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ABSTRACT

Marine pathogenic microorganisms, such as Streptococcus parauberis, Edwardsiella tarda and
Vibrio harveyi, are potential sources of death of fish farm in the jeju island. Therefore, efficient
disinfection of seawater has been required in the fish aquaculture. Ozone and germicidal ultraviolet
light irradiation are efficient and have gained acceptance as water treatment processes. However, these
methods are expensive and not suitable for large-scale treatment. Chlorination, not only the addition
of hypochlorite or chlorine dioxide but also electro chlorination, is the most commonly used method
of disinfection since it is a cost-effective approach for waste water treatment. Marine pathogenic
microorganisms are in activated by mixed oxide owing to denaturation of constituent proteins critical
to their integrity and/or function, and that this denaturation is caused primarily by covalent oxidative

modification of their tryptophan and tyrosine residues.

This study was conducted to investigate the disinfection effect of mixed oxide on fish pathogenic
bacteria (Streptococcus parauberis, Edwardsiella tarda and Vibrio harveyi) isolated from infected
olive flounder (Paralichthys olivaceus) in fish farm of jeju island. These bacteria were exposed to the
respective reaction times (0, 5, 10, 15, 20, 25 and 30 min) under conditions of concentration to Mixed
Oxidant(0.5, 1.0, 1.5 and 2.0 MO)and Sodium hypochlorite(0.5, 1.0, 1.5 and 2.0 ppm). The survival

ratios of all tested microorganisms decreased with treatment time.

The result of this study, effective concentration of MO is more sodium hypochlorite than increased
over time. So, MO is more effect than sodium hypochlorite of sterilized of influent seawater.
Streptococcus parauberis of gram positive was higher sensitivity than Vibrio harveyi and
Edwardsiella tarda of gram negative. It seems to be very reasonable way to maintain a constant

chlorite concentration of validity in electrolysis.
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Figure 2. Neighbor-joining tree based on 16S rDNA sequences, showing relationships between

Vibrio harveyi and member of the Vibrio sp. Number of the nodes are levels of bootstrap support

(%), based on neighbor-joining analyses of 5,000 resampled database.



S6

68

T

44

45

S5

)

100

32

ﬁ

63

73

100

ﬁ

32

100

100

ﬁ

95

90

|

S6

100

86

T

100

Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus

Streptococcus

canis (ATCC 43496)
pyogenes {(JCK 5674)
urinalis (2285-97)
ictaluri (707-05)

uberis (JCK 5709)
hongkongensis (HKU30)
iniae (ATCC 29178)

sp.

parauberis (DSK 6631)
didelphis (ATCC 700828)
porcinus (176)
pseudoporcinus (£§ 940-04)
dysgalactiae (ATCC 43078)
phocae (CCUG 35103)
phocae subsp.
agalactiae (JCK 5671)
sanguinis (JCKE 5708)

sanguinis (SKI)

oralis (CCUG 24891)
gallinaceus (CCUG 42692)

suis (ATCC 43765)

eguinus (MBRC 12553)
futetiensis (NEK 782)

loxodont isalivarius (NUK 6304)
saliviloxodontae (NUE 6306)

Figure 3. Neighbor-joining tree based on 16S rDNA sequences, showing relationships

between Streptococcus parauberis and member of the streptococcus sp. Number of the

nodes are levels of bootstrap support (%), based on neighbor-joining analyses of 5,000

resampled data base.

salmonis (C—4 16S)



{ Kdwardsiefla sp.
100 Hdwardsiella tarda (ATCC 15947)
Kdwardsiella piscicida (ETB83)

Hdwardsieffa ictafuri (ATCC 33202)
Hdwardsiella hoshinae (JCEI679)

Figure 4. Neighbor-joining tree based on 16S rDNA sequences, showing relationships
between Edwardsiella trada and member of the Edwaedsiella sp. Number of the nodes
are levels of bootstrap support (%), based on neighbor-joining analyses of 5,000

resampled data base.
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Table 1. Reduction effect of mixed oxidant (MO) according to addition of different

neutralizing agent, 1.5% NaCl, 2% sodium thiosulfate and PBS

Treated time (min)

Neutralizing
agent
0 5 10 15 20 25 30
1.5% NaCl  0.98 0.64 0.55 0.21 0.40 0.00 0.00
. .
2% Sodium 0.00 0.00 0.00 0.00 0.00 0.00
thiosulfate
PBS 2.00 2.00 2.00 1.98 1.95 1.94 1.91

10



Ao F3A| 2 AFEH Sodium thiosulfate®] vt Q&S B237] 93] ¥
harveyi 9.81+0.98 Log CFU/ml, E. tarda 9.97+0.88 Log CFU/ml 2 S. parauberis 9.87+0.91 Log

CFU/ml 7} Al A7tol] W& #45 213k A3= Fig 5o YeRH AT

——V harveyi -®-E.tarda —* S.Parauberis

p—
<>
Il

Sodium thiosulfate (log CFU/ml)
=]

0 5 10 15§ 20 25 30
Treated time (min)

Figure 5. Growth curves of V. harveyi, E.tarda and S. parauberiswith different exposure times of

tio sodiumsulfate each point represents the mean of optical density determinations. different

superscript letters (a, b, ¢) indicate significant difference between the values (P<0.05). Error

bars are omitted.
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V. harveyi= Sodium thiosulfate 37} 2 § 5, 10, 15, 20, 25 % 305t A0S o
13.13+0.53 Log CFU/ml, 11.3240.26 Log CFU/ml, 11.16+£0.65 Log CFU/ml, 10.86+£0.64 Log
CFU/ml, 9.65+0.51 Log CFU/ml, 12.65+0.68 Log CFU/ml £ 11.64+0.98 Log CFU/ml ©. & &<l
%] Sodium thiosulfate”} V. harveyi®] A3tsoll Gado] gl ASE AIHY, E tardat
Sodium thiosulfate %7} 2% 5, 10, 15, 20, 25 % 3059t AXeS w 12.13+0.76,
13.22+0.89 Log CFU/ml, 12.56£0.46 Log CFU/ml, 12.76+0.54 Log CFU/ml, 14.65£0.68 Log
CFU/ml, 13.15+0.98 Log CFU/ml % 13.34+0.78 Log CFU/mIS. 2 221 % o] Sodium thiosulfate
7V E. tarda®] sl G3Fe] fle ASR A S parauberisi= Sodium thiosulfate 7
7} A% 5,10, 15,20,25 2 30259 A X549 wf 11.13+0.23 Log CFU/ml, 12.22+0.93 Log
CFU/ml, 13.56+0.84 Log CFU/ml, 12.76+0.79 Log CFU/ml, 11.65+0.49 Log CFU/ml, 12.15+0.87
Log CFU/ml % 14.34+0.49 Log CFU/ml 2.2 #2150} Sodium thiosulfate”} S. parauberis®]

Ahtsel gEe] gl Aoz e thFig 5, P<0.05).
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3. ol dig A+ a3

oAz ¥ harveyi & FE H 32Nl 9.81+0.98 Log CFU/ml 5L %S 7}

A5 MO A#EIE 2AF AI= Fig 69 e

<opes 0.5 MO -®% 1.0 MO —&— 1.5 MO -® =2.0 MO

V. harveyi (log CFU/ml)

3.5 9

0 5 10 15 20 25 30
Treated time (min)

Figure 6. Growth curves of ¥V harveyi with different exposure times of MO. each point
represents the mean of optical density determinations. different superscript letters (a, b, c)

indicate significant difference between the values (P<0.05). Error bars are omitted.
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V. harveyi= 0.5 MO} 1.0 MO A 2] 2% 7.23+0.51 Log CFU/ml ¥ 7.15+0.23 Log CFU/ml
OS2 AR, 1.5 MO%F 2.0 MOT A ] A5 6.14+0.46 Log CFU/ml % 5.74+0.13 Log
CFUmIS. & FFAsto] 1o % 07 £ Aol WebRth T3k ¥ harveyiv= 0.5, 1.0, 1.5
2 2.0 MO°| 587+ AX] % 6.24+0.32 Log CFU/ml, 6.23+0.64 Log CFU/ml, 5.48+0.32 Log
CFU/ml % 5.74+0.56 Log CFU/mIS. & 7}23}o] 1.5 MO 2 2.0 MOol|A] foZo= =0
AbtElo]l vERg o™ 0.5, 1.0, 1.5 2 2.0 MO 1083+ AX] % 6212041 Log CFU/ml,
5.89+0.64 Log CFU/ml, 5.48+0.32 Log CFU/ml ¥ 4.98+0.21 Log CFU/mI. 2 7+43}o] 1.5 MO
2 2.0MOA Fe]Hom F& o]l YEer, 05, 1.0,1.5 2 2.0 MOl 15%7F &
A 6.12+0.23 Log CFU/ml, 5.74+0.33 Log CFU/ml, 4.89+0.31 Log CFU/ml % 4.46+0.78 Log
CFUmlS.= Zr4ske] 1.5 MO % 2.0 MOIA A om 2 AtEo] UEon, 05,
1.0, 1.5 2 2.0 MO 2087+ AX T 594+0.16 Log CFU/ml, 5.43+0.65 Log CFU/ml,
4.79+0.13 Log CFU/ml & 4.26+0.71 Log CFU/mIS. 2 7+43te] 1.5 MO 2 2.0 MO A 9]
Ao o agdo] VGO 0.5 1.0, 1.5 L 2.0 MO 25%7F A2 F 5.76+0.65 Log
CFU/ml, 5.13+0.89 Log CFU/ml, 4.56+0.12 Log CFU/ml % 4.13£0.23 Log CFU/mI2 7}4 3}
o] 1.5MO % 2.0 MOIA freAoz 71 w2 A Eo]l YERtem 05, 1.0, 1.5 2 2.0
MOe°l 303+ X 3 5.46+0.43 Log CFU/ml, 4.87+0.45 Log CFU/ml, 4.26+0.56 Log CFU/ml
2 3.87+0.46 Log CFU/MIC. 2 7FA3ke] 1.5MO 2 2.0 MO A ez o g 71 wo 2kt

g o] vl th(Fig. 6, P<0.05).
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Figure 7. Growth curves of E. tarda with different exposure times of MO. each point represents
the mean of optical density determinations. different superscript letters (a, b, c¢) indicate

significant difference between the values (P<0.05). Error bars are omitted.
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E. tarda’= 0.5 MO} 1.0 MO A 2] ¥ 7.1320.56 Log CFU/ml 2 6.28+0.13 Log CFU/ml.S.
2 frAsglal 1.5 MO%F 2.0 MO+ A2 #§ 5.87+0.45 Log CFU/ml % 5.71+0.49 Log
CFU/mI®. = E.farda’} 7HAeto] 19402 %8 dtsol Yesth %3, Etardas= 0.5,
1.0, 1.5 2 2.0 MOl 583+ Hx] 3 6.34+0.13 Log CFU/ml, 6.03+0.46 Log CFU/ml, 5.25+0.46
Log CFU/ml % 4.68+0.46 Log CFU/mMIC. 2 E. tarda?} 72=3}o] 0.5 MOO A f2ld o= 7}
w2 Atrgo] YElgker 0.5, 1.0, 1.5 2 2.0 MO 1083F A F 5.91+0.26 Log
CFU/ml, 5.82+0.17 Log CFU/ml, 5.14+0.54 Log CFU/ml % 4.52+0.71 Log CFU/mI. 2 7}+43}
o] 20 MONA FojAem 7HE 2 Aol e o™ 05,1.0,1.5 3 2.0 MOl 15+
b AR 3 5.42+0.23 Log CFU/m, 5.57+0.26 Log CFU/ml, 5.05+0.13 Log CFU/ml 2 4.35+0.23
Log CFU/mIS. 2 Zaste] 2.0 MOOA #odor 7Hd =2 Aatee] Ueston, 0.5,
1.0, 1.5 2 2.0 MO 2087+ AX T 531+£026 Log CFU/ml, 5.45+0.56 Log CFU/ml,
4.42+0.48 Log CFU/ml & 4.11£0.26 Log CFU/mMIS. & 7Z+43}e] 2.0 MOl A fold o= 714
o 2ol YyEhytoem 0.5, 1.0, 1.5 2 2.0 MO©l 25%7F AR ¥ 5.15+0.46 Log CFU/m,
5.13+0.45 Log CFU/ml, 4.26+0.21 Log CFU/ml ¥ 4.01£0.54 Log CFU/mI. 2 7}+43}o] 2.0 MO
NA Fe]Ho® TH e Aol YEReH 05, 1.0, 1.5 F 2.0 MO°ll 307t FXA
< 5.0240.23 Log CFU/ml, 4.83+0.67 Log CFU/ml, 4.16+0.23 Log CFU/ml ¥ 3.68+0.59 Log
CFUmMIC. 2 Z43le] 2.0 MOOA fFoHoer 714 =& Aol yerwth(Fig 7,

P<0.05).
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Figure 8. Growth curves of S. parauberis with different exposure times of MO. each point
represents the mean of optical density determinations. different superscript letters (a, b, c)

indicate significant difference between the values (p<0.05). Error bars are omitted.
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S. parauberisi= 0.5,1.0 2 1.5MO A 2] &% 6.54+0.16 Log CFU/ml, 5.5440.65 Log CFU/ml
2 6.13+0.31 Log CFU/mMIS. =2 S. parauberis7} 74438931, 2.0 MO A2 A% 2 561+0.78
Log CFUmMIC. 2 Fo A o8 £& Aol Wetstth. B3k S parauberis 0.5, 1.0, 1.5
2.0 MO°l| 5583+ AX] ¥ 6.47+0.56 Log CFU/ml, 5.94+0.53 Log CFU/ml, 5.69+0.13 Log CFU/ml
9 4.64+0.16 Log CFU/ml &2 7+23}e] 2.0 MOOIA Fold oz £ 2hEo] LElste
™ 0.5, 1.0, 1.5 2 2.0 MO°l| 1023t A=A ¥ 6.33+0.13 Log CFU/ml, 5.56+0.59 Log CFU/ml,
5.49+0.45 Log CFU/ml 2 4.13£0.26 Log CFU/ml ©. & ZFA3dto] 0.5 MOdIA] &2 o= 7}
2 e Argo] YEelgen 05, 1.0, 1.5 2 2.0 MOdl 15%3F HX ¥ 6.17+0.46 Log
CFU/ml, 5.14+0.21 Log CFU/ml, 5.05+0.65 Log CFU/ml % 3.86+0.34 Log CFU/ml ©.& Z}43&}
o] 20 MO°A FoAo®m #2 Atee] YEen 05,1.0,1.5 B 2.0 MOl 203+ 4
2] % 5.64+0.48 Log CFU/ml, 4.91+0.14 Log CFU/ml, 4.36£0.15 Log CFU/ml % 3.37+0.71 Log
CFU/ml &= 7HAdto] 2.0 MOOA oA ow 7Hd &2 Aol Uettom 0.5, 1.0,
1.5 2 2.0 MOl 25%-3F A % 534+0.17 Log CFU/ml, 4.76£0.16 Log CFU/ml, 4.16+0.32
Log CFU/ml % 3.46+0.23 Log CFU/mI®. & 7+23}e] 1.5 M0 % 2.0 MOOlA] fo]do g =
& At o] yEbgoer 0.5, 1.0, 1.5 2 2.0 MO 30%-7F A % 5.16+0.29 Log CFU/ml,
4.43£0.29 Log CFU/ml, 3.68+0.22 Log CFU/ml % 3.412£0.05 Log CFU/mIS. 2 7+43}o] 2.0 MO

oA Aoz 7H w2 e o] YERTHFig. 8, P<0.05).
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Figure 9. Growth curves of ¥ harveyi with different exposure times of sodium hypochlorite.
each point represents the mean of optical density determinations. different superscript letters (a,

b, ¢) indicate significant difference between the values (P<0.05). Error bars are omitted.
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V. harveyi= 0.5,1.0 2 1.5 ppm* 2] 23 7.51£0.23 Log CFU/ml, 7.34+0.78 Log CFU/ml
7.24+0.56 Log CFU/ml &2 7F23}91 31, 2.0 ppmi A 2] 21§ 7.21+0.35 Log CFU/mIS. 2
ol o7 o aytiso] YEGT W3k Vo harveyis= Ao AAMGESR 0.5, 1.0, 1.5 2 2.0

ppmell 587+ A2 F 6.98+0.13 Log CFU/ml, 6.33+0.77 Log CFU/ml, 6.09+0.46 Log CFU/ml

M

o
-

2 6.04+0.56 Log CFU/mIC 2 ZFAdte] Aol AAUER 2.0 ppmoll A F4 o=

Aol yelgon, Aold A EE 05, 1.0, 1.5 2 2.0 ppmel 1087 A X

o

6.78+0.68 Log CFU/ml, 5.98+0.46 Log CFU/ml, 5.64+0.78 Log CFU/ml 2 5.53+0.43 Log CFU/ml
O &2 Fhaete] Aol ANUESR 0.5 ppmoll A FolA o2 whe ArEo] UERt o, 2
olAAAYEF 0.5, 1.0, 1.5 2 2.0 ppmell 15%37F A X $ 5.97+0.87 Log CFU/ml, 5.53+0.35
Log CFU/ml, 5.13+0.96 Log CFU/ml 2 5.08+0.51 Log CFU/mIS. 2 7+43}e] 2ol A E
¥ 1.5 % 2.0 ppmoll A FoH o R F2 ArEo] YEgon, Xfold AAESR 0.5, 1.0,
1.5 2 2.0 ppmell 20%37F A X 5 574+0.69 Log CFU/ml, 5.21+0.51 Log CFU/ml, 5.06+0.65
Log CFU/ml ¥ 4.63+0.87 Log CFU/mIC. 2 7FA43}o] ApolA AL ES 1.5 2 2.0 ppmoll A
FoHog o Agdol yYeoew, 05 1. 0, 1.5 L 2.0 ppmol] 25E7 AA I
5.25+0.26 Log CFU/ml, 4.96+0.23 Log CFU/ml, 4.56+0.53 Log CFU/ml 2 4.46+0.34 Log CFU/ml
o7 Zrasle] ol AMNUEE 1.5 2 2.0 ppmollA] FolFH o7 2o Aol yEyt
©m,05, 1.0, 1.5 % 2.0 ppmel 307+ A X 2 5.08+0.48 Log CFU/ml, 4.81+0.46 Log CFU/ml,
4.49+0.26 Log CFU/ml % 4.43+0.51 Log CFU/mIS. 2 74 3}o] Zfold AAMGEF 2.0 ppmoll

A oA o e e o] UERRTH(Fig. 9, P<0.05).
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Figure 10. Growth curves of E. tarda with different exposure times of sodium hypochlirite. each
point represents the mean of optical density determinations. different superscript letters (a, b, ¢)

indicate significant difference between the values (P<0.05). Error bars are omitted.
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E. tarda’= AR ARAUEEF 05 1.0 2 15 ppmAd AF 7.63+0.68 Log CFU/m,
7.35+£0.23 Log CFU/ml % 7.17+0.71 Log CFU/mIS. 2 E. tarda= #4331 3L, 2.0 ppme A 2
21%- 6.7120.46 Log CFUMIS R E. tarda'™ 7HA43te] o)A o2 & Ahtso] YR
E3 E tarda= AFOFA AU EEF 0.5, 1.0, 1.5 2 2.0 ppmell 5E-7F A X 3 7.04+0.68 Log
CFU/ml, 6.73+0.46 Log CFU/ml, 6.41£0.45 Log CFU/ml 2 6.11£0.87 Log CFU/mI. 2 7}+43}
of ZpolANLMIEF 2.0 ppmol A FolHoR m2 At o] UElRt o, Apold ik
EF 05,1.0,1.5 % 2.0 ppmel 107 A A 2 6.91+0.56 Log CFU/ml, 6.52+0.51 Log CFU/ml,
6.04+0.56 Log CFU/ml 2 5.5240.77 Log CFU/mIC. & 7+43}o] 2fold AAUEF 1.5 2 2.0
ppmell Al fre Aoz w2 Aol yEgomn, AolPAAESR 0.5, 1.0, 1.5 H 20
ppmoll 1587 A X F 6.42+0.47 Log CFU/ml, 6.17+0.64 Log CFU/ml, 5.85+0.43 Log CFU/ml
2 535+0.65 Log CFU/mIC 2 ZFAdte] ol AAMGEF 2.0 ppmoll A Fodor &o
Aol yEelow Xpold AMUEER 05 1.0, 1.5 2 20 ppmol 20837+ A F
6.31£0.65 Log CFU/ml, 5.85+0.73 Log CFU/ml, 5.62+0.65 Log CFU/ml % 5. 1120.54 Log CFU/ml
07 Zasle] xoldAMNUER 1.5 2 2.0 ppmollA FolFH o7 2o Aol yEyt
ow, zFolALANGESR 0.5, 1.0, 1.5 2 2.0 ppmol 2557+ A 3 5.95+0.51 Log CFU/ml,
5.53+0.53 Log CFU/ml, 5.06+0.54 Log CFU/ml & 4.61+0.31 Log CFU/mIS. 2 7+43}o] xjo}<d

AAUER 2.0 ppmoll Al FrolF o R & AerES YERIoH, AolA A ESR 0.5,
1.0, 1.5 2 2.0 ppmoll 2583+ HA % 582+0.66 Log CFU/ml, 5.94+0.41 Log CFU/ml,
4.74+£0.71 Log CFU/ml % 4.38+0.55 Log CFU/ml &2 Z+Asle] xfolA ALY EF 2.0 ppm

oM FolHor w2 dd#o] YERt(Fig. 10, P<0.05).
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Figure 11. Growth curves of S. parauberis with different exposure times of sodium hypochlorite.
each point represents the mean of optical density determinations. different superscript letters (a,

b, ¢) indicate significant difference between the values (p<0.05). Error bars are omitted.
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S. parauberis= ZFotF AU EE 0.5, 1.0, 1.5 ppm 7] HF 7.58+0.65 Log CFU/ml,
7.24+0.56 Log CFU/ml 2 7.14+0.81 Log CFU/mIS. & 7F438} 3L, xFold 24 EH 2.0 ppm
2 A7 2% 4 6.61£0.77 Log CFUmMIS.Z S.parauberis?7t 7353t o4 o2 714 Ak
5ol YERTE B3k S parauberist Aot AMNUER 0.5, 1.0, 1.5 2 2.0 ppmol] 53E1F
A&  6.32£0.46 Log CFU/ml, 6.13+£0.46 Log CFU/ml, 6.09£0.51 Log CFU/ml % 5.94+0.65
Log CFUmMIS. 2 7+A43ke] Zfold A MIER 2.0 ppmoll A o d oz & Agrgo] LE
wow xpold AAMGER 0.5, 1.0, 1.5 2 2.0 ppmell 1027 B2 5 6.18+0.51 Log CFU/ml,
5.70+0.46 Log CFU/ml, 5.64+0.65 Log CFU/ml 2 5.53+0.41 Log CFU/mIS. 2 7+43}o] xjo}<d

AAUES 2.0 ppmel A oA o ® w2 o] yElsom, Aol A ESR 0.5,
1.0, 1.5 2 2.0 ppmoll 1583+ A % 6.01+0.52 Log CFU/ml, 5.41£0.53 Log CFU/ml,
5.13+0.66 Log CFU/ml % 4.88+0.52 Log CFU/mIS. 2 74 3to] Z}old AAMGEF 0.5 ppmoll
A oA ow e Agrdo] vEykon, Afold AU ER 0.5, 1.0, 1.5 2 2.0 ppmell 20
B2 A 5 5844023 Log CFU/ml, 5.01+0.46 Log CFU/ml, 4.76+0.74 Log CFU/ml %
4.53+0.67 Log CFU/mIS. % ZFAslo] xfold At EF 2.0 ppmoll A o4 o= 52 At
Ho] YJelon, pold AU EE 0.5 1.0, 1.5 2 2.0 ppmell 258-7F AX F 5.52+0.16
Log CFU/ml, 4.96+0.58 Log CFU/ml, 4.56+0.23 Log CFU/ml 2 4.36+0.53 Log CFU/mI®. 2 Z4
sto] Zpold AAMHER 1.5 H 2.0 ppmoll A oA o2 w8 AfEo] YEskow, Ao}
AL EF 05, 1.0, 1.5 2 2.0 ppm©l 30%3F A= F 5.44+0.78 Log CFU/ml, 4.81+0.78
Log CFU/ml, 4.49+0.33 Log CFU/ml 2 4.23+0.87 Log CFU/mMIS. 2 74 3}e] 2jold A E

F 2.0ppmol A oA o2 =2 Ahte o] YEETH(Fig. 11, P<0.05).

24



3. HAT A Al MO 2 XolFAAUEF AAFH sz

%/\

ct.

Residual Chlorine (ppm)

Aol MOZF V. harveyi A3 5 fFra-sxe WS Fig 123 o] YehA

——(05MO —# -1.0MO =4~ 15MO <-%-2.0MO

2 ¢
"-.‘. ........... +
b\ .‘
S .
*—--‘
N\
Y . - ) :
~» . N e
RN *
. o e *.......
05 | ‘\‘-‘\~fr- , .
% .'§1~-
_~'*
\ —— ¢ -

0 5 10 15 20 25 30
Time (min)

Figure 12. Effective chlorine concentration of ¥ harveyi with different exposure times of MO.

each point represents the mean of optical density determinations.
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0.5 MO= ¥ harveyidll 7} 213 023 MOL. 2 743t om, H7E 3 5,10, 15,20,25 2
30% A3 3RS ul 0.18, 0.15, 0.10, 0.08, 0.07 2 0.04 MOLSZ 743} 3L, 1.0 MOE= V.
harveyidll 7} 2% 090 MOL.2 ZAs o H7F £ 510, 15, 20,25 2 30+ 43 s
%S dl 0.79, 0.50, 0.45, 0.38, 0.28 = 0.19 MOL. & 743N oW, 1.5 MOS ¥ harveyioll 3
7} A% 129 MOS.2 ZHAason, 7 3 510, 15, 20, 25 2 30% A 3RS o
1.07, 0.85, 0.64, 0.49, 0.31 2 0.25 MOS.2 ZFA3}¢l o™, 2.0 MO ¥ harveyiol 7} 2%
138 MOC 2 ZA4std o, A7 3 5 10,15,20,25 2 30 43 39S w 1.22,0.93, 0.65,

0.40,0.31 2 02822 FA4dhs Aoz FE ATHFig. 12).
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Figure 13. Effective chlorine concentration of E. farda with different exposure times of MO.

each point represents the mean of optical density determinations.
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0.5 MOX E. tarda ©| 37} AF 025 MOS.® ZAasiom, A7 % 510, 15, 20, 25
2 308 A3 %S w 0.20, 0.11, 0.05, 0.05, 0.04 L 0.04 MO Z A& 11, 1.0 MOE
E.tarda o 7} 23 0.88 MOCZ 7HAsg o H7F 3 5 10, 15, 20, 25 2 30+ 43}
3RS wl 0.71, 0.62, 0.41, 0.32, 022 2 0.12 MO 2 #A3} AL, 1.5 MOE E. tarda © %
7} AF 125 MOS R 7Aoo H7E 5 510,15, 20,25 2 305 A3 95 o 091,
0.73, 0.46, 0.32, 0.30 % 0.23 MO 2 743} 3L, 2.0 MOE E. tarda ° 37} 23 1.42 MO
o7 rarstgion, H7F % 5,10, 15,20, 25 2 30% A3 39S w 1.13, 1.01, 0.86, 0.52,

027 ¥ 025MOC.& ZrAsl=E Aoz #EEATHFig 13).
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Figure 14. Effective chlorine concentration of S. parauberis with different exposure times of MO.

each point represents the mean of optical density determinations.
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0.5 MO= 8. parauberis®l 7} A% 039 MOCZ 7HAsd o, H7F & 5,10, 15, 20, 25
2 308 A3 &S w 0.32,0.21,0.16,0.15,0.07 2 0.06 MOLZ 743+ L, 1.0 MOE S,
parauberis® 7} 2% 096 MOS. 2 THAE o, H7F 2 510, 15, 20,25 2 30+ H3
3RS o 0.81, 0.76, 0.55, 0.42, 0.31 £ 0.29 MOS. 2 743l 1.5 MOE S. parauberisOl
A7F A% 143 MOL. &2 #HAastdom H7E 3 5, 10, 15, 20, 25 2 30 & Z 3 31302 of
1.21, 1.15, 0.59, 0.49, 0.40 2 0.31 MOS. = 7FA3}31 31, 2.0 MO+ S. parauberis®| 7} 2%
2.00 MOS. 2 Z+AskA] kom, H7F 5 5 10, 15,20, 25 2 30 & A3 39S Wl 1.65,

1.59,0.89, 0.69, 0.61 = 0.53 MOL. & Z+43l= Ao 2 5 AHFig 14).
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Figure 15. Effective chlorine concentration of V. harveyi with different exposure times of sodium

hypochlorite. each point represents the mean of optical density determinations.
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oA ARAYEF 0.5 ppm V. harveyi © F7F A% 0.35 ppmO = A o, M7t
55,10, 15, 20, 25 B 30% A e W 2ot AAUESRS 0.2, 0.17, 0.08, 0.06, 0.05
2 0.04 ppmo 2 A4S AL, 1.0 ppmS V. harveyi ol H7F 2F 0.60 ppm o= A5} S
H, A7 F 5,10, 15, 20, 25 B 307 ¥ sile Wl Aol AU EF 042, 033, 0.21,
0.11, 0.10 2 0.04 ppmo =2 743} 3L, 1.5 ppm V. harveyi ©| *Fo}@AAAMGEE 1.5 ppm
A7F A% 101 ppme & ZAsR om, H7F 3 5,10, 15, 20, 25 2 308 Fy} &9 w)
2Fotd ARG EFL 0.71,0.56, 0.54, 0.36,0.20 2 0.09 ppm O 2 Z+A3F 3L, ¥ harveyi ol 2F
o}AAAUGEF 2.0 ppm F7F AF 1.55 ppme 2 At o, H7F £ 5, 10, 15, 20, 25

s

92 308 43 skslS Wl 1.31, 1.11, 0.67, 0.59, 0.41 2 0.25 ppmo 2 FA4rdl= oz

i

= S th(Fig. 15).
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Figure 16. Effective chlorine concentration of E. tarda with different exposure times of sodium

hypochlorite. each point represents the mean of optical density determinations.
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LA ARAYEF 0.5 ppme E.tarda © FH7F A% 021 ppmo =2 AR oM, 7

]

55,10, 15, 20,25 B 30 A3 e o Ao LANUHEF S 0.13, 0.08, 0.07, 0.05, 0.05
2 0.03 ppmo 2 A4S L, zFolA ALY EF 1.0 ppm E.tarda ©| 37} A% 0.57 ppm
o= HAasgion, H7F F 5,10, 15, 20,25 2 30% A S W AolAARMUEFES
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Figure 17. Effective chlorine concentration of S. parauberis with different exposure times of

sodium hypochlorite. each point represents the mean of optical density determinations.
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Figure 18. Effective chlorine concentration of Seawater with different exposure times of

Chlorine. each point represents the mean of optical density determinations.
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