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Abstract

Innovated technique to inactivate microorganisms has been developed. This technique uses plasma
discharge in 2-phase (AirWater). Dielectric Barrier (two phase) Discharging system is able to produce new
oxidants for microorganisms. Products from discharging are HNO,, NO3, HNQO;, NO; and ozone but many
other radicals can be generated as well. DBD water has low concentration of ozone (about 0.5mg/L), NOJ,
NO; (about 10mgN/L, 20mgN/L respectively) and lots of H*. These products play an important role in
oxidation. Oxidation power by Kl titration methods is approximately equivalent to 50mg-0,/L. Surprisingly
stored DBD water could oxidize KI and maintain stable pH (about pH3) even after several days. Stored DBD
water for 5 days has also more than 4iog disinfection power to E. coli. However, DBD water cannot be used
for drinking water directly due to it’s toxicity. Additional process to neutralize pH and decrease toxicity must
be applied.
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Fig. 1. Apparatus of experimental systems.
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Table 1. Characteristics of contrastive samples

DBD water  DBD water Qzonated water
pH 35 7.2 75
NO;-N (mgl.) 14 0 0
NO3-N (mg/L) 10 23 0
O, (mg/L) 0.3 0.25 5

Al F4E AT BHt-go|t). nitriter B9
#o] NOE 443 ol @AM 2&q] 9& NO,
2, @44 NO,= ¥ gt} (Alexandre Samouilov,
1998 Matthew J. Moorcroft, 2001),
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=21t Orion model 720A pHmeter2 pH9 ORPE
Z% 841, NO;, NO;y 59 &°]&& DX-120 Ion
chromatography7} =84 o AMEH AT &8 2F
52572 Agilent 9453 UV spectrophotometer® o}
$-3}9 indigo colorimetric method 2. 27 &}3 T},
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method®} E-coli 1093¢] i3l ard%o] &4},
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Fig. 2. Behaviors of HNO,, HNO; and O, in DBD water.
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Table 2. Characteristic comparisons of Ozonated water & DBD
water after 15minutes diffusion or discharge respectively

Ozonated water DBD water
pH 6.6 27
ORP (mV) 978 567
NO;-N (mg/L) - 14.8
NO3-N (mg/L) - 211
O, (mg/L) 20mg/L 0.42
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Fig. 3. Changes of pH with discharging time.
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Fig. 4. Changes of oxidation power as mg-Oy/L with discharging
time.
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Fig. 8. Residual oxidation power of DBD water with stored time.

Table 3. Comparison of disinfection rate of E. coli in Ozonated
water and DBD water by direct treatment

Reaction time Ozonation system  DBD system
more than 98.998%

15minute 99.997%
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F AP &S HAHTY 4~Sloge] A#EFE B
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Fig. 6. Changes of disinfection rate of E.coli in tap and DBD water
with contact time.
*Tap: Tap water controlled to pH3, DBDO: DBD water
drained directly after discharging, DBD1: DBD water drained
1days after discharging, DBD2: DBD water drained 2days
after discharging, DBD3: DBD water drained 3days after
discharging, DBD5: DBD water drained 5days after
discharging.
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Fig. 7. Disinfection rate of E. coli in stored DBD water for different
days.
*contact time: 60min.
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Table 4. The results of toxicity test for ozonated water and DBD

waters
CH=ot DBD water DBD water  Ozonated water
pH 35 72 75
G level Inhibition Inhibition Inhibition
Control G1
Control G1
G 99.96 9644
G1 99.96 99.89 98.32
Control G2
Control G2
G186 690 =259 1.92
G16 519 -5.26 368
G8 12.35 182 5.29
G8 1317 254 578
G4 2381 19.30 17.74
G4 24.13 18.14 2113
G2 4332 58.74 2552
G2 4466 2481 2481
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Tabile 5. The results of suitability test as a drinking water for DBD water

ltems Criteria Results ltems Criteria Results
Total Colony Counts 100CFU/mi 0 Benzene 0.01mg// ND
Total Coliforms ND/50m| ND Toluene 0.7my/l ND
Pb 0.05mg/ ND Ethyle Benzene 0.3mg/! ND

F 1.5mg// ND Xylene 0.5mg/! ND
As 0.05mg// ND 1.1 Dichloroethylene 0.03mg// ND
Se 0.0tmg// ND Carbon tetrachloride 0.002mg// ND
Hg 0.001mg// ND Hardness 300mg// 56mg/!
CN 0.0tmg// ND Consumption of KMnO4 10mg// 6.8mg/
Cré 0.05mg// ND Odor ND suitable
NH4-N 0.5mg/! 0.10mg/ Taste ND suitable
NO;N 10mg// 35.8mg/ Cu 1mg// 0.312mgh.
Cd 0.01mg/! ND Color 5 1
Phenol 0.005mg/! ND ABS 0.5mmg// ND
Diazinon 0.02mg// ND pH 58~85 27
Parathion 0.06mg//! ND Zn 1mg// 0.760mg//
Malathion 0.25mg// ND Cl- 250mg// 12mg//
Fenitrothion 0.04mg// ND Total Solds 500mgy/! 311mg/!
Carbaryl 0.07mg// ND Fe 0.3mg/! ND
1.1.1-Trichloroethane 0.1mg// ND Mn 0.3mgy/! ND
PCE 0.01mg// ND Turbidity 0.5NTU 0.31
TCE 0.03mg// ND S0;? 200mg// amg//
Dichloromethane 0.02mg// ND Al 0.2mg/! ND
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