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Abstract - This study assessed the effect of 0zone to control pathogenic bacteria in inlet water flow-
ing to flounder farms, establishing operational parameters of ozonation at seawater conditions.
Hydraulic retention time in a reaction pipeline after ozonation was fixed at 3 minutes in a flow
through system. Concentrations of total residual oxidant (TRO) by ozonation were measured
according to different ozonation intensities. The oxidant reduction potential (ORP), which is
indirect but enables real-time measurement, was measured in relation to TRO values. TRO values
were 0.01+0.01 mg L™" at an ORP range of 320-410mV, 0.07 +0.02mg L' at 600 mV, and 0.16 +
0.03 mg L™ at 700 mV. A heterotrophic marine bacteria colony was reduced by 80.6-97.9%,
showing the suppression effect of ozonation on total bacteria in inlet water. At an ORP range of
400-500 mV, colonies of heterotrophic marine bacteria, Vibrio spp., and gram negative bacteria
were significantly reduced in outlet water from a culture tank with ongrowing flounder (230 g) at a
stocking density of 8 kg m. Especially, Vibrio spp. and gram negative bacteria were seldom found
at 400-500 mV. The daily feeding rate was from over 0.7% to total body weight at 300-500 mV,
showing better performance than that in the control. The pathogenic bacteria entering the flounder
farm were effectively removed when the ORP range to 400 mV or less.
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o= AT ofF 20~30%7 WY FEOR AT
AoZ &#HA ok (NFRDI 2006; Cho et al. 2015). = 9]
Ax AFY VB R ol 2 WY 5 ol HuA
o SJshH g Aol sk Y Qom0 F A7
5. AMTRE, deld s 28 NBFO2 A% WA A4
H|go] & Z2Z YEGTH(Oh ef al. 1999; NFRDI 2006).
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Soha, FAAYY A FHS AL FHES A
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Heidinger 1980), | (Reiser et al. 2010) 5ol t3}e] B
2=t £3], &2 Axdro] &4 F7] ol 44
A=Y 257 H4Ex2E ZHgo] 49FS ATy By
A th(Wedemeyer et al. 1979; Paller and Heidinger 1980;
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dant; TRO)S| FEE 9% 2202 A |AAZ £
O oA I AL S48t HAA vAES F
Agt F o3t W o A7 We] 2 4 Sl

mab 2 dte §04 AR A YR fYEe
A HAES ey oz AYstr] st 2& Ao B2
A1313E 1 A 9] (oxidation reduction potential; ORP)2F TRO
o ABBAE FHst] FF 2EY 4 9 HYHH
ot stglen, @& A9 fady AE HHS
wotetast ulE Sk §2AA 9 ARS: o RO AlRAH
ZF H3E 2AFET

Mz H A

1A% 34
£ ATE Fig. 13 Zo] ZA=YHea 1} o] FFAI 4
[e) AS
2~

=
Ao Ql= UF PP FZ(640mxH 1.0m)E 0|83t &

Monitoring
computer

4000 A R — D
Ozone contactor-I : .
= (reeec)
= _ I
=1 3 | g Oz.Eone 2000 TRO-monitoring system
o generator p S e Wﬂ
1 . Bypass position

e
i

T S—

. : Spray bio-filter — “1"
5000 |Ozone contactor-II , (#1600) ><Jﬁ

Pump/{ =

Foam fractionator ]
|

Culture tank
(#4000)

(6900) 1

17970 (9700)

Settling chamber

Fig. 1. Schematic diagram of an experimental flow-through system.
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Aol AHSE 2 M AAWE Ak BA7] Oxus-TL.
Korea), 229 7] (OZN-100, Ozone Engineering, Korea),
£817] (60.25% 1.0 m, SUS316)%+ W2}7] (Daeil, Korea),
% QZA1A (Ozone solution, USA), £& 2L E=A7] (ATI
Q45H, USA) 502 ZLA4sgtt.

2. Experiment I

FAY%e] 02 AP KIS Pohrs] Sste] 0.F 29
ZF2 03~30mg Os L7'9] WY Z F5HHA ORPES 7]
F02 250 (AFA3l4), 290, 320, 350, 380, 410, 500, 600 L
700 mVE 9FA R 2HEGTh 72t GA-E 24474 7HE
staA o2& AT g4 F22 FYEH7| A-Y ASS
£ "l 6AZF T @31 L= Asto] &F A2 &
FoEF, FAFAEE (TRO), 3182 4b4s @ T (Chemical
oxygen demand; COD) ¥ #E31 %= (suspended solids; SS)
< =431t ORP AlA&= MR-1K (Nichia Sangyo, Japan)
£ olgstson, §9U+9 ORPE 242 o279 o
A% WS0-100 (DIK, Korea)2 ©]-£3}%th. Ozone Indigo
methodZ, TROE DPD method2 #3333 =7 (HACH DR
4000, USA)E AH&sto] @R oA E48k . COD= &Y
b E-gdeyor EAHAA, SS+ frEl Ao
(GF/C)L.2 A3}t

i AF-Poz2 At A FAd (heterotroph
marine bacteria)< Marine agar (DifcoTM Marine agar 2216,
Becton, France) &, Vibrio spp.= TCBS agar (DifcoTM TCBS
agar 265020, Becton, France)S, 1334l v (gram-negative
bacteria)2 MacConkey agar (BBLTM MacConkey agar 211
387, Becton, France)& AFESIH L, Al F2A Q9 BE-L Park et
al.(2013)%] W& F&3to] A

3. Experiment II

YA ARG o A anE 2AH| $i8te] Fig. 13}
T2 43 PP ARZRE o5t §44] (flow through sys-
tem) 22 ST, 4 BN £ES 03~3.0mg
Os L9 M2 FU3eA ORP 7|E 22 200~300 (A+<
3142), 300~400, 400~500, 500~600 = 600~700 mV H <
2 FEste] vz 244704 Agstgict Aol AHgE |
e FHF AF 230g 27 45002 AR E 80kg m S
AT AFRE Al Satol R AR (DU, A

2)E 1¥ 232 Wo] vHE (ad libitum) 3583 A
< GAE ARSSEA FU5, A 9 HiESY AT
& nAE9 HIE Exp. I3 22 YHOE AL
I, AAseet o E AP Al 2 Yo §EAAS HSE o
&2 02 ALY ST, ORP =20 wE Y9 3] vh&
< ZAL7] Yot IR AHFEE RARIH. & 91
YolA AAE salicylate-hypochlorite method, oF&AHY 2
A X Diazotization Method2 @438 E2247] (SAN'Y Con-
tinuous Flow Analyzer, Skalar, Holland)E ©]-&3}o] =43}

At

4. 5AA=

E AYo| g3t AF}= mean+tSD.E YEY I, SPSS
ver. 170 T2 WL o] &35t Qo4 AAL 34t

A7 ¥ D

1. Experiment I

Frd] FAA A Yo 2E Ao wE £ Wil
Table 19 Yetgich. F413 A Y2 SoloE Adsle
9] ORP: 250 mVE Uehfglon, 314 W OzoneX TRO
= AEHA ¢Urh CODYY SSFHE 94 Yo S0 &
71242 8] 22 0.62+0.11mgL™'2 1.53+0.28 mg L™
£ Yetfidch. o2 HEE oA A7 222 wE bt
AR Qs A Ao HEEHA ¥yem, TRO=
ORP 290 mV7HA = AEEA] ¥Fot 320~410 mV7HA]
0.01+0.01 mg L™'7} Z2&E229, 600 mVe} 700 mV ol A
Z}7} 0.07+£0.02mg L™'9} 0.16+0.03 mg L™' 7} A& = it
a8y 2& A A% ORPEEY A3t COD 2 SS9
TollE EHE BAVL gl A= RAE T

Table 1. Water qualities of ozone treated seawater in flow-through
system with different ORP values

ORP' Ozone TRO® cop’ ss*
mV) (mgL")  (mgL™) (mgL™ (mgL™
250° 0.00 0.00 0.62+0.11 1.53+0.28
290 0.00 0.00 042+£0.28 1.40+0.66
320 0.00 0.01£0.01 071%+0.62 1.27+£047
350 0.00 0.01£0.01 1.01+£0.02 1.60+0.75
380 0.00 0.01£0.01 098+0.27 147+0.94
410 0.00 0.01£0.01 0.85+0.16 1.20+0.23
500 0.00 0.02+0.01 0.60+0.04 093+0.94
600 0.00 0.07+0.02 0.64+0.15 0.87+0.85
700 0.00 0.16+0.03 0.75+0.52 1.87+0.94

'Oxidation reduction potential; *Total residual oxidant; *Chemical oxygen
demand; 4Suspf:nded solids; *Value of natural seawater
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Fig. 2. Changes of heterotrophic marine bacteria number of ozone
treated inflow water with different ORP ranges in flow-thro-
ugh system.

AgEo ZTH f71EES WY B 2 W
A 42 QIEE she 7|FZE Zgetal AN AEC] ofrtn|
off Ratste] Mol B2 HwatA BulshA sto] ASAE
o Aol & & 4= Ut} (Braaten et al. 1986; Liltved and
Cripps 1999). =3t o] g3t 7] TP EEL &3hojTpA|2H]
N BESH oatzol FA=o] At Al &4 A
SHAIA, 5 dEYot 5 AAA IRHES s AT ¢
27} Qlo] (Liao and Mayo 1974; Muir 1982), o] &5 9F4]g+
o glo] =Fel olgjg F71ES Ao A&sHA A|A
3t Aol AT A 71 Fa% a4t T £ 9)
o&L 39 v f1E W 7] B4 AA *Jﬁ}
NAOZRN AA A" W g BolEkS A 5= 9o
o, &2 {7180 AR SHTFEE 5t o 7A] 1FE
AA Fx 9 £&S F7H1Z 5 Aok 819 o (Summerfelt
et al. 1997; Krumins et al. 2001). 28 & AT w2
AL f718 AA B8-S Yot B2 Ao coD}
SS B ORP#Hol| WE A A& L] 5= JEH o2 Pt
A YebtA] ookt
Fig. 2= ¥4 99 ORP =30l WE FU49 FAAs
HEHE yetyolch. 2 A Adsiey FAFTE
11.0x10°CFU mL™'& UYehfgoy o2 Hast 5 24
#4E 023~2.13x10°CFU mL™' 2 80.6~97.9%2] AA&
< Yeido] o& AHE 5% uAE AA £ H‘%f&
Ao @ welth E3] ORP 380 mVelA] 0.23x 10°CFU mL™
£ 2o nAE 7 AT Hadte anE UEhl
™ 71 o]4e] ORP MM E W2 uiE =5 B q1
FEO gz FAFL AA s TojE] AHSE F Hl
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Fig. 3. Correlation between TRO and ORP by nonlinear regression
analysis.
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et al.(1999)°] WEH 5o Eol3l= Aﬂﬂ% AAsL7]
AL a4 9 TROFS 01 2 05mg L™ HEE 47
39S w Al AAELS 9% 99.9% o]l Aoz B
ustgon, olgt Al aE A= o agh wEATt
2 Hx %oﬂﬁ 620] WAt Aoz wrich T3t HYA
Alat 2t vpolgiof tigh AN E Ak DAt 7MY &
322l TRO &= A7tE 22 AR YHth £ Ao
HNE 92 ¥he A7HS 3802 AA3tA Oh er al. (1999)TF
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Table 2. Water qualities of ozone treated seawater in flow-through system of olive flounder (Paralichthys olivaceus) with different ORP values

ORP1 Ozone TRO2 COD3 SS4 Ammonia-N Nitrite-N
values (mgL™ (mgL™ (mgL™ (mgL™ (mgL™ (mgL™
Influent water 0.00 0.00 0.28+0.17 1.20+0.48 0.031£0.001 0.002£0.000
250° Rearing water 0.00 0.00 048+0.06 1.65+0.97 0.038£0.004 0.003£0.001
Effluent water 0.00 0.00 1.22+0.31 1.95+0.54 0.061+0.016 0.003£0.000
Influent water 0.00 0.02£0.03 0.24+0.26 1.89%+1.15 0.008 £0.008 0.005£0.005
300-400 Rearing water 0.00 0.00 0.98+0.53 1.90+0.41 0.026+0.031 0.005£0.004
Effluent water 0.00 0.00 095+0.27 2.50+£0.88 0.045+£0.047 0.005£0.003
Influent water 0.00 0.05£0.01 0.82+0.77 143£0.73 0.000 0.010£0.002
400-500 Rearing water 0.00 0.00 1424061 1.87+0.55 0.035+0.004 0.010+0.002
Effluent water 0.00 0.00 1.04+0.59 1.31+0.94 0.091£0.010 0.010£0.003
Influent water 0.01£0.01 0.07£0.01 0.53+0.14 1.93+0.30 0.001£0.001 0.011+0.002
500-600 Rearing water 0.00 0.00 1.39+0.11 1.75+0.83 0.061£0.069 0.012+0.002
Effluent water 0.00 0.00 2.12+043 225151 0.117+x0.010 0.013£0.002
Influent water 0.01£0.01 0.07£0.01 042+0.17 1.80+1.04 0.000 0.010£0.001
600-700 Rearing water 0.00 0.00 0.89+0.39 1.60+0.91 0.036+0.006 0.008 £0.003
Effluent water 0.00 0.00 1.21£0.13 1.70£0.60 0.062+0.023 0.008 £0.004

'Oxidation reduction potential; Total residual oxidant; *Chemical oxygen demand; 4Suspended solids; Value of natural seawater

O}, AbSot B E o A E HEEA Gokth TROE 22
o] FYH= ZE AFTFY FYUFolA HEEUSH, ORP
71&2 2 200~300 (A 3]4), 300~400, 400~500, 500~
600 2 600~700 mV MY 2zt 0.02, 0.05, 0.07, 0.07
mg L9 FEE BYou ARg49t HlEso e 225
U7 2 AEHA @8t 5 dRYoM Aas dix
F 4944 0031 mg L™ =21 ORP 400~500 mV
AT o] fFolA dRERe] AAEE A2 YE
Stk 18U COD, SS ¥ obdAM] Ha & Ao 2
gt AA&TL7E L3UTh(Table 2). TRO= 49 Aldt=
AESHE d] of $dt 4TS ST, e 24
S ASAEY 2B A i AR 2 AL 9 &
2= QIth(Kim et al. 1999; Reiser et al. 2011; Park et al. 2013).
gzt g o} (Oreochromis niloticus)E AFS3t= 34 €89
I Ao A TROZ 0.15mg L™ 7HA] A717F =B A AR 2
ArshAltoll falet ¥ ATHAL skl en, TROZF S0
Ue ZE AT, & o2& AYE deE 2AEe AEY
Tz 9] AAiBIA o] @& AP sHA E2 dfeE ARES A
o) AR} o] 2R == B 1%E 9tk (Schroeder ef
al. 2015). B3 FABES HAstaL A7FsHA ARSSHe
A3t TRO 5 EE= 0.1 mg L™ ]38t w2t sttt (Reiser
et al. 2010; Schroeder et al. 2010; Reiser et al. 2011). &}
£ A4 ORP 600mV ©o]sto] A TRO | &&= 0.07
mg L2 Ueh} Y80 @rjgozl obgze fzo2
[Ba=57e=)
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X
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Fig. 4. Bacteria number of effluent water of 230 g olive flounder
(Paralichtys olivaceus) culture tank in flow-through system
with different ORP values.

i

+E gz AR njAE2 HEE Fig. 49 AAISH
o} @& AFHA @2 342 ORP 250 mV e Hj&<]
% N#$E 7.16x10° CFU mL™' 019121, ORP 300~400
mVA 1.18x10°CFU mL™'2 °F 83%29] % N4 4
7b gl He4S YElE HEE 2 ORP 250 mV e
A 3.74% 10> CFU mL™'0] 2l 2 U}, ORP 300~400 mV ol Al
2.50% 10*CFU mL™'2 743193, ORP 400~500 mV o)A
L 0.08x10°CFU mL™'2 oF 97%7} 7433t d=g=
T 5 T Qe 13 2479 3$ ORP 250 mVe
A 4.32x10* CFU mL™'0] 921}, ORP 300~400 mV | A]
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Fig. 5. Changes of dissolved oxygen in rearing tank with and with-
out injected ozone (A: Before injected Os, B: After injected
03).

3.95%10°CFU mL™'2 7+43}% 21}, ORP 400~500 mV
A 0.03x10°CFU mL™' & oF 99%7} 7tastgitt.

FAFI} A= A AL E 8.0kg m )oA AR
o @&& Fstx §&AtrFe| WSS ZAISHY T (Fig.
5). 28 REANME Y4, AASe2 W 283 &g
o] g=AAES 7F7F 7394023 mg L, 7.68+047 mg L™
2 565+0.38 mg L& UERJQITE uhE, 0 2 XFoA s
SE2AATFS 7}7F 16464077 mg L, 14434073 mg L™
2 1506+042mg LS Yehf It 9 20| $3d F¢E
W AEste EAY w2A 9ol ASAITHEA 2E5H
OS2 3o Ax BAE AGFLEN 359 §E24L A
2 a8 MASHE Aoz 4EA 9o ™ (Summerfelt et al.
1997), & AgAM= 22 Hestd U &
SEAATo] 7 2.2v] H 268 FE FolAE AR Y
237

0F AR ARSI o Aol A= dHAS ¥
7Ft7] $lete] YTALRAHES AN Z3t o2 AHst
A e AAsee] ATARAAHEL 0.71£0.10%5 YE
yolon, o= Heldo] AZEAFHEL 0.57~0.77% 3
912 Ye9lch(Fig. 6). 22 23 ORP 300~500 mV ¥
Ao ARETE G X 9] UTARAFH o HIA T A-A 3
2 719S it 038 A et 284 ORP 500
mV o}4e] AgpeAEe A G2 RS
23 B9t} Park ef al. (2013)2 ZAESS Ao 2 ZFAH
2 kg 20g9] 2&& FYSIHA 45U7F ARSAE o E
I 2ot 0 F AT BF 98% o4 AEES O
o, A& Ao 2 ztol7t glE AR yehd, wr] Ayt
£ dAFeke #bo|7t 9l
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Natural
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Fig. 6. Changes of daily feed intake for olive flounder (Paralichtys
olivaceus) with different ORP values.

2ol Py BAB FYAY 4F FEL A

%= f7]%4] (organic aquaculture)o] 4jo] FFE I Q)
o o] HTF PAES NEHH o2 PAste] 2 95 ¢
7] el A HYAd nAEY & mil¢ A ¢
AHo R T 4 glojof Firt. FAYELY -2 FAYE
S At BE dA A ST 4 3, ASexY o
P39 1EE ARSES At A2y AdH AFE R
7] HEiAE GAE £F BYET ol A &
ddoz2 AT = Y= P = Y2 0 F835
t}. o]0 &2 FHAZ AS &g, WE vk &5, AL
B3 59 a1 ol thFet HH R g A= A 4t
9 Ago| AEE Qrt(Summerfelt ef al. 1997). & AF
oA & Hg e 5 vYEY 80% o= AATH

L Aoz A OY, CODY SSE fHEE 42 &7
E9] A3t a3H= 34 YehtA] 9kth Tango and Gagnon
(2003)2 &2 59 drYote}t vHgatA HH o=y
off Fa 7tA FHIZ Mo rHN pFoRRE dEY
obE ¥R AAL & vk sl o]yl YA = oE
Aol w4442 dEyol A ARS FAT 4 ¢
Ao, gy ot AbehEQl ofFAt A adte I
T St B o & A2 s ORPELe] F5ES Hl
59 ndE A28 0E AU 5 AUtk ek 2E9

3 A71EETE ARl &EE] 9
Ao A *Pﬂt‘}—g% dosle ALR o
. HUA oA=L A
25}7] Y= %JT_J ORPEZ 400mV &0 2
FAANAFE Aol AT Aor #oEy 25 A7]|H
A ARS S A A iR AEE AL e
stej 2t AztEh

HU
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H e

2 ATe 92 FAF AL U2 fdEe B nAdE
< antgoz ;S| Y% oE Ay 7|&E vpstn
A £ F4] BFAHAA oE FYUFE 03~30mg
0sL7'9) M9 2 F¢lalwA] 329 WhAZHS 7F & ORP
320~410 mVe A TROZ} 0.01+0.01 mg L™ 7} AZEYL
o, 600 mV} 700 mVol|A 0.07+0.02mg L9} 0.16+0.03
mg L™'7F A&H gtk 02 Ao mat FHFSE 80.6~
97.9%9] AAEE Uetdo] 2& AYE E3 vBE AA
a3H= B4 Uehgth 230 g XS 80kgm” UER
AL 300~400 mV AN SAEFE 7P B2
& B E3] 400~500 mVolA Vibrio spp.&t 18
A A AEEHA Fotrh. YR HEL 300~500
mVollA 0.7% o3& Yeto] djzel ARt 7
2317 ghob Hahgo] A2 Roz Yehgrh Yz FAFS
2 FY== B vAES 7959 ORP400 mV =24
AEHOE AAEE AR RAE I

Al Al
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