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Abstract

The purpose of this study is to evaluate the effects of underwater non-thermal Dielectric Barrier
Discharge Plasma(DBD plasma) on fish farm effluent. This experiment was conducted in the DBD plasma
generator, and the voltages given to generate DBD plasma were 11.6 kV and 23.1 kV. The measurement
intervals were 0, 1, 5, 10 and 15 minutes. As a result of the experiment, the change in water quality was
proportional to the strength of the voltage and the treatment time. At 23.1 kV for 15 minutes, the water
temperature was increased to 51.1%, the pH was decreased by 26.2%, the dissolved oxygen was reduced
to 50.3%, the chemical oxygen demand was reduced to 19.1% and the suspended solids was decreased
17.9%. NH,-N was decreased by 95.8%, while NO,-N and NO;-N were increased by 851.8% and
170.2%. The total bacteria number contained in the discharge water was removed 100% at 23.1 kV for 15
minute, and the coliform group was sterilized up to 100% at 23.1 kV for 10 minute. The DBD plasma
technology was found to reduce the organic pollutants and have high sterilization power against
microorganisms in fish farm effluent.
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[Fig. 1] Schematic representation of underwater
DBD plasma system.
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[Fig. 2] Changes of temperature in the fish farm
effluent exposed to DBD plasma. Mean
upper the bar with different superscripts
for each exposed voltages are significantly
different by Tukey’s multiple range test
(P<0.05).
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[Fig. 3] Changes of pH in the fish farm effluent
exposed to DBD Plasma. Mean upper the
bar with different superscripts for each
exposed voltages are significantly different
by Tukey’s multiple range test (P<0.05).
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[Fig. 4] Changes of dissolved oxygen in the fish
farm effluent exposed to DBD plasma.
Mean upper the bar with different
superscripts for each exposed voltages are
significantly different by Tukey’s multiple
range test (P<0.05).
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[Fig. 5] Changes of COD in the fish farm effluent
exposed to DBD plasma. Mean upper the
bar with different superscripts for each
exposed voltages are significantly different
by Tukey’s multiple range test (P<0.05).
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[Fig. 6] Changes of SS in the fish farm effluent
exposed to DBD plasma. Mean upper the
bar with different superscripts for each
exposed voltages are significantly different
by Tukey’s multiple range test (P<0.05).

NH, N+ A3 A2 A 5694027 mg/Lo|+=
tl, DBD plasmag 15i%F A2st A7} 11.6 kv
= 1.94£028 mgLE TAEHJI, 231 kVe

Ammonium nitrogen (mg/L)

Exposed Time (min)

[Fig. 7] Changes of ammonium nitrogen in the fish
farm effluent exposed to DBD plasma.
Mean upper the bar with different
superscripts for each exposed voltages are
significantly different by Tukey’s multiple
range test (P<0.05).

NO,-Ni= DBD plasma =% % 0.58+0.10 mg/L
o], 1584 11.6 kVollA] 1.89£0.31 mgLZE =
S, 23.1 kVAlAE 55240.72 mgLE F4
stAl S7F = SATh([Fig. 8)).

Nitrite nitrogen (mg/L)

Exposed Time (min)

[Fig. 8] Changes of nitrite nitrogen in the fish
farm effluent exposed to DBD plasma.
Mean upper the bar with different
superscripts for each exposed voltages are
significantly different by Tukey’s multiple
range test (P<0.05).

TS NOy-N&= A3 A1 A S4X]7F 1.1240.05
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mg/Lo) ot 1554 11.6 kVolA] 1.8740.27 mg/L
o]9lar, 23.1 kVolXE 3.03+0.16 mgLE Z=7}8}
A th([Fig. 9)).
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[Fig. 9] Changes of nitrate nitrogen in the fish
farm effluent exposed to DBD plasma.
Mean upper the bar with different
superscripts for each exposed voltages are
significantly different by Tukey’s multiple
range test (P<0.05).
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NOy-NE AT Bud Ayel H3hy=
Zog HQIth H3H Wu et al(2021)°] Z2}=u}
WA 0] AY ARERS S7HAI7IH NO,-N%
NO;-N&| ko] wobxlvkal W skl &
AYoA = Ay ARGFER ofYet AP

Arstgee eETt TS

Uy
B X o

Tare A A1Z A 7.0x10° CFUMLO] 32
Y, DBD plasma A2 1524 11.6 kVolA
54x10° CFU/mLZ HAE At 23.1 kel 10
A 2.0x10° CFUmMLE AL, 1584+ A
=94 ZUrH(Fig. 10]). tiddS AA =

A 2.6x10° CFU/mML®] % 21}, DBD plasma*] 2] 15
5 116 kVelA 14x10*> CFUmMLE 7453
o 23,1 kVelldE AF 524 9.4x101 CFU/mL
2 Z2E0a, Ay 10EAE AEEA gt
([Fig. 11)).
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[Fig. 10] Changes of total cell counts in the fish
farm effluent exposed to DBD plasma.
Mean upper the bar with different
superscripts for each exposed voltages
are significantly different by Tukey’s
multiple range test (P<0.05).
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[Fig. 11] Changes of coliform counts in the fish
farm effluent exposed to DBD plasma.
Mean upper the bar with different
superscripts for each exposed voltages
are significantly different by Tukey’s
multiple range test (P<0.05).
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<Table 1> Changes in the water quality of fish farm effluent after exposure to plasma for 15 minutes

Experimental groups

Rates of change(%)

Parameters Control 11.6 kV 23.1 kV 11.6 kV 23.1 kV
Temperature( C) 22.2+0.5 23.8+0.9 33.5+1.6 7.2 51.1
pH 6.03+0.14 5.58+0.29 4.45+0.26 75 262
DO(mg/L) 8.61:£0.12 6.240.43 1.28+0.48 275 -50.3
COD(mg/L) 62.343.9 59.145.3 49,542 .52 -19.1
SS(mg/L) 45£0.6 4.4+0.4 3.8£03 22 -17.9
NH,"-N(mg/L) 5.6940.27 1.94+0.28 0.24+0.14 -65.9 95.8
NO,-N(mg/L) 0.580.10 1.89£0.31 5.5240.72 2262 851.8
NOs-N(mg/L) 1.1240.05 1.870.27 3.03+0.16 66.8 170.2
(XTl‘St()a’l()gg”C;‘;}l/nr:L) 70.0+44.7 54.046.3 N.D. 229 N.D.
Coliform counts 26.35.6 142442 N.D. 46.1 N.D.

(x10 CFU/mL)

N.D. : No Detection

et al., 2020; Son and Lee, 2011). DBD plasmas
Tl BEAAT7IE 2 A4 F(Reactive oxygen
species, ROS)Z} &4 A F(Reactive nitrogen
species, RNS) 2! Shock wave, &, H,0, 5°| 4
AE7] Wil mAE Avads JdE & 9l
THKim et al., 2018; Shin et al., 2019). 53] H,0,
49 OH izt & A E vAdE Alxes
Sl FAtE A Ao Ay} ey e
i Al W] DNASEH 2 Ad #AEd vk
st AZE EHAA vAEs APEAH
(Bogaerts et al., 2002). =% DBD plasma %] &
A= 7bEE AYF Skt wF ARE Y
AdE A FY wre AFAR A o
oje} mlEsto] AldFA oAl mIE YEhl=
Ao wadny £ ATolA AMES DBD
plasma HAYFAZ FAG wjEFo v AE AL
A A%, 230 kvelAl 1527 AEshd i
A A= At

£ A5 DBD plasmadl &3t 2 wiE4

o &4 W3lE Hristr] fstel 2EAY 116
kvel 23.1 kvellAd o, 1, 5, 10 9 15%7F A2 &}
of b3 22 A3E ASUTH(<Table 1>).

1) DBD plasmaZ 23.1 kVelA 1587 A2 S
W T SLI%ZHA AdEEkela, pHE
262% #4389tk DO, COD % sS+= 7+7}

503%, 19.1% % 17.9% 7rAstich 2433t

= 7F-dl NH Nt 95.8% #ashslony
NO,-N29} NOy-N+= ZH7} 851.8%2) 170.2% =
A=

2) FAA wiEFUe] wAAE dist Aty
ZAFSE Ay, T 230 kVellA 15%
AP W 100.0% AAHRL, gt
23.1 kvellAl 1021 A2 3E w 100% AlA
= ATk

3) DBD plasmaoll 2Jgt <27 wjE W)
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