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SUMMARY

I. Title

" Study on establishment of effective methods of disinfectants using on

prevention of epidemics in aquaculture system”

II. Objectives

The present project was performed to establish and suggest efficient
disinfection methods through the investigation of usage conditions for ten

species of commercial disinfectants for aquaculture.

III. Contents and Scope

We selected ten species, or hydrogen peroxide, sodium hypochlorite,
stabilized chlorine (IV) oxide, iodophor, formaldehyde, glutaraldehyde,
quaternary ammonium compounds (two species), orthodichlorobenzene and
copper sulfate among commercial disinfectants used frequently in aquaculture
farm as subjects for the present project and investigated both their efficacies
on a varlety of fish pathogens and application methods for prevention of

epidemics.



1. The conditions for effective disinfection of fish pathogens

1) The determination of concentration and exposure time of disinfectants
2) Decision methods of disinfection on fish pathogens

3) The effects of disinfectants according to water quality

4) The toxicity of disinfectants for fish-derived cell lines

5) The ichthyotoxicity of disinfectants for flounder, black rock fish

and sea breams

2. The effective methods of disinfection for both aquaculture farms and user

1) Decision methods of disinfection on fish pathogens in water

2) The determination of disinfectant effects on both tank and utensils for
prevention of horizontal transmission.

3) The evaluation for both a term of validity and stability for storage of

disinfectants

IV. Results

1. Ten species of commercial disinfectants were investigated for their
disinfectant effects both vs. concentration and, vs. exposure time using seven
species of major fish pathogenic bacteria and viruses of marine aquaculture.
Based on the results, effective both concentration and exposure time of each

disinfectant was determined.



2. The decision method of disinfectant effect was examined by three different

methods and suggested.

3. The toxicity of all ten sepecies of disinfectants was evaluated for a
representative fish—derived cell-line, CHSE-214. Based on results, the toxic

concentration of each disinfectant was determined.

4. The ichthyotoxicities of all ten species of disinfectants were evaluated for
three kinds of fish, or flounder, black rock fish and black sea bream. Based
on the results, each LDsy with 24 hr exposure was determined and effective

safety ranges of dose were suggested.

5. The conditions of organic matters in two kinds of water, or breeding
water and filtered seawater were measured as both SS and COD. The effect
of disinfectants in each kind of water was examined and ones with high

efficacy were selected.

6. Based on the results of both efficacies and toxicities, the effective
disinfectants were selected. Their storage stabilities were evaluated by

quantification of effective ingredient of each disinfectant.

7. The prevention effects of selected disinfectants on the aquaculture farm
were evaluated by measuring the disinfectant effects on utensils which may

play roles as transmission-routes.



V. Plans of practical use

1. Standards of disinfectants usages in the aquaculture farm

2. Education materials for users in the aquaculture farm

3. The prevention of epidemics for fish diseases

4. The publicity of safety of cultured fishes as food

5. Uses as methods of hygienic controls of both pathogens and farm for

quality control of aquaculture products
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|

Z] o
S|

e

2l
22X 9 Staphylococcus sp., streptococcus sp.oll THgE A5 A 2

Nfo
DS
o

‘mo
nE

o
N

H

U=

ofy

B

ﬁo

1l

BHIA (brain heart infusion agar.

H7}e

1% NaClo]

SRR

I

sho] 1AIZF &<k 23 TollA

Difco)u] Aol 100 w0 =7

1 107, 102 5x107% 1027 94 s=d=z

o] &3

Jolo® 3slo] PBSE

= o
= T

25 A

tz=e 10

s
)
BV

ojn

o
T
o

B
wK

Hj

shal 23 Toll A 244

3l theER AT

1

_1!

il

o]S Axtoll A e uls} o] A =49 AA )

Aoz vEor} 1 9 o

ki3

=
(¢}

7}

TR L A Xt

o)A, kol A o]

3}
ol

™

E AA=

ol
N
)
J_'NO
B
=

;On#

pa—

0
NG

~

il

ToR

)

o
ol
%0
B

=
jod

_31_



_32_



=

3. 25 Al S A nE AW v A3}

2EA A gt 2549 FA4FA A (cm)
FE o Streptococcus  Staphylococcus
=5 Vibrio sp. Edward tarda
(ppm) Sp. Sp.
ao 4.2 4.8 6.6 4.6
FakskE2 | 10000 1.6 0.8 . .
A AN 5000 . .
IOOO . . . o
ol 1.6 14 14 14
2424 | 10000 . . . .
A AN 5000
IOOO . . . .
ol A4 3} 4 3.0 3.2 . 0.8
_ 10000 . . . .
o] hksh4d 4 5000
A A 1000 . . . .
4o 0.8 0.6 0.8 0.6
1= 22= 110000 . . . .
A AN 5000
IOOO . . . o
= 2 6.8 72 6.3 72
e 10000 3.0 2.4 2.6 2.0
5000 1.2 0.8 . .
Al A 1000 1.0 - : -
s=gez | 99 18 12 0.6 0.8
; 10000 . . . .
dskel= | 5000
A A 1000 . . . .
4o 1.6 14 3.2 3.0
49 4EF Y | 10000 . 0.8 2.2 2.2
2akA A | 5000 - - 18 16
1000 . . 1.0 1.0
ol 1.2 1.2 1.2 1.0
TEEED | 1000 . . . .
oA A A B 500
100 . . . .
o= BE 12 14 18 18
10000 1.0 1.0 14 14
HEz=ud 5000 . 0.8 1.2 1.2
AA 1000 - - 12 1.0
4o 1.66 1.3 1.22 1
s | 10000 : : : :
°v 5000
1000
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o aBAAEe e ZRPde A% FRUALYE 9B

smale] o) WA F AREA} Be AR el w Aol

7 JAeEAE LolH ] f3 Agow Vibrio sp., Edwardsiella tarda
Staphylococcus sp., Streptococcus sp. 24212 dEgHS ¥ 10zl PBSE 9]
f3to] A 2o A=A 111E 38, 208, 6027 ¥He A7l & ursS W E

7] 918 T8 A= 1 % NaCle] #7+e BHIB (brain heart infusion broth. Difco)
A E 9o WgE 1= JREAI 7

Alxtel Amoi s @A fdte AT WEES 1 % NaCle] #7bd
BHIA (brain heart infusion agar. Difco)®] Aol 100 pe® Z=23&}o] 241 7Fs<k
23 Coll A 24A13F wj st & 247k Ae] sikeof 3f
ool Z7]dtgel Uit A FAES Aststel 1o g3E #AgEATh 1
E|

W5 £ 4eA 3 130 e S

o A 2EAle FHLAF U 25ENE FTrUsesgosn

oAl AEf] AlTE FAE dHo R FHEske] 25 50, 100, 200, 400, 800, 1600

g
w
&
S
S
e,
g
3
o
frt

0 B 607F BHE A Z S wl HB Yo o=, A
25 % 1600 ppmel e oAl 207t
A Al 99.9 % ol AdEAE UEtla, Y FsddA 60 A Aol 4
]

ol tid Aletol 99.99 % ol At
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% 4 st ATAA Al wE o FH M At gy}
Al A=Ae] A2l s E(ppm)
25 50 100 200 400 800 1600 3200
20min <90 <90 <90 <90 90 99 99.99 >99.999
Vibrio sp.

60min <90 <90 <90 90 99 99.9 >99.999 >99.999

20min <90 <90 <90 <90 90 99  >99,999 >99.999
FEdwardsiella tarda

60min <90 <90 <90 90 99 99.9 >99.999 >99.999

20min <90 <90 <90 <90 <90 90 999 >99.999
Streptococcus sp.

60min <90 <90 <90 <90 <90 90 99.99 >99.999

20min <90 <90 <90 <90 <90 90 999  99.999
Staphylococcus sp.

60min <90 <90 <90 <90 <90 99 99.99 >99.999
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2) Aot AL AAY A, & A& sodium hypochlorite solution
available chlorine©] 11.5 % 3Hfr¥olxl Aejo] Al#& A& dHor HES
of 25, 50, 100, 200, 400, 800, 1600 % 3200ppmo.= 20+ 2 607+ ¥H3 Al FH S
m HlE eyt o=t AdEe AelEk 400 ppm °ld FElA 20+
o] o] AelxzeoA 99.9 % o]l A &a9E YefUdloy, dd e AR
20% A8 A= 800 ppm, 60F A A= 400 ppme] A7 FEA 99.99 %ol 4t
T8s B, =TT B e Al TR ol Hlste] Aol %
St AE RASH, E=ATTE 9999 % o]de] S fEA = 1600
ppm °]4e] Al AR AHE FE 7ol 8FHAAE AIE YERYIATH

Al 89 400, 800 ¥ 1600 ppme] =7 & A

il
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m
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el
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2 176 ppme T o= 4
A&l SFHAANE a8 AHY F

guso ek SAw o = WAL BB o] WS FAT FE 2AORA

FTHY ATE F3] 99999 % o] AiFAlF] 7]

2 ARl ol SA = ZddE Fxsto] Aed AF dde] gle dedt
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% 5 Aol AAA Aol wE o] FH M At gy}
Al A=Ae] A2l s E(ppm)
25 50 100 200 400 800 1600 3200
20min <90 <90 <90 <90 999 99999 >99.999 >99.999
Vibrio sp.

60min <90 <90 <90 <90 99.99 >99.999 >99.999 >99.999

20min <90 <90 <90 <90 9999 >99.999 >99.999 >99.999
FEdwardsiella tarda

60min <90 <90 <90 99  99.999 >99.999 >99.999 >99.999

20min <90 <90 <90 <90 99  99.999 >99.999 >99.999
Streptococcus sp.

60min <90 <90 <90 <90 99.999 >99.999 >99.999 >99.999

20min <90 <90 <90 <90 90 99  >99.999 >99.999
Staphylococcus sp.

60min <90 <90 <90 <90 99 99  >99.999 >99.999
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o
o,
e
o,
2

st iAol Aol e ofFHAATe] 4t &I

fo

Al Z2sA 9] A 2] E = (ppm)

25 50 100 200 400 800 1600 3200

20min <90 <90 <90 <90 <90 <90 90 99.9
Vibrio sp.
60min <90 <90 <90 <90 <90 <90 90 99.9

20min <90 <90 <90 <90 <90 <90 <90 99.99
FEdwardsiella tarda
60min <90 <90 <90 <90 <90 <90 99 99.99

20min <90 <90 <90 <90 <90 <90 <90 <90
Streptococcus sp.

60min <90 <90 <90 <90 <90 <90 90 95

20min <90 <90 <90 <90 <90 <90 <90 <90
Staphylococcus sp.
60min <90 <90 <90 <90 <90 <90 90 995
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dol =A hERLY, 1600 ppm o] AFel Al@A| AN AHyle] odte] 99.9 % o] A<
ST BHE deAn

Algk g9 800 2 1600 ppme FAE §E HE w2 #A5E povidon

e

iodine 80 % 160 ppm®] AelFo A 3o wuele, oot B AT
o] 79 999 % o4 AwWAFY] 91§ Ay 2AL FE FE 80 ppmO T 205
olare]l Al Alztolw 7}e3lar

B oolAtel At dadk Aow ddEoltt (F 7).
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5

7. FHE oA Ao e

T A e At

Al A=Ae] A2l s E(ppm)
25 50 100 200 400 800 1600 3200
20min <90 <90 <90 <90 90 99.9 >99.999 >99.999
Vibrio sp.

60min <90 <90 <90 <90 90 99.99 >99.999 >99.999

20min <90 <90 <90 <90 99  99.999 >99.999 >99.999
FEdwardsiella tarda

60min <90 <90 <90 90 99  99.999 >99.999 >99.999

20min <90 <90 <90 90 99 99.9 99.99 >99.999
Streptococcus sp.

60min <90 <90 <90 90 99 99.9 99.99 >99.999

20min <90 <90 <90 <90 90 95 999 >99.999
Staphylococcus sp.

60min <90 <90 <90 <90 90 95 99.99 >99.999
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3200 ppme. 2 20 % 607F ¥ AFHE W HEge, dEGET 2 A

FH A EHE 8050 AGAAE FASA AB §o AFE 800 pp

3

olakel 7oA 2083t HEAl 999 % oldel AFANE UYL, FAEE

Al g {00 % 1600 ppme =HAL F& A

e
off
1
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N
Ql',
)

formaldehyde 280 2 560 ppme| A Ho A FFo] HHFL, o=t U

AT AF 999 % ol AEAF 7] Y3 Ay =HLS FE FE 280 ppm

o® 20% ol AY AlZtelw Thesta

ppm o2 204 o]e Ayt Bad Aoz FAakEoH . AN o]E A %
=

AL Az W R S FT 5 s

A8 (3 8).
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X 8 XF ddstel=AAe] Aol wE ol FR AT A at

Al Z2sA 9] A 2] E = (ppm)

25 50 100 200 400 800 1600 3200

20min <90 <90 <90 <90 99 99.99  99.99 >99.999
Vibrio sp.
60min <90 <90 <90 <90 90 99.99 >99.999 >99.999

20min <90 <90 <90 90 99 99.95 >99.999 >99.999
FEdwardsiella tarda
60min <90 <90 <90 90 99 99.99 >99.999 >99.999

20min <90 <90 <90 <90 99 99.9 99.99 >99.999
Streptococcus sp.

60min <90 <90 <90 <90 99 99.9  99.99 >99.999

20min <90 <90 <90 <90 <90 90 999  99.999
Staphylococcus sp.
60min <90 <90 <90 <90 <90 99 99.99  99.999
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5

9. 272 Fustol=AA Aelol ue

FHAA T At}

Al Z2sA 9] A 2] E = (ppm)

25 50 100 200 400 800 1600 3200
20min <90 <90 99 9999 99999 99.999 >99.999 >99.999
Vibrio sp.

60min <90 90 999 99.99 >99.999 >99.999 >99.999 >99.999

20min <90 <90 99 999 99.999 >99.999 >99.999 >99.999
FEdwardsiella tarda

60min <90 <90 99.99 99.999 >99.999 >99.999 >99.999 >99.999

20min <90 90 999 99.9 >99.999 >99.999 >99.999 >99.999
Streptococcus sp.

60min 90 995 9995 99.99 >99.999 >99.999 >99.999 >99.999

20min <90 90 99.99 99.99 >99.999 >99.999 >99.999 >99.999
Staphylococcus sp.

60min <90 90 99.99 99.999 >99.999 >99.999 >99.999 >99.999
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7 4w GEFEE EFAA AY A, FaAdEd Octyldecyl  dimethyl
ammonium, Dioctyl dimethyl ammonium chloride, Didecyl dimethyl ammonium
chloride, Alkyl dimethyl benzyl ammonium chloride”’} 27} 2.250 %, 1.125 %,
1125 % B 3.000 %7F oA, A fEAEEE] 75 % ozl H
Aldg SFAE Aoz FHFshe] 25, 50, 100, 200, 400, 800, 1600 % 3200 ppm
o' 20% B 60%wRE RS AlHS W vEY e, o=, A B X
pmol/ge]l FzolA 2083 A=Al 99.9

D
% olde] AvadE e, FLsEolA 60w Al dE=et=gt, A
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Ho] 99.9% ool At ZIE YEhlE Zlo] gl Holxnh

Al 89 1002 200 ppme] =L 78 AR T2 345 Octyldecyl
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15 ppme = At ol& FFe Add FF w35 HEYe, dEot=at,

QA T# N EEATEE A 0999 % ol AR AR AP xAL

o o
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%10 49 GEFAEFAAALY Ao e of FH UM T A ay
Al A=Ae] A2l s E(ppm)
25 50 100 200 400 800 1600 3200
20min <90 <90 90 999 9999 >99.999 >99.999 >99.999
Vibrio sp.

60min <90 <90 99 99.9 >99.999 >99.999 >99.999 >99.999

20min <90 <90 99 99.9 >99.999 >99.999 >99.999 >99.999
FEdwardsiella tarda

60min <90 <90 90  99.99 >99.999 >99.999 >99.999 >99.999

20min <90 90 99  99.99 >99.999 >99.999 >99.999 >99.999
Streptococcus sp.

60min <90 90 99  99.999 >99.999 >99.999 >99.999 >99.999

20min <90 90 99  99.99 >99.999 >99.999 >99.999 >99.999
Staphylococcus sp.

60min <90 90 99.9 99.999 >99.999 >99.999 >99.999 >99.999
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Aol whE o Fr At At

Al Aol A 2] = (ppm)

25 50 100 200 400 800 1600 3200
20min <90 90 99.9  >99.999 >99.999 >99.999 >99.999 >99.999
Vibrio sp.
60min <90 95 >99.999 >99.999 >99.999 >99.999 >99.999 >99.999
20min 90 95 >99.999 >99.999 >99.999 >99.999 >99.999 >99.999
Edwardsiella
tarda
60min 90 95 >99.999 >99.999 >99.999 >99.999 >99.999 >99.999
20min 999 99.99 >99.999 >99.999 >99.999 >99.999 >99.999 >99.999
Streptococcus
sp.
60min  99.9 99.99 >99.999 >99.999 >99.999 >99.999 >99.999 >99.999
20min  99.9 99.99 >99.999 >99.999 >99.999 >99.999 >99.999 >99.999
Staphylococcus
Sp.
60min 999 99.99 >99.999 >99.999 >99.999 >99.999 >99.999 >99.999
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9 e=22x "I WA AAe A

Ho
1:011
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—dichlorobenzene,
Methanol % Cresole] Z}zb 750, 40, 2 50 g/kgo.2 &3H oA e A A
ofefzto] ghfE ol AEje]l AldE fAlE dRow HF

200, 400, 800, 1600 % 3200 ppmOo. = 20+ % 603+ WES AIHS o HEZ e
i, gt AMdTT 2 XRATFIEE AlBEY AHYEE 400

TR A 208 o]de]l Mz 999 % o]/l At &IE YERAT <]
2E Ao S 200 ppmel AE FEEA 60E37H AGAzHE FAS A
T 20 A oA 99 %oll HEW A% G97F 999 % ol Yo R AEshe
345 YEhlAh

Al &9 200 3 400 ppme] =1L FE AR =2 $kekd 160 3 320

il

HolAE F& AY FE FA4L 320 ppm oA E 208 o)A AHE R HrhE o]
Ak A TF o] Fk Wl AEd Qo] Wl FaS vE ZUOEA 2 AR

o ol 54 F= Z34E Fxstol A& HY dde] fle dEd Ve &
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Bl A

A Aelel we ol FyQalFe] it E )

Al A5A 9] A s =(ppm)
25 50 100 200 400 800 1600 3200
20min <90 <90 90 99 999  99.999 >99.999 >99.999
Vibrio sp.
60min <90 <90 90 99.9 99999 >99.999 >99.999 >99.999
20min 90 99 999 999 99999 >99.999 >99.999 >99.999
FEdwardsiella
tarda
60min 90 99 999 99.9 >99.999 >99.999 >99.999 >99.999
20min <90 90 95 99 99,99 99.999 >99.999 >99.999
Streptococcus sp.
60min <90 90 99 9999 9999 >99.999 >99.999 >99.999
20min <90 90 90 99 99.99 >99.999 >99.999 >99.999
Staphylococcus
sp.
60min <90 90 99 99.9 >99.999 >99.999 >99.999 >99.999
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AeE A5A9 F=(ppm)
25 50 100 200 400 800 1600 3200
20min <90 <90 <90 <90 <90 <90 <90 90
Vibrio sp.
60min <90 <90 <90 <90 <90 <90 <90 90
20min <90 <90 <90 <90 <90 90 95 99
FEdwardsiella tarda
60min <90 <90 <90 <90 <90 95 995 99.999
20min <90 <90 <90 <90 <90 <90 <90 90
Streptococcus sp.
60min <90 <90 <90 <90 <90 <90 <90 90
20min <90 <90 <90 <90 <90 <90 <90 90
Staphylococcus sp.
60min <90 <90 <90 <90 <90 <90 <90 90
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=
=
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9) B AL Bl FAF A% AT tatel AP GI} HolAE 2FA:

FEow Ve 9% o4 Aite Aday] sl fEFE

)

©.2 3200 ppm o]t} i 1 o] Bastel AA AF AEAZA A&
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RS SEE RS
SS (ppm) 56.14 18.00
COD (ppm) 5.075 0.60
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S

Al 99.9 % o]

2]

60+ 2] (ppm)

20+ 2] (ppm)

2EANFF
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ok

A2 A A

A A A

1120 1600 260

3200

st Al A

ﬂ%

38

300
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300
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160 1600 160
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1600 560 1600 560
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® 17, dupa)saaol 4 ARLEA Y o FHAMF 99 %ol Az

20+ 2 (ppm) 60+ 2 (ppm)
a5 9
AlFAA FESE ARAA FESE
IAkshr A A 3200 1120 1600 960
Apold Ak A A 800 88 400 44
A stolrkst A & Al A >6400 >320 >6400 >320
¥HEQ T AlA 1600 160 1600 160
EZEddstel = AA 1600 560 800 280
TFEFE St = A A 200 20 100 10
A9 4 EEAEFA AA 200 15 100 7.5
A A EFAGAB A A 100 10 100 10
LEAYEZ=2AA A A 400 320 200 160
gaks A A >3200 >3200 >3200 >3200

* SS 18ppm % CDO 0.60ppme] 7= XA
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3. mlole] ol gt AEAle] =d3t 29

Sl FHFEFH EHHe] & A7 BuFTd MABVSH IPNVE
CHSE-214413%, HRV= RTG-2AEE o]&sto] wistltt niolelnes 9rtE
=ol7] Y& 7t 239 AU 2A e e MABV, IPNVE 75em” tissue
culture flaske] Dulbecco’s Modified Eagle Medium-5 (DMEM: 100 ug/ml
penicillin, 100ug/ml streptomycin, 5% Fetal Bovine Serum, pH 7.4)Z o] &3}
@5 lgE CHSE-21441 %0 HF3 F 20 CollA mgatela, HRVE 75 cm’
tissue culture flaskel DMEM-5& o]-&3to] @3 wjd® RTG-2A43] HF st
o] 15 TellA uid wjgstdtt. o=
plateg °|&3 #AA7F &Ql& Pk, zHzhe] nlolgl A= Iml¥ #5535k -80 C

of Byst Aol A3k

il
w
o

ZH9 nlolg] A wjekAS Z+7F 96 well

CHSE-214 cell line?} RTG-2 cell lineS A thulFste] 96 well microplate©l
cellF7F 25x10° cells /miZF= Al 100 w® BFg 5 15T A 15417 Wi 5
DMEM-0°l 108} 3|AAE =2 &4 MABV, IPNVE CHSE-214 cell lineel 100
WA HEE 20 ColA 28] HRVe RTG-2 cell lineol] 100 wA HEF 13
CTollA 7€47F wjkstdA CPEES #2331 Reed & Muench (1938)¢] o

f

TCIDx @ A4Heks
AEAS] ofF WUA vholeze] Ul AR EAT W AR FEe] wet
Fol7h EA S Srolry] 18 AWoR AR2EAE Ao sho] 1 HEE

(

TZ 3000, 1500, 800, 400, 200, 100, 50, 25ppme] A A A=A N7}
MABYV, IPNV, HRVH}o] 2] =8-S 2x10™ TCIDs /ml= ZA3ste] #H] gk njole

so)e L1E 20%, 6027 WAL, g A7 AvE F, 2549 B 4
AAD =

o] A=A F3AZA DMEM-0S 1:1000 2 wFSA|A M, A E7}
&= vj%E 96 well microplateo] 100 pl® HEFstar 22t XA 74 Fot
HjfstHAl CPES] WstE #&sidth o5 AmAl Ao wE npole]=9] 2
A7hel Wst AyE ® 18, 19, 2001 YEFN AT
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3 18 Al

LA ALE F ek W

S A 7 e MABVel 747t

(log10TCIDsoml)
Al A5A1Y A e s = (ppm)
25 | 50 | 100 | 200 | 400 | 800 | 1500 | 3000
20min | 55 | 55 | 55 | 5 5 5 5 5
sk Al A
60min | 55 | 55 | 5 5 5 5 | 45 | 4
0min | 55 | 55 | 55 | 55 | 45 | 35 | 2 | <2
Apobe ik A7)
60min | 55 | 55 | 55 | 55 | 45 | 25 | <2 | <2
b8 o]aste s | 2min | 55 | 55 | 55 | 55 | 55 | 55 | 5 | 45
A 60min | 55 | 55 | 55 | 55 | 55 | 5 | 45 | 35
0min | 55 | 55 | 55 | 45 | 45 | 3 3 2
THE 20% A4
60min | 55 | 55 | 55 | 4 3 2 | <2 | <2
s=zotgsto]= | 20min | 55 | 55 | 55 | 55 | 55 | 45 | 3 | <2
A 60min | 55 | 55 | 55 | 55 | 45 | 4 | <2 | <2
e W0min | 55 | 55 | 55 | 5 | 45 | 4 | <2 | <2
deElstel= AA | 60min | 55 | 55 | 5 | 45 | 3 3 <2 | <2
JERSEE RS 20min | 55 | 55 | 55 | 55 | 55 | 55 | 5 5
EFAAHA 60min | 55 | 55 | 55 | 55 | 55 | 55 | 5 5
Ao w ol 20min | 55 | 55 | 55 | 55 | 55 | 5 | 45 | 3
A B 60min | 55 | 55 | 55 | 55 | 55 | 45 | 3 2
caa 20min | 55 | 55 | 55 | 55 | 55 | 55 | 5 4
HE=294 AA | 6omin | 55 | 55 | 55 | 55 | 55 | 5 4 4
20min | 55 | 55 | 55 | 55 | 55 | 55 | 55 | 55
abs A A
60min | 55 | 55 | 55 | 55 | 55 | 55 | 55 | 5

65 -




¥ 19. AT A5AY] ATt ubS A7 mE PNV 47}
(log10TCIDs0ml)
Aed 2549 55 (ppm)
25 | 50 | 100 | 200 | 400 | 800 | 1500 | 3000
0min | 55 | 55 | 5 | 45 | 45 | 45 | 45 | 4
kst A A
60min | 55 | 5 | 45 | 45 | 45 | 4 4 4
20min | 55 | 55 | 55 | 5 3 2 | <2 | <«
Afoked 22k Al
60min | 55 | 55 | 55 | 5 2 | <2 | <2 | <«
o}4 s o)absted s | 20min | 55 | 55 | 55 | 55 | 55 | 55 | 5 | 45
Al A 60min | 55 | 55 | 55 | 55 | 55 | 55 | 45 | 4
0min | 55 | 55 | 5 | 45 | 4 4 2 | <2
THE 20T A4
60min | 55 | 5 5 4 3 2 | <2 | <
s=orystel= | 20min | 55 | 55 | 55 | 55 | 55 | 55 | <2 | <2
A 60min | 55 | 55 | 55 | 5 4 4 | <2 | <
e 0min | 55 | 55 | 55 | 45 | 45 | 3 | <2 | <2
delstol= AN | 6omin | 55 | 55 | 55 | 45 | 4 | <2 | <2 | <2
Aors ol 20min | 55 | 55 | 55 | 55 | 55 | 55 | 55 | 5
EEAAA 60min | 55 | 55 | 55 | 55 | 55 | 55 | 5 5
JERSEETRS 20min | 55 | 55 | 55 | 5.5 | 55 | 55 | 45 | 35
A A B 60min | 55 | 55 | 55 | 55 | 55 | 4 3 2
oz 20min | 55 | 55 | 55 | 55 | 55 | 55 | 55 | 5
OE229A AA | 60min | 55 | 55 | 55 | 55 | 55 | 55 | 5 | 45
20min | 55 | 55 | 55 | 55 | 55 | 55 | 55 | 55
As A A
60min | 55 | 55 | 55 | 55 | 55 | 55 | 5 5
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® 20, AT A5AY AL FE; WA 7] mE HRVE a7
(log10TCID5p/ml)
Aeld A=A FZ(ppm)
25 | 50 | 100 | 200 | 400 | 800 | 1500 | 3000
0min | 55 | 55 | 5 5 | 45 | 45 | 4 4
St aa AA
60min | 55 | 55 | 45 | 45 | 4 4 4 | 35
0min | 55 | 55 | 45 | 35 | 35 | <2 | <2 | <2
2Fold Ak A A
60min | 55 | 5 4 3 3 | <2 | <2 | <2
o]xrshed 4 | 20min | 55 | 55 | 55 | 5 5 | 45 | 45 | 35
A 60min | 55 | 55 | 55 | 45 | 45 | 45 | 4 3
0min | 55 | 55 | 5 4 2 2 | <2 | <2
ZHE 29% A
60min | 55 | 55 | 5 | 35 | 2 | <2 | <2 | <2
stesto]= | 20min | 55 | 55 | 55 | 55 | 55 | 55 | 5 | <2
A 60min | 55 | 55 | 55 | 5 | 45 | 35 | <2 | <2
e W0min | 55 | 55 | 55 | 5 | 45 | 3 | <2 | <2
dElstel= AA | 60min | 55 | 55 | 5 | 45 | 35 | <2 | <2 | <2
o 1 35 o 20min | 55 | 55 | 55 | 55 | 5 5 5 3
A A A 60min | 55 | 55 | 55 | 55 | 5 5 | 45 | 3
ob 1 303 20min | 55 | 55 | 55 | 55 | 55 | 55 | 45 | 4
A B 60min | 55 | 55 | 55 | 55 | 55 | 45 | 35 | 3
oz 20min | 55 | 55 | 55 | 55 | 55 | 5 5 5
HE=2294 AN | 6omin | 55 | 55 | 55 | 55 | 55 | 5 | 45 | 4
20min | 55 | 55 | 55 | 55 | 55 | 55 | 55 | 5
abs A A
60min | 55 | 55 | 55 | 55 | 55 | 5 | 45 | 45
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ZAH ] W wlo]g A7t 7o)
1x10° TCIDsy /mlE 7]& o2 CPE &9¢lo] 9ojd 743719 W% S ulo|g ~EHF

&
flo
=
M
=)
o
v
[
1%
10
ol
g
N
)
[-'O

H vasiRy WES 7hA L A 962 MABV 2 IPNVeE A9 HE A
¢l 1x10*° TCIDs /ml o138} 74A] B3 A7l 25AZME Aol aitd A
A, ZAlE 2= AA, XELUIE AA, SFELHEE AATE FAE A
A (318, 19), ¥ ES 7HA = fHEnbol el E¢E = HRVE 49 IPNV 2
MABV$F w7k 2 Zpold 22bAlA], ZRjE Qo= A, 5L = AA,
25E dusl= AAAR Gl HE FAAN Hgst olikstd s A
A, THlE 2= A 2 49 dEEE SLAABA Fo U et A

o= uehEt (G 20).

F18, 19 B 200014 Ao A3E v or A¥Y
TaEFEY Az wE 3FFo wiol#ls Azt tid =3 &
S AES A3E & 21004 32300 YER AT

F o
JPﬂ
>
x
2
=
=2
bl
il
off
o
=

D Ald-§ dabstriag Ao Ao AgHod #3
70, 140, 280, 525, 1050 ppme] =z o|l+=d, HRV 7
z7oA 99 % E&3lE&S 1l o9 1 o]}
Ao A 3% RE upolgfzd thate] 1 o]ste] wre wpolej s BE3E S e
ol AR FA Gl Ao npolejx W goRA &AL GEHAA wf

Z1gE = gle A2 A=A (£ 21).

2) A Aol At AAe] AEHX FEAEEFS 29, 58, 11.5, 23, 46,
93, 172.5, 345 ppm®] Z=7o|d

r\r
“3
B
It
EY
o
=
=y
<
©

749 23 ppm 20+2] A

N

gz oliollM= 99 % ol AZmIIE VW £ AdAeH, IPNV H
MABVe] Z-fel= 50 ppm A= o]l A2 Zxoletd 99 % o] =&3ts

= 71 5 o] A& AolFha AekHAHY (3 22).
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¥ 21, A#HE HF23 424 A AW hydrogen peroxide FE&FE 219
o5 Aol e 0] BB B (%)
Hydrogen peroxide & 5 % (ppm)
8.7 175 35 70 140 280 525 1050
20min 0 0 0 684 684 684 684 684
MABV
60min 0 0 684 684 684 684 900 968
20min 0 0 684 90.0 900 90.0 900 96.8
IPNV
60min 0 684 90.0 900 900 968 968 96.8
20min 0 0 684 684 900 90.0 968 96.8
HRV
60min 0 0 900 90.0 968 968 968 990
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hya
ar

22.

Al ok Zpoled AAkd A A o] AU available chlorine &35 % Z74d

243 29 (%)

ofF WeAuto] ¥ 2e] B

Available chlorine 2% %= (ppm)

2.9 5.8 115 23 46 92 1725 345

20min 0O 0 0 0 90.0 99.0 99.97 >99.99
MABV

60min 0 0 0 0 90.0 999 >99.99 >99.99

20min 0 0 0 634  99.7 99.97 >99.99 >99.99
IPNV

60min O 0 0 68.4 99.97 >99.99 >99.99 >99.99

20min 0O 0 90.0 99.0 99.0 >99.99 >99.99 >99.99
HRV

60min 0 684 968 997 99.7 >99.99 >99.99 >99.99
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fradEel 1.3, 25, 5 10, 20,

7

150

o B@saol

—_—
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o #Hia x
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R
HAIRE 99 9% o]

ol d¥ol

A
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s

40, 75, 150 ppmo] =&

/\O]—

ol

HRV 3 MABVel

[e)
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el z=71d

%

ppm ]

23).

2.5, 5.0, 10, 20, 40, &0,

ke
T

[e] o = )=
AE, radEE

150, 300 ppm®] Z71el A

Fed 99 9% ¢

)

50 - 60 ppm? % xglol ¢

24).

Ay A
it

A5 ol At} (

o

o
T
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el

R

<
T

el

(o3
=

37,}.,?_
=

U 99 % ool A%E
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F 23 AEE cHAstelitstd & A AEW Clo; FrETE £

o] F Wedulolel 2o H&As g3 (%)

Al

1.3 2.5 5 10 20 40 75 150
20min 0O 0 0 0 0 0 6384  90.0
MABV

60min 0 0 0 0 0 634 900 99.0
20min 0O 0 0 0 0 0 684  90.0

IPNV
60min 0 0 0 0 0 0 90.0  96.8
20min 0O 0 0 684 6384 90.0 90.0 99.0

HRV
60min 0 0 0 90.0 90.0 900 968 99.7

- 72 -



hya
ar

24.

AlR-E

r,
e

o] F Wedulolel 2o H&As g3 (%)

H= 2= AAQe A#4U povidon iodine?d FEs® A

Povidon Iodine?]

&% % (ppm)

2.5 5.0 10 20 40 80 150 300

20min 0O 0 0 90.0  90.0 99.7 997 99.97
MABV

60min O 0 0 96.8  99.0 99.97 >99.99 >99.99

20min 0O 0 634 900 968 968 9997 >99.99
IPNV

60min 0 634 6384 968 997 9997 >99.99 >99.99

20min 0O 0 684 968 9997 99.97 >99.99 >99.99
HRV

60min 0 0 634 99.0 99.97 >99.99 >99.99 >99.99
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hya
ar

25. A&

r'
ke
il

drstol= Aol A

o] F Wedulolel 2o H&As g3 (%)

W formaldehyde

Formaldehyde & %% (ppm)

88 175 35 70 140 280 525 1005
20min 0O 0 0 0 0 90.0  99.7 >99.99

MABV
60min 0 0 0 0 90.0 968 >99.99 >99.99
20min 0O 0 0 0 0 0 >99.99 >99.99

IPNV
60min 0O 0 0 684 968 968 >99.99 >99.99
20min 0O 0 0 0 0 0 68.7 >99.99

HRV
60min 0 0 0 684 90.0 99.0 >99.99 >99.99
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Z1 glutaraldehyde &% %

I+ (%)

Glutaraldehyde &% %= (ppm)

10 20 40 80 150 300

20min 0 684 90.0 968 >99.99 >99.99

MABV
60min 634 90.0 997 99.7 >99.99 >99.99
20min 0 90.0  90.0 99.7 >99.99 >99.99

IPNV
60min 0 90.0  96.8 >99.99 >99.99 >99.99
20min 0 684 90.0 99.7 >99.99 >99.99

HRV
60min 68.7 90.0 99.0 >99.99 >99.99 >99.99
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1.9, 3.8, 7.5, 30, 60, 113, 225 ppm

A A5

e
T

7 AEE A4S dEED

27).

-
3t

Y

= ddEo s (

7} 25 ppmel 4 300 ppm

dl, 150 ppm ©] o= A zl=xl

T
b

o] o] o]

28).

=
It

= Azsol At (

B

mq
I

22!

o
ﬁo

A4 2]

Ho

<
,_ﬂo
K

AA (F 29 = A

e FEAE 27 2250 ppm % 3000 ppme] FZeA %= 99 % o]

|

3
=3

|

9) LE24 YEE=E

A Ha

=

ol
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¥ 27, ANFE 45 dEFYE TFAA A9 AEU e v 20
o] F W Ynloly o B3 g3 (%)
THMFLEFYE 255 (ppm)
19 3.8 75 15 30 60 113 225
20min 0 0 0 0 0 0 634 684
MABV

60min 0 0 0 0 0 0 68.4 684
20min 0 0 0 0 0 0 0 68.4

IPNV
60min 0 0 0 0 0 0 68.4 684
20min 0 0 0 0 684 684 684 99.7

HRV
60min 0 0 0 0 684 684 900 99.7
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w28 A FEFEY A B FEW FEAR FE 209
ofF Wdntolel e Bagst wH (%)
AIHYEFYD FrEE=(ppm)

5.0 10 20 40 30 150 300
20min 0 0 0 0 684 900 99.7

MABV
60min 0 0 0 0 90.0  99.7 99.97
20min 0 0 0 0 0 90.0  99.0

IPNV
60min 0 0 0 0 96.8  99.7 99.97
20min 0 0 0 0 0 90.0  96.8

HRV
60min 0 0 0 0 900 990 99.7
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O-dichlorobenzene?] & & %= (ppm)

188 375 75 150 300 600 1125 2250

20min 0O 0 0 0 0 0 684  96.8

MABV
60min 0 0 0 0 0 634 968 96.8
20min 0O 0 0 0 0 0 0 68.4
IPNV
60min 0 0 0 0 0 0 634  90.0
20min 0O 0 0 0 0 684 684 684
HRV

60min 0 0 0 0 0 684 900 96.8
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5

30. AkE A Aol AEU copper sulfate FEARY % A4

o] F Wedulolel 2o H&As g3 (%)

Aeld sAe] F=(ppm)

25 50 100 200 400 800 1500 3000
20min 0O 0 0 0 0 0 0 0
MABV
60min 0 0 0 0 0 0 0 68.4
20min 0O 0 0 0 0 0 0 0
IPNV
60min 0 0 0 0 0 0 6384 634
20min 0O 0 0 0 0 0 0 68.4
HRV
60min 0 0 0 0 0 634  90.0 90.0
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g2, 295 gAdEd gid 1059 2549 ofxA4ds AT AF
e B maAe Aol AlAgE vke} o] Hall and Golding (1998)<]
"Acute toxicity test protocol” ¥ “SAHAME=GAIF ] 7= W (2003)7e =
sto] gt om 24N 7F W AEE (LCs)E probit 418 E3he] FakSith
I ARE 3E 33904 ® 429 A ST

2 YElyga, 23 &2 A= 77067 ppmol Aoy A Ee e T e oR
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Zk7F 5 ppm, 27 ppm, 19 ppmo] RFFAARE =T (3 36).
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24h LC50 (mg/L)

Mean 95%confidence limit

575.16 536.80 628.85
770.67 675.96 785.07
398.08 247.12 509.14
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24h LC50 (mg/L)

Mean 95% confidence limit

30.00 23.40 36.61
45.82 52.92 92.33
48.74 47.21 49.48
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24h LC50 (mg/L)

Mean 95% confidence limit
2073.44 1764.19 2795.62
1179.93 1159.53 1196.43
1207.16 1176.67 1233.63

_88_



24h LC50 (mg/L)

Mean 95% confidence limit
51.09 38.49 57.78
272.68 130.73 286.77
187.98 162.64 195.23
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Mean

24h LC50 (mg/L)

959% confidence limit

406.69

286.89

174.99

374.01 431.51
263.15 295.16
169.54 180.45
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% 38 A% FEEE dujsoln ARl o FEAR A3

24h LC50 (mg/L)

Mean 95% confidence limit
g A 611.29 582.85 696.16
Z & 329.81 285.84 408.7
A R 207.67 202.46 244.03
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24h LC50 (mg/L)

Mean 95% confidence limit

45.32 37.28 49.49
34.99 33.78 36.18
37.25 35.38 39.47
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24h LC50 (mg/L)

Mean 95% confidence limit

20.91 19.97 21.68
10.38 10.03 11.19
151 4.9 20.47
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F AL AR 224 HERRaA A olisAddd A3

24h LC50 (mg/L)

Mean 95% confidence limit
oA 17.47 12.37 20.24
Zu & 12.49 11.85 13.14
e R 19.94 19.48 20.46
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F 42, A e AAe] ol FEAdd A

24h LC50 (mg/L)

Mean 95% confidence limit
g A 43.22 21.95 65.73
Zu & 5.00 4.32 5.23
e R 4.49 3.89 4.78

_96_



ofy
i)

ze]
oF
o)

Hr
<

%

=K

aho] e

4301 A<

o
o)

Hr
.

oH

ol
M

oAl ol A

fole] w2

k!

o
-

Fol A glat7lel= o

S

S

]
A

Aow AzEol At

ox

2 BeHogow A1go

sk
=

}oi of

)

_97_



frad® 71 24h LC50

A=A 9

7}

-

Sea bream
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Mean of 24hLC50(mg/L)
Rock fish
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2EAY T
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I 44. =}o}

AL A Aol Bz nE Faidw el Wl
A& FEdAs T o) g
) 67.0 + 0.1 mg/ml
e 67 + 00 % (W)
NE = 671Y WA 4T) 40.7 + 0.1 mg/ml 61.1 + 0.1 %
Hs A (41 + 0.0 % (wW/v)) (P <0.001)
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5

15. A5 afAAe) RPEDe] WE FEAE Fe] Wl

398.9+0.4 mg/ml

7 EZ_} 5
he=s (40.0+0.0 % (w/v))
Me = 67147 2= 402.9£1.6 mg/ml
23k A (40.3+0.2 % (w/v))

Ne 5 67443t
gk

ity 404.3+2.4 mg/ml
(4 CT)Es A

(40.4+0.2 % (w/v))
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3) Glutaraldehyde A A

VoA AlgH Al¥ SFEIELH S =A A= 10 % glutaraldehydeE X &
3 FgAogA B AFoME HAFZH wE glutaraldehyded 3StaHs=
olE ekt BRI %o] wE glutaraldehyded] $HHHSIE dolr 7] flglo] H
Ao A= glutaraldehyde 84S 5% 670€7F 2 23 671L7 W%
By g NSRS, HA R Yol S5l

Glutaraldehyde®] A %2  N-methylbenzothiazolon (MBTH)S  ©] &3
microplate photometric methodell ¢]&to] A5 At (Hauser TR & Cummins
RL, Anal..Chem. 35, (1964) 679-681; Zurek G & Karst U, Analytic. Chim. Act.
351, (1997) 247-257). 71 A3} = % 463} 2}

m

2 Agoel Argd

Al

L LEE P e

= 79 glutaraldehyde®] 3$F#Fo] 9.2 %A == A &

rl

2 -{0
I
E
ot
X
=)
=)
)
r
rlI

d, 6708 A PSS Aol 8656 %= WolAH FoA e FdEFdaTt
Aol as HEFH AT

wekA, glutaraldehyde$t 22 4Hsts] 7] 4@ ddls|=AxAAlE A 23
A AREA WAERARS & A 2 dES A AT e Aem

tt.

b
e
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5

46. Z5El2ddslolmA Ao BBz w

it

A= glutaraldehyde 3% ok EF
N 799 + 3.6 mg/ml
R 100 %
°or (80 + 04 % (W/V))
Me 3 67147 AL 68.4 + 1.3mg/ml 856 + 1.6 %
(C)n#3 A 69 + 02 % (W/v)) (P < 0.05)
ME = 6L WA 71.3 + 3.3 mg/ml
e+ 671 mesm 892 + 41 %

(71 £ 0.3 % (w/v))
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B Aol ARSE Fol=A AMGAAA 45 dRFH GLAABE didecyl

A

dimethyl ammonium chlorideE 10 % H| &2 3FF38la Y= FEQo|t}. o] &4
< e A A EE RALSEY V|7l ALY IS A e o=

sl

2Fold 24k A A (sodium hypochlorite) = 743k AHe} 28 o072 At/ A=
S I A5ARA AAdA ArEe TUHa gGrIACdAME dadh
serume o 7l E 9ste] 1 Adtr#EHo] FslE Tl (Gelinas P. & Goulet J.
1983, ; Coates D. 1988). HAH = dax2 T3E ¢34 neutralizing agent= A
sodium thiosulfate”} AF&¥t}h 7 mg® sodim thiosulfate’} 1 mg® 942E T3}
AN7E AeR HauFolxa qth (Kuhns JF., Borgendale K. 1980; Kemp
G.K.& Schneider K.R., 2000).

FAE HAEFATE A A ER BHEHER, AAR Ao

o
N

| I

1

w53 HAEFeA Hd gGA 2ellHe 548 7H

EAN

3] 3]

ﬁd
o
kA
i
=
Ho
N
e
i
rlr

sTFEHELHs| =AY Aee dild T F7]EY SAStel R At ol
FAHY, Az SFEREdus =] sy d dojus frIA A Ast
™ (Gelinas P. & Goulet J.,1983), =8 o] Aol A 423} vlo] ¢t st a1
(50 C)ollM = Ebdetrt. w3t @ B sl A= dv. 717 =X
St= T3 olA glutaric acidE& A A o|Atsteth 2 thALE T 384 Neutralizing
agent®=A] sodium bisulfite®} dibasic ammonium phosphate’} & AlgHt}=
B u7F It (Leung H.W., 2001; Jordan et al 1996).

19 4R FFEY B F7120 Yot LmHo] oftu o= A

o st &3, HAETo EAst= wEH ot o3 AEs7F THedt 540
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ad# A gt (Gelinas P. & Goulet J. 1983; Shimp R.J. & Young R.L. 1988).

oleld Hold B AES Foho] Awslolx 4Fe] £%Ae Aol 9ol
AR AES % RE I D 20 ME FEAR] WsHs Aobd &)
FRez gt A A3 AP AN BE A7 % 26 W
2 Abgol FoB adtm, 44 o5 AAE FFo) BTl xB9 FAE o
A B 3
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6x10%/ml  7x10°/ml 1x10°/ml 1x10%/ml
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