
Chem. Listy 102, s1418−s1423 (2008)                                                   II Central European Symposium on Plasma Chemistry 2008  

s1418 

ENVIRONMENTALLY FRIENDLY 
METHOD OF WATER  
DECONTAMINATION 
 
ENGLEN  AZIZOV, ALEXEY EMELYANOV*, 
NIKOLAY RODIONOV, and VLADIMIR  
YAGNOV 
 
Federal State Unitary Enterprise State Research Center of 
Russian Federation "Troitsk Institute for Innovation and Fu-
sion Research”, Troitsk, Moscow reg., Pushkovih Str., posses-
sion 12, 142190 
emelyan@triniti.ru 
 
Annotation 

 
Possibilities of bactericidal effect of phenomena which 

are following electric discharges in liquid initiated by a differ-
ent ways are analyzed. Methodology, based on application of 
discharges in still liquid and electrical discharges with a large 
surface of radiation, formed in a zone of viscous mixing of 
a submerged stream during one operating cycle of decontami-
nation is discussed.  

 
 

Introduction 
 
Voluminous literature covers the investigations in elec-

trical discharges in liquid1,2. To a considerable extent it is 
connected with application of such discharges for switching 
currents3, decontamination and cleaning liquid (partially, 
water) from pollutions4, and also for production of nanomate-
rials.  

One of the first propositions for application of pulse 
electric discharges in liquid was method of use of its bacteri-
cidal characteristics. It is considered that for the complete 
water decontamination is necessary energy W = 3−4 MJ m−3 
during periodically-pulsed discharges with energy in pulse 
approx. 1–10 J (ref.8−10). For reduction of energy consumption 
to 0.02–0.04 kW h m−3 it is necessary to considerably increase 
energy of pulse (to 21.5 kJ)11. In ref.8 is reported that among 
phenomena, which are following pulse electric discharge in 
water, UV radiation  and shock wave having maximal bacteri-
cidal effect. Moreover, short-wave radiation assumes 80 % of 
exterminated pathogenic cells in conditions of liquid mixing. 
In ref.10,12 is also mentioned that water decontamination oc-
curs in close proximity to interelectrode space (IS). At a dis-
tance from discharge channel r > 3–4 h, where h − interelec-
trode gap, bactericidal effect is insignificant12. That’s why 
such devices are often multielectrode13 and works under high 
voltages in frequency regime, which defines specific require-
ments for power supply.     

Though, coefficient of efficiency of such devices is low, 

because bulk of the inserted electric energy turns into the 
energy of shock wave. Also, the prebreakdown losses are 
high. So, according to the estimations that were made in 
monograph1, on the part of UV radiation goes only 10 % of 
the energy. 

In addition, formation of shock waves of high intensity 
(pressure drop on a shock wave front ≥ 50 MPa, ref.11) makes 
high demands of mechanical strength of devices. 

 
1. Electric discharges with a large surface of radiation, as 
a  tool for liquid decontamination.   

In ref.15,16 for the first time was shown, that electric dis-
charge in flowing liquid is essentially easier, without qualita-
tive changes of its progress process in a broad interval of 
liquid electrical conduction. In ref.17 are given the results of 
initiation and formation of electric discharge in a zone of 
a viscous turbulent mixing of a submerged water stream, 
flowing across the electrode system. First stimulus for such 
experiments was a problem of commutators creation for feed 
systems, based on a inductive energy storages18 (Fig. 1).        

Capacitive energy capacitor with a capacitance C0 = 
88 mF served as an energy source. When a discharger P0 was 
switched on, a battery discharge through the inductance L0 = 
0.3 mH and mechanical commutaror has occurred. Break of 
the contacts was carried out at a current maximum. Diver-
gence of the contacts, ignition of an arc and formation of a 
submerged liquid stream occurred under the pulse increase of 
the pressure to 30–60 MPa in inside volume of contact block. 
Then, current commutated directly in ohmic load or through 
the second stage – electrically blowing conductor or thyristor 
key. As an arc-suppressing environment was used condensed 
insulating gas (sulfur hexafluoride SF6 under the temperature 
of t = 4 °С, saturated vapors pressure p = 1.8 MPa) and ser-
vice water with conductivity σ0 = 2.8·10−2 cm m−1 (t = 20 °С, 
nitrogen supercharge N2, p = 1.8 MPa). The speed of the fan-
shape submerged stream, which forms during a cylindrical 
electrodes break reached 30–120 m s−1 (depending on realiz-
ing power of commutation switch drive). On a fig. 2 is shown 
an arc shape in a submerged liquid stream. In such conditions, 
arc looks like a sail, which repeats a liquid stream shape. The 
arc thickness at front of a stream is δ approx. 3–4 mm, its 

PLASMA IN MEDICINE, BIOLOGY AND ENVIRONMENTAL PROTECTION 

Fig. 1. Electrical circuit of the plant for high-current high-voltage 
commutation processes researches. C0 – capacitive energy capaci-
tor, C0 = 88 mF, S0 – switching tube, L0 − inductive energy storage, L 
= 0.3 mH, MC – mechanical commutator, Rl – ohmic load, Rl = 0.1 – 
0.8 Ω, discharge cycle, T = 32 ms 
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azimutal width is b approx. 25 mm.                
The current and voltage oscillograms of the electric and 

a shadow photos, made by streak cameras during its quench-
ing and recovery of electric strength of interelectrode gap are 
given on the fig. 3 and 4.  

On a final commutation phase the voltage on interelec-
trode gap have reached U = 5–15 kV (in various experi-
ments). At the same time a liquid flow through the nozzle-
alike interelectrode gap has went on. The plant, which princi-
pal scheme is given on figure 5 was made for the electric 

strength study of the interelectrode gap, which was situated in 
a still water and in conditions of submerged streams of vari-
ous intensity. Studies on water decontamination were carried 
out at the same plant19.    

Hollow vertically oriented cylindrical electrodes 2 and 5 
made of copper M1 were placed at a fixed distance of h = 
5 mm from each other in a cylindrical dielectric chamber 1 
(Fig. 5) with diameter and length of 250 mm and 300 mm, 
respectively. 

The external electrode diameter is D = 50 mm and the 
internal is d = 47 mm. The electric circuit consisted of a 
switch K and a capacitive energy capacitor with capacitance C 
= 16 µF was connected in parallel to the electrodes. Circuit 
inductivity has estimated basically by inductivity of leading-
in cables and totaled Lc = 5.7 µH. 

The resistance is approximately equal to a basic resis-
tance of interelectrode gap  Rc approx. = REG0. The period of 
circuit discharge under short-circuited interelectrode gap is T 
= 60 µs. Ends of the camera 1 were capped by flanges, made 
from quartz (on a figure 5 they are absent). Approximately 4.5 
liters of water were flooded into the camera 1. During this, the 
interelectrode gap was not less than 50 mm lower than the 
water level. The liquid volume, which flooded the cavity of 
the bottom electrode 5 and working cylinder 6 was 54 cm3. 
During the plunger move, water was displaced from the hol-
low bottom electrode 5, and a fan-shape liquid stream in the 
interelectrode gap has occurred. Its velocity was kept at ap-
proximately the same level during the ts = 3 ms. The voltage 
pulse U = 7–20 kV (dU/dt = 1 kV/µ) was given with a delay 
of approx. 0.5–2 ms relatively to a plunger 7 start in order to 
have by that time a submerged water stream, flowing from an 
interelectrode gap (Fig. 5). 

During the studies, were used the following liquids: 
distilled water with a conductivity of σ0 = 1.5·10−4 S m−1, 
service water with σ0 = 2.8·10−2 S m−1 and a 5 % NaCl solu-
tion in water with σ0 = 1.7 S m−1. The basic resistance of was 
REG0 = 47·103 Ω, 250 Ω, 4.1 Ω respectively. The circuit wave 
impedance ρc = √L/C approx. 0.59 Ω. If REG > 2ρc – the ca-
pacitive capacitor discharge is aperiodic (prebreakdown 
stage). If REG < 2ρc – the discharge is oscillatory (after the 
interelectrode gap breackdown). 

The interelectrode gap breackdown expands not by 
a shortest distance between the electrodes, but by the stream 
envelope in the border area, which becomes an area of the 

Fig. 2. Shape of the arc in a submerged liquid stream 

Fig. 4. High-current electric discharge submerged service water 
stream. t − time, after the divergence of the contacts, stream speed – 
100 m s−1, frame exposure time – 25 µs. Current and voltage oscil-
lograms of the electric arc 

Fig. 3. Current and voltage oscillograms of the electric arc in a 
submerged service water stream. Shadow photos of the arc, made 
synchronously by two photochronographs. t = 550 µs – time, after the 
divergence of the contacts, stream speed – 50 m s−1, frame exposure 
time – 25 µs 

Fig. 5. Scheme of the experiment and model of the camera for water 
electrical breakdown study. 1 – camera, 2 – electrode, 3 – undisturbed 
liquid, 4 – dynamics of the disturbed zone in still liquid during the 
submerged stream flow, 5 – electrode, 6 − working cylinder, 7 – 
plunger 
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discharge ignition (Fig. 6, 7).              
The disturbed area dynamics in still liquid during a sub-

merged stream flow become well-visible (Fig. 6), when 
stream velocity reached 20–30 m s−1, because of the light 
scattering on cavitation bubbles. The transmittance for a layer 
of thickness Z = 1 cm with optically heterogeneous inclusions 
(bubbles) was approximately equal to Ktr = 5⋅10−2. No spectral 
dependence of the transmittance was observed, which meant 
that the sizes of light-scattering heterogeneous inclusions 
should be S > 10λ = 5.0 µm (λ − wavelength of the transmit-
ted light). The volume density of these inclusions N was de-
termined from the known relationship Ktr = exp(-2πNS2Z), 
which, for Ktr = 5⋅10−2, gave N ≤ (106–107) cm−3. The bubbles 
appear behind the electrode edges, where the liquid pressure 
falls and the number of cavitation K = 2(P0−Psat)/ρv2 ≤ Kcr 
(ref.20), where Psat is the pressure of saturated vapor of liquid, 
Kcr corresponds to the initiation of cavitation  and r is the 
liquid density, v is the flow velocity. Cavitation caverns initi-
ate the release of the dissolved gas. The cavitation bubbles 
which size remains larger than the critical  value of S > Scr = 
1.4 µm during their compression can be saturated with gas 
and grow. On the other hand, the growth of bubbles in liquid 

streams is limited by their crushing, which occurs at the We-
ber number We > 10. Therefore, in the zone of viscous turbu-
lent mixing, bubbles with sizes 1.4 µm < S <10 µm can accu-
mulate, and a two-phase medium may form. Estimates indi-
cate that the multiplication of electrons (avalanche) takes 
place primarily inside the gas bubbles. At the pressures of  P0 
= 0.1–2 MPa, micro bubbles reach the sizes when the condi-
tions of discharge self-maintenance near the minimum of the 
Paschen curve are fulfilled.  

The discharge ignition starts already on the front of ris-
ing voltage pulse, U = 1.5–3 kV (Fig. 6). The breakdown 
channel leaves the region of a strong electric field between 
electrodes, where E = 3–6 kV cm−1, and grows at an angle 
direction to the lines of external electric field. Apparently, the 
conditions are developed for strengthening local fields along 
the stream profiles, so that the ionization processes started at 
an early stage inside collapsing cavitation bubbles at the 
stream front simultaneously take place in a number of its 
boundary regions. The mean value of the electric field over 
the discharge length ld = 4–16 cm is Em = 0.45–0.7 kV cm−1. 
The characteristic feature of the discharge in the presence of 
stream is that the current rises simultaneously with voltage. 
Therefore, when a thick grid of brightly glowing channels 
flashes at the stream leading edge, the magnitude of discharge 
current reaches several kilo amperes. The moment of electro-
des shorting and the formation of a conducting channel along 
the stream profile corresponds to the turn point of the voltage 
curve. The breakdown voltage Ub = 1.9–6 kV between elec-
trodes is always lower than the initial voltage of the capacitor 
U0 = 10–20 kV. The current and voltage oscillograms show no 
kinks typical of breakdown in undisturbed water. The current 
varies sinusoidally with the period of T = 60 µs, similarly to 
the short-circuited electrode gap. The formation of a high-
conductivity channel is completed within 5 µs after the start 
of voltage pulse, which is indicated by a sharp fall of the resis-
tance in the electrode gap (Fig. 8). The W = 200–250 J cm−3 
energy is consumed, which is two orders of magnitude less 
than in the case of ordinary linear discharge. 

The electric discharges influence on water has signifi-
cantly decreased its hardness. Disposition of sediments on the 
bottom of a camera corresponded to a horizontal projection of 
a stream at the moment of discharge ignition.   

Fig. 6. Current and voltage oscillograms on interelectrode gap 
and self-light photos of the discharge in a submerged service 
water stream. Frame exposure time – 8 µs    

Fig. 7. Self-light photos of the discharge in a submerged service 
water stream. Frame exposure time – 8 µs. Interval between the 
frames − 8 µs     

Fig. 8. Time changes of the discharge electric characteristics in a 
submerged service water stream. For the zero scale mark is taken a 
moment, when a voltage pulse was given on interelectrode gap. 
Stream length ls = 3.5 cm, discharge length ld = 8.6 cm. 1 – power, 2 – 
energy, 3 – resistance 
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Measurements showed that the energy of plasma chan-
nel radiation is almost proportional to that introduced into the 
discharge and equals approx. 80 % of stored energy. As it was 
determined with the help of the filters, near the wave-length 
λ = 210 nm the spectral density of radiation has a maximum, 
and then with the increase of wave-length it is smoothly de-
creases. 

The formation of the glow-ing shell several centimeters 
wide is seen to take place at the mean velocity V approx. 
5⋅104 m s−1. The greatest intensity of discharge glow is close 
in time to the maxima of discharge current. The pressure in 
the plasma channel, mea-sured by a piezoelectric pickup, is 
governed by the stream velocity and is close to the calculated 
stagnation pressure of the stream P = ρv2/2 + P0. 

When a fall in the current amplitude during the second 
period is appre-ciable, the discharge dies out over the time t 
approx. 10 µs, although the voltage up to approx. 1 kV re-
mains across the capacitor (Fig. 6).  

In a liquid in an external strong electric field, there can 
be a formation of discharge channels (zones of ionization), 
extending on a direction of a field. It is known, that directly at 
the metal surface, contacting to water, the dense bed of posi-
tive charged ions of water and an impurity with concentration 
of ions of 1021 cm−3 (ref.21) carries out. In other words, contact 
electrode – water acts as a generator of ions. 

In case of movement of a liquid through an interelec-
trode space, a contact layer of ions continuously carries away 
by the jet and takes away from an interelectrode space. We 
assume, that at the flow of a jet, from ions ionic drop-alike 
structures which under action of electrostatic repulsion collect 
on periphery of the disturbed area (area of mixture) are 
formed. Cavitation phenomena can promote formation of such 
“drops”, that leads the occurrence on periphery of a jet a thin 
layer of drop-alike structures (ions of water, an impurity, 
cavitation bubbles) and formation of area of the increased 
conductivity. It causes the fast formation of extended dis-
charge channels and development of electric breakdown on 
bending around area of viscous hashing of the submerged 
liquid stream. With the help of such model it is possible to try 
to explain the decrease of discharge ionization voltage at the 
presence of a liquid jet and formation of the film discharge 
with a large surface of radiation. 

It is known22 that bactericidal effect of UV radiation 
depends on: wavelength, intensity and exposure. Also, it is 
quite selective. Radiation with the same characteristics can be 
fatal for some microorganisms, but at the same time it can 
only depress the others. Intensity, which is lower than certain 
level can even stimulate the growth of bacteria. That’s why 
for the effective liquid decontamination, characteristics of 
device should optimal for each specific task. In particular, in 
ref.23 has underlined, that for preliminary estimate of bacteri-
cidal effect of discharge, should be taken into account, not 
only the energy, stored in capacitive energy storage, but also 
correctly choose the voltage, capacity and interelectrode gap. 
It is recommended to increase the number of pulses, capacity 
of capacitor and interelectrode gap. Voltage should be me-
dium. In device19 discharge in a submerged liquid stream 
allows accomplishing all these requirements.  

For the discharge in a submerged stream of service wa-
ter breakdown voltage is Ub approx. 4.5 kV. Size of the inte-
relectrode gap is not important here, because the length of the 

discharge ld approx. 10 cm >> h (interelectrode gap). Also, 
during a shift to a greater capacity of capacitors there is no 
shock wave occurred, but radiating surface is increasing. With 
a help of iodineometric method was also detected an ozone 
formation, which is one of the most powerful and environ-
mentally friendly antiseptics. 

Extra power inputs, connected with initiation of high-
speed liquid stream and occurrence electromechanical block 
are the main disadvantage of such device.  

 
2. Application of electric discharge in still liquid for initiation 
of submerged stream and decontamination of environment. 

On the figure 10 are shown current and voltage oscil-
lograms and self-light photos of the discharge in a still service 
water. The experimentally observed breakdown and discharge 
characteristics in undisturbed water are typical of breakdown 
in water with the initial conductivity σ = 1–10−3 S m−1 
(ref.1,2,7). Thus, a relatively long pre-breakdown stage tb.d 
approx. 10−5–10−3 s takes place when actually constant pre-
breakdown resistive current Ip.b = 150–450 A flows through 
the electrode gap; the current value is dictated by the initial 
water conductivity, and the voltage falls slowly. 

At the beginning of the prebreakdown stage on an edge 
of the electrode 5, which was under ground potential (Fig. 5, 
10 (frame 1) and 11 (frames 3 and 4) has occurred a glow in a 
point, randomly placed on its circle. It has a shape of diffuse 
radiating sphere, which has expanded in a radial direction 
with velocity of 100–150 m s−1.  

Gradually, the glow has deformed in a direction of cath-
ode 2 and a central area of the glow become brighter. At the 
moment when glowing area has reached the opposite elec-
trode, an interelectrode breakdown has taken place (Fig. 10 
frame 2, Fig. 11 frame 5).     

During breakdown, the current, I, sharply increases with 
time t (dI/dt approx. 6⋅108 A s−1) and the discharge transits to 
the oscillation mode with a period of T = 60 µs.  

The discharge is localized in interelectrode gap and 
shapes a hemisphere rd ~ h at the arc stage (Fig. 12).  

Electric discharge causes a shock wave, which in turn, 
initiates converging wave of unloading after its exit on a free 
liquid surface. It leads to a cavitation bubbles formation in 

Fig. 10. Current and voltage oscillograms on interelectrode gap 
and self-light photos of the discharge in a still service water. 
Frame exposure time – 25 µs. Interval between frames 6 and 7 – 375 
µs. Light filter density at frame 7 is two times less, then at the others   
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near-surface liquid layer (Fig. 11, frame 7). These bubbles are 
then clapping under the atmospheric pressure, which stimu-
lates further liquid decontamination in volume, which consid-
erably exceeds the volume of liquid layer that directly sur-
rounds the electric discharge channel. After the complete run 
down of capacitive energy storage, electric discharge 
quenches  and on its place appears a steam and gas bubble, 
which expands in direction of free liquid surface (Fig. 10, 
frame 6). It causes a bell-shaped blowout on liquid surface, 
like an explosion at a small depth. It increases an amount of 
air, dissolved in liquid. Therefore, it stimulates cavitation 
processes and leads to an ozone formation from the air oxy-
gen under UV radiation of electric discharge. Electric dis-
charge in liquid is following by optical radiation, shock wave 
generation, pulsations of steam and gas bubble at postbreak-
down period and other factors, which are fatal for pathogenic 
microorganisms. Simultaneously with steam and gas bubble 
expansion, starts submerged liquid stream outflow in inte-
relectrode gap (Fig. 10, frame 7 and Fig. 13). 

On the fig. 14 is presented longitudinal shear of one of 
the possible liquid decontamination constructions.     

On a platform-float 1, made as a disc with a hole in cen-
tre in alignment are placed with a help of holders 2 and 3 

hollow cylindrical electrodes 4 and 5. Their common axis 
subtends with a free liquid surface 6 an angle of φ = 0°. Angle 
φ can be changed from 0° to 90° with a help of holders 2 and 
3 or other motion block. Electrode cavities 4 and 5 are filled 
with liquid. Electric circuit, which consists from commutator 
8 and capacitive energy storage 9 and electric circuit, which 
consists from commutator 10 and capacitive energy storage 
11 are parallel connected with electrodes 4 and 5. Capacitive 
energy storages 9 and 11 are charging. Then capacitive energy 
storage 9 is connecting with a help of commutator 8 to elec-
trodes 4 and 5. Decontamination, connected with bactericidal 
effect electric discharge occurs. Also, submerged stream is 
forming. When common axis of hollow cylindrical electrodes 
4 and 5 subtends with a liquid surface an angle of φ = 0°, 
stream axis independently from a place of circular interelec-
trode gap where discharge have occurred, is always perpen-
dicular to a free liquid surface and turned into opposite part. 
On the fig. 15 are shown the electrodes. We can see prints of 
a series of discharges in submerged liquid streams on the 
nozzles made from plexiglass. These electrodes were placed 
in camera according to a fig. 14, but only one of the elec-
trodes was hollow. 

If φ = 90° (Fig. 5, fig. 13), direction of the stream flow 
is diametrically opposite to a place of circular interelectrode 
gap where discharge have occurred. That’s why it is possible 
to use the stream for a mechanical cleaning of surfaces, such 
as swimming pool walls, or flushing of medical instrument, 
placed in wire containers, which were installed along the 

Fig. 11. Shadow photos of the discharge in a still service water. 
Frame exposure time – 25 µs. Time interval between frames 1 – 7, 24 
– 33 is 50 µs. Between the others – 25 µs. Frames 1 – 7, 9, 11, 13, 15, 
17, 19, 21 and 23 were taken with a help of blue light filter  

Fig. 12. Self-light photos of the discharge in a still service water. 
Frame exposure time – 4 µs. Time interval between frames – 8 µs 

Fig. 13. Shadow photos of the discharge in still service water. 
Exposure time – 25 µs. Interval between frames − 50 µs. Frame 1 was 
made 1600 µs after the moment of pulse voltage application on the 
electrodes  

Fig. 14. Device for liquid decontamination 
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stream flow. When the stream length reaches an optimal size, 
capacitive energy storage 11 is connecting with a help of 
commutator 10 to electrodes 4 and 5. In the presence of liquid 
stream, discharge ionization voltage decrease and discharge 
with a large surface of radiation formation is taken place. 
Processes of liquid flow and filling of the electrode cavities 4 
and 5 with a liquid through the holes 7 and the interelectrode 
gap area, which are abut on stream flow sector are simultane-
ous. Capacitive energy storage 11 runs down and the dis-
charge is quenching. Capacitive energy storages 9 and 11 are 
charging. During the charging complete recovery of electric 
strength of interelectrode gap has happen. After the end of 
charging the device is ready for the next operating cycle. Such 
devices can work with the frequency from 1 to 100 Hz. 

 
 

Conclusion 
 
For the complete water decontamination by means of 

discharges in still liquid and electric discharges with a large 
surface of radiation, formed in a zone of viscous mixing of 
a submerged stream has consumed an energy W approx. 
0.2 MJ m−3 (according to a test, made by generally accepted 
Koch method). This method has more effective and widely 
targeted effect because of cavitation phenomena initiation in a 
large liquid volume and application of two types of electric 
discharges with different characteristics (for example, emis-
sion wavelength) during one operating cycle.  

Studies have shown a possibility in principle and reason-
ability of application of this methodology for effective patho-
genic microorganism decontamination, including their stable 
spore forms. 
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