Original Article

Korean J Fish Aquat Sci 55(6),910-916,2022

KFAS #=+ et
Korean Journal of Fisheries and Aquatic Sciences

gh5=2] 55(6), 910-916, 2022

3 HIE RUMYY U7X S=0IE 0I83 LAloiRe SEHIMZ 3
U TetracyclineZdl 44Xl A

OF

Remove of Three Pathogenic Bacteria in Cultured Fish and Tetracycline
Antibiotics Using Underwater Non-Thermal Dielectric Barrier Discharge
Plasma

Kyu Seok Cho* and Jong Ho Park
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The purpose of this study is to evaluate the effect of underwater non-thermal dielectric barrier discharge plasma
(DBD plasma) on the sterilization of three types of pathogenic bacteria that cause diseases in freshwater fish and the
reduction of a tetracycline antibiotics. This experiment was conducted in the DBD plasma generator, and the voltages
used to generate plasma were 11.6 kV and 23.1 kV. The measurement intervals were 0, 1, 5, 10 and 15 min. As a result
of DBD plasma treatment, Aeromonas hydrophila, Edwardsiella tarda and Pseudomonas fluorescens were removed
93-99% after 5 min at 23.1 kV, and the tetracycline antibiotics were reduced 70-95% after 15 min at 23.1 kV. In this
study, as a result of treating the effluent with DBD plasma at a fish farm where the medicinal bath was conducted with
oxytetracycline-HCI (OTC-HCI) products, OTC-HCI decreased by 62% after 10 min at 23.1 kV.
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LS oA 2 B2 A4 jEE 4 91, X
O & Algho|u AE =840 kg = o] AEAlE netAld 4
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A2 Zajzulol| o5t afalol R 1Y

tetracycline, oxytetracycline ¥ doxycycline> Q14382

AF§E5L 917) ol 217k aAA U BAE Qo 49
t}(Jia et al., 2009).

i 719kell A Eetznts vha7] flsiAle AFAAE o] LAkt
EARE o] 23} A|ACF skt TL2)7] eliAle ke =
2 dZ 7sliFolof gttt ey =& AV E Vel R =
Lol AR} BARE o] 23 Al 4= Ql=tl, A=oflA
Aot Eetnts 29 o] 23k BA e YA T o8
1R/ 0] =2 318t F(radicalyEo] A 19 thekat wofol
AG=| AL ek 71 A2 Eekruhs 2 H(source) 9] 7]
Zof w2} I 2 v Z2F20}(corona discharged plasma) 2}
H|d S A AA WA Z2FZ ek (non-thermal dielectric barrier
discharge plasma, DBD plasma)= T-&-¥lct 21U Bl 9
7= A= AlAro] 7hst, A2 ER Hest e ® 7FA o] A
HoPATE WA A the] o] ARl 11 o] Zof A
=0l & 712, ok&e] AT Sol9) =go] mif- &
& ol AejAle] A e Ho] Ak bl B2}
Zuto] A& o] - 47| wfZof| A 2] HAo] A2 FH o= gt
4= 5 ol golAl Ae] B3t FRA 0B YehA Ho
(Kim et al., 2018).

"ol DBD plasma+= 7| oA = 11E9 o] 7Fsst
AL ERRE HA AY 35717 flole Hn d WAyl =4 o
7] W oll 54k, Hiol 2 & o] m ol FoflA de] ARE-E
3L 9=, DBD plasmas =Z-oll A Y A| 71 #F€] A, shock
wave, H,0,, @& 59| 3}5H4] g Fo] A E= A o2 e
7] Qltk(Locke et al., 2006; Joshi and Thagard, 2013; Stratton
etal, 2015). 24 F9 W7 = of= 7] wioll th7]ofl A W
Ask= A Bt oA shs Zlo] ol 4555 29
oll 214 FEAIZ 4= Qlof Bkg- 2 o | A aa/do] 3Tt
11 R 1% ItK(Shin et al., 2019).
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Fig. 1. Schematic representation of underwater DBD plasma sys-
tem. DBD, non-thermal dielectric barrier discharge.

A sto] RS RE=sklth Setzut A S s AeE
w719 YEAdE 22 100 VEF200 VE 514, o]nf) &9
A 11.6 kV % 23.1 kVollth. DBD plasma =EA| 7 0
H 18 58 108 9 15807 84351911, | mTorr—100 Torr
Atol2] oFe oAl 1 em 11.6 kV o]AFe] AA | A% 44 Zat
ZuE A A 717] fl8te] BHS7| W= ok= 3t 7142 Limin) S
FU3}IAtt. 71EF DBD plasma A 2] 2712 Zhang et al. (2018)

= 8319 (Fig. 1), Al2542 DBD plasma A2 3
A AAsESITh

4% DBD plasma®]| A A== ZAdE5-2 5= 4=go] &

ATEA Q1 A7 2= S 0] o] PANE, @2 B]1L

7} Aol £ o] 7Hset Ao = gl A Qlrk(Jo et al., 2013).
7 Zofzn} A2) A A RS YT T R

Z(PhotoLab 6100VIS; WTW, Weilheim, Germany)E- ©]-8-5

o] ozone test kit (Merck, Darmstadt, Germany)= 413} T},

HAMNE 24

A. hydrophila, E. tarda 2 P. fluorescens w5+ S35
TRt At a AP e oA Algdol AR of AMg-SE
Atk ZF 5= tryptic soy broth (TSB)E ARE-5}] 25°Col| A
24487 vfj Rt Sof| Hat SR= 3145o] A hydroph-
ila= 2.5%10° CFU/mL, E. tardax= 1.8 x10° CFU/mL ¥ P,
fluorescens— 1.7 x10° CFU/mL=Z %743} t}. 18]31 DBD
plasma HHYAFR| o A A=t 2] 2]sto] g 2 5-0f Aot ws}

= 245191t}
Tetracyclinell 4K 24

4% DBD plasma ] 2]of| &Jgt A ¥istE S4 5171 91t
of i FAA ol A 71 E51A| AHE-E| = tetracycline | &
AAE Aot Aee E7E<] VDFA Mix-2 (Kemidas,
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Fig. 2. Changes of dissolved ozone levels in the D.W. and E.W.
exposed to DBD plasma. Mean upper the bar with different su-
perscripts for each exposed voltages are significantly different by
Tukey’s multiple range test (P<0.05). D.W.,, Distilled water; E.W.,
Effluent water; DBD, non-thermal dielectric barrier discharge.
Suwon, Korea)E A5} 11, methanol 2 54 NS W= F
dAF o8 S|Aste] REgAe AT A2 B8
42 DBD plasma T2 YolHil Eet=ntE A2t
5 tetracycline, doxycycline, oxytetracycline 2! chloretetracy-
cline®] 5= WS SAsHT =3, T ASAFE 98l
A SAE| Egpato] 27 AARA (DAL 971 50%) AlE o= oS
= AARH Y GA A 2o Ml S-S Agrstol A
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Ao dAH|ZZotE e AR 7] (Xevo TQ-XS; Waters,
Milford, MA, USA)E A8l A X814 Lt
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A A= Mean+ SDE YEH 1L, EA4# 2= SPSS pro-
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AeFo] wolA] Bl go] =2 Aoz delA glrkSato et al.,
2008; Park, 2013). 1 ¢1-Lo]| 4] = DBD plasma % 2]of| u}-2 %
Tt v Eame] o =5 HIlE 2ARHICHFig. 2). A% 11.6
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ol M= SFFY iESollA B F-9491 S7HE YERith
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Fig. 3. Changes of temperature in the distilled water exposed to
DBD plasma. Mean upper the bar with different superscripts for
each exposed voltages are significantly different by Tukey’s mul-
tiple range test (P<0.05). DBD, non-thermal dielectric barrier dis-
charge.
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=438k A3} 026 mg/Lol L, 1524 0.23 mg/L2 L}
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DBD plasma 42| of| 4] A gE Hof| o]gh 4=~2 ¥3}l= Fig. 3
of Lelth A 717H5St 11.6 kVo A= -2 1SS Holx|
Ao, 23.1 kVollA] Eetznt =EAgto] AojAps 2
o] F7}ok= A3 BATE AFAZ A] 4222 25.5°Col %=
4], =2 184 27.5°C, 554 30.5°C, 1024 35.2°C & 1554
= 9] 39.9°C7HA] 7181 et Shin et al. (2019)2] A+ 2
5} DBD plasmac©]] o] 4] A o= -2 @29 eS8
ojig] 50| eEFS AaAXITHL Huskgl=t), 2 Ad
A= 23.1 kVOlA 102A 714 = @& S7I8tt7E 152
AR = A Hashs daks Hol L& vt 2 57
o} o] gl A o &2 AlR . Kim and Park (2011)0] w2
H Eotznt WA A Bl 92 RES719] e B AIRARY
of upe} eItk Bkl =], @& RS FXA7| 2L
T-20) Aol &Jgh 2240l of % Wi F|axtslr] QA=
DBD plasma '3 72| of| A 223t Fo] BAYE|A] == A o]
Sk A ZgE|ojof gk A o= e

A. hydrophila, E. tarda Y P. fluorescens+= TFF3t Y= o
FolA w4 D A HARE fEste] 2 AAA EAE de
Z1th(Xu and Zhang, 2014; Reyes, 2018; Duman et al., 2021).
DBD plasma®]| ‘=2A|%] A. hydrophila:=11.6 KVo{| 4] 5524
76%, 107 96%7F TAEI AL, 15EAREHE HEEA &
Qrtt. 23.1 kVoll A= 184 92%, 554 99% 2 745117} 10
O] S RE = HEEA| QSkTh(Fig. 4). E. tarda= 11.6 kV]|
A 1057 44% 748, 1587 89%7HA] A A =] 2},
9k 23.1 kVoll A= 154 33%, 554 99% Z4slch7F 105
ol &2 = HEHA] h(Fig. 5). P fluorescens= 11.6 kVoi|
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Fig. 4. Changes in the number of Aeromonas hydrophila expo-
sured to DBD plasma. Mean upper the bar with different super-
scripts for each exposed voltages are significantly different by
Tukey’s multiple range test (P<0.05). DBD, non-thermal dielectric
barrier discharge.
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Fig. 5. Changes in the number of Edwardsiella tarda exposured
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). DBD, non-thermal dielectric barrier
discharge.

A 158712 98%7} 7FAE| 9131, 23.1 kVOl| A= 124 74%, 5
A 96%7F Al A= Ach(Fig. 6). A& Eeh=nt FA|E 0|85
of 3= Y o F HUAAHES AAS A E(Kim et al., 2020)
3} F2} ubd Zepxo) 72|42 o] 884o] A. salmonicida
4l Streptococcus iniacs AdA1Z] AFATe}L AR|st= HoF
< R tH(You et al., 2020). Zefut e JA|5Fo] A 2] a& ]
W= Zepxup by e o Zpol, AR WA o] Zpo] W 4=
2] 5ol whet o= A] vehr] wiszoll A At thgt 2]
H

=
A v|1= o]t DBD plasmas 430l 41 WA A7 su-

Exposed time (min)

Fig. 6. Changes in the number of Pseudomonas fluorescens ex-
posured to DBD plasma. Mean upper the bar with different su-
perscripts for each exposed voltages are significantly different by
Tukey’s multiple range test (P<0.05). DBD, non-thermal dielectric
barrier discharge.

peroxide anion (-O,)¥} hydroxyl radical (-OH) 52+ 22 2
AkA-E(reactive oxygen species, ROS)¥} nitric oxide (NO) &
I} 22 2k 2 A F(reactive nitrogen species, RNS) 2 Shock
wave, &, IH4kSlpas Fo] BAE7] dizol nE At A
IE 7|9 4 JHKim et al., 2018; Shin et al., 2019). &
5| IAkSle4s 9 OH 2ozt 22 4k A= Al )
= Sl SARE A A szako] 2|3 ehel A T e 31 A 2]
DNA%} -2 At #A=0 HEg-5to] Ali2E &/4gAI1A At a
= YeEPATHBogaerts et al., 2002). Ryu et al. (2013)2 DBD
plasma #|2] A] A} =FA7to] F7HepE 2al 2 F
A7t s BE 22(0,), YAEHEA(NO), o)1kt
A4 (NO,) 59 F=7F 57 e of, '/ n| = AFE anrt
Z7keithar Harskeich weba], 425 DBD plasma #|2] &3
= 7 A Setzat 2E2ARE 9 A E BF0
St A Al BA7E Q)AL o] e} vlFsto] AlatEA A &
IE Yepf= A o & ThE)

Sotz=nt Aol &gt Alete] AA Fd2 Al FF 2
Sehzn A2 W ol weh o= A Yefu=t, Kim et al.
(2018)2] Aol wh=H Al of Z1gk F/d<t2] Staphylo-
coccus aureus®} L /3%l Escherichia colig ZYZt A%
% 5 DBD plasma %3]9] 31 Well 4 571 & A4 2
3}, 95-100% A E[=E] el A7k E. coliiz 2417k
¥l S, aureusi= 6X1710] A0 E9IThL e Al F5o) o
g} o2 AYE Yepdth s B asgich B At 5ol A 2
% DBD plasmas A 2|30 24 WM Al&55] AT
T Ao, 7k At Sl wheh Al A E = g o] tha Zjo
= Q1o B 23,1 kVollA 584 93-99% AltE= AL
2 &4 Ut
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Fig. 7. Elimination effects of tetracycline by DBD plasma tech-
nique. Mean upper the bar with different superscripts for each
exposed voltages are significantly different by Tukey’s multiple
range test (P<0.05). DBD, non-thermal dielectric barrier discharge.
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Fig. 8. Elimination effects of doxycycline by the DBD plasma
technique. Mean upper the bar with different superscripts for each
exposed voltages are significantly different by Tukey’s multiple
range test (P<0.05). DBD, non-thermal dielectric barrier discharge.

S T olA A AFEARE AAIRE A3, tetracycline
°] 2,093 ng/L7HA| HEE| o] ZARGE ch2 gHAYAof vls)| 714
& A HERITHKim et al., 2008). whebA] £ G- A=
A iS5 F0l tetracycline ] FEA7E AE55= A
W2]317] 915te] DBD plasmag ©]-8-5t0] Al Ash= Ad-S A
AlSFT). Tetracycline 11.6 kVOl A& 155 =& Fof 11%
AAE Aog 2AE L, 23.1 kVollAs =3 SEA| 34%,
1024 57% 2 1584 82% A== Aoz Yeldrh(Fig.
7). Doxycycline2 11.6 kVol|A =% 10275 € 2% ol 7F
27} Ho|t7} 15EA = 15%7F AlAE AL, 23.1 kVolA =1
EREE 12% 7HAE QAL SEA 43%, 1027 68% 9 155
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Fig. 9. Elimination effects of oxytetracycline by DBD plasma
technique. Mean upper the bar with different superscripts for each
exposed voltages are significantly different by Tukey’s multiple
range test (P<0.05). DBD, non-thermal dielectric barrier discharge.
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Fig. 10. Elimination effects of chlortetracycline by DBD plasma
technique. Mean upper the bar with different superscripts for each
exposed voltages are significantly different by Tukey’s multiple
range test (P<0.05). DBD, non-thermal dielectric barrier discharge.

A 95%7} A 7] =] A chFig. 8). Oxytetracycline> 11.6 kVoi| 4]
= eE ISEARE fo2l as B, 23.1 kVolA=
2 SEA 32%, 1057 48% U 1524 70%7}F Al A = ek
(Fig. 9). Chlortetracycline™= H]5=gt QFAS R =T), 11.6 kV
of| Al 1584 k7t 74511, 23.1 kVO A= 124 9%, S5
A 32%, 1054 48% L 15827 70%7} 745t ch(Fig. 10).
E3H 2 AtollAl s Al SATHERMA IS A Al
ARERE QFAO] A o A vl &= A =%t = DBD plasma
£ Aelgt 23k 11.6 kVollA] 1584 25%7F 4= 9111, 23.1
kVolA= 1027 62%= aF = A0E HlrkFig. 11). &
A% AT AT oxytetracycline F=E2-S thAto = A9
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Fig. 11. Elimination effects of residual oxytetracycline-HCl in the
effluent wastewater of fish farm by DBD plasma Technique. Mean
upper the bar with different superscripts for each exposed voltages
are significantly different by Tukey’s multiple range test (P<0.05).
DBD, non-thermal dielectric barrier discharge.

Ao} gl o] T A0 ekt A4 uE
2 Ulll 36 HogE 7110 | 3 %25 Sof oot 2y
Q1 o] 218 0= WREIch. th7|9} AL Bekzole] o3t

tetracycline®| 3}j+= hydroxyl radical (-OH)¥} 2.(0,)°l <
AT S 2180 o]t Zl o2 H 1T Q) 31 (Fang et al 2022), Yao
etal. (2022):> ROS®} Oxytetracycline®] 3 4-+%21 C, site®]
acylamino, C, site®] dimethylamine 223 C, O-C1 ,TEREC,
siteo]| tertiary alcohol®] A& 280 2 oxytetracycline 7-27}
341711 skl sl

71E A A & i%— EU Y el paets] e
AsHA B gE, UV 59 & é% ARt LgAre7 (ad-
vanced oxidation process, AOP)0| 1oL}, Z]Lofl= A2 22t
ZnhE o83 A A|A Wiio] A=Al Qltk. Magureanu
etal. (2011)2 DBD plasma& AR&-5}1¢ - lactamﬁ] a}AIA 2l
amoxicillin, oxacillin & ampicillin®] &35 A5-3+ 2w}

amoxicillin 10+ $of £} %] %112, oxacillin®} ampicilline
5ol 2ol o] 7 YA Froll whet ohE AvE Btk
Lou et al. (2012) chloramphenicol2 2 FH E9F2] AH3l&
S HESH A3, DBD plasmas 2027 421312 | chloram-
phenicolo] 81%712] 2] 531k W 18ko] vHaa) Ay
= mket o 0 EopR ool o9 makael ZA o]t Aok
SIS T} Nguyen et al. (2021)0] 1138 vfof] wh2H w919]
Z5 Ul FAA AAE YA 22 Zek2atE 30 kV
Al 1587 A 2]3t A1, ciprofloxacini} cefuroxime-2 7 9]
100% A A = 112, ofloxacin} amoxicilline 72%7FA] ZH43
okl B35 e} FA Aol A= tetracyline ] FHYAIE oF8-5}
= Por ARShE B9 7] wEel aEs=o] FAI7E

1A M| 1} Tetracycline YA A1 A &t 915

=2 4= L, wiEe 4= w7] fl<zoll DBD plasma 52
7]%% L3l Zlo] gAY 2= )t

H AFLofl A= 425 DBD plasma 7| &2 o]-83lo] 22
23.1 kVollA 587 421982 w| A. hydrophila, E. tarda 2 P
fluorescens= 93-99% A| A& 4= A1, tetracycline A|E &
A 422 23.1 kVolA 1587F A 2|3E uf 70-95% 7FAA]
7)== A& g9lskqitt. 218u 425 DBD plasma 7|&-S <%
ofahA| g B 24 MelA 2 5 R Bl 2857 9]
alo] DBD plasma SAAHA]0} 2916 7h20] 557 9 &
ZA%ke] Al7] & Aol thigt F7HA Q1 d5E7} =g ofof
Ao R AbRHL

Al AL

B Ay ATEE 2020w B0} FHRES] Agle
2 F 5 M0k 2| AAIE o] 2] §(21-03-30-31-16)S ol 42
g8, ofof ZAL= Rk,
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