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Fig. (1) The process of generating reactive species in PAW 
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(a)  (b)  (c) 

Fig. (3) (a) The strips used (nitrite 0–25 ppm, nitrate 0–500 ppm), 

(b) Hydrogen peroxide H2O2 test strips low level [0–100 ppm]), 

(c) Hydrogen peroxide H2O2 test strips high level [100–400 ppm]) 

 due to the increase of 

the high negative applied voltage causes sharply 

increase of the electric field of the drift region of the 

negative corona discharge (i.e., increasing the 

electron/negative ion ratio) comparable with positive 

corona discharge [26]. 

In this section, the effect of higher applied voltage 

on the physical properties of tap water is investigated. 

Figure (6) shows the effect of high voltage of two types 

of corona discharge on the pH value of tap water at a 

constant treatment time of 20 minutes. From this figure, 

it can be seen that the behavior of pH value when 

voltage is applied is different depending on the type of 

corona discharge. This behavior means that changing 

the polarity of the discharge causes different chemical 

reactions in the water. 

In addition, figure (7) shows the change of TDS at 

higher applied voltages for corona discharges of 

different polarities. The data show that both types of 

corona discharges cause the TDS value of water to 

increase with increasing applied voltage, but at 

different rates. This behavior can be attributed to the 

fact that the corona discharge formed in the air gap 

causes many reactions in the water and increases the 

salt concentration in the water. 
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Fig. (6) Variation of pH value as a function of applied voltage of 

the positive and the negative corona discharges at atmospheric 

pressure 

 

According to Fig. (7), the electrical conductivity 

(EC) of tap water increases with increasing applied 

voltage in both types of corona discharge (see Fig. 8). 

The measured conductivity value increases 

significantly due to changes in water structure caused 

by increased solute concentration and different 

chemical reactions depending on the type of corona 

discharge. 
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Fig. (7) Variation of TDS as a function of the applied voltage of 

positive and negative corona discharges at atmospheric pressure 
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Fig. (8) Change in electric conductivity (EC) as a function of the 

applied voltage of the positive and negative corona discharges at 

atmospheric pressure 

 

Finally, the variation of tap water temperature with 

applied voltage can also diagnose the two types of 

corona discharge, as shown in Fig. (9). From this figure, 

it can be seen that the formation of both types of corona 

discharges leads to chemical reactions in the water, 

which are supported by the generated heat. In addition, 

the heat value supported by the negative corona 

discharge is higher than the heat value generated by the 

positive corona discharge. It can be concluded that the 

negative corona discharge is more active than the 

positive corona discharge. 

The plasma-activated water (PAW) represents the 

water that has been treated with atmospheric pressure 

discharge. This section showed how the higher applied 

voltage effect on the concentration of NO2, NO3, and 

H2O2 at exposure time of 20 min in the presence of both 

corona discharges at atmospheric pressure (see Fig. 10). 

The results investigated that the concentrations curve 

was divided in two regions with increases of applied 

voltage. The first one shown sudden increases of all 

active species concentrations in the applied voltage 

range 10-25 kV. While the second section appear when 

the applied voltage above of 25 kV where the 

concentration of all active species become constant, 

where highest concentration appear in the voltage range 

of 25–35 kV. This is due to the significant impact of 

space charge in these voltage ranges for both types of 

corona discharge, as well as the differences in the half-
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Fig. (9) Change in water temperature versus applied voltage of 

positive and negative corona discharge at atmospheric pressure 
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Fig. (10) Relationship between the concentration of H2O2, NO2, 
and NO3 and the applied voltage of positive and negative corona 

discharges at atmospheric pressure
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Table (1) Total concentrations of NO2, NO3, and H2O2 as a function of storage time for a 35 kV negative applied voltage 

 
Negative 35 kV  Treatment time 20 minutes   

Storage time (hour) NO2 (ppm) NO3 (ppm) H2O2 [0-100] (ppm) H2O2 [0-400] (ppm) Total concentrations 

0 25 500 100 200 825 

0.5 25 500 100 200 825 

1 25 250 100 200 575 

1.5 25 250 100 200 575 

2 25 250 100 200 575 

6 25 250 100 200 575 

9 25 250 100 200 575 

12 25 250 100 200 575 

18 25 250 100 200 575 

24 25 250 100 200 575 

36 25 250 100 0 375 

48 25 250 50 0 325 

65 25 100 10 0 135 

72 25 100 10 0 135 

90 25 100 10 0 135 

96 10 100 10 0 120 

120 10 100 3 0 113 

144 10 100 0 0 110 

190 10 100 0 0 110 

238 10 50 0 0 60 
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Table (2) Total concentrations of NO2, NO3, and H2O2 as a function of storage time for a 35 kV positive applied voltage 

 
Positive 35 kV  Treatment time 20 minutes   

Storage time (hour) NO2 (ppm) NO3 (ppm) H2O2 [0-100] (ppm) H2O2 [0-400] (ppm) Total concentrations 

0 25 250 100 0 375 

0.5 25 250 100 0 375 

1 10 100 50 0 160 

1.5 10 100 50 0 160 

2 10 100 50 0 160 

6 10 100 50 0 160 

9 10 100 50 0 160 

12 10 100 10 0 120 

18 10 100 10 0 120 

24 10 100 10 0 120 

36 10 100 3 0 113 

48 10 100 0 0 110 

65 10 100 0 0 110 

72 10 100 0 0 110 

90 10 100 0 0 110 

96 10 100 0 0 110 

120 10 100 0 0 110 

144 5 50 0 0 55 

190 1 50 0 0 51 

238 1 25 0 0 26 

 

 

Fig. (4) Influence of applied voltage on the negative corona discharge in liquid electrodes system 
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Fig. (5) Influence of the applied voltage on the positive corona discharge in liquid electrodes system 
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