistryAndPhysics97thEdi-
tion2016/CRC%20Handbook%200f%20Chemistry%20and%
20Physics%20-%2097th%20Edition%20%282016%29.pdf (Ac-
cessed: May 14, 2026).

Hoigné, J. (1997) “Inter-calibration of OH radical sources and water
quality parameters,” Water Science and Technology, 35(4), pp. 1-
8. Available at: https://doi.org/10.1016/50273-1223(97)00002-4.

Hu, X. et al. (2021) “Sulfate radical-based removal of chloride ion from
strongly acidic wastewater: Kinetics and mechanism,” Journal of
Hazardous Materials, 410, 124540. Available at: https://doi.org/
10.1016/j.jhazmat.2020.124540.

Janson, E. (2024) “Multi-decadal impact of mine waters in Przemsza
River Basin, Upper Silesian Coal Basin, Southern Poland,” Water,
16(21), 3147. Available at: https://doi.org/10.3390/w16213147.

Janson, E., Gzyl, G. and Banks, D. (2009) “The occurrence and quality
of mine water in the Upper Silesian Coal Basin, Poland,” Mine
Water and the Environment, 28(3), pp. 232-244. Available at:
https://doi.org/10.1007/s10230-009-0079-3.

Jayson, G.G., Parsons, B.J. and Swallow, A.J. (1973) “Some simple,
highly reactive, inorganic chlorine derivatives in aqueous
solution. Their formation using pulses of radiation and their
role in the mechanism of the Fricke dosimeter,” Journal of the
Chemical Society, Faraday Transactions 1: Physical Chemistry in
Condensed Phases, 69(0), pp. 1597-1607. Available at: https://doi.
org/10.1039/F19736901597.

Klaning, U.K. and Wolff, T. (1985) “Laser flash photolysis of HCIO,
ClO7, HBrO, and BrO™ in aqueous solution. Reactions of Cl- and
Br-atoms,” Berichte der Bunsengesellschaft fiir Physikalische
Chemie, 89(3), pp. 243-245. Available at: https://doi.org/
10.1002/bbpc.19850890309.

Kudlek, E., Dudziak, M. and Bohdziewicz, J. (2016) “Influence of
inorganic ions and organic substances on the degradation of
pharmaceutical compound in water matrix,” Water, 8(11), 532.
Available at: https://doi.org/10.3390/w8110532.

Lan, J. et al. (2025) “Efficient treatment of nanofiltration concentrate
from electroplating wastewater by combined bipolar membrane
electrodialysis with UV/H,0, process,” Desalination, 602,
118623. Available at: https://doi.org/10.1016/j.desal.2025.118623.

Levanov, A. et al. (2019) “Kinetics of chlorate formation during
ozonation of aqueous chloride solutions,” Chemosphere, 229,
pp. 68-76. Available at: https://doi.org/10.1016/j.chemosphere.
2019.04.105.

Loreti Hupsel, A. et al. (2024) “Evaluation of pretreatment routes for
seawater desalination by nanofiltration,” Water Science and

© 2026. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP - PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.9734/jgeesi/2025/v29i1857
https://doi.org/10.1063/1.555805
https://doi.org/10.1063/1.555805
https://doi.org/10.1016/j.jphotochem.2023.114557
https://doi.org/10.1016/j.jphotochem.2023.114557
https://doi.org/10.1039/D2EW00628F
https://doi.org/10.1039/D2EW00628F
https://doi.org/10.1038/s41598-024-66442-x
https://doi.org/10.1038/s41598-024-66442-x
https://doi.org/10.3390/catal12030257
https://doi.org/10.1080/01919518708552148
https://doi.org/10.1080/01919518708552148
https://doi.org/10.3389/fchem.2020.581198
https://doi.org/10.1016/0045-6535(85)90107-9
https://doi.org/10.1016/0045-6535(85)90107-9
https://ia800704.us.archive.org/27/items/CRCHandbookOfChemistryAndPhysics97thEdition2016/CRC%20Handbook%20of%20Chemistry%20and%20Physics%20-%2097th%20Edition%20%282016%29.pdf
https://ia800704.us.archive.org/27/items/CRCHandbookOfChemistryAndPhysics97thEdition2016/CRC%20Handbook%20of%20Chemistry%20and%20Physics%20-%2097th%20Edition%20%282016%29.pdf
https://ia800704.us.archive.org/27/items/CRCHandbookOfChemistryAndPhysics97thEdition2016/CRC%20Handbook%20of%20Chemistry%20and%20Physics%20-%2097th%20Edition%20%282016%29.pdf
https://ia800704.us.archive.org/27/items/CRCHandbookOfChemistryAndPhysics97thEdition2016/CRC%20Handbook%20of%20Chemistry%20and%20Physics%20-%2097th%20Edition%20%282016%29.pdf
https://doi.org/10.1016/S0273-1223(97)00002-4
https://doi.org/10.1016/j.jhazmat.2020.124540
https://doi.org/10.1016/j.jhazmat.2020.124540
https://doi.org/10.3390/w16213147
https://doi.org/10.1007/s10230-009-0079-3
https://doi.org/10.1039/F19736901597
https://doi.org/10.1039/F19736901597
https://doi.org/10.1002/bbpc.19850890309
https://doi.org/10.1002/bbpc.19850890309
https://doi.org/10.3390/w8110532
https://doi.org/10.1016/j.desal.2025.118623
https://doi.org/10.1016/j.chemosphere.2019.04.105
https://doi.org/10.1016/j.chemosphere.2019.04.105

Synergistic treatment of chloride and mine-impacted water using ultraviolet/hydrogen peroxide 75

Technology, 89(2), pp. 454-469. Available at: https://doi.org/10.
2166/wst.2024.005.

Ma, C. et al. (2022) “Light- and H,0,-mediated redox transformation
of thallium in acidic solutions containing iron: Kinetics and
mechanistic insights,” Environmental Science & Technology,
56(9), pp. 5530-5541. Available at: https://doi.org/10.1021/acs.
est.2c00034.

Neta, P., Huie, R.E. and Ross, A.B. (1988) “Rate constants for reactions
of inorganic radicals in aqueous solution,” Journal of Physical and
Chemical Reference Data, 17(3), pp. 1027-1284. Available at:
https://doi.org/10.1063/1.555808.

Nowell, L.H. and Hoigné, J. (1992) “Photolysis of aqueous chlorine at
sunlight and ultraviolet wavelengths - II. Hydroxyl radical
production,” Water Research, 26(5), pp. 599-605. Available at:
https://doi.org/10.1016/0043-1354(92)90233-T.

Parsa, Z., Dhib, R. and Mehrvar, M. (2024) “Continuous UV/H,0,
process: A sustainable wastewater treatment approach for
enhancing the biodegradability of aqueous PVA,” Sustainability,
16(16), 7060. Available at: https://doi.org/10.3390/sul6167060.

Rozkowski, A. (2000) “Coal mine water chemistry (Upper Silesian Coal
Basin, Poland),” in A. Roézkowski and M. Rogoz (eds.)
Proceedings, 7™ International Mine Water Association Congress.
Katowice-Ustron, Poland, 11-15 Sep 2000. Katowice: us,
International Mine Water Association, pp. 634-644. Available
at: https://imwa.info/docs/imwa_2000/IMWA2000_60.pdf (Ac-
cessed: May 14, 2026).

Silva, J.A. (2025) “Advanced oxidation process in the sustainable
treatment of refractory wastewater: A systematic literature
review,” Sustainability, 17(8), 3439. Available at: https://doi.org/
10.3390/su17083439.

Thi, H.T.D. and T6th, A.J. (2023) “Investigation of carbon footprints of
three desalination technologies: reverse osmosis (RO), multi-
stage flash distillation (MSF) and multi-effect distillation
(MED),” Periodica Polytechnica Chemical Engineering, 67(1),
pp. 41-48. Available at: https://doi.org/10.3311/PPch.20901.

Ustawa (2017) “Ustawa z dnia 20 lipca 2017 r. Prawo wodne [Act of 20
July 2017 Water Act Law],” Dz.U. 2025 poz. 960. Available at:
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20170001
566/U/D20171566Lj.pdf (Accessed: May 14, 2026).

Wang, Z. et al. (2024) “In situ production of hydroxyl radicals via
three-electron oxygen reduction: Opportunities for water treat-
ment,” Angewandte Chemie International Edition, 63(40),
€202407628. Available at: https://doi.org/10.1002/anie.202
407628.

Wu, J. et al. (2024) “Supplementary H,O, generation in capacitive
deionization with a three-phase architecture and its application
in simultaneous desalination and organics control,” Chemical
Engineering Journal, 483, 149139. Available at: https://doi.org/
10.1016/j.cej.2024.149139.

Xiong, W. et al. (2024) “Enhanced advanced oxidation treatment
through the synergy of chloride ion activation and electro-Fenton
process,” Separation and Purification Technology, 342, 126998.
Available at: https://doi.org/10.1016/j.seppur.2024.126998.

Yang, B. et al. (2023) “Dye mineralization under UV/H,0, promoted
by chloride ion at high concentration and the generation of
chlorinated byproducts,” Science of The Total Environment, 857
(2), 159453. Available at: https://doi.org/10.1016/j.scitotenv.
2022.159453.

Yang, C. et al. (2025) “Study on the degradation of organic matter in
acid mine wastewater by an in-situ Fenton coupled micro-nano
bubbles process,” Journal of Safety and Environment, 25(2),
pp. 706-713. Available at: https://doi.org/10.13637/j.issn.1009-
6094.2024.1154.

Yoon, Y. et al. (2023) “Combination of H,O,-producing microbial
desalination cells and UV/H,0, advanced oxidation process:
Water salinity reduction and microbial inactivation,” Journal of
Environmental Chemical Engineering, 11(3), 110110. Available at:
https://doi.org/10.1016/j.jece.2023.110110.

Yu, X.-Y., Bao, Z.-C. and Barker, J.R. (2004) “Free radical reactions
involving CI', Cl,°, and SO, " in the 248 nm photolysis of
aqueous solutions containing $,05>~ and Cl7,” The Journal of
Physical Chemistry A, 108(2), pp. 295-308. Available at: https://
doi.org/10.1021/jp036211i.

Zhang, J. et al. (2024) “Photocatalysis coupling with membrane
technology for sustainable and continuous purification of
wastewater,” Separation and Purification Technology, 329,
125225. Available at: https://doi.org/10.1016/j.seppur.2023.
125225.

Zhang, W. et al. (2018) “Impact of chloride ions on UV/H,0, and UV/
persulfate advanced oxidation processes,” Environmental Science
& Technology, 52(13), pp. 7380-7389. Available at: https://doi.
org/10.1021/acs.est.8b01662.

Zhang, Y., Sun, W. and Yin, W. (2025) “Precise regulation of UV/H,0,
processes: «OH generation/reaction and DOM transformation as
the main free radical scavenger,” Water Research, 277, 123282.
Available at: https://doi.org/10.1016/j.watres.2025.123282.

Zhao, P. et al. (2025) “The effect of interfering ions on the degradation
of organic pollutants by two types of activated persulfates over
Fe-based catalysts in water: A meta-analysis,” Chemical Engineer-
ing Journal, 509, 161123. Available at: https://doi.org/10.1016/j.
cej.2025.161123.

Zhao, Q. et al. (2021) “The UV/H,0, process based on H,0, in-situ
generation for water disinfection,” Journal of Hazardous
Materials Letters, 2, 100020. Available at: https://doi.org/
10.1016/j.haz1.2021.100020.

Zhu, Y. et al. (2019) “Assessing the effect on the generation of
environmentally persistent free radicals in hydrothermal carbo-
nization of sewage sludge,” Scientific Reports, 9(1), 17092.
Available at: https://doi.org/10.1038/s41598-019-53781-3.

© 2026. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP - PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.2166/wst.2024.005
https://doi.org/10.2166/wst.2024.005
https://doi.org/10.1021/acs.est.2c00034
https://doi.org/10.1021/acs.est.2c00034
https://doi.org/10.1063/1.555808
https://doi.org/10.1016/0043-1354(92)90233-T
https://doi.org/10.3390/su16167060
https://imwa.info/docs/imwa_2000/IMWA2000_60.pdf
https://doi.org/10.3390/su17083439
https://doi.org/10.3390/su17083439
https://doi.org/10.3311/PPch.20901
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20170001566/U/D20171566Lj.pdf
https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20170001566/U/D20171566Lj.pdf
https://doi.org/10.1002/anie.202407628
https://doi.org/10.1002/anie.202407628
https://doi.org/10.1016/j.cej.2024.149139
https://doi.org/10.1016/j.cej.2024.149139
https://doi.org/10.1016/j.seppur.2024.126998
https://doi.org/10.1016/j.scitotenv.2022.159453
https://doi.org/10.1016/j.scitotenv.2022.159453
https://doi.org/10.13637/j.issn.1009-6094.2024.1154
https://doi.org/10.13637/j.issn.1009-6094.2024.1154
https://doi.org/10.1016/j.jece.2023.110110
https://doi.org/10.1021/jp036211i
https://doi.org/10.1021/jp036211i
https://doi.org/10.1016/j.seppur.2023.125225
https://doi.org/10.1016/j.seppur.2023.125225
https://doi.org/10.1021/acs.est.8b01662
https://doi.org/10.1021/acs.est.8b01662
https://doi.org/10.1016/j.watres.2025.123282
https://doi.org/10.1016/j.cej.2025.161123
https://doi.org/10.1016/j.cej.2025.161123
https://doi.org/10.1016/j.hazl.2021.100020
https://doi.org/10.1016/j.hazl.2021.100020
https://doi.org/10.1038/s41598-019-53781-3

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	IMPLICATIONS
	PROCESS COMPARISON

	CONCLUSIONS
	FUNDING
	CONFLICT OF INTERESTS
	REFERENCES

