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This study investigated the effects of ozone-produced oxidants (OPO) on the growth, hematology, and histology of
olive flounder Paralichthys olivaceus (average weight 500 g), raised in an ozonated semi-recirculating aquaculture
system. The system was ozonated to maintained OPO concentrations of 0.004 (Control), 0.014 (OPO15), and 0.025
(OPO25) mg CL/L in culture tanks for 26 days. The specific growth rate, feed conversion ratio, and survival rate did
not significantly differ among the groups (P>0.05), while the daily feeding rate decreased OPO-dose-dependently
(P<0.05). OPO appeared to affect the gill, hepatopancreas, and kidney tissues of fish from ozonated tanks. Hemato-
logically, OPO affected some blood indices. The levels of chloride, glucose, glutamic oxaloacetic transaminase, and
glutamic pyruvic transaminase were significantly increased in the ozonated groups, while the total cholesterol and
cortisol decreased dose-dependently. These results imply that long-term exposure of olive flounder to an OPO con-
centration > 0.014 mg CL/L might result in damage to the gill, hepatopancreas, and kidney tissues and cause physi-
ological stress, albeit with no apparent short-term effects on growth or survival.
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Y X|(Paralichthys olivaceusy= -2 Ue} aj4to] &7 FA1AFY
of|A] 23k YA E AFAIBkAL §lo, FAE 2] 2] ¢F 60%7} A
AbEl = A FEAE Fa Akjlo & Ae] ol QItKOSIS,
2018). AFE GE3 Ak A5fa|ro] THgo] Folsto] 7}
A2 pAe] WHsh} ool g o, dHle] A4
= qefafo] ARSI} AlMTE T Golat SRR 5
© 2 Y= AR5kl 9JrkKim and Kang, 2011). 22 4
A7 g 02 F71eks A WAlCR siao] 47 371
stolc. 25 Astelso] 45419 S8} Ape] 271 5o

82 - An|9] F7IAA 4204 L A4 T (Park et al.,

2014a), AAetalig=2] A7F9 ¢S nupA] & 07|11 QJtk(Rohetal.,
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0] 27k Bhke A4 Sea ] 15-308H(NFRDI, 2016)
AL 7ote 2eolTA AT e v aY He Begor

g0 £4o] hsstel, edE el 4427} hsste] gk
I

onj, @ EL2 AH SO Qg A7HES A Arekk-g-at
ozone produced oxidants (OPO)&} 22 22} AHSHE52] <14
A Abslg-© 2 g 317} Uebdth(Haag and Hoigne, 1984). <=
StojapA g o] @ E0) 282 Hr] 3 B4 GYPA9s T4
02 &2 072 F7bskal ¢l o (Sharrer and Summmerfelt,
2007; Davidson et al., 2011), &=3to tA| AHlof| 2] A &5 =
3-7%=(Sedimentation, Foam fractionation, Biological filter)
TG A AR AP ER A A A Fol A E= AR B
1! ¥ 37 QIti(Krumins et al., 2001; Park et al., 2011, Schroeder
etal,, 2015). T 920 e v AR} vlo]2|2e] Abu
o] greslal(Liltved et al., 2006; Sharrer and Summerfelt,
2007; Jensen et al., 2011; Cobcroft and Battaglene, 2013), 2
23RHE 0 A7} Sl A 0= Bl B of QltK(Tango and
Gagnon, 2003; Schroeder et al., 2011; Wold et al., 2014). 719
of| = =5l Sl Al @& A2 A] HAE= OPO+= 540]
-9 ZFSRaL AHATE 5QF JRske] oFA A EONA et 9
S 0|X]&= Zlo 2 4#A Qlck(Paller and Heidinger, 1980; Oh
etal., 1999; Ritola et al., 2002; Reiser et al., 2011). w2tA] OF
A8 ol b WY ndES AW o 2] fad
U= TEo R W st AiH o2 A el thgt
QHA/ SH 7L B of e YT ERE A of F it OPO| T
g jAdo] Aolsto] AE i/ o] 8 37t ol e, 4
2 gt ol wheh 2L Bk} wj AU S 9 2ol 7} glo] ket -8
WS AR EetaL Stk @ES sgho]apA| 2 9] 423
2] A5 ot A oigoll AHsHA AR-RtthA A A4
ol B & 4 S Ao R ARREY, SH Y A A

=2 9] sfj4t o 7 FAI Ol QH A o 2 S-8-3F A7 -
Zlo] FAlofRlFo] Ao ool thet -2 7F AEstar Stk
weba 2 dAs eEo] A8E AYA QL Hegto BhA|AF]
(semi-RAS)o| A HAE A7I7F A8l A 4% antel 8
7] W AJEo) et IS 2Alsto] AA| HA A
Aol A8 7Ha3t A =5 AlAlskaLAL skl

e
l.n O:
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MEAIAE

A28 4310 TPA| AHLL2 Fig, 13 0] poly-propylene (PP)
YA SZ(0 4 mxH 1 m, 27), A4 AETZ (o 1.6
mxH2m, 17], 17 2-3 mm A E| 2% 8] = o] A & 0]§),
AZRE7](609mxH2.5m, 17]) D -4 Z(00.7mxH 1.2
m, )2 T4}, o7k 1% 22 A4 45 35 m)e)
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32, W $3he-2 U7 2434 0 82 7F7F A ST
QENAH R S

QFLS A4HbAl7)(Aqua 7L, Oxus, Gapyeong, Korea)ol| 4]
ARE £E 95%01d9 AeE ARE YA B
(OZN-100, Ozone Engineering, Incheon, Korea)ol| 5335}
of WAzl eH, Ak eEE Wi sgkeot AAE &)
7]1(SUS316, Ozone Engineering, Incheon, Korea)= -8-3|5}
Ak eEo] gaE WRedes Azl A Wi
shoo} ERE T AGER SUAFES Stk 02|25
& FY FEo 39 AR ARSEWO OPO 55 7]
zog 248} 4% OPO %= DPD (N,N-diethyl-p-
phenylenediamine) TAH-& ©]-8-5}oJ(CLX online residual
oxidant and chlorine monitor, 0-10 mg CL/L) Z745}3{ct
(Buchan et al., 2005). AR 2 2F] 245+ Ohetal.
(1999)%} Park et al. (2018)2] 232 211510 OPO S=7]
+2 2 0.004+0.005 mg CL/L (Control), 0.014£0.009 mg
CL/L (OPO15),0.025+0.010 mg CL/L (OPO25)7} =] =% &
A8 EHP<0.05). L& FU=FE A=Y OPO 55 90%
(Y7 9603]) o2 Z7gsto] e EHAY7]of vEgsto] s
Aottt

HRre +8 & Mg 24
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OPO F=7F |20 vl FFS A sl A9 &
2 Ao A2 A4(FCR=Dry feed intake/Fish weight gain),
U7 A=A F]S-(DFI=Dry feed intake X 100/[(initial wt.+final
wt.+dead fish wt.)2] X days fed, %/day), Y7HdA-E(SGR=
[(In total Wt_ -In total Wt, . )/days] x 100, %/day) 12| A3
Z-8(Survival rate=(final number/initial number) X 100, %)
= ARl E3 2 A9l & 201k 4 ID Chip (FDX-
B 12 mm implantable tag, TROVAN, North Ferriby, UK)&
Z} 7RAof] AFI814al, Reader (LID-560ISO Pocket Reader,
TROVAN, North Ferriby, UK)E 0]-&3}] 7§#)| 2] A7HAAE
(iSRG=[(Inindividaul Wt_ -Inindividual Wt . Ydays] > 100,
%/day )& AH=5HI T
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Table 1. Water environment for the experiment
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ol A AHPstAct AEH FH2 YA 3AZE FF S
a5 & AAE-2]7](MF 300, Hanil sci., Seoul, Korea, 3,000
pm, 10 min)E ©]-8-5}o] 4552 S (Serum)= 35
o} =% A o]8-31o]osmolality, sodium, potassium,
chloride, glucose, total protein, triglyceride, total cholesterol,
glutamic oxaloacetic transaminase (GOT), glutamic pyruvic
transaminase (GPT), cortisol2 =743} T}

SAXE

2 AFo]| tigt 21= mean+SDE YUERH I, SPSS
Ver. 16.0 22 13-& A3l One-way ANOVAZ =3 &,
P<0.05 <=5=°J|A] Duncan’s multiple range test® 2|42 H]
W 3}iT}. Correlation method= & X2 153 ARE-5}0] sim-

=

ple correlation analysisZ 7551321, Pearson correlation
coefficientE ©]-§-5to] OPO &5 ot EHd+7te] w
& 2As1gh

2 o

4% 51

OPO F=of w2 g 2] 2] 444 a3H= Table 20f UFEF SiTh.
A3l o] ARg3E H 2o A= OPO =250 w2} FCR, SGR,
iSGR, AE&2 FosHl Zol7F GIITHP>0.05). Lt
iSGR-2 P Z}o] 0.052% e} 0.1 Al 8420l A= OPO159]
X 0.82+0.55% 0.45+0.55%/day 2] 714 A7+ AAES 2ol
OPO25 Aol Hlgf] =9k vhH th 2-tek= 2o 7} ¢l et

Water temp. ('C) DO (mg/L) Salinity (psu) pH OPQO' (mg CL/L)
Control 24.0+1.2 8.9+1.2 31.640.2 7.310.3 0.004+0.005°
OPO152 20.0+2.1 8.4+1.0 31.5£04 7.2£0.5 0.014£0.009°
OP0O25° 22.5+0.5 7.8+1.0 31.2+0.6 7.310.4 0.025+0.010°

'OPO was measured with Residual Chlorine meter (CLX Online Residual Oxidant and Chlorine Monitor, USA). And Values in each row
with the different superscripts are significantly different (P<0.05). >0OPO concentration of 0.01420.009 mg C1/L or 0.036+0.025 mg Br/L.
*OPO concentration of 0.025+0.010 mg CL/L or 0.056+0.025 mg Br,/L. DO, Dissolved oxygen; OPO, Ozone produced oxidants.

Table 2. Growth performance of olive flounder Paralichthys olivaceus reared with 3 different OPO concentrations for 26 days

Experimental groups

Control OPO15 OPO25 P value
FCR - 2.06+0.06 1.79+0.29 2.95+2.26 0.686
DFI %I/day 0.8810.06° 1.0520.142 0.44+0.08° 0.021
SGR %/day 0.43+0.02 0.60+0.18 0.2910.20 0.201
iISGR %/day 0.77+0.38 0.82+0.55 0.45+0.55 0.052
Survival rate % 94.23+1.95 94.23+1.19 69.00+£17.00 0.150

Values in each row with the different superscripts are significantly different (P<0.05). FCR, Feed conversion ratio; DFI, Daily feed intake;
SGR, Specific growth rate; iSGR, Individual specific growth rate; OPO, Ozone produced oxidants.
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Fig. 2. Histological changes of the gill of olive flounder Paralichthys olivaceus depending on the ozone injection rates. A: Control. Showing
the gill lamellae (Gl). B: OPO15 group. H-E section showing the clubbed type of gill lamellae. C: OPO25 group. Note the hypertrophy and
the epithelial cell lifting of gill lamellae. OPO, Ozone produced oxidants.

Fig. 3. Histological changes of the liver of olive flounder Paralichthys olivaceus depending on the ozone injection rates. A: Control. Note the
hepatic cell (Hc), pancreas (P) and bile duct (Bd). B: OPO15 group. a little degeneration of hepatic cells and zymogen granules. C: OPO25
group. Note the degeneration of hepatic cells and the abnormal type of pancreas. OPO, Ozone produced oxidants.

Fig. 4. Histological changes of the kidney of olive flounder Paralichthys olivaceus depending on the ozone injection rates. A: Control. Note
normal glomerulus (Gl) and renal tubule (Rt). B: OPO15 group. Note a little activated melano-macrophagocytes and the hypertrophied
epithelia of renal tubules. D: OPO25 group. Section showing the deformation and degeneration of glomerulus and renal tubule.

Fig. 5 Blood analysis of olive flounder Paralichthys olivaceus reared at different OPO concentration. OPO, Ozone produced oxidants.

(P<0.1). =3} DFI%E OPO159] 4] 1.05+0.14%/day = OPO25 ERJIQIT}. of7fu), 7k Ak, AlRke] 2 A)8kA o] War) t 2o
BT} =9k T ) 2ok 2ol 7} §12ITHP<0.05). A= FHE ] 9FoFo L), OPOLS Al Tte] of7ta| 229] 3
=g x7|xEl0| H3} TA| ol A Y W $je] Fgo] w9 o, Ajgtho] Hlda}

o] 283} = et 18] 31 A7 Afjto] Thch FA] o] FgE|of
OPOY|| l=&% {29 8747|224 9] M3}E Fig. 2-40f Aleh 7L v Hof 919l @4 Bu) o] B3l =
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Fig. 5. Blood analysis of olive flounder Paralichthys olivaceus reared at different OPO concentration. OPO, Ozone produced oxidants;

GOT, Glutamic oxaloacetic transaminase; GPT, Glutamic pyruvic transaminase.

02 vehgton], A 2ol M A1ke] )7} of7k vifjsf
A A30TE OPO25 Aol A= Aol A28 &2t= o &
UM 27} 5715 2L AoHA| AR o] gl Zhofl A ' Al
30 E|3} AAfo] W SITh Al Aldtko] 4] vldiska

on, g

Az A o] §2kE Q) 23} v w3t OPO =

QEREES

= A= F8 7oA B ]l e E Al

LSS

OPO Fk=of mh& |2 =8 FAGRO| ¥3l+= Fig. 59 &
c} Pl & 5 el ol Al osmolality, sodium, potas-

sium= 9] 21Q1 ZFo]7} ATHP>0.05). 1ejut @ F &
THIE 7HAH EAHQ] So]2<l chlorider= th&-o) 4]
116.7+22.0 mM, OPO159]|4] 149.4+6.3 mM, OPO25°] 4
159.4+6.5 mM= OPO %= 0% 2] 0 2 271519 th(P<0.05).
oA A ZE A= total proteine 427 o]z} glglort
(P>0.05), total cholesterol> t)z+%, OPO15, OPO25°{| A Z+
7} 247.0+36.7,221.3+37.4, 184.4+33.4 mg/dL=Z OPO &
E=7F 57 A sk EH(P<0.05). glucose®] Z-¢-, T2,
OPO15, OPO259l|A] Z}2} 7.7+6.2, 11.3+4.3, 22.4+182
mg/dLE OPO %% ©|£4 0 2 27}519thP<0.05). 1oL,
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triglyceridel= thZLoll4] 203.2+82.3 mg/dL, OPO15]4]
148.5+34.6 mg/dL, OPO25 189.2+ 59.0 mg/dL= OPOI15
o A 7} WIth(P<0.05). GOTSE GPTE T =72} OPOI1S
oA Rel4el 2o]t G T2t OPO2SAHE 2tz
70.5+67.3 TU/LS} 1324142 IU/LSRE Fo8HA =9ttt
(P<0.05). 2EH 2 2| 321 cortisolS & |5k A7 o)
A 9129l o]/} LR tHP<0.05). thAT= 3.7 43.1 pg/
dL, OPO15%= 1.4+ 1.0 pg/dL 123 OPO25%= 2.3+ 1.7 pg/
dLZ Yehgon, 11 % OPO15oIA 7H W2 ke Bt
(P<0.05). OPO 5=} FH AJE710] =5 Uehd A=
Table. 3] LeF 21t} Pearson correlation coefficient?] 23}
ol 9J5}H osmolality, sodium, potassium, total protein, triglyc-
eride= A A o] ¢l o, vhH ol chloride, total cholesterol,
glucose, GOT, GPT Z12] 1! cortisol= OPO = ¢|&%el &
g0l 3= A= YEbgth

2 drolM e LEteiie 283 el LS o F

[e]
olrt. @23k AR Al 7] oF4)
(Br)o] £& ukgA o ozo] elax|7} of 29, OPO (
22 OHBro} 28 22 AVSHE A1 S A 20 2 A4 el eaf ] 2
RGBS A2 Q] A W AL} 7] 58 1|3k o] 2jt 3}
7ol K OPOE pAl4eo]) EAfal 4712, W nAyE, A4
ShEHE 53t vhoket 2.9l St vhSal i, SA|o] FAAIEe]
& )82 S o H 9l 28-S 11k (Von Gunten, 2003).

Table 3. The OPO concentration-dependent correlation of olive
flounder Paralichthys olivaceus blood indicators (n=75)

Standard Pearsc_)n Prob_abilli‘ty

Average deviation corre!a_tlon of signifi-
coefficient ~ cance
Osmolality 350.23 14.15 0.040 0.760
Sodium 183.36 8.03 0.101 0.394
Potassium 4.82 0.69 -0.113 0.400
Chloride 14220 22.65 0.792 0.000
Total protein 4.56 0.79 -0.126 0.286
Triglyceride 180.56 64.96 -0.119 0.345
Total cholesterol  216.32  43.60 -0.573 0.000
Glucose 1455 13.21 0.482 0.000
GOT 36.27 46.62 0.385 0.001
GPT 7.7 9.63 0.331 0.004
Cortisol 2.50 2.34 -0.281 0.028

OPO, Ozone produced oxidants; GOT, Glutamic oxaloacetic trans-
aminase; GPT, glutamic pyruvic transaminase.

olo} 72 B2tgo] ofsfo]  A7-9] 72| DFI= OPO 55
7F ol mheh -9 A o = Zrast it Lietal. (2015)0f &fst
H =gt A AT o A @8] Mgk PEFe ¥ European
seabass (Dicentrarchus labrax)+= DFI 2 FCRo] #3}% ¢ithal
3}, Park et al. (2018) 3t W% @ Zo] 2 X|(Para-
lichthys olivaceus)®] DFI7} Zr4dl o2 B¢ & Al
oA H]s=gt Z7ke] yEkt OPO 0.014 mg CL/LS A 5
Eo) A= DFI7F 57Fsk% 21, OPO 0.025 mg CL/LOA
A1 723819 cH(P<0.05). Park et al. (2018)2] Z3+ ORP 7]
F9 =2 400 mV o]Aro| A DFIZ} 74819l at, ©]& OPO 7o
2 3FAHY=0.0016X-4.1288E°X?+3.7356E7X3-0.1953, R*=
0.9971)31 2F 0.013 mg CL/LOJAF O 2 ¥ - Hr} whe 5
& |25 SRl A A4 7k A} Uebgeh B A7) 4
& 271(20-24°C) 2t o)A =71(380-452.8 g)7} H¥]2=3F Kim et
al. (2014) ©] A}l w2 W wkE DFLL- 0.9 %/day o] 27
DFI+= 0.74 %/day ©]t}. o] & & o1519] Ax}e} v]wshH Con-
trolZ} OPO159] A¥l= THE DFIQ} H]<=3}3 1 2% DFIE
th= =Skth ¥ OPO259] Axk= YHE: DFI 2} 274 DFI &
oF SA Yol 2 &G o] A= A& Hojxitt, 0] 9]0 A7
oA YR 501219l Zjol7h LA 9igkont, iSGR
9] OPO15o|A ooz A5t Aoz UEEtHP<0.1).
Goodetal. (20112 ORP250 mV 502 9295 2ot o
= RASO|| A 2] 7R 401(Oncorhynchus mykiss)2] SGRo| A+
So= Ao 2 Bl 514 0, Powell et al. (2015)2 ARG
Yjofl 4] OPO 0.017-0.037 mg CL/LE 32 &+ A}, Bl 5X(Psetta
maxima)©] WG, DFL, FCR 2.5 7|A5= Ao & vhepydc),
g5zl 9F0| 29U HUET 2 A7 22 el
W Agpzo) QETS ARENE AT 4 AL AoR
AR, 2 9170 B 2lo] HA4ze] Welm AR W 39l
X OYES BP0 ANE Uehf R, AR
Qb4 o] B2 tTet OPOISTHS] Aol gz e 2
21l o)zt oleh AEE0) 49, BE AR T4 214
Holi= LFEREA G15EO LHP0.05), OPO25|H 245
ae E8lelgitt. 710 §717 0PO % AL A1) nhe
B (Psetta maxima, L.)>- OPO 0.06 mg CL/L “12]31 ZH/d+5
(Acanthopagrus schlegelii}>- OPO 0.15 mg CL/Lofl 4] 174 4]
o] A=S B th(Reiser et al., 2011; Park et al., 2013). 12{L}
A A](Paralichthys olivaceus)s 422 3t Kim et al. (1999)
©] OPO ©@7]54] A3} w}2 3 0.047 mg CL/Lo| A& 2 744
7k 3A1Z o W ofl Mk HAFeEAAL, BEAE 0.013 mg CL/LOA] 96
A7t oA QYA A o7 AES)o] d | (Paralichthys olivaceus)
= THE oFol HIsto] OPO Wi/d o] W]t 2] oFgt 71 o = she
ok & A7) AAay) ghe e gehd 0.014 mg CL/L o]3}
oAl A9 Fark Sk el agle) 243t Bl
zA0] Aol A @.20| o] uiwd WeksA erdry.
of50] bz 715l SAOR HelHo] i thrE 4

2 o 2 o
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AR = o] lo] g Hstel RIZsHA vhg-5h (Lee et
al., 1997), Q552 GaFelztell ofgt st A d5 Aald
o] WE-2 i of7bu] 2 e feEe AR 257 9)
th(Paller and Heidinger, 1980; Fivelstad et al., 2003; Stiller et
al., 2015). OPO =%0f w2 ofr}u] 24 o] ¥z Avl(Fig. 2),
OPOe| =5 H JA 9] op7fu| Ao M| 37} =4 Tim 215310
w2 Bgo] v s glom, T A F7]5<0
Sht AHEQr o] UgstA o] Fo| R R A3kE AR {5
b= St} 58] ARAI29] o] 24% Tl Mgk 4ol
Z|5}al

Q

rr

—\Ir‘
o I”
=

>.
]

O 7 AlRE =, @5 Ao A xS0 Ao YAt
g5 2859 CO, 7kt HlAUE2] CI shifto]] A8
Fol o7 8=5|= chloride?} oA AUZE FU=]
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