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Figure 1- Cold- Plasma Emitter Machine
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Table 1- Box-Behnken Design for producing the PAW samples

Run

Cold- Plasma time (min) Air Velocity (m/s) Storage Temperature (°C)

30
0
15
0
30
0
15
30
15
15

SOV uL bW~

0.5
1.5
0.5

1.5

0
0
-20
-20
-20
20
0
20
20

1 0

— e

216

4- Design Expert v.12



VErE 5 YY ay8 OV 6Ll

Qlﬂl L;l"lb Gw‘gf_y\&&bu

11 15
12 30
13 15
14 0
15 15
16 15
17 15

1 0
1.5 0
1 0
0.5 0
1.5 -20
1 0
0.5 20

S Oloy andlaes s g0 glas 551 3 (5Ll o ¥ J s
5 G5 Oles (g3as Slen S e glendly b
gl 53 1 2 ey e Jled Sl eSS sl
Ol Sl edsdr cpl G das o OLES (p < +/v0) 0
Sl Slagaly sy 5 (4d35 ¥ 510 ) s lendly
M/s) ($3555 Slsa Loy Dol 032 lsbins S e
el o3y Jlsbae IS w5 oz p (V05 ) /0
Dblae J8 e 5 BV 5 8 Y °C) & s
ACuV Y YD) S Glass, <ol 53 503
el an3ls 051 5 o 8 o4 by S aes  (g)lsban
S ezl 5 andlans ;3o sl 55 das e OLES aly oy
03 A 55 Jles (sladi 58 Cdled Ol e 5SS (55lskns

At 5 sl b les b

2 s 2o Sla, St g lslas S ANOVA Jelos =Y Jsae
axllass ) 50 6“@‘1 S

Sl s s Sy e

denSy Olpee ez 31 O gla S5y oslinal 5l L3
Arak  c.S) O3S0 (Karizab 4436 <—.S) 05,4
Arak ) S . (Chemical Eng. Co. AK 3060
«(Arak Chemical Eng. Co. 3096) 0! ((Chemical CO.
Arak ) <o i «(Arak Chemical Co. 3020) <&l oo
(Arak Chemical CO.) JS 5 (Chemical Co. 3015
SY YO Gl e bl Shy ol a5 803l
s S 13 0ga3l 355 551
ol ko 9 3203
b bl ol o 5 plowil 1SS a3 bl gl S
L bols LT s L Y 03,5 SPSS D33le 5 eslial

A an S L s ls ame gbl a5l e/ve 5l Sp

oy @\.’.’a
Table 2- ANOVA analysis for the effect of factors on studied results
Cold-Plasma Time (min)
Sum of Squares df Mean Square F Sig.

Between Groups 204.118 2 102.059 3.626 0.032
Nitrate Within Groups 1829.764 65 28.150

Total 2033.882 67

Between Groups 0.038 2 0.019 2.067 0.135
Nitrite Within Groups 0.593 65 0.009

Total 0.631 67

Between Groups 0.054 2 0.027 2.267 0.112
Ozone Within Groups 0.775 65 0.012

Total 0.829 67

Between Groups 0.076 2 0.038 2.081 0.133
Chloride Within Groups 1.187 65 0.018

Total 1.263 67

Between Groups 289808.563 2 144904.281 7.258 0.001
Hardness Within Groups 1297664.188 65 19964.064

Total 1587472.750 67

Between Groups 23.721 2 11.860 0.329 0.721
Oxygen Within Groups 2345.135 65 36.079

Total 2368.856 67
H202 Between Groups 111.890 2 55.945 1.175 0.315
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Within Groups 3094.625 65 47.610
Total 3206.515 67
Air Velocity (m/s)
Sum of Squares df Mean Square F Sig.
Between Groups 11.118 2 5.559 0.179 0.837
Nitrate Within Groups 2022.764 65 31.119
Total 2033.882 67
Between Groups 0.045 2 0.023 2.505 0.089
Nitrite Within Groups 0.586 65 0.009
Total 0.631 67
Between Groups 0.026 2 0.013 1.064 0.351
Ozone Within Groups 0.803 65 0.012
Total 0.829 67
Between Groups 0.060 2 0.030 1.632 0.204
Chloride Within Groups 1.202 65 0.018
Total 1.263 67
Between Groups 154371.924 2 77185.962 3.501 0.036
Hardness Within Groups 1433100.826 65 22047.705
Total 1587472.750 67
Between Groups 25.841 2 12.920 0.358 0.700
Oxygen Within Groups 2343.015 65 36.046
Total 2368.856 67
Between Groups 5.765 2 2.882 0.059 0.943
H202 Within Groups 3200.750 65 49.242
Total 3206.515 67
Storage Temperature (°C)
Sum of Squares df Mean Square F Sig.
Between Groups 10.132 2 5.066 0.163 0.850
Nitrate Within Groups 2023.750 65 31.135
Total 2033.882 67
Between Groups 0.011 2 0.006 0.577 0.565
Nitrite Within Groups 0.620 65 0.010
Total 0.631 67
Between Groups 0.039 2 0.020 1.615 0.207
Ozone Within Groups 0.790 65 0.012
Total 0.829 67
Between Groups 0.035 2 0.018 0.936 0.397
Chloride Within Groups 1.227 65 0.019
Total 1.263 67
Between Groups 382001.569 2 191000.785 10.299 0.000
Hardness Within Groups 1205471.181 65 18545.710
Total 1587472.750 67
Between Groups 94.519 2 47.259 1.351 0.266
Oxygen Within Groups 2274337 65 34.990
Total 2368.856 67
Between Groups 0.265 2 0.132 0.003 0.997
H202 Within Groups 3206.250 65 49.327
Total 3206.515 67
Storage Days
Sum of Squares df Mean Square F Sig.
Between Groups 608.588 3 202.863 9.109 0.000
Nitrate Within Groups 1425.294 64 22.270
Total 2033.882 67
Between Groups 0.035 3 0.012 1.258 0.296
Nitrite Within Groups 0.596 64 0.009
Total 0.631 67
Between Groups 0.051 3 0.017 1.404 0.250
Ozone Within Groups 0.778 64 0.012
Total 0.829 67
Between Groups 0.656 3 0.219 23.044 0.000
Chloride Within Groups 0.607 64 0.009
Total 1.263 67
Between Groups 285850.750 3 95283.583 4.685 0.005
Hardness Within Groups 1301622.000 64 20337.844
Total 1587472.750 67
Oxygen Between Groups 664.995 3 221.665 8.326 0.000
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Within Groups 1703.860
Total 2368.856
Between Groups 2078.868
H202 Within Groups 1127.647
Total 3206.515

64 26.623

67

3 692.956 39.329 0.000
64 17.619
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Figure 1- The interaction effect of cold-plasma time and inlet air velocity on Nitrite (a), Nitrate (b), H>O- (c),
Oxygen (d), Hardness (e), Ozone (f), and Chloride (g) contents
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Figure 2- The interaction effect cold-plasma time and storage duration of PAW on Nitrite (a), Nitrate (b), H,O»
(c), Oxygen (d), Hardness (e), Ozone (f), and Chloride (g) contents
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Figure 3- The interaction effect of storage time and temperature of PAW on Nitrite (a), Nitrate (b), H2O2 (c),
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Activated water with cold-plasma has emerged as a non-toxic and
environmentally friendly alternative, demonstrating its efficiency
against a wide range of pathogens, including bacteria, viruses, and
fungi. In this study, tap water was activated using cold plasma
generator, employing a plasma reactor consisting of copper and steel
electrons, with a voltage of 20 kV and a current of 3 mA at
atmospheric air. To produce and optimization of activated water,
experimental designs were conducted using Design Expert software
version 12, following a Box-Behnken design. The factors were
treatment time (0, 15, and 30 min), air injection velocity (0.5, 1, and
1.5 m/s), and storeage temperature (20, 4, and -20 °C). The
characteristics of water, including hydrogen peroxide concentration,
oxygen levels, total hardness, ozone, nitrate, nitrite, and chlorine,
were measured at the days of 0, 1, 2, 3, and 6 to investigate the
activation during storage period. The results indicated that all studied
factors had a significant effect on the outcomes examined. The
interaction effects of these factors also exhibited significant
decreasing impact on the results in certain cases. Finally, it was
determined that the storage temperature of the environment,
prolonged treatment time with cold-plasma, and an air velocity of 1
m/s could yield activated water with superior oxidative properties.
The optimized condition for producing activated water was identified
as a treatment time of 23.5 min, 0.97 m/s air velocity, and storage
temperature of 20°C.
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