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Fig. 1. Schematic diagram of equipment used in ozone
toxicity test. AC: air compressor. AD: air dryer, AF:
activated carbon filter, EA: experimental aquarium. OG:
ozone generator, OR: ozone reactor, R: reservoir, P:
pump, SF: sand filter.
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Table 1. Water quality of each experimental aguarium during ozone toxicity test.

Item

Experimental aquarium

Control Exp-1 Exp-2 Exp-3 Exp-4
Temp. (°C) 20.11+0.2 20.1+0.2 20.11£0.2 20.1£0.2 20.1+0.2
Salinity (%o) 314103 314103 314103 314+03 31403
H 8.171£0.12 8.1210.14 8.14+0.09 8.05+0.13 7.9910.13
p (8.12~8.24) (8.05~8.20) (7.97~8.2hH (7.91~8.17) (7.86~8.12)
DO (mg O/1) 542+0.21 544 £0.19 5.72+0.32 5.97+0.29 6.021+0.19
COD (mg/l) 0.521£0.H 0.55+0.08 0.50 £0.12 0481+0.14 0.54+0.20
. 13221 241 1.7 334x+15 394119
TRO" (ppb) =0 (11.7~14.2) (228~257)  (31.0~346)  (375~421)
Osmolality (mOsmv/kg) 9473+74 9473174 9473474 9473174 947.3+74
"Total residual oxidants
Data expressed in mean * S. E. (range in parenthesis)
ok @3 FARASHEA HH F 7 oo & 1L
3 Hes EAE.
YT red blood cell count, RBC)= & OR

3 Aelg HEE HEF g4 A #H§ ok
Hayem's £ © & &4 A|# Thoma hemocyto-
meters AHE-3l] A8l Hemoglobin®(Hb)
£ cyanmethemoglobin ¥ 2= hematocrit(Het)=
23l 23 microhematocrit 'HEE 43
th ¥4 HREdsET AFUE5%71(0Osmomat-
030)2, glucose®} chloride ©1& &%+ TRACE
Bk ARS8t HHEA]7](Chiron Express
Plus)E A H3I5L, sodium o} &2 E3E 0.IN
Gt 10% LaChE SMAA A FEGEE
A (Shimadzu, AA6501)Z & 351 T}

Shan|

A7 & =E2H G v ES HA
Hog zAtsigct ddole MA7 o )
A AkAA8]E (weight-specific oxygen consum-
ption) Xfo}& Bt 7He A9 JAE &<t
AWsled TRO T & Eelst dE 7ol =32 #
O(Table 1), AAZHERE SF X (Fig.
28 ARl AR ZA ST AlPE
AFEX Y] Az 1 um YEZE 345 o)
T2 10/ ¥, FE =LA/ (World Clean
Co., Model Tico) 24 7zt Ag7¥E TRO Fx=°l
ZHIESE o2& Mt 3§ AFHe &
FAF b EPAE ST SFA AE
FE A3 APAAE 7H7 & vy BYs o
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Fig. 2. Apparatus for determination of the oxygen
consumption. DC: DO measuring chamber, DE: DO
meter electrode, PP: peristaltic pump, OR: ozonized-
water reservoir, RC: respiration chamber. TC, three-way
cock. TR: temperature regulator.

< peristaltic pump(Eyela RP-1000)& A}8-3}oq
o} 100 mVmin FFOE 3087 FrddaA AE
ol & SHAFTH Atadn] F4 FUole @8
FAE SEFAT FFAH AIE K% 150mV
min L2 HH £¥AFIHA DO meter(YSI 58
iEA] SEMAFEE 1587 2T, AR
gFel JEE Fol7] sl SE e F QbR
2% AR RE uAF a4H)E(ml Oyke,
wet wtrhry® ARESIGTH EA4o] B Aol of
A FAReR AFE AFsta, MEHY F71E
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AHA) 2 AAsI MFL AFSIATY Abhsn g
o EAA 2L 20.1102°C, AP YRE
31.2~-31.8%cIth BE 24 Azl gk #94
< ANOVA ¥49o2 AAsIY. Ao mean
+S.EE HABIAL.

=3[ty o

HHFLE 0, 13, 24, 33. 39 ppboll =FA170 A
oA 24, 48, 72, 96A 7 A FTol] Tapsr
ok A Esle], 2A8E AN ARE AR
Ak Aldole] oyl 10 EETR] 1A%
5, 12.5% EDTA-2Nadll 547+ ©3]5te] | Aol
ue} geeoh e AX geldos ¥ujch g
2 E5S vo|ARESR 4ume] FAZ 2
2}, Mayer®] hematoxylin®} eosin®. & A4S+ £
Fn|Ao e Basigct

@

2EXZ el +H

AETe] IF 2EBFEE HHFEL15-21
ppb HHE UERH] ¥lnA ez FAEHA
I, B RS AR dRTM e 3 oF
ol HEHA UTh(Table 1). AHF2) FAE =
AFek vF TRO FXxol 93 mX= CODe| A%-
HPFERE Fole g, §844E TRO ¥
7t e HAPFNM, pHe W AP Tolr] oF
T ES T AT AR 4RE sEE
Ha 947 mOsmv/kge] AT

BRI AHEE (LCsy)

TRO =HE 96Xk =& AR Yx]9] dlx]
AL FR(LCs)yE A& A= Fig 33 #th &
717 B 2T 2 13 ppb mEFe) YRS
100 %L, FHFLE 47 ppbollHe =& § A7)
ojlel] ZE A7 HASATE LCywS =EAIZ
o] ZAgtell ma} Gz} ol o} 72417 o] F
© 22.3~23.5ppb M4 7ol Hasl AFQ
EL =F 2700 AL BAo] & ZoR g
%ok TRO =% W 9] 484173t 96A1 7
LCs& 247} 26.49F 22.3 ppbolt}.
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Fig. 3. LC50 of the flounder exposed to residual oxidant
at 20C. Vertical bars show 5% confidence limit
interval.
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Fig. 4. Hematocrit, and hemoglobin concentration of the
flounder exposed to different concentrations of residual
oxidants at 20°C. Values are mean+S.E. Dashed area
represents normal range of 15 fish cultured in the
laboratory for 2 weeks.
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TRO 5% 33~39ppb =279 Hetes 1241740
s dz2Fd Hlsle s ERed
(P<0.01), 24 pptoll =38 HAFT Al7be]
ol wg} X4 oz Awshe 4TS KA 13
ppb ¥l Het AAIHSE tizest folgh 2}
ol7F fct. Y Hb S AR LS 39 ppbol
Me xE F 122470 AW G434 F7teke
200 780 7Y ERAINE o] F d¥ole EF A
ALl Er. 33ppb AHTEE =&:AIZko] 4877k
ol2ZH HUIAE R, 72A7ko] s 3§
RFd Fgo| Zishe AHE 2.

¥ 7 F£RBC, 10 celimm’)y Ant3 oz
Hetob fAFSH 388 HY A4 13 ppbel 24 ppbell
M AEE Fof ojr] HA| HEo] B AF
& Hl ¥, aEEoMe mFo| AEHSE
RBC S7Fd4o] 588t Table 2).

gxje] ¥ A} AFH s=E AR 2
#& HYFg 5). FA¥olel HFH sodiumH
chloride °]& ¥%v Zt7b 163-179 mEgNst 140-
157 mEg/l ¥ oy, #f 2EFE7 ¥ =F
o] AojArE ¥F Wald wxve dAA F7t
st L& =&d YA 8F 18IS
2 AEGSAJo] d@ = A7 333 39 ppbell
ME 1287H8 AFsle] 24478 ol Ao o
Ebdth. 24 ppbollAe 96417 =EF 9t sodiumt
chloride °©]& =& Y2k 4585, 13ppb =
Z23E 96A 7] AEhe FQF RS H fo
ztole AATHP > 0.05).

83 AFE F=v FAR7E 316~342 mOsm/

Table 2. Red blood cell count of the flounder exposed to
different concentrations of residual oxidants at 20°C.
Values are mean+S.E.

Red biood cell count (10" celVmm”)

TRO conc.
(ppb) 24-hr 48-hr 72-hr 96-hr
eXposure exposure exXposure exposure
0 335+24 347426 364127 344133
13 362141 32735 349130 358t24
24 346129 349+22 374134 416E31*
33 359+37 421 £29* 437136% ND**
39 404 £26* 44| 37%  ND** ND**

*P < 0.05 relative to mean value of control group with
respect to exposure time.
**ND : not determined.

kg HHHR oY TRO ¥&7F £, =&A7Y0] 7
gt ol #AMEA FrFelAThFig. 5). o7
M- ggol A&EHZ A AL A =g
Mol HEA Fre 460 mOsmkgS A3 6
a2, 33ppbell 72417 =&Y 471 mOsm/kg, ©
T x&A7lo] AstHA 2T HARIYC 13
ppb =EToM e FAA HAANA HEFSHRARE
zZ ole gle Aoz veRgT)

9, HA glucose FE(mg/100 mlS] A F <L
Hal= TROA =EAIY & HEFAAN xFo
4= TRO %7 875 F7FIIckFig.
6). Ao ¥F glucose FE YT 27~52 mg
oA, HF LFE 39ppbllHE =& F 1247
Aol 116 mg, 24A|7ko] AHsHEA 149 mgl =

270 ——

Plasma sodium (mEq/L)

Plasma chloride (mEg/L)

Osmolality (mOsm/kg)

Exposure time (hours)

Fig. 5. Blood electrolyte and osmolality of the flounder
exposed to different concentrations of residual ozone at
20C. Values are mean+S.E. Dashed area represents
normal range of 15 fish cultured in the laboratory for 2
weeks.
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Fig. 6. Changes in blood glucose of the flounder
exposed to different concentrations of residual ozone at
20°C. Values are mean+SE. Dashed area represents
normal range of 15 fish cultured in the laboratory for 2
weeks.

FE3ATt. 24 ppbell E2E AN E 2407
o] AU ¥F 1¥G FAdol dEAIFYE, 13
ppb =& F glucose T+ WERF H|&
o §-o3tA =UTHP < 0.05).

AbAAH|

TRO % 2 AFJA|7EE =27 A& 74
< Fx9 TROE FAANZ 3EF HAHFFl W
o] AtAAn|FE 24§ A= Table 300 el
Fel=

29| vlAlF AtAAH &S Ha 93.5ml O
kg-hr HLSG T, A48717F B2 Ao olste b
Adlgo] Azl ZA4sid oy TROY x2d 4

Table 3. Oxygen consumption rates of the flounder
exposed to different concentrations of residual oxidants
at 20°C. Values are mean+S.E.

Oxygen consumption (mi Oy/kg - hr)

24-hr 48-hr 72-hr 96-hr
exposure exposure exposure exposure

TRO conc.
(ppb)

0 107.8£6.3 95.1+75 876184 83.6%f6.2
13 101.3£58 112.6£8.3 964 £87 93.51£7.0
24 95.6+72 87.01+9.8 73.417.9*64.4£69*
33 784£53¥64.71£7.5%47.519.6* ND**
39 668 £8.1*41.51£64% ND** ND**

*P<0.05 relative to mean value of respective control
group with different exposure time
**ND : not determined.

o] Al g e FE5E 2ol& BT #
F2F 39ppboll 24A7F =& Al T AT
ol A& 22 ALANEE VEoT 38%
ZHAEA S, 33 ppboll 4841 2 AiElE 2%,
TN =Fe 46% 7HAEISTh 24 ppbolld &
E F 72A7R0] AUEA] Abhan]go] fofs)
A ol gL B2l v 13 ppboll =2
MAAM e 2ol Hlsled AkdAn]go] thh 7
htt,

ZANE H7

oprtme] AT Wih= AFLE TR =
FA|7l w2} dAs alolg Bk AFE 39
ppbell 24A17F, 33 ppboll ] 48417 =& F- HAMG
MA 9] ob7hnle F4EA3e] H¥A 23 @
317 HAE AT ATMESE o] oo gy
B At de)En, Ao Ede At Ag F
Fo] #AEYckFig. TB). 33 pphol 72417 =&
F AhgE e gyogRE o] AV EEe] ut
2l 48A17F Foll HARE A vsd Y2 #
FEAA T, A Ee] B3 ik 3o
of7tv] A¥e oft FAstA AATHFig. 7C). =
gk, 33ppboll 96417 =E & ME3PA A9
AolMe @A olriv] AuMEe] F4o] &
»H oz A AUTHFig. 7D). TRO 25 ppbell 96
A7 =2 AE e o] AR F4
o] BE MM Bo, 33 ppb kB HlE}
o AskA]= gsten, S48 At Ajuatele]
713 A Bl HAEACKFig. TE). 13 ppboll A
96717t =& E AE MAT A Ee mi$- ot
FAol Kol AR, R FAlsl &9
g3k sl kskrhFig. TF).

nl &

5 QTS S E 10 mgol ., 2571 Al
& F43] MAaR EExnke], 1995). &&
7F22 3 Boll tigt FAAEL] EANPME &%
g YA fAEER Alese HEAES 4
A, oA A= 2 S5 22 A A
olo] B HFL WErthHeath, 1995). Wede-
meyer et al(1979) - 10°CollA &F0| =&
A7l FA7E Foie] 48217k 96AI7 LCS ZHzt
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Fig. 7. Histological section of gills exposed to different concentrations of residual oxidant.

: Control fish exposed to ozone-free water ( X 200).

: Dead fish exposed to 33 ppb for 48 hours. The epithelial layer lifted away from the capillary bed with edema (dark
arrows) and necrosis (empty arrow) of the epithelial cells ( X400).

200).

: Survived fish exposed to 33 ppb for 96 hours. Severe hyperplasia of gill epithelium leading to fusion of lamella

(arrows), { X400).

: Survived fish exposed to 25 ppb for 96 hours. Gill lamella exhibit hyperplasia of epithelial cells (dark arrows) and
inter-lamella cells at the base of lamella (empty arrows), ( X400).
: Survived fish exposed to 13 ppb for 96 hours. Gill shows no significant changes ( X200},

10.29} 9.3 ppboll, XAHE FHEHA] ¥v Fre
8 ppb ©l3l7t € Zo2 BI3Ict Leynen er
al.(1998)2 & 27-32°CollA Cyprinus carpio.
Leuciscus idus, Clarias gariepinus *1°1 % Da-
phnia magna®l T8k 48A17F LCyS ¥ 35 ppb

A
B
C : Dead fish exposed to 33 ppb for 72 hours. Gill lamellar shows lamella fusion (Ify and severe epithelial lifting ( X
D
E
F

°o|3, D. magna®l ¥ NOEC(no observable
effects concentration)y= 11 pph2A1 FAJ Y Eol 1
e RS AEAL v e AL AF
AT 2 20°CelM F| =FAIZ] dAY
48~ 7k 964 7F LCSO: zhzh 26491 22.3 ppb,
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AAEAL & 2710 733 AEdle Ae=
e, 13.2 ppbollAie 96717 =Bt XA}
NAE #3 & & U & 489 23 gdx
o] TRO FAFsme FA7} Fojd H|3le w%te
H dXe 448 498 AYsiie &5l &
I, FgEol At tE ol vzl dAREETH
w20 &(Kikuchi er al, 1990) ZFLoF=o) gt
WAde] thd A veld HoE Azdr.

ol F7F @749 71 sl HEFse F
Ae oprimjolBg ARSTFo HR3e FAE
o8 daHom FEge ve AL opimE &
g Aok & AollA] R ofrbn] 232 TRO
TR} =FA o) wEt #AS Ajolg Bt 2
FRE =&¥ JAIA op7] HHAEFE B
AMEFNA HtA Brelsar, ob7in] s At
glo] AATE 33 ppbeliAie 964 1R ABES 7Y
A= A= ©l, |zt Al olrin] Adulo] 4
gt F44o] T o], o7& FF AbAFEol o
e Ao AlRHUSH, ol7in|e] &4b3t F4
o] Y ibhAw|ge] A9t YXE Age v
12581 Do = e 2 e P Bl A e A S B
2L doy|a = ME7} o FEEUL, o]
= AEERE o JAE vshs AoEM, I
&2 TROO &€ 7Hale] 5 #slida %
d wxe dAEHA F7ksk

£F 54 Eo] ofFe] g Al viHe /3
o2 e e B4 FEEH ¥F R4
EHWSPl &5 Aol A S48 =
P42 AHslstd B2y @I E hema-
tocrit(Het), hemoglobin FX=(Hb)} HE+
(RBC)& #43h=7t dPH(Alkindi er al., 1996;
Fletcher and White. 1985), chlorine % 2%}
e 74 Ak k=EE o] RollMe AHtEe
AFNEE Hol UthWedemeyer er al., 1979).
B 4¥9 Y& TRO 3%7F £3, A} ¥k
HeellA wZo] z4E4E FA He, Hb ¥k,
RBC, 8% d&d w9} 54 w5 7RI
th gzl AFLE FE F257F WA of
7ho] AR &44o] #HAZE AeR B wf(Fig.
7). F&S 28O o AY¥7 £ FUETH
=, &4 o7ir g 53 ¥F FEe] o ¥
(dehydration)ol] <13t FtH2 22 Het, Hb %
RBC Feol &7}l Zlo g FHdc), TF, &9

=EE ARe] AL Y7o ALY E Aar
F5°l okstetle= Ril(Kindya and Chan, 1976)
7F ot Eo] siFe Ay ol slehke
& B3l A4E 1<l HbE methemoglobin®
2 A7 7l dislixe dEiA AR e
Aupz o2 dolol abh A 9 Ak FEFS
EFrnle] AAaislest o nlEsies 8
F dRZER Fort Yt Athkv|Pge] F
7F Zloju}, ey ZF QI =2 YA
= AbdAmn] gAagEgo] AU ¥ Het, Hb
FX, RBC Z7h= g5l o8 9833 8+
AE7L FEHEOEA Ut #A4oE AR,
AbadH]go] Thadhs A ol7iv] AIME &
ol olal AkAFS FHo| Al AFde &
WyYe] shFeo] ol Axz Azbdrt.

3, &) AFolFe A2 #AEF sl
H|3) Agefo)7] wiFol of7in] YIMEE F3
o A E& s 8o olFe 4EE Al
FEE B3] A3t si4E A B3 @7

FE Yo dFe o AVAHEANM FTE
FE7)do wEgo e Had 2 4EFEE
A HY3HA FA 3 (Wood and Shuttleworth, 1995).
HE oF 31%2 AEsl42 sodium3} chloride ©]
9] B FEv zH; 5137 457 mEg/elA,
gz YHe zbzb 17290 154 mEg/I2A, Sim er
al.(1998)0] BHAIg ol Histe] o7k HUTh
Wa golda s AR wEE Hd 3349
947 mOsnvkgZEA] Eo& 7ol vls] oF 3m)
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Acute Toxicity of Ozone on Survival and Physiological
Conditions of Olive Flounder, Paralichthys olivaceus

Heung-Yun Kim, Myung-Jeo Oh and Sung-Ju Jung
Deparmment of Fish Pathology, Yosu National University, Yosu 550-749, Korea

Ozonization for rearing seawater in land-based culture system has recently been utilized for disinfec-
tion of pathogenic microorganisms and improvement of water quality. This study was conducted to
examine the effects of total residual oxidants (TRO) in ozone-treated seawater on survival, blood param-
eters, osmolality and oxygen consumption, and gill tissue of the flounder, Paralichthvs olivaceus. Exper-
iments were carried out with the starved flounder of 12~19 cm in total length at 20°C. The 48-hr and
96-hr L.Cs, for the flounder amounts to 26.4 ppb and 22.3 ppb. respectively. With increase of TRO con-
centration from 24 to 39 ppb, the values of hematocrit, hemoglobin concentration, red blood cell count
and osmolality of the flounder with respect to exposure time were significantly elevated. however, the
oxygen consumption rates decreased. In the case of the fish exposed to 13 ppb for 96 hrs. blood glucose
increased with an elapse of exposure time, while survival rate was 100%. Death apparently resulted by
massive destruction of gill lamellar epithelium, severe osmotic imbalance and the lack of oxygen uptake.
The results of this experiment indicated that to protect aquaculture organisms, the ozone-treated seawater
should not contain any residual oxidants, and that relatively long-term exposure to TRO of low concen-
tration can impact on survival and physiological conditions of the flounder.

Key words : Ozone toxicity, Flounder, LCs,, Hematological parameter, Osmolality, Gill epithelium, Oxy-
gen consumption
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