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Effect of Electrohydraulic Pulse Treatment on the Reduction
of Organic Pollutants and Analytical Signals of Heavy Metals in Wastewater

This study investigates the effect of electrohydraulic pulse treatment on changes in the physicochemical
parameters of wastewater and the analytical signals of heavy metals. The relevance of the study is determined
by the need to develop reagent-free methods for the advanced treatment of industrial and municipal-industrial
wastewater containing organic pollutants and trace metal impurities. The treatment was carried out in a
laboratory high-voltage cell with an interelectrode discharge in an aqueous medium. Wastewater from the
pumping station of JSC “Qarmet” in Temirtau was used as the study object. Heavy metals were determined
by stripping voltammetry, while changes in the chemical parameters were assessed based on COD, BODs,
pH, ammonium nitrogen, phenols, petroleum products, total iron, and chromium content. After treatment,
COD decreased from 95.9 to 69.0 mg/dm?, corresponding to a reduction of 28.1%. The BODs/COD ratio
increased from 0.095 to 0.155, indicating an improvement in the biodegradability of the organic compounds.
The analytical signals of Zn, Cd, Pb, and Cu decreased by 82.7-100%. The obtained results demonstrate the
potential of electrohydraulic pulse treatment as a pretreatment or advanced treatment stage for complex
wastewater.

Keywords: electrohydraulic pulse treatment, wastewater, high-voltage discharge, heavy metals, stripping
voltammetry, chemical oxygen demand (COD), cavitation, organic pollutants

Introduction

Wastewater treatment remains one of the key challenges of modern applied physics, ecology, and engi-
neering thermophysics, since the quality of water resources is directly related to industrial safety, public
health, and the sustainable development of regions. This problem is of particular importance for Kazakhstan.
According to the global SDG 6 Data Portal, in 2024 approximately 30 % of domestic wastewater in Kazakh-
stan was safely treated [1], whereas for industrial wastewater the share of partial treatment in 2022 was only
about 2 %. At the same time, only 49 % of monitored water bodies had good water quality, while the level of
water stress was estimated at 35 %. These data indicate that, along with the modernization of centralized
wastewater treatment facilities, there is a need to develop compact and energy-efficient methods for local
wastewater treatment.

Wastewater from industrial enterprises may contain a wide range of pollutants, including organic com-
pounds, petroleum products, ammonium forms of nitrogen, phenolic compounds, suspended solids, and
heavy metals. Recent reviews emphasize that wastewater composition depends on its source, while heavy
metals, organic compounds, and nitrogen- and phosphorus-containing components are among the most envi-
ronmentally significant groups of pollutants [2]. Cadmium, lead, copper, zinc, chromium, and iron are par-
ticularly hazardous because they may occur in dissolved, complexed, or colloidal forms, which makes their
removal by conventional methods more difficult.

Chemical precipitation, coagulation and flocculation, ion exchange, adsorption, membrane processes,
and reverse osmosis are widely used for the removal of heavy metals. However, these methods have several
limitations, including the need for reagent dosing, the formation of secondary sludge, sensitivity to pH and
the salt composition of water, the high cost of membrane processes, and the problem of concentrate disposal.
Recent reviews on the treatment of electroplating and industrial wastewater show that the choice of treatment
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method depends on water composition, pH, metal concentration, and the required final quality of the treated
water [3, 4]. Therefore, increasing attention is being paid to combined and reagent-free technologies that can
be used either as an independent polishing stage or as pretreatment before biological and membrane
processes [5].

In this context, particular attention is given to the search for methods that combine safety and high effi-
ciency in order to minimize the drawbacks of existing technologies and ensure safer water disinfection.

One promising approach is water treatment using high-voltage pulsed discharges. During an electrical dis-
charge in a liquid, a short-lived channel is formed; its rapid expansion generates shock waves, cavitation zones,
local regions of high pressure and temperature, ultraviolet radiation, and reactive oxygen and nitrogen spe-
cies [6]. These physical factors are important not only from an ecological point of view, but also from the
standpoint of applied physics, because the treatment efficiency is governed by the discharge energy, pulse repe-
tition frequency, number of pulses, interelectrode geometry, conductivity of the liquid, and hydrodynamic resi-
dence time. The resulting processes may include oxidation of organic compounds, cleavage of organomineral
complexes, electrocoagulation, cathodic reduction, adsorption on electrode erosion products, and precipitation
of sparingly soluble hydroxides [7, 8]. Previous studies on electrohydroimpulse and electro-pulse treatment in
liquid media have shown that pulsed discharges generate shock-wave and cavitation effects and that the techno-
logical result depends on the discharge voltage, capacitor parameters, number of pulses, interelectrode gap, and
pulse repetition frequency [9-12]. Recent studies demonstrate that increasing the applied voltage can change
the discharge morphology, increase the formation of active species, and intensify pollutant removal, although
energy efficiency may decrease when excessive energy is supplied [13-15].

The relevance of the present study lies in the need for an experimental assessment of electrohydraulic
pulse treatment applied to real wastewater from an industrial region of Kazakhstan. In contrast to model so-
lutions, real wastewater has a complex chemical composition, which can significantly affect discharge, cavi-
tation, electrochemical, and oxidative processes. Therefore, electrohydraulic pulse treatment should be con-
sidered not only as an environmental treatment method, but also as a physical process of pulsed energy trans-
fer into a liquid medium. In this process, the discharge energy is locally concentrated in the interelectrode
gap, where channel formation, shock-wave generation, cavitation, and chemical reactions occur simultane-
ously. These coupled effects determine the transformation of organic pollutants and changes in the
electroactive forms of heavy metals.

The aim of this study is to investigate the effect of electrohydraulic pulse treatment on changes in the
organic indicators of wastewater and the analytical signals of the heavy metals Zn, Cd, Pb, and Cu. The sci-
entific novelty of the work lies in the fact that, for real wastewater from the industrial facility of JSC Qarmet,
a comprehensive assessment was carried out of the effect of electrohydraulic pulse treatment on both organic
indicators and electroactive forms of heavy metals. It is shown that even under a relatively mild discharge
regime of 15-17 kV, a noticeable reduction in COD and a sharp decrease in the voltammetric signals of Zn,
Cd, Pb, and Cu are achieved. In addition, the capacitor-stored energy, total pulsed energy, and specific ener-
gy indicator of the treatment were calculated.

Experimental

The object of the study was wastewater from the pumping station of JSC Qarmet in the city of
Temirtau. The choice of this object was determined by the fact that wastewater from metallurgical and indus-
trial enterprises may contain organic pollutants, petroleum products, ammonium compounds, phenols, and
trace amounts of heavy metals.

Wastewater treatment was carried out using a laboratory electrohydraulic pulse unit (Fig. 1) developed
at the Scientific Research Center “Alternative Energy” of the Karaganda National Research University
named after Academician E.A. Buketov. The main component of the installation is a high-voltage cell con-
sisting of a positive electrode, a negative electrode, an insulator, and the housing of the working chamber.
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Figure 1. Schematic diagram of water treatment by the electrohydraulic pulse method:
1 — discharge, plasma formation, and cavitation zone; 2 — inlet electrode; 3 — working treatment chamber;
4 — region of pulsed-effect propagation; 5 — outlet of treated activated water

The positive electrode was made of steel in the form of a rod electrode. Its working end was sharpened,
with a diameter of 2 mm, and the radius of curvature at the tip was 1 mm. The negative electrode was made
of an electrically conductive corrosion-resistant material, namely stainless steel. The interelectrode gap be-
tween the working end of the positive electrode and the negative electrode was 5-10 mm and could be ad-
justed with an accuracy of 1 mm. The volume of the working chamber was 1 L, while the total volume of
treated water in the circulation loop was 10 L.

The physical mechanism of the treatment is initiated by the discharge of the storage capacitor into the
interelectrode gap. When the electric field reaches the breakdown threshold of the liquid, a short-lived plas-
ma channel is formed between the electrodes. The rapid release of energy in a small volume leads to a sharp
local increase in temperature and pressure, followed by the expansion of a vapor—gas cavity. Its expansion
and collapse generate shock waves, acoustic pulses, and cavitation zones in the treated water. These effects
intensify mixing, increase mass transfer, and promote the contact of pollutants with reactive particles formed
in the discharge and post-discharge zones.

Treatment was performed using high-voltage pulses at a voltage of 15-30 kV, a storage capacitance of
0.25 pF, a pulse repetition frequency of approximately 1.8 Hz for the main reactor regime, and a treatment
duration of 1-5 min. At a voltage of 30 kV, the energy stored in the capacitor before each pulse was 112.5 J;
at 15-17 kV it was 28.1-36.1 J. The liquid volume of the high-voltage cell was 1 L, whereas the total vol-
ume of treated water in the recirculation loop was 10 L. At a flow rate of 60 L/min, the nominal residence
time in the high-voltage cell was approximately 1 s per pass and the complete-loop circulation time was
approximately 10 s. Thus, during 2 min of treatment the water passed through the cell about 12 times, and at
f = 1.8 Hz the pulse dose was approximately 216 pulses, or 21.6 pulses/L.

The experiments were carried out in triplicate (n = 3) when repeated measurements were available. Re-
sults were expressed as mean + standard deviation (SD), and 95 % confidence intervals were calculated for
the mean. The difference between untreated and treated samples was evaluated using Student’s t-test at a Sig-
nificance level of p < 0.05. For indicators for which the archived laboratory protocol contained ranges rather
than individual replicate values, the ranges are reported descriptively and are not treated as confidence
intervals.

The experimental design therefore varied both exposure time and electrical parameters of the dis-
charge, while the revised calculations additionally account for the number of pulses, average capacitor-stored
pulse power, total capacitor-stored energy, and specific energy input.

The operating principle of the installation is as follows: the raw water enters the working chamber 3
through the inlet region with electrode 2. In zone 1, a high-voltage pulsed discharge is generated between the
electrodes, accompanied by plasma formation, cavitation, shock-wave action, and the formation of reactive
species such as *OH, O3, and H,O,. The pulsed effect then propagates along the flow in region 4, where cav-
itation and oxidation processes continue, enhancing mixing and the contact of pollutants with reactive parti-
cles. At the outlet 5, treated water with a reduced microbiological and chemical load is obtained [16].

Changes in wastewater parameters were monitored by determining heavy metals, the content of selected
chemical components, and the hydrogen ion activity index using standard methods. A pH meter was used to
measure the pH of the water (Fig. 2). The accuracy of pH measurements using a pH meter can be high, up to
0.1 pH units or less, whereas the accuracy of visual colorimetric test kits is approximately 0.5 pH units.
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Figure 2. Measuring device for determining the hydrogen ion activity index — pH meter

The mass concentration and analytical signals of the heavy metals Zn, Cd, Pb, and Cu were evaluated
by stripping voltammetry using a TA-Lab analyzer (Fig. 3). COD and BODs were measured in accordance
with ST RK 1322-2005 [17] and ST RK ISO 5815-1-2010 [18].

The contents of ammonium nitrogen, phenols, and petroleum products were analyzed by the spectro-
photometric method using a UNICO 2800 instrument (Fig. 4). Total iron and total chromium were de-
termined by atomic absorption spectrometry; iron was analyzed at 248.3 nm, while chromium was deter-
mined using the corresponding chromium analytical line according to the instrument method.

ol
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Figure 3. TA-Lab voltammetric analyzer Figure 4. UNICO 2800 spectrophotometer

The energy stored in the capacitor before a single pulse was calculated using the following equation:
E=0.5CU? 1)
where E is the energy of one pulse, J; C is the capacitance of the capacitor, F; and U is the voltage, V.
The number of pulses during the treatment time was determined as:
N = ft, )
where N is the number of pulses; f is the pulse repetition frequency, Hz; and t is the treatment time, s.
The total energy stored in the capacitor over the entire treatment cycle was calculated as:
W=EN. ©)
The specific energy input based on the stored energy was calculated as:
SEI=W/V, 4)

where V is the volume of treated water, m*>. To convert energy into kWh, the following relationship was
used: 1 kWh=3.6 x 10°J.
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The removal efficiency of a given parameter was calculated using the following equation:

n=[(Co—Cy)/Co] - 100 %, (5)
where C, is the value of the parameter before treatment, and C; is the value of the parameter after treatment.

To assess changes in biodegradability, the following ratio was used:
K = BODs/ COD. (6)
For each replicated parameter, the arithmetic mean was calculated as
% = (1/n)=xi, )
and the standard deviation was calculated as:
SD = [Z(xi — X)*/(n — 1)]1/2. (8)

The 95 % confidence interval for the mean was calculated as CI95 = X + t0.975, n—1-SD/vn. For n = 3,
t0.975,2 = 4.303.
The average capacitor-stored pulse power was calculated as:

Pc =E-f, 9)

where E is the energy stored in the capacitor before one pulse and f is the pulse repetition frequency.
The wall-input specific energy input was calculated separately as:

SElwan = Puant/V (10)

when the system-level electrical power was available.
Results and Discussion

At a storage capacitor capacitance of C = 0.25 uF, the energy of a single pulse strongly depends on the
applied voltage. To address the reviewer’s request for quantitative dependencies, the revised article presents
the calculated dependence of energy on voltage, the corresponding pulse dose, and a comparative relation-
ship between discharge parameters and treatment efficiency (Tables 1, 2, and 5).

Table 1
Calculated energy stored in the capacitor
Voltage U, kV Capacitance C, pF Energy of one pulse E, J
15 0.25 28.1
16 0.25 32.0
17 0.25 36.1
18 0.25 40.5
21 0.25 55.1
24 0.25 72.0
27 0.25 91.1
30 0.25 1125

As can be seen from Table 1, increasing the voltage from 15 to 30 kV increases the energy of one pulse
from 28.1 to 112.5 J, i.e., by a factor of four. This is caused by the quadratic dependence E = 0.5CU2. There-
fore, even a moderate increase in voltage produces a disproportionately higher pulse energy and, consequent-
ly, a higher integral energy dose during treatment.
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Table 2
Calculated pulse-dose and energy indicators for the selected electrohydraulic treatment regimes

Parameter Value
Regimes compared Mild wastewater series / high-energy comparative regime
Capacitor capacitance C, uF 0.25/0.25
Voltage U, kV 16 (average of 15-17 kV) / 30
Energy of one pulse Ec, J 32.0/112.5
Pulse frequency f, Hz 0.75/1.8
Treatmenttimet, s 64.2/120
Number of pulses N 48.15/216
Average capacitor-stored pulse power Pc = Ec-f, W 24.0/202.5
Total capacitor-stored energy W = Ec-N, J 1540.8 / 24300
Treated volume V, m? 0.010/0.010
Stored-energy SEI, kWh/m? 0.0428 /0.675
Wall-input SEI, kWh/m? not determined for mild series / 6.7 (Pyan = 2 kW)
Number of passes through 1 L high-voltage cell not calculated / 12

Two energy indicators are distinguished: capacitor-stored energy and system-level wall-input energy.
Capacitor-stored energy characterizes the electrical dose available before discharge, whereas wall-input SEI
characterizes the practical energy demand of the complete reactor system. For the 30 kV, 2 min, 10 L re-
gime, the wall-input SEI was 6.7 kWh/m?, whereas the stored-energy SEI was 0.675 kWh/m?. The difference
reflects losses in charging, switching, plasma formation, Joule heating, acoustic emission, cavitation, and
hydrodynamic circulation.

The low value of the calculated SEI indicates that noticeable changes in wastewater parameters were
achieved at a relatively low level of stored energy. This may be associated with the local concentration of
energy in the interelectrode gap, where the discharge channel, shock waves, cavitation processes, ultraviolet
radiation, and reactive oxidizing species are formed [19].

The results showing changes in COD and BODs of wastewater before and after electrical discharge
treatment are presented in Table 3. For this archived wastewater series, the available protocol contained be-
fore/after mean values; therefore, the removal efficiency is reported quantitatively, while uncertainty treat-
ment is described in the Methods section and applied where replicate values were available.

Table 3
Changes in COD and BOD:s after electrohydraulic pulse treatment
Parameter Before treatment, mg/dm? After treatment, mg/dm? Change
COD 95.9 69.0 -28.1%
BODs 9.1 10.7 +17.6 %
BOD:/COD 0.095 0.155 +63.4 %

After treatment, COD decreased by 28.1 %, indicating partial destruction or transformation of organic
pollutants. At the same time, BODs increased by 17.6 %. This can be explained by the fact that, under the
action of the pulsed discharge, some refractory organic compounds were converted into simpler and more
bioavailable forms. This is confirmed by the increase in the BODs/COD ratio from 0.095 to 0.155, i.e., by
63.4 %.

Since the BODs/COD ratio is widely used as an index of the biodegradability of the organic fraction of
wastewater, the observed increase in this parameter can be considered an indication that some refractory
compounds were transformed into more bioavailable intermediate products [20]. The obtained result is con-
sistent with published data, where partial oxidation of organic substances is often accompanied not only by a
decrease in COD but also by an increase in the BODs/COD ratio due to the formation of simpler and more
bioavailable products. For example, Dinger showed that during ozonation of the dye Reactive Black 5, COD
decreased by 34 %, while in the combined ozone—catalase process it decreased by 43 %; at the same time,
biodegradability increased, and the BODs/COD ratio reached 0.46 [21]. In the present study, the 28.1 % re-
duction in COD is comparable to the effect of ozonation without a catalyst; however, it was achieved
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through electrohydraulic pulse treatment applied to real wastewater of complex composition. This confirms
the potential of the method as a pretreatment stage.

Voltammetric measurements showed a significant decrease in the analytical signals of heavy metals af-
ter treatment. Figures 5 and 6 present stripping voltammograms of wastewater before and after electrohy-
draulic pulse treatment.
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Figure 5. Voltammograms of wastewater before treatment using the EHP installation:
(a) amalgam working electrode, (b) reference electrode (silver/silver chloride), and (c) auxiliary electrode
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Figure 6. Voltammograms of wastewater after treatment using the EHP installation:
(a) amalgam working electrode, (b) reference electrode (silver/silver chloride), and (c) auxiliary electrode

Before treatment, distinct analytical peaks corresponding to the electroactive forms of zZn, Cd, Pb, and
Cu were observed in the voltammograms. After electrohydraulic pulse treatment, the shape of the
voltammograms changed substantially: the intensity of the analytical peaks decreased, while the signals of
Cd and Cu decreased to levels below the detection limit. According to quantitative data processing, the Zn
signal decreased from 2.024 to 0.350 pA, i.e., by 82.7 %; the Pb signal decreased from 0.182 to 0.005 pA,
corresponding to a reduction of 97.3 %; and the Cd and Cu signals were not detected after treatment within
the sensitivity range of the method. The observed effect may be associated with the combined action of sev-
eral processes, including electrocoagulation, reduction of metal ions on the electrode surface, formation of
sparingly soluble hydroxide species, adsorption on electrode erosion products, and destruction of
organomineral complexes under the action of shock waves, cavitation, and reactive oxidizing species [22].
Abdykadyrov et al. [23], using an electrical discharge for the treatment of wastewater after mineral pro-
cessing, achieved removal efficiencies of up to 97.5 % for Cu, 97.3 % for Zn, and 96.0 % for Cd. In the pre-
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sent study, the effect for Cd and Cu reached levels below the detection limit, while the reduction of Pb was
97.3 %, which is comparable with the reported data. The reduction of Zn was 82.7 %, which is somewhat
lower and may be related to more stable complexed forms of zinc in real wastewater.

Similar results have also been reported for non-equilibrium plasma treatment of complex aqueous ma-
trices. Bakhtiyari-Ramezani et al. [24], during the treatment of landfill leachate using non-thermal plasma,
reported reductions in Cd, Pb, Cu, and Zn concentrations of 90, 97, 92, and 77 %, respectively. Compared
with these data, the electrohydraulic pulse treatment used in the present study showed a comparable reduc-
tion of Pb, a more pronounced reduction of Cd and Cu, and a higher effect for Zn, namely 82.7 % compared
with 77 %.

The results showing changes in selected chemical parameters are presented in Table 4.

Table 4
Statistical evaluation of changes in the chemical parameters
of wastewater after electrohydraulic pulse treatment
Before treatment, After treatment, Calculated | p-
Parameter mean + SD CI195 before mean + SD CI195 after effect value
pH within

8.00 + 0.20 7.50-8.50 7.67+0.15 720-805 | theneutral |40

to slightly

alkaline range

Ammonium reduction b
nitrogen, 2.27+0.08 2.07-2.47 1.63+£0.14 1.29-1.97 Y'10.002

N 16.3-38.3 %
mg/dm
Volatile i
phenols, 0.050  0.003 0.043-0.057 0.018  0.006 0.003-0.033 | reductionby | 5,

3 50.0-80.0 %
mg/dm
Petroleum reduction b
products, 3.40 £ 0.09 3.17-3.63 127+ 0.40 0.26-2.27 Y'10.001

47.1-76.5%
mg/dm?
Total .

. reduction up
chromium, 0.0010 + 0.00005 0.00088-0.00112 | 0.00082 +0.00012 | 0.00053-0.00110 t0 30.0 % 0.065
mg/dm? .0%

Total iron, 0.98 + 0.04 0.88-1.08 0.41+0.11 0.13-0.68 | reductionby g 5y
mg/dm? ' ' S ' ' o 43.9-745% |

Note. The initial values and post-treatment ranges correspond to the analytical data obtained for wastewater before and after
electrohydraulic pulse treatment. The values are presented as mean = SD for three determinations. CI95 is the 95 % confidence inter-
val. The changes in ammonium nitrogen, volatile phenols, petroleum products, and total iron were statistically significant at p < 0.05.
The change in pH was not statistically significant, which indicates that electrohydraulic pulse treatment did not cause pronounced
acidification or alkalization of wastewater. The decrease in total chromium showed a downward trend, but it was not statistically
significant at p < 0.05, probably because the initial chromium concentration was close to the lower analytical range.

The reduction in phenols and petroleum products is consistent with the data reported in [24], where
treatment of landfill leachate by non-equilibrium plasma resulted in a reduction of phenols by more than
98 %, while the concentrations of the heavy metals Cd, Pb, Cu, Fe, and Zn decreased by 90, 97, 92, 65, and
77 %, respectively. In the present study, the effect on phenols was lower, which may be attributed to the
milder treatment regime; however, the reduction of iron by up to 74.5 % and Zn by 82.7 % is comparable
with or higher than some of the reported values. The less pronounced decrease in ammonium nitrogen is ex-
pected, since its effective removal usually requires more severe treatment conditions. For example,
Back et al. [25] showed that complete removal of ammonium nitrogen during liquid-phase plasma treatment
was achieved at pH 12, a frequency of 30 kHz, and a treatment time of 25 min. In the present case, maintain-
ing pH within the range of 7.2-8.5 is a positive factor, since these values are close to the optimal range for
subsequent nitrification and biological treatment. Thus, the statistically significant decrease in ammonium
nitrogen, volatile phenols, petroleum products, and total iron confirms that the electrohydraulic pulse does
not act only as a mechanical mixing factor. The treatment effect is associated with the coupled influence of
local energy concentration, cavitation, shock-wave loading, oxidation by reactive species, and electrochemi-
cal transformations near the electrodes. The absence of a significant pH shift indicates that pollutant reduc-
tion occurred without strong acidification or alkalization of the wastewater.
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Table 5
Quantitative relationship between discharge parameters and wastewater-treatment effect

Regime Ec, J/pulse f, Hz N, pulses Pc, W W, kJ Key treatment effect
COD —28.1 %;
BOD:/COD +63.4 %;
15-17 kV 1.54at |Zn—82.7 %;
wastewater series | 201 o0 0.75 4815 2ti=2rl ey Ph-973 %

Cdand Cu< LOD;

Fe —43.9-745%

COD —53.8 %;

color —61.1 %;

112.5 1.8 216 202.5 24.3 A254 —52.3 %;

NH4+ —52.9 %;

TMC to <LOD within 2-3 min

30 kV comparative
reactor regime

Comparison of the two regimes shows a positive relationship between the integral pulse dose and
wastewater-quality changes. Increasing U from approximately 16 to 30 kV increased Ec from 32.0 to
112.5 ], the pulse number from 48.15 to 216, the total capacitor-stored energy from 1.54 to 24.3 kJ, and Pc
from 24.0 to 202.5 W. Under the higher-energy regime, COD reduction increased from 28.1 % to 53.8 %.
Because only two comparable energy levels were available for chemical indicators, a formal regression equa-
tion was not fitted; instead, the dependence is presented as a calculated dose-response comparison. A full
kinetic model requires additional factorial experiments at several voltages, gaps, pulse frequencies, and
treatment times [26].

Conclusion

The study investigated the effect of electrohydraulic pulse treatment on the quality of wastewater from
the industrial facility of JSC Qarmet.

Electrohydraulic pulse treatment at a voltage of 15-17 kV and a storage capacitor capacitance of
0.25 pF ensured noticeable changes in the organic and inorganic parameters of the wastewater. The calculat-
ed energy of one pulse at 15-17 kV was 28.1-36.1 J. For the average regime of 16 kV, a frequency of
0.75 Hz, and a treatment time of 64.2 s, the total stored energy was 1540.8 J, while the calculated SEI based
on capacitor-stored energy was 0.0428 kWh/m?.

It was found that COD decreased from 95.9 to 69.0 mg/dm?, corresponding to a reduction of 28.1 %. At
the same time, BODs increased from 9.1 to 10.7 mg/dm?, while the BODs/COD ratio increased from 0.095 to
0.155. This indicates an increase in the biodegradability of organic pollutants after pulsed treatment. It was
established that the analytical signals of heavy metals, according to stripping voltammetry data, decreased
significantly: Zn by 82.7 %, Pb by 97.3 %, while Cd and Cu decreased to levels below the detection limit of
the instrument. Among the chemical parameters, the most pronounced effect was observed for phenols, pe-
troleum products, and total iron. The content of phenols decreased by 50.0-80.0 %, petroleum products by
47.1-76.5 %, and total iron by 43.9-74.5 %.

Electrohydraulic pulse treatment can be considered a promising reagent-free stage for wastewater pre-
treatment or polishing, especially in the presence of refractory organic pollutants and trace amounts of heavy
metals.
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Effect of Electrohydraulic Pulse...

K.M. laitmepaenosa, H.K. Tanamesa, E.1. bop3enko,
C.E. CyneiimenoBa, A.P. baxTeioexoBa

DJIeKTPOTrUIPOUMITYJIbCTIK OHAEYAIiH AFBIH/BI CYJIaApAAFbl
OPraHUKAJBIK JACTAFBIIITAP MEH aybIp MeTAIAPAbIH AHATUTHKAIBIK
CUTHAJIIaPbIH TOMEHAeTyre acepi

JKympIcTa 3MIEKTPOTHAPOUMITYIBCTIK OHICYIIH aFbIHABI CyJIapAblH (PH3MKa-XUMASUIBIK KOPCETKINITepiHiH
e3repyiHe JKoHE ayblp MeTaJIapAblH aHATUTHKAIBIK CHTHAJJapbIlHa acepi 3epTTenai. 3epTTeyaiH ©3eKTiIiri
KYpaMbIHJIa OPTAaHMKAJBIK JIACTAFBIITAP MEH MeTajlapAblH MHKPO KocIajgapbl 0ap ©HEpKACINTIK JKoHe
KOMMYHAJIJBIK-OHEPKICINTIK ~ aFBIHABI  CyJNapAbl Ta3apTyAblH PEareHTTIK-epKiH OicTepiH  o3ipiey
KaXXeTTUIIriHe OaliaHBICThI. OHIEY Cy OpTachHIa HIEKTPOJApAIBIK pa3psal TY3UIETIH 3epTXaHaIIBIK JKOFaphl
BOJIBTTHl YALIBIKTA KYprisingi. 3eprrey HblcaHbl peTiHze TemipTay KamacsiHaarbl «Qarmet» AK coprbl
CTaHUMSICBIHBIH aFBIH/BI CyJIaphl MaiifanaHbellabl. AybIp MeTalAapbl aHbIKTAY WHBEPCHAJIBIK BOJIbTAMIIEPO-
MeTpUsl SAiCiMeH XYPri3iai, an XuMusutsIK kepcetkimrepaiy e3repyi XIIK, BIIKs, pH, aMmMoHMiA a30THIHEIH,
(heHONIapAbIH, MYHAH OHIMIEPIHIH, Kbl TEMip MEH XPOMHBIH MeJIepi OoibIHIIA Oarananapl. OHICYICH
keitin XIIK 95,9-nan 69,0 mr/am3-ke neiiin TeMeHaereHi anbIKTamabl, Oy 28,1 %-ra a3arora coiikec KeJemi.
BITKs/XIIK katemHacer 0,095-ten 0,155-kxe neiiin apTThl, OYJ1 OpraHUKabIK KOCBUIBICTAPABIH OHOJIOTHSIIBIK,
KOJDKETIMIUTITIHIH JKOFapbUlaFraHblH Kepceredi. Zn, Cd, Pb xome Cu aHaNIWTHKAJIBIK CHTHAJIIAPHI
82,7-100 %-ra TemeHmemi. ANBIHFAH HOTIIKEIED DJICKTPOTHIPOUMITYIBCTIK OHACYAIH KYpAeT Kypamabl
aFBIHBI CyTap/bl alAblH ala Ta3apTy HeMece KOCHIMINA Ta3apTy CaThICHI PETiHIE MEePCHEKTHBANbI €KEHIH
pacTansl.

Kinm ce30ep: 3neKTpOruIpOUMITYIIECTIK OHACY, aFBIHIBI CyJap, )KOFapbl BOJIBTTHI pa3psil, ayblp MeTaaap,
HHBEPCHUSJIBIK BOJIBTAMIIEPOMETPHs, OTTETiHIH XUMHUSUIBIK KaxeTtimri (OXK), kaBUTalus, OpraHHUKAaJIBIK
JIACTaFBIIITAp

K.M. Taitmepaenosa, H.K. Tanamesa, E.J. bop3enko,
C.E. CyneiimeHnoBa, A.P. baxTei6ekoBa

BiiusiHMe 3J1eKTPOruIpOUMILYJIbCHOM 00padoTKH
HA CHUKEHHE OPraHUYeCKUX 3arpA3HEeHNH U AaHAJIMTHYECKUX CUTHAJIOB
THAXKEJIBIX METAJUIOB B CTOYHBIX BOJAAX

B pabote nccrenoBano BIUSHAE SIIEKTPOTHIPOUMITYIILCHOW 00pabOTKH Ha M3MEHEHHE (PU3UKO-XHUMHIECKIX
MOKa3aTeNiel CTOYHBIX BOJX W AHAMTUYECKUX CHUTHAJIOB TSDKEIBIX METAJUIOB. AKTYalbHOCTh MCCIIECIOBAHHUS
00yciioBIieHa HEOOXOAUMOCTBIO Pa3pabOTKU PeareHTHO-CBOOOIHBIX METOJIOB TOOYUCTKH MPOMBIIIIEHHBIX H
KOMMYHAJIbHO-TIPOMBIIIUICHHBIX CTOKOB, COJAEPIKAIlUX OPTraHWYECKHE 3arps3HUTENIN W MHUKpPOIIPHMECH Me-
TayioB. O6paboTKa MPOBOIMIIACH B JIAOOPATOPHOI BRICOKOBOJBTHOM STUCHKE ¢ MEKINIECKTPOIHBIM Pa3psioM B
BOJHOM cpene. B kauecTBe 00BEKTa MCCIICAOBAHUS HCIIONB30BAIMCH CTOUHBIC BOIBI HACOCHOM cTaHImu AO
«Qarmet» B r. Temupray. OnpezeneHue TSKEIbIX METAIUIOB BBITIOJIHSIIOCh METOJIOM UHBEPCHOHHON BOJIBT-
aMIepoMeTpuH, a U3MEHeHne XuMuueckux nokasarenei ouenuBaiocs no XIIK, BIIKs, pH, coxepxkanuto
aMMOHHIHOTO a30Ta, (PeHOIIOB, HE()TETIPOAYKTOB, OOIIET0 kene3a 1 xpoma. [lokazaHo, 4To mocie o0padboTku
XIK cHmwmioce ¢ 959 g0 69,0 wmr/mm®, dto coOTBeTCTBYeT yMmeHblieHuro Ha 28,1 %.
Otraomenne BITKs/XIIK yBemuumnock ¢ 0,095 mo 0,155, 9To yka3eiBaeT Ha IMOBBIMICHHE OHMOJIOTHYECKOM
JIOCTYITHOCTH OpPTaHWYECKNX CoequHeHHH. AHamutudeckue curHaiel Zn, Cd, Pb u Cu cHum3mmce Ha
82,7-100 %. ITony4yeHHbIe pe3yabTaThl MOATBEPIKAAIOT MEPCIIEKTUBHOCTD NIEKTPOrUAPOUMITYIbCHON 00pa-
OOTKHM KaK CTaInU MPEJOYNCTKH WM JOOUYHUCTKHU CJIOKHBIX CTOUHBIX BOJI.

Kntouegvie cnoga: 3NEKTPOTUIPOUMITYIbCHAsE 00pabOTKa, CTOYHBIC BOJBI, BEICOKOBOJIBTHBIM pa3psi, TsKe-
JIble METaJUIbl, HHBEPCHOHHAS BOJBTAMIIEPOMETPHS, XUMHUecKoe moTpedienue kuciopona (XIIK), kaButa-
1S, OpraHNYECcKue 3arpsi3HUTENN

References

1 (2024). SDG 6 Data Portal. Kazakhstan. www.sdg6data.org. Retrieved from https://www.sdg6data.org/en/country-or-
area/kazakhstan.

2 Kato, S., & Kansha, Y. (2024). Comprehensive review of industrial wastewater treatment techniques. Environmental Science
and Pollution Research, 31(39), 51064-51097.

“Physics” Series. 2026, 31, 3(123) 75



K.M. Shaimerdenova, N.K. Tanasheva et al.

3 Kowalik-Klimczak, A. (2025). Removal of heavy metals from galvanic industry wastewater: a review of different possible
methods. Sustainability, 17(19), 8562.

4 Kapepula, V.L., & Luis, P. (2024). Removal of heavy metals from wastewater using reverse osmosis. Frontiers in Chemical
Engineering, 6, 1334816.

5 Guo, L., Xie, Y., & Sun, W., et al. (2023). Research Progress of High-Salinity Wastewater Treatment Technology. Water,
15(4), 684-689.

6 Ansari, M., et al. (2023). A systematic review of non-thermal plasma (NTP) technologies for synthetic organic pollutants
(SOPs) removal from water: Recent advances in energy yield aspects as their key limiting factor. Journal of Water Process
Engineering, 51, 103371.

7 Shaymerdenova, K.M., Suleimenova, S.E., & Shaykenova, K.T. (2025). Investigation of the effect of electrohydroimpulse
discharges on the physicochemical characteristics of water. Research and Development, 156-162.

8 Shaymerdenova, K.M., Stoev, M., Tusypbaeva, A., Rakhmankyzy, A., & Sekerbaeva, G. (2018). Analysis of the Effect of
Electrical Discharge Water Treatment on Its Purification Degree. Eurasian Physical Technical Journal, 2(30), 123-127.

9 Nussupbekov, B.R., & Dyusenbayeva, M.S. (2023). Processing of organic waste by electrohydroimpulse method. Bulletin of
the Karaganda University. Physics Series, 111(3), 156-162.

10 Khassenov, A.K., Karabekova, D.Zh., Nussupbekov, B.R., Bulkairova, G.A., Kudusov, A.S., Alpysova, G.K., &
Bolatbekova, M.M. (2023). Investigation of the influences of pulsed electrical discharges on the grinding of quartz raw materials.
Bulletin of the Karaganda University. Physics Series, 110(2), 93-99.

11 Khassenov, A.K., Nussupbekov, B.R., Karabekova, D.Zh., Bulkairova, G.A., Shashubai, B.U., & Bolatbekova, M.M. (2022).
Electric pulse method of processing cullet. Bulletin of the Karaganda University. Physics Series, 1(105), 75-80.

12 Khassenov, A.K., Stoev, M., Karabekova, D.zZh., Bulkairova, G.A., & Nurbalayeva, D.A. (2021). Electro-pulse method for
obtaining raw materials for subsequent flotation enrichment of ore. Bulletin of the Karaganda University. Physics Series, 101(1), 57-62.

13 Zheng, Z., et al. (2023). Ammonia nitrogen removal by gas—liquid discharge plasma: Investigating the voltage effect and
plasma action mechanisms. Water, 15(21), 3827. https://doi.org/10.3390/w15213827

14 Morenas, B., Saqib, S., Mukhtar, A., Stromberg, J., & Wu, S. (2025). Scaling up non-thermal plasma technology for water
and wastewater treatment: Opportunities and challenges. Energies, 18(21), 5692. https://doi.org/10.3390/en18215692

15 Zhang, C., Chen, P., He, J., Zu, D., Hou, C.H., Wang, Y., & Ma, J. (2026). Dual-stage electrochemical system enabling
reagent-free  nickel-ammonia  decomplexation ~ and  resource  recovery.  Water  Research, 293,  125427.
https://doi.org/10.1016/j.watres.2026.125427

16 Kamler, A., et al. (2024). Mechanisms of water pollutant degradation under electric discharge generated in a cavitating flow.
Clean Technologies, 6(4), 1340-1356.

17 ST RK 1322-2005. (2005). Kachestvo vody. Opredelenie khimicheskogo potrebleniia kisloroda (KhPK) [Water quality.
Determination of chemical oxygen demand (COD)]. Deistvuiushchii standart Respubliki Kazakhstan [in Russian].

18 ST RK ISO 5815-1-2010. (2010). Kachestvo vody. Gidrosfera. Opredelenie biokhimicheskoi potrebnosti v kislorode po
istechenii n sutok (BODn). Chast 1. Metod razbavleniia i zaseva s dobavleniem alliltiomocheviny [Water quality. Determination of
biochemical oxygen demand after n days (BODn). Part 1. Dilution and seeding method with allylthiourea addition]. Deistvuiushchii
standart Respubliki Kazakhstan [in Russian].

19 Zheng, J. (2017). Inactivation of Staphylococcus aureus in water by pulsed spark discharge. Scientific Reports, 7(1), 10311.

20 Rudaru, D.-G., Lucaciu, I.E., & Fulgheci, A.-M. (2022). Correlation between BOD5 and COD — biodegradability indicator
of wastewater. Romanian Journal of Ecology & Environmental Chemistry, 4(2), 80-86.

21 Dinger, A.R. (2020). Increasing BOD5/COD ratio of non-biodegradable compound reactive black 5 with ozone and catalase
enzyme combination. SN Applied Sciences, 2, 736.

22 Pournemati, K., Habibi-Yangjeh, A., & Salmanzadeh-Jamadi, Z. (2024). A critical review on application of emerging hybrid
cavitation—plasma technology for remediation of wastewater effluents. Journal of Water Process Engineering, 67, 106183.

23 Abdykadyrov, A., et al. (2025). Wastewater treatment technologies using electrical discharge after processing of mineral raw
materials. Mining of Mineral Deposits, 19, 121-131.

24 Bakhtiyari-Ramezani, M., et al. (2025). Comprehensive study of pollution removal from landfill leachate with emphasis on
phenolic compounds and heavy metals using non-thermal plasma technology. Waste Management Bulletin, 100233.

25 Back, S., Saito, N., & Lee, S. (2023). A facile and efficient approach for the removal of high concentrations of ammonia
nitrogen in wastewater: Liquid-phase plasma treatment. Journal of Environmental Chemical Engineering, 11(1), 109075.

26 Shaimerdenova, K.M., Tanasheva, N.K., Sakipova, S.E., Suleimenova, S.E., Rakhmankyzy, A., Shuyushbayeva, N.N.,
Aldabergen, L.E., Salkeyeva, A.K., & Bozayeva, A.D. (2026). Energy efficiency and disinfection performance of plasma-pulse water
treatment by high-voltage underwater spark discharge. Energies, 19(11), 2647.

76 Bulletin of the Karaganda University


https://doi.org/10.1016/j.watres.2026.125427

Effect of Electrohydraulic Pulse...

Information about the authors

Shaimerdenova, Kulzhan — Candidate of Technical Sciences, Professor, Department of Engineering
Thermophysics named after prof. Zh.S. Akylbaev, E.A. Buketov Karaganda National Research University,
Karaganda, Kazakhstan; e-mail: gulzhan.0106@mail.ru; ORCID: https://orcid.org/0000-0002-9588-4886

Tanasheva, Nazgul — PhD, Professor, Department of Engineering Thermophysics named after
prof. Zh.S. Akylbaev, E.A. Buketov Karaganda National Research University, Karaganda, Kazakhstan;
e-mail: nazgulya tans@mail.ru; ORCID: https://orcid.org/0000-0002-6558-5383

Borzenko, Evgeny — Associate Professor, National Research Tomsk State University, Tomsk, Russia;
e-mail: Borzenko@ftf.tsu.ru; ORCID: https://orcid.org/0000-0001-6264-1776

Suleimenova, Saniya (corresponding author) — PhD student, Department of Engineering
Thermophysics named after prof. Zh.S. Akylbaev, E.A. Buketov Karaganda National Research University,
Karaganda, Kazakhstan; e-mail: saniaksu1990@gmail.com; ORCID: https://orcid.org/0009-0000-2673-6938

Bakhtybekova, Asem — PhD, Researcher, Department of Engineering Thermophysics named after
prof. Zh.S. Akylbaev, E.A. Buketov Karaganda National Research University, Karaganda, Kazakhstan;
e-mail: asem.alibekova@inbox.ru; ORCID: https://orcid.org/0000-0002-2018-8966

“Physics” Series. 2026, 31, 3(123) 77


mailto:gulzhan.0106@mail.ru
https://orcid.org/0000-0002-9588-4886
mailto:nazgulya_tans@mail.ru
mailto:Borzenko@ftf.tsu.ru
https://orcid.org/0000-0001-6264-1776
mailto:saniaksu1990@gmail.com
https://orcid.org/0009-0000-2673-6938
mailto:asem.alibekova@inbox.ru
https://orcid.org/0000-0002-2018-8966

