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Toxicity of Disinfectants in Flounder Paralichthys olivaceus, Black Rockfish
Sebastes pachycephalus and Black Sea Bream Acanthopagrus schlegelii

Kyung-Hee Park, Seok-Ryel Kim, So Young Kang, Sung-Ju Jung, and Myung-Joo Oh*
Division of Food Science and Aqualife Medicine, Chonnam National University, Yeosu 550-749, Korea

Toxicity of ten commercial disinfectants (hydrogen peroxide, sodium hypochlorite, chlorine dioxide, povidon
iodine, formaldehyde, glutaraldehyde, quaternary ammonium compounds (QAC), didecyl dimethyl ammonium
chloride (DDAC), ortho-dichlorobenzene, and copper sulfate) was measured by chinook salmon embryo-214 cell
line and three fish species: flounder Paralichthys olivaceus, black rockfish Sebastes pachycephalus, and black sea
bream Acanthopagrus schlegelii. The LCs levels of 24 hours acute toxicity with the ten disinfectants were tested
in three species of fish. Effectiveness of ten chemical disinfectants were varied by each chemical as well as by
species. Hydrogen peroxide showed the higest activity at 201, 269, and 139 ppm in the flounder, the black rock-
fish, and black sea bream, respectively. DDAC showed the lowest activity at 2.1, 1.0, and 1.5 ppm in the flounder,
the black rockfish, and black sea bream, respectively. The highest variation was observed in copper sulfate by both

the chemicals and the species.
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et al., 2003), Hwang and Jeong (2000)2] Chloramine-Tel tlt
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e 9 A5 E flal] dA Al Qe AsAlE F 7HE
HIH3] o] §-1]= AmAl 255 T4 02 IESHAIR] hydrogen
peroxide (HAF A15%), &2 74?1 sodium hypochlorite (S1A} A
<), chlorine dioxide (S2A} Al%), povidon iodine (S2A} Als%), &
Hjslo] =AIQ] formaldehyde (DAl AJ%%), glutaraldehyde (S2AF
A3E), Adol2/d A%g#Q] quaternary ammonium compounds
(QAC) (S3AF #l5%) 4 didecyl dimethyl ammonium chloride
(DDAC)(S3AF #l5%), #&=A1Q1 ortho-dichlorobenzene (S3A A1

) 2 copper sulfate (DSAF AIE)E & A9 AE i) &
A= A8t

Cell-lineti| CHEH
25A9] AR 5A4E FRIsH] Ho}O% CHSE-214 (Chinook
salmon embryo) &5+ -3} 3ZE DMEM; (100 ug/mL penicillin,
100 ug/mL streptomycin (Gibco BRL. Co.), 5% Fetal bovine
serum (Gibco BRL. Co., pH 7.4y& ©]831% 96 well plateoﬂ
100 uLA 253810 15°CollA] 24h mjeksigich. 1%4 = A
25 Al ‘C‘éi DMEM;s= ©]g-slo] o fe] 2" Ald = «V—*.
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A%F 4.06~6.3 g, A 6~7 cm, I ESE A|ZF 7.76-9.14 g,

A 7~8 cm, I HwS AF 7.40~9.08 g, A5 8.5~9.3 cm2]
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Cell-linedi| CHEH A=HI2| =4
CHSE-214 cell lineoll theh Z}2be] 455A49] 24 h A5k
£ ZASE A= Table 1ol YERNSIEE. Hydrogen peroxide®]
24h HAamd 5w AlEY 7]EC0E 0955 ppm (FEEE
7152, 0.334 ppm)E A|2Ee]] tish =/do] vi-¢- A YERsktt
Sodium hypochlorite®] 24 h HA54 FEE Al#) 7jF0=2
12.5 ppm (FF&-5% 7|5, 1.44 ppm), chlorine dioxide®] 3%

Table 1. Toxicity of ten disinfectants against CHSE-214 cell line
following treatments of commercial and available chemical grades for
24 hr

Concentration of minimal toxicity (ppm)

Disinfectants

Commercial Available

Hydrogen peroxide 0.955 0.334
Sodium hypochlorite 12.5 1.44
Chlorine dioxide 62.5 3.13
Povidon iodine 50 5.0
Formaldehyde 4 1.4
Glutaraldehyde 1 0.1
QAC* 10 0.75
DDAC** 04 0.04
Ortho-dichlorobenzen 6.2 4.65

Copper sulfate - -

*QAC, quaternary ammonium compounds.
**DDAC, didecyl dimethyl ammonium chloride.
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Table 2. LCs, of Paralichthys olivaceus, Sebastes pachycephalus, and Acanthopagrus schlegelii following treatments of available chemical grades

for 24 hr
. . . 24 h LCso (mg/L)
Disinfectants Fish species Moan 95% confidence Timit
Paralichthys olivaceus 575 536 628
Hydrogen peroxide Sebastes pachycephalus 770 675 785
Acanthopagrus schlegelii 398 247 509
Paralichthys olivaceus 30 23 36
Sodium hypochlorite Sebastes pachycephalus 45 52 92
Acanthopagrus schlegelii 48 47 49
Paralichthys olivaceus 2073 1764 2795
Chlorine dioxide Sebastes pachycephalus 1179 1159 1196
Acanthopagrus schlegelii 1207 1176 1233
Paralichthys olivaceus 51 38 57
Povidon iodine Sebastes pachycephalus 272 130 286
Acanthopagrus schlegelii 187 162 195
Paralichthys olivaceus 406 374 431
Formaldehyde Sebastes pachycephalus 286 263 295
Acanthopagrus schlegelii 174 169 180
Paralichthys olivaceus 611 582 696
Glutaraldehyde Sebastes pachycephalus 329 285 408
Acanthopagrus schlegelii 207 202 244
Paralichthys olivaceus 45 37 49
QAC* Sebastes pachycephalus 34 33 36
Acanthopagrus schlegelii 37 35 39
Paralichthys olivaceus 20 19 21
DDAC** Sebastes pachycephalus 10 10 11
Acanthopagrus schlegelii 15 4 20
Paralichthys olivaceus 17 12 20
Ortho-dichlorobenzene Sebastes pachycephalus 12 11 13
Acanthopagrus schlegelii 19 19 20
Paralichthys olivaceus 43 21 65
Copper sulfate Sebastes pachycephalus 5 4 5
Acanthopagrus schlegelii 4 3

*QAC, quaternary ammonium compounds.
**DDAC, didecyl dimethyl ammonium chloride.

Al 71502 62.5 ppm (FFAEE 7155, 3.13 ppm), povidon
iodine®] 73-§- AlFY 7150 F 50 ppm (FEFRE 715, 5.0 ppm),
formaldehyde= Al 7|0 % 4 ppm (FEEE 715, 1.4
ppm) ©]3IT}. Glutaraldehyde®] 73-5-¢ll $lo1xl= 24h A5
TEE AT 7102 1 ppm (FEFE 7], 0.1 ppm),
quaternary ammonium compounds (QAC)2] -3~ Al 7|5
S Z 10 ppm (F&EEE 71, 0.75 ppm), didecyl dimethyl
ammonium chloride (DDAC)2] 7d-%-oll= 0.4 ppm (&L
715, 0.04 ppm)C.Z vl RIZksE A¥E vehe] BEA9]
fFallidol =2 o2 FA= UL} Ortho-dichlorobenzene®] 7
£ 6.2 ppm (FEEE 71, 4.65 ppm)olA 5495 LERAITE

OfA[ofl CHEF AA=H[2] LCso
25 A1) o el et /3RS Table 20 YERAITE. Al
¥+4 Hydrogen peroxide®] |X]ol| thdt H4F 24h LCsp

575 ppm L2 e, Z3]EEeA= 770 ppmO] oLt
HEe] A T F2 ool vlste] 5/de wigkste] 390
ppmelA 24 h LCsre EATH@2e] 4 5%, 200 ppm, 270
ppm, 136 ppm). Sodium hypochlorite?] =2 74, HX|
i3t Het 24 h LCs= 30 ppm AEZ YR, ZulEete]
= 45 ppm, EEY A9 48 ppm TR ARG H L9
24h LCsp= HOITh#A7+e] & ¥, 3.4 ppm, 5.2 ppm, 5.6
ppm). Chlorine dioxide®] 73-9- A T-EHE 7]E0 2 S
557  Z42F 94 2073 ppm, 2922 1179 ppm 2 A
+ 1207 ppm2] oA REEAALE eI fra
S, 104 ppm, 59 ppm, 60 ppm). Povidon iodine®] “3-%-, |
A= ofIsked 51 ppm, 2912 9l 7352 272, 187 ppmS] Al
A EEANM LCsra HERIITHZ S -4 55, 5 ppm,
27 ppm, 19 ppm). Formaldehyde®] 7% 7H/d&o] 717 vl
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gk 212 HAIZA 407 ppm FLEC] Al X2l 24 h =F
S wl LCsye WFERNITE. Glutaraldehyde®] 73-$- Alh-g-4
o= e W 611, 330 X 208 ppme] 5% L ollA
=2, 7Pl 24 LCso= YERTH#ZES]
, 61 ppm, 33 ppm, 21 ppm). QACs2] 735 352] o]
Job =298 Yol YA 45 ppm, F3E2 35 ppm,
37 ppm2] AlFAAEE 2404 LCyws LFERASILH
8 %, 3.4 ppm, 2.6 ppm, 2.8 ppm). DDACS] 7
AL} AR & 545 dehdi=dl, |4 21
ppm, 3322 10 ppm, % 15 ppm2] AlAAlEE 2270
oA LCse WERHTHAZEe] & 5%, 2.1 ppm, 1.0 ppm,
1.5 ppm). Ortho-dichlorobenzene®] 74-$- HX] 17 ppm, 3| &
2 12 ppm % 7% 20 ppm2] AldEEEEACA LCsiS L}
ERNISICHERZEe] 8 5%, 13 ppm, 9.4 ppm, 15 ppm). Copper
sulfate®] 73-- G2lol tlsire Fa8% 43 ppme] FEolA
Hrg AAAZ oL, T 29Ee 9 7 el disiAl=
59} 4 ppm®] FEZZINA 5AS HERYSIT
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°
Heglth, 2 AgelA] AR AsAlE Al AsA|lEs
IFsHAl; hydrogen peroxide, 2 71A]; sodium hypochlorite
9l chlorine dioxide, & 2 =A|; povidon iodine”} ARE-E|%1aL,
SLAA A25A 2 formaldehyde?) glutaraldehyde, A178#4] &
ZAZ QACsY DDAC, Hl&A| 25419 ortho-dichlorobenzene
9} 718} 2=A|2 copper sulfate?} AMEE ST}

Hydrogen peroxide= 15 A& Alofatr] 18l AHE-=]
3 9lom, FalgeA o7l =9 Aol U ASTE &
53517] 93t AdbAQl AEAR FHEH AL = A5A F sy
o]tH(Avendano-Herrera et al., 2006). Z=3+ D<o {2 S0 Al
Ao A g de] A X 8ol w9 E32 ¢l X BAZ A}
L5 3 Ye A5AE BaEo] AT (Dawson et al.,, 1994;
Schreier et al., 1996; Small and Wolters, 2003), A3 tj3t
=48 we- Asietar deEA Qla, B AT E fFEvE
0.334 ppmel|x] Al2E5AJo] 1% ¢t Chlorine 714 ©]
3 Aol vlw A A 1y QA AEEE ARs 7L
Qo] TheFst tofol|A AmAIR 71 Wol o] 85 o] gtk(Geo,
1992; Yun et al., 1998). Chlorine> chlorine water®] JE|Z
18265 Sz Alof|A ARE3E7] A&k aL, E4d chlorine gas
(CL)E 12.5-25%7F4] 742l 2= sodium hypochloritex= -
thekst M 9lo) A biocideA|E AFEE 1 UTHU.S. EPA, 1994).
NaOCle =°|u alrell Aelahd, o] W=7 Tzt
nucleotide base=2} RE§-3t0] 423730l lipophilicatil /3
7 dREal g o] thekst 7l AsietES A s o]k 7]

H]—?g;é;] 7]/“]%, PAZNC:] Z—]/K-]_Z’_, R_D:]_Z,_

o A, velel s, i, 9%, 7 5ol thet biocide &
do] wig- =2 s}5HEolth(U.S. EPA, 1989; Salinoja-Salonen
and Jokela, 1991). & d5-ll] A4 sodium hypochlorite®}
chlorine dioxide= ZFZ} 12 ppm} 62 ppmollA] A3E 5408 B
o] 58] §% sodium hypochlorite”} WA LFEREO L, o] Fof
)&k H=X|AF 55 sodium hypochlorite®} chlorine dioxide
= 22} 30~48 ppm®} 12072073 ppmESIolA LCsrs B
12 g2 AA| 454 o]X|% sodium hypochlorite”} o1 3l|el] ©f
o] 1 7k o w VERiTH

Povidone-iodine in vitrool| X A, vlo]& A, X 2 AE
of tiate] & Zh= i LS A=A (Wutzler et
al., 1996), 413} o5, 5201, Al SolA] wpoleAy] A
A-E flste] b el Gt dFEo] Qe AFE ARSE
PA|RH(Evelyn et al., 1986; Heo and Sohn, 2000; Kim et al.,
2001; Satoh et al., 2006a,b), A2} CHSE-214 cell lineol 3}
oAM= fFEEE 5 ppm Yo F435 UERY ] oA 7
sk 540] Q= Aow =g

Aldehyde7] 3}3HE-<1 formaldehyde @ glutaraldehydet=
sulthydryl, hydroxyl, carboxyl } amino groups®] alkyl3}el ©]
aff Al3ze] aqtolut WAyl SA] AR 4= Q1= carbonyl
groupse 7FAIIL Qo] M, A, EAL, Hlo|g] A, Flte
2EEE 7, f7lEel g8l s v okl Al &
= 23] S (Miner et al., 1977; Rutala, 1990; Chambon et
al., 1992; Simons et al., 2000). Formaldehyde:= 1015, o]
i, 9, AR 5 TRkt ekdlolirelA 718 AERE, S5
4l 2t 55 A SlEl Aol SN E ARy
o] IH(Rucker et al., 1963; Leteux and Meyer, 1972; Al-Hamed
and Hermiz, 1973; Jung et al., 2003; Gieseker et al., 2006). Park
5(1995) formaldehyde®] 24 h LCs¢& 141 ppm©|H, =2 71|
AE2 o] G2 4 Qo] djal wEo] fjE R N
), 23] JAe]] &4 2 SATTE vekdoka ®arst
QAT 2 AFONE AR S B OH LCs>
407 ppmO.= YERY =4 YEFSA|TE, o] formaldehyde®] 73
A%, A 25 Foll wet Aot vh=2A v 7 Slo] dsen]
W= o) #HlEA 425A90 ortho-dichlorobenzene A3
L AlsEeke] sfAl7)= 2871 dE 7 Rz wEA|
e FalaHEe] FARE-S YR, Besh AisEo] uh
wjtol]] Aok mAl Al Wol AREEA] kAl itk B
F, 2 ATmellA 12~19 ppm H9lelA LCseexr By ool =
5AJo] 7t 2o ke,

Copperi= 4] HollA] 27} o]0z etz o= e 5
Q3 v AT, Copper sulfate Broli F2lox ] A
WA TR ARGE o] g3, sAteleM T 2RV ABE
Qa4 AME-E o] YtH(Cardeilhac and Whitaker, 1988; Chen et
al., 1994; Martin et al., 2006). SF4|5F, copper sulfatex= 1A
o 8d=-83 JAx| 21l theto] FAFE cell damage system
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S 7FA 3L 212 H(Jung and Kim, 2005), zebrafish®] ]=roj|A]
cell signalling®] =#|7} 2y 4= Qlgo] Bag o] gl
(Rosemberg et al., 2007). ¥ A7-°I4 copper sulfateel] T
LCsp> HAI7F 43 ppm© = 329352 5 ppm 2 755 4 ppm
®r} 108 A% A JeRY, {9217} copper sulfatee] thako]
e 7% 2o 55 WS 7 s ERIskith

o (o]
i =

£ A= AEERE 1059 4254 (hydrogen peroxide, sodium
hypochlorite, chlorine dioxide, povidon iodine, formaldehyde,
glutaraldehyde, quaternary ammonium compounds (QAC), didecyl
dimethyl ammonium chloride (DDAC), ortho-dichlorobenzene,
and copper sulfate)°l] tH$+ CHSE-214 cell line?} ‘AX] Paralichthys
olivaceus, 3|2} Sebastes pachycephalus, 735 Acanthopagrus
schlegelii®ll WSt 24 h LCs, 555 7438t Aldel AR
AP 25Ao tigk CHSE-214 cell line?] 24 h 54 S5
AlFHS 7] 2 hydrogen peroxide 0.955 ppm, sodium
hypochlorite 12.5 ppm, chlorine dioxide 62.5 ppm, povidon
iodine 50 ppm, formaldehyde 4 ppm, glutaraldehyde 1 ppm,
quaternary ammonium compounds 10 ppm, didecyl dimethyl
ammonium chloride 0.4 ppm, ortho-dichlorobenzene 6.2 ppm
oGtk 1059] £EAIY) B4 FEE olF] Buk ohlet 7
Aol whEbA . ull-- ThekskA] =Tt Hydrogen peroxide
© Aa5A Sl 7P F2 skolA offel digh A4S B
Sl |21, 98 9 2AdEel 247} 201, 269 2 139 ppm
oI LDs& WYERNITE DDACE 713 W& siolA ool
gk 54 Bl ¥R, 29Ee 9 el 247t 2.,
1.0 2 1.5 ppmellA] LDsg= YERASITE. Copper sulfate= o1&
of we} A4S Hol= w57 7P A vt

I
rat

nk=

Al-Hamed, M. and L. Hermiz, 1973. Experiments on the control
of anchor worm (Lernaea cyprinacea) Aquaculture, 2, 45-51.

Avendano-Herrera, R., B. Magarinos, R. Irgang and A.E. Toranzo,
2006. Use of hydrogen peroxide against the fish pathogen
Tenacibaculum maritimum and its effect on infected turbot
(Scophthalmus maximus). Aquaculture, 257, 104—110.

Bae, J. H. and D. S. Lee, 1999. Acute toxicity of chlorine dioxide
to cultured-flounder (Paralichthys olivaceus) and its bacteri-
cidal efficacy. Kor. J. Lab. Anim. Sci., 15, 87-91.

Cardeilhac, P. and B. Whitaker, 1988. Copper treatments: uses and
precautions. Vet. Clin. North Am., Small Anim. Pract., 18, 435—
448.

Chambon, M., J. L. Bailly and H. Peigue-Lafeuille, 1992. Activity
of glutaraldehyde at low concentrations against capsid proteins
of polio-virus type 1 and echoirus type 25, Appl. Environ.
Microbiol., 58, 3517-3521.

Chen, M. F., J. A. Apperson, GD. Marty and Y.W. Cheng, 1994.
Copper sulfate treatment decreases hatchery mortality of larval
white seabass Atractoscion nobilis. Aquaculture, 254, 102—
114.

Dawson, V. K., J. J. Rach, and T. M. Schreier, 1994. Hydrogen
peroxide as a fungicide for fish culture. Bull. Aquac. Assoc.
Can., 2, 54-56.

Evenyn, T. P. T., L. Prosperi-Porta and J. E. Ketcheson, 1986. Per-
sistence of the kidney-disease bacterium, Renibacterium
salmoninarum, in coho salmon, Oncorhynchus kisutch (Wal-
baum), eggs treated during and after water-hardening with
povidone-iodine. J. Fish Dis., 9, 461-464.

Geo, C. W,, 1992. The handbook of chlorination and alternative
disinfectants. 3rd ed., Van Nostrand Reinhold, New York, pp.
290-478.

Gieseker, C. M., S. G. Serfling and R. Reimschuessel, 2006. For-
malin treatment to reduce mortality associated with Saproleg-
nia parasitica in rainbow trout, Oncorhynchus mykiss.
Aquaculture, 253, 120-129.

Hall, J. A. and L. A. Golding, 1998. Standard methods for whole
effluent toxicity testing: development and application. NIWA,
MFE80205, Wellington.

Heo, M. S. and S. G. Sohn, 2000. Inactivation of white spot bac-
ulovirus (WSBYV) by chlorine, iodine, sunlight exposure, dry-
ing and fresh water. J. Fish Pathol., 13, 97-102.

Hwang, E. A. and H. D. Jeong, 2000. Toxicity of chloramine-T on
the flounder, Paralichthys olivaceus, and bactericidal activity
against fish pathogenic bacteria and blue green algae, Tetra-
selmis suecica. J. Fish Pathol. 13, 37-44.

Jung, S. H. and J. W. Kim, 2005. In vitro hemolysis and methe-
moglobin rormation in olive flounder (Paralichthys olivaceus)
erythrocytes induced by potassium permanganate, stabilized
chlorine dioxide, formalin and copper sulphate. J. Fish Pathol.,
18, 179-185.

Jung, S. H., D. S. Sim, M. S. Park, Q. T. Jo and Y. Kim, 2003.
Effects of formalin on haematologoical and blood chemistry in
olive flounder, Paralichthys olivaceus (Temminck et Schlegel).
Aquacult. Res., 34, 1269-1275.

Jung, S.J., S. 1. Kitamura, M. Aoyama, J. Y. Song, B. K. Kim and
M. J. Oh, 2006. Immune response of olive flounder, Parali-
chthys olivaceus against Miamiensis avidus (Ciliophora: Scu-
ticociliatida). J. Fish Pathol., 19, 173—181.

Kang, S. Y., M. J. Oh and J. A. Shin, 2005. Antimicrobial activ-
ities of Korean marine algae against fish pathogenic bacteria.
J. Fish Pathol., 18, 147-156.

Kim, S. R., S. J. Jung, S. I. Kitamura, S. Y. Kang and M. J. Oh,
2006. Acute tocitity of wood vinegar on culture fishes. J. Fish
Pathol., 19, 277-284.

Kim, W. S,, K. H. Kim, C. S. Kim, Y. J. Kim, S. J. Jung, T. S.
Jung, S. 1. Kitamura, M. Yoshimizu and M. J. Oh, 2003. The
infection of irido-like virus in cultured turbot (Scophthalmus
maximus). J. Fish Pathol., 16, 153—159.

Kim, Y. J., S. J. Jung and M. J. Oh, 2001. Investigation of the path
way of white spot syndrome virus (WSSV) infection. J. Fish
Pathol., 14, 129-136.



12 o3

s HT

Leteux, F. and F. P. Meyer, 1972. Mixtures of malachite green and
formalin for controlling ichthyophthirius and other protozoan
parasites of fish. Prog. Fish-Cult., 34, 21-26.

Martin F. C., J. A. Apperson, G. D. Marty and Y. W. Cheng, 2006.
Copper sulfate treatment decreases hatchery mortality of larval
white seabass Atractoscion nobilis. Aquaculture, 254, 102—
114.

Miner, N. A., J. W. McDowell, G. W. Wilcockson, N. I. Bruckner,
R. L. Stark and E. J. Whitmore, 1977. Antimicrobial and other
properties of a new stabilized alkaline glutaradehyde disinfec-
tant/sterilizer. Am. J. Hosp. Pharm., 34, 376-382.

Park, 1. S., H. B. Kim, M. S. Kim and C. W. Park, 1995. Acute
toxicity effcts of formaline to flounder, Paralichthys olivaceus.
J. Fish Pathol., 8, 57-67.

Park, K. H., M. J. Oh and H. Y. Kim, 2003. Disinfection effect of
chlorine dioxide on pathogenic bacteria from marine fish. J.
Fish Pathol., 16, 118-123.

Rosemberg, D. B., E. P. Rico, M. R. Senger, M. B. Arizi, R. D.
Dias,,M. R. Bogoc and C. D. Bonanb, 2007. Acute and sub-
chronic copper treatments alter extracellular nucleotide hydrol-
ysis in zebrafish brain membranes. Toxicol., 236, 132—139.

Rucker, R. R., W. G. Taylor and D. P. Toney, 1963. Formalin in the
hatchery. Prog. Fish-Cult., 25, 203-207.

Rutala, W. A., 1990. APIC guideline for selection and use of dis-
infectants. Am. J. Infect. Control, 18, 99—117.

Salinoja-Salonen M. S. and J. K. Jokela, 1991. Measurement of
organic halogen compounds in urine as an indicator of expo-
sure. Scand. J. Workplace Environ. Health, 17, 75-78.

Satoh, J., K. Mori, T. Nishioka, K. Hattori, M. Oka and K.
Watanabe, 2006a. Disinfection method for fertilized eggs of

X4, A, AT, 9T

kuruma prawn Penaeus japonicus using povidone-iodine. Fish
Pathol., 41, 117-120. (In Japanese with English abstract)

Satoh, J., T. Saitoh and K. Watanabe, 2006b. Evaluation of Pov-
idone-iodine treatment for disinfection and normal hatching
rate on fertilized eggs of longtooth grouper, Epinephelus bru-
neus. Aquacult. Sci., 54, 265-268.

Schreier, T. M., J. J. Rach and G. E. Howe, 2000. Efficacy of for-
malin, hydrogen peroxide and sodium chloride on fungal
infected rainbow trout eggs. Aquaculture, 140, 323-331.

Simons, C., S. E. Walsh and J. Y. Mailar, 2003. A note: ortho-
phthaldehyde: proposed mechanism of action of a new anti-
microbial agent. Lett. Appl. Microbiol., 31, 299-302. 2000.

Small, B. C., W. R. Wolters, 2003. Hydrogen peroxide treatment
during egg incubation improves channel catfish hatching suc-
cess. N. Am. J. Aquacult., 65, 314-317.

U.S. EPA, 1989. Drinking water criteria document for chlorine,
hypochlorous acid and hypochlorite ion. Environmental Cri-
teria and Assessment Office. Cincinnati (OH): U.S. EPA.

U.S. EPA, 1994. Chemical Summary for Chlorine. Office of Pol-
lution Prevention and Toxics. Cincinnati (OH): U.S. EPA; EPA
749-F-94-010a.

Wautzler, P., A. Sauerbrei, R. Klcking, B. Brgmann and K. Reimer,
2002. Virucidal activity and cytotoxicity of the liposomal for-
mulation of povidone-iodine. Antiviral Res., 54, 89-97.

Yoon, J. Y., S. J. Byun, S. D. Lee and K. S. Seok, 1998. Esti-
mating disinfection processes in water treatment plants. J. Kor.
Soc. Wat. Qual., 14, 413-423.

007 12€ 21¥
12008 1€ 17

PN
g

£
re
BN
ACANSY




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


