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Effects of Ozonized Seawater on Bacterial Population and Survival
of Cultured Flounders (Paralichthys olivaceus and Verasper moseri)

Shingo Iton, Mamoru Yosummizu, Oh MunG-Joo, Shinichi Hyuuca,
Kenichi WATANABE, Yutaka Havyakawa, and Yoshio Ezura

Abstract

The effects of ozonized seawater on bacterial population and survival of cultured Japanese
flounder (Pamlich[hys olivaceus) and barfin flounder (Verasper moseri) were investigated. The
number of viable bacteria was reduced in more than 99.9 % and Vibrio sp. could not be detected
after seawater was treated with total residual oxidants (TROs) of 0.5 or 1.0 mg/1, for 8.5
minutes. TROs showed toxicity for fish; barfin flounder died 16 and 2 hours at TROs of 0.1 and
0.5 mg/ 1, respectively. However, Japanese flounder could be cultured in ozonized seawater after
removed of the TROs by charcoal, showing similar survival rates as fish cultured in U. V.-treated

or non-treated seawater. Therefore, ozonization of seawater seem an effective methods for

)

disinfection of fish culture water.
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LIAT, WKICHSVEFEATH I ETHEE SN
% BrO; ®° BrO” 2 L DO%E A ¥ 5+ (TROs)
B HEEODH D Z L SHSN TS, TROs KD
0.01~0.04mg/ I DA, %54 (Pagrus major), 7
a7 ¥ A (Mylio macrocephalus), ¥ 5 A (Paralichthys
olivaceus) H\ZFHMDH B L VIHEY 1B L, —H,
Wedemeyer et al% 12 TROs i B % 0.003 mg/ [ LA F 42
L7256, RICHENRO LN D LikRTWAE,
F7o, FHBREBICL XA, EBRICEH YV U BRBEEY
LTV BBU5IC —#Ic 4V I X BB RIS
SEHOE D H B

FZT, SENIEEBREG IV U BEEERYREL
T, fAEREKE A UL T, TROs & %0.5
HBHVIZ1.0mg/1 & L7z E DMK P OME IS
LRBBFR L ZOROMEREDEILEHRN, BILHITH
FBUERDF Y BREEDEMEERET L7z RIS
TROs D=V #'7 (Verasper moseri) HEFIZXT§ 54
FUEFRI L7z, 3612, AV Y EREBKIGEATSZ
ETHEEEINIETF ¥ M EKRETLEBOTHELER
ERWIGAED TROs REMEB LA X5 M %
B L7zl RkERHVWCE I AEREE LB AOERD
L UPHRFICRITTHE L RBRET L, EEBRS~D
F VU BREEAOBEORMRELIT o,

MHEE LUHE

3V MBRBHBE R H L CHEBKORRE
Y LR CRRAOF R AEEE EREEER
2%k, 0ZSD-1000#) % FHFHZKIE KEHEL ¥ —, O
AHFE R EGRERREE B L OIiEEE B HE v
T A REEBERNICRE L, SEHEaEKE Y
LB, B L, TEMERM % E LT TROs 2 B3 L
LI AHLENEITY ATOEEREKE Lz, &8,
H AR I G R R T3, 19954ERE 104 V'Y
BEEBRA—A— N — OEMEEEE R,
TROs B 1 — 2358 L7 s Ak, +v
OB B & OV A K % A B L IR
L, ERBOMEICMRK L, o+ ik E LT
GBI VY R S oK %, SRR
HEAK L LCidd v B R IR, 1ETR B
SEHWAKEIRM L7, BB, 3 rPTE kR
MRHEBEHELCH A0 (Fig. 1), —ER%Es
BICE BEEHRESMEL 2,

SEBCIEE SRR O BB ET5 %
Herbst A T.#E K CL0R57 BRI 2 1 L, & ARE
B2 50.1 ml$°0 % HEKEREH AR 2 BUZBIK L

Source water
: Ultraviolet

Y Ao

.,Chacol

Aquarium

Ozone reactor

Fig. 1. Equipments for ozonization and U. V. treat-
ment of seawater.
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(Millipore HA) # H\WC100mli&8BL, 714V % —
% SA FERFHUCHE D AT TR L /2o IGMERALHE i
KOAERIE, EBHEK L FEICHAEKEZ0.1m 3
DO SAFHRICHEIKT 5 HEL0.45um 7 4 VY —%H
W50ml & %, 7 A4V Y —% SAERFARICEEY
fHF52HEEHH L7, £0%, £FHRE20CTT7H
HiEEEL, BREREBLIT 7 Vs —FEIZELa
U= —¥hbEREE RO,

HMEOTEES JUEEE mEAFREREB I
Ty — FICE U —EmERO a0 = — % B IS
#430EH L7, B, REARERA30a0=—
Wi WA T — 2 89 L7, Hikks
R To TR RERICOVWTIO=—DFIK, 7
TLGg, XV —-VYRER, H¥T—YHER WE
etn, EEIME, IV a— 20O®L - BE (OF) RER,
WBERY, Y7 F v 5fERE, DNASfERE, X5
fiEE, EEELRTHEN, BEY OBFEHEOM SR
ERIHEVGE L7,

HBAx 4> b (TROs) DY HTHAIIHT
285N HABEGREREEITHEROY
Y Ah TR AL, 0.5t KM TROs iFE %#90.1
mg/1 £490.5mg/ LIZFHRHE LB KERL, VAT
HAEESRTONEL, HHOFEER T, vV
HT DOMAKEIX27.7~48.2 g, KEIX11.6~13.9mm
THholz, B, HKOEEIIL.4~1.7TCTH-7,

EMRTAHF VAL bERRELABKERAV ES
XDERBRR HFHREKEMELYL Y Y — THEHES
WK% F B 71k, IEMEX %l S 70K
SRHLVERALER | ok B & VLB O 5K % 0.5 ¢ KA
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K 2HITEX, FYAKED16.3mm Dk 5 X DOHESM
T ZNEN2, 500505 K ICINA L, 29HMAH L
720 Kimid15~20C, HiAKEIZHLX101/min (Z7%
E L7 B, AV VREXO TROs L, 1.0
mg/l &L, 8.5 ML, SRV DA
S18136.4X10* 4W - sec/cm? & L7=,

REHTEHE e 7 X REE B Tld, FARERAIC
1okt 3HFEL, BiftEEA VB K, %4
WALERX, IFERIX %37z, FHaAE23.7Tum Dk
T ADHAEE2,000RTOINAEL, 9BHFAF L7,
KimiZ20C, MAKFEIZHXI0 !/ min I2BEL 7.
IV AR G I E R OK R v & — L[St
L L, BHVEBESEIZ1.0X10" 4 W -« sec/cm? IZERE
L7

wm R

EHREKEHEE T 2 — TOREAREBKDOFE
R EMERNOEL HFRIEKEREL Y 5 —OfH

HigK%Z TROs i#EEAS1.0mg/ L& B X ) AV 0 %
HEAL, 85BN LA L6.0X10" uW-
sec/cm? DERIVAETUEE L 723585 OB RHBAKOER
BEMBEROEAL M Lz, 19924F 6 A 4 H ~ R4
TH 2 HOERBOEAL% Table 1 1I/R L7z, EERE
LGRED 6 A 4 B TR 22 &3 B 0 E B BUIFHE B
K O FEAHL.7X10'CFU/ml, Y v LB %
DAEWBUZL.0X 10°CFU/ml Fifli, G EE% 04
B #133.6 X 10°CFU/ml, S5 0B H% 0 4 Bt
1.2X10'CFU/mI T Y, fBEHEKE LV V0BT
B EITE ) AR, 99.9% Ll A LT, LS
6 H11H, 18H, 25H, 7 A 2 BIZERELL7=4 v 4L
Bk OARE D B A L E L T99.9% UL LA
LTz —F, ZORORIMRMERHEK O EFHEIE
WEBHEK X V0% WA LT Wiz, kB, + Vv
BAEM R %8 S 72K O A H BT IEBHEK & (3
IZRREOAE B THE L1,

F7:, FPBEFOR#EDOEILE Fig. 2 IZ7R L7,

Table 1. Viable bacterial counts of non-treated, ozonized, charcoal treated and ultraviolet irradiated seawater in

Aomori Prefectural Aquaculture Center

Date in 1991
Water
Jun.4 Jun.11 Jun.18 Jun.25 Jul.2
Non-treated 1.7 X 10** 5.7 X 10° 3.1 X 10 4.3 X 10 6.1 X 10
Ozonized ** <1.0X 1072 2.4x10°" 3.5X 1072 4.4x107! 1.3 X 107!
Charcoal treated™ * * 3.6 X 107 8.6 X 10 4.7 X 10 2.4 X 10° 1.4 X 107
gy* = 1.2 X 10" 7.9 X 10° 1.4 X 10" 1.1 X 10 1.5 X 10"
* : CFU/ml
xx . Ozonization: 1.0mg/! TROs for 8.5 minutes.
*¥* ! Charcoal treated water: Seawater was ozonized and then treated with charcoal.
*®¥¥ 1 Ultraviolet irradiation, dose: 6.4 X 10* W + sec/cm?
4. June. 1991 11. June. 1991 2. July. 1991
100% N
& l:]: Gram positive
80% |- 2
L % D: Alteromonas
g 60% - % % : Flavobacterium
E 0% - % :Momxella
P
g % E: Pseudomonas
S 20%
° ) é m: Vibrio.
0%

Fig. 2. Change of bacterial flora in non-treated, ozonized, chacol treated and ultraviolet irradiated seawater

at Aomori Prefectural Aquaculture Center.
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I ST O il 1 AR 7T AR D74 %
5%, FOFIKIE, Pseudomonas J&, Moraxella J&,
Flavobacterium & B X U Alteromonas BHHE Td - 72,
HBIOBEOF Y VUBEIEKIHIE a0 =D 5
Ndpo e DIHEOBGE TE Lotz £V ¥
WP IIEE R % BB LK TIE S 7 ABRMED
93% % L ®, O W ¥ T3, Flavobacterium J&,
Moraxella J& 3 & U Pseudomonas B E A HETH -
T2o F70, UM AE T 7T ABRERITI% &
& &, Flavobacterium &, Pseudomonas I&, Moraxella
BHEERTH -7z, 6 A11HLUBEIZ A v ALF
Ko bHEA B S NS, TOERITT T A5
B & Flavobacterium J& TdH -7z, F " VLEGK D S
VE Vibriol® (3R S YT, ESMRMLBLIEK T Altero-
monas J&ME2HA L 72,

BEEIEME 5 X FEER S TDERE BiB@sK
NEEXR BEHHE e I A hEF RS COMHFE
FHEBiBKD TROs iFE#1.0mg/1 & L, 8.5% AL
L7 HA £ 6.0X10" pW + sec/cm? DERYMHR TRLER
L7 B R B2 % Table 2 1R L7z, EBRRMGH

Table 2. Viable bacterial counts of non-treated, ozo-
nized, and ultraviolet irradiated seawater in
Hirame Culture Center of Yoshioka Fisher-

men's Cooperative Association

Wat First d After After
ater 1rs
a 21 days 49 days

Non-treated  9.3X10%*  1.0Xx10% 6.3%x10"
Ozonized**  8.5X1072 - 3.8x107!
uv*** 5.0x10" 3.7x10" 3.2x10°

* I CFU/ml

* %k

: Ozonization: 1.0mg/! TROs for 8.5 minutes.
**% - Ultraviolet irradiation, dose: 1.0 X 10" zW -
sec/cm?.

O i) R I i K 0 A 52139, 3X10° CFU/ml, #+ Y
oOLERHE A O A 351E8.5X 102 CFU/ml, 4EA4HAL
PR O EIE5.0X 10" CFU/ml & & Y, FEERBA
190 B o4 W% b £73 H Ml i K T6.3X10°CFU/
mi, AV ALK T3.8X 107 CFU/m1, 4RAMHEL
PiGEAT3.2X10°CFU/mI T V), fHERHIEAHEKD
TR A ERIC X D 99.9% Dl b, SERAMERALER |
X 1094.6~99.4% WA L7z,

AAREAEGSERFEES TOREHRAEKD
BEDREMEEOTIE AARBREBERSERFE
BWZBWT, filFRHIEE#EK%ET TROs E24%0.5mg/!
EBRDEINTH VU ERFEAL, 85FMME L 22RO
EE R MEEO R L ZBIEE L 72, Table 3IZA LN
% & H12, 19944E 3 A22H IZHRIL L 72 K3k o A H 3K
V5T P BB K O A B 86051 .1} 10 CFU/ml, *
IR O AR BUE1.1X 107 CFU/mi, {1 % i
BEOAEHUZ6.8X10°CFU/ml L&Y, + V0
12ED, EWEI399.9% A L7z, 51 & & 19954F 3
A17H B X U4 HIZHRHLL 724 7 o U3 g K O A TR £
b Tl B A K O A B AT HN99.9 % DL i
PL Tz,

72, Fig. 31RLA &), MEMNEBIEKDOE
LT T AR AT8T.0% L FDOEKRERL,
Pseudomonas &, Alteromonas J&, Flavobacterium J& 35
L O Moraxella JBHE DS ERTH o 720 AV LHFE
DHHENL, 7T LBEHEEH68.2% &L EREKL, 7T
LFEMERIE31.8% THh - 1o WtkhOEBEIEZ T T L0
PEE OEIGAE HIZHIML T81.8% & %k o7z, T DRy
DT LEHRIT4 T Alteromonas BHHE TH - 72,
FD%, F ) AERE & A IR O FE U8 K
DRE#FIEHBPL T 7225, [HiEREBZOE% L 3
EHEL ) —EDEMIIED N Lo T, BB, 3
AOFEE I VB HEKD S Vibrio J& Al # (&
BihE N o7z,

Table 3. Viable bacterial counts of non-treated, ozonized, charcoal treated seawater in Akkeshi station of Japan

Fish-Culture Association

Date Non-treated Ozonized Reduction Charcoal treated
water (CFU/m1) water ™ (CFU/m1) rate (%) water ¥* (CFU/m1)
Mar. 22 (1994) 1.1 X 102*** .1x10 ! 99.9 6.8 X 10°
Mar. 17 (1995) 1.3 % 10% 2.5%10°% >99.9 1.7 X 10°
Mar. 24 (1995) 1.0 X 10° 2.3%x 1072 >99.9 1.0 X 10"

*  * Ozonization: 1.0mg/ I TROs for 8.5 minutes.

% %k

**¥ICFU/ml

: Charcoal treated water: Seawater was ozonized and then treated with charcoal.
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22. March. 1994

|
=

bacteria flora (%)

17. March. 1995

24. March. 1995 : Gram positive

: Achinetobacter

Alcaligenes

: Alteromonas

]
B
L]
: Cytophaga
7%

- Flavobacterium

w : Moraxella

100% ™ =
80% B b | 7
60% r
40% r
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E: Pseudomonas
1 1
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W B % E T

Fig. 3. Change of bacterial flora in non-treated, ozonized, and chacol treated seawater at Akkeshi station of

Japan Fish-Culture Association.

Table 4. Toxicity of TROs produced by ozonization of seawater to barfin flounder in Akkesi station of Japan

Fish-Culture Association

Contact time (hour)

Number of Treatment
experiment condition 0 0.5 1.0 1.5 2.0 16
TROs conc. (mg/1)* 0.12 ** - - - 0.065
I Ozonized 5/5%**  5/5 5/5 5/5 5/5 0/5
Control 5/5 5/5 5/5 5/5 5/5 5/5
TROs conc. (mg/1) 0.45 0.39 0.43 0.45 0.46 —
I Ozonized 5/5 5/5 5/5 5/5 0/5 —
Control 5/5 5/5 5/5 5/5 5/5 -
* . Total residual oxidants concentrations.
** ! Not determined.
*

FIUMBICEVER SN F L DT
HIHAICHTIHE F VU rxilkPICEATS
CEWEIVERLEFFVY Y b0y h TR
DB R AER % Table 4 1Z/R L 720 TROs i
A0 Img/ 1 &% B L) ICRE LK THE
L7z~ B THEAIZI6MEHZIC T RTRE L2, £
72, TROs iEFEN#0.5mg/1 &% B L HIZREL
HKTEHE L~y 7 AL 2 BFRHZICT XTI
L7,

EREKEEELL 2 —TOES ARABTRER 4V
TR L, MR R S EERMAK (FY s
WUERIX), SRAMRCRE L7z fMEF K (R
X), EAHOMEHiEK LX) 2HNT, b
7 A% 4 ABEE LG ORE, R, S8 Y,

** 1 Number of survival fishes/Number of tested fishes.

INA F < ADFER % Table 5127 L7z, * V2 ALBERIX
DFE IS HEKD 5 1E TROs MBS E, bI 2
DB (RARAETRR /R AR $<100) 1365.5%
£74.8% (F370.2%), FHRUBEX O D 1T
73.0% £80.5% (F3976.8%), MALBIX OAE Y 1%
66.5% £76.5% (CEH71.5%) L%-olz, 7z, H¥k
RECEEEZHT NS A ATRHEST L& F Y
WX T132046 g £ 2114 g (E12080 g), “E4MEALER
X Tlx1915g £ 2174g (F12045¢), HALHXTIE
1895¢g &£ 2045¢ (FFEH1970g) & 74 b, 3XMIZKE
RETEOON Lo Tz,

REAIEME 5 X hEFERMEE TOE T X FRAERER
TSI YRR L, EMER T A S 7 E K
CF Y VLX) & SRARALEE L 72 E Rk (844
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Table 5. Effects of ozonized and ultraviolet irradiated seawater on the growth of Japanese flounder at Aomori

Prefectural Aquaculture Center

Treatment condition Body length* (mm) Body weight* (g) Survival rate (%) Biomass ** (g)
Ozonization-1*** 50.3 1.25 65.5 2,046
S/ 48.9 1.13 74.8 2,114
UV irradiation-1**** 47.7 1.05 73.0 1,915
_g Ak 48.1 1.08 80.5 2,174
Control-1 48.6 1.14 66.5 1,895
-2 47.3 1.07 76.5 2,045
* . Average.
% %

. Survival fish number X Body weight.
. Ozonization: 1.0mg/! TROs for 8.5 min.

3k 3% %k

EET TS

: Ultraviolet irradiation, dose: 6.4 X10* #W - sec/cm’.

Table 6. Effects of ozonized and ultraviolet irradiated seawater on Japanese flounder at Hirame Culture Center of

Yoshioka Fishermen’s Cooperative Association

Treatment condition

Average body length (mm) ™

Survival rate (%)

First day After 49 days
Ozonization ** 23.7 74.4 71.8
UV irradiation*** 23.7 71.9 71.5
Control 23.7 71.0 67.4

* . Average from 100 fish.

% %k

**% . Ultraviolet irradiation, dose: 1.0X 10" zW * sec/cm®.

ML), BUHOFFEHIEK (BLHEX) Tt
AufBEL, FE - FHEELTMELMRE
Table 6 IZ/RL72e TOHAED, 4V VLHEX DMK
A 5H1d TROs 3 S ¥, ®EARE D I371.8%, %
SRRALER X DA D 1371.5%, WALBEXO%KE Y IE
67.4% 7%V, 3XMICIZEALEIIBRDSN LD
72

£ =

Y F TICERE L AL TOREREME R
ANADK T I L BREB L ORE LR ICD
WTHET LT &7, £ 2 CTHENIERICHEKE AV~
WER L 7ZBED AR B 5 ICHEEO L 2B L
72o F72, TROs ¥ L CTHMEEZIRT I LM S
NTWBELD, TV VIBEROFF LYY M2 &
KTy I IHAREFET L, AEEORELBEL
Too FLTC, VIR 228E R ik % iR %
BL, A ¥x U b eBRELEKRERHY, ET7 20
FBERB LT, FERETY RLHEB X ORI

. Ozone treatment conditions: 1.0 mg/ ! TROs for 8.5 min.

KR TORER & ERE L7,

HREKENEL Y —, REEe 7 2 hEHE
Bk B & O H ABR M ERXERFESNICRE L
TeA VU EEKETRESE LAV VY ERCTHER
Rl KERE LA, 3FHEREDITHV ML
HIROEREIT, ROUHEEKIZH~<9.9% L @A L
77

F7, AV UAMREZOREL, 77 LEEROE
AL, 79I ABME TIE Pseudomonas J&FH B A%
KEEIZRA L, Vibrio BRI IHE I N o7,
LA L, EthREa%OMZIIHERE KRS (EHL,
- EDBEMDFED SN o Tz, T AURTEMRA KL
DB DB L TW A FeENE X b, SH%K
HTHLEND 5B,

EZAT, VUMK EZIIF Y BEREKD S
B 2 BMLERE SN, KRR E ML
#Y\kpk<¥ A, yu¥{Cit TROs i %
0.03mg/1& L 7235545045, 0.04 mg/1 TiE105-R D
BRMTHTTLIEPHEIN TS, ZOflicd,
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IR, JaAXYFTHEI, TAUIIOWTHFFL Y
VMCEABEIHRESIN TS, T /2, Wedemeyer
et al. VIZBBEA VLT E B =Y A D LCs $%0.008
mg/1 THY, AOFHEFIZIZ0.003mg/ I LLTF & T 54
EXRHLHELTVE, KF|TIE, vV 7HAZHN
TAHF V¥ MCEBHEERITLI2E 2 A, TROs
mE0.1mg/l & RE Ltivﬁ/\, lﬁﬂ?ff"if& z, ¥7
TROs i #0.5mg/1 & L7-¥A12id 2 Bz ftak
L72FRToO< Y 7 THAD ﬁtt Lto

FIT, AV BOMK G AE L
TROs 2 L7, AOMEFEREKE LTHERAL,
BHEANOBE LRI L7 25, HFHEKERGE
F—IlBITAL T AOERKREE, FVVUEKXO 1K
WCELRBA L7200, FRKEOFHETIIRE
L, NAF YA (ERREXMAMKRE) CTHELTD
FEAEEITDON LD o7, BENERE I 2
FIERGERICBWTORBRICE T 3T 28852 KR
FL7eH, TORELHEREIBEINT, AV
AR AERNIC & A BB IR S W e o 72, ULk
DOFERB L OHEREME T 54V ORER)
F1D A % LC TROs #BE%0.5mg/1 & L, 8.5
SEOMBEIT Y, HEEHRICIDVAF T N EBRE
ThE, FFHKE L TOFHPTRETH S &I
OB TR FTOBEREMELRETE S L 8D
5,

L )

HKROF I X BB KOKRREFRE L T 2
(Paralichthys olivaceus) & <7 %17 ( Verasper moseri)
DHEFFIRIZTHBIIOWTHRE L, MEKEZIK
MA*v 5+ (TROs) REH0.5L1.0mg/1 & %
B EHICEREL, 8.5 MM L 2L 2 AWK DA
B0399.9% UL B L, Vibrio BB S 1L ie
{lpotze £72, FAFKMEH D TROs iEEZ0.1£0.5
mg/lLIZREL, YA THAREBELILLIA, £
NENI6REH R B X U 2 BRI L 722 k075t
T L7, YV eigK e G RAEEL, EfRL:

TROs % L7-ilEK TR I X 2 fF LI2G4a, %4
ALK B X MK ER L 1T L A EEITRR
DoNGhol, PEORRS X UBEHR O SR EHM
BT 24 Y ORBHERIOHEEL T, +V VR
HIIHIHFE KO AEREMAEWOREICEN 2 HETH
LBbhs,

X ®
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