e gra A A) 6 Al 22 (2003)
I Fish Pathol., 16(2) : 91~ 102 (2003)

O|A S} A (C102)2] KM 2|0l [hE FXI, Paralichthys olivaceus
SEUAL=S] AN B8
&S
o O B A v 2]

Serial Changes in the Rate of Respiratory Metabolism of Olive
Flounder, Paralichthys olivaceus Exposed to Intermittent
Chlorination of Chlorine Dioxide (ClO:)

Heung-Yun Kim'
Department of Aqualife Medicine, Yosu National University, Yeosu 550-749, Korea

The present study was investigated the cffects of chlorine dioxide (ClOz) on the respiratory metabolism of
olive flounder (Paralichthys olivaceus) intermittently exposed to seawater chlorinated by ClO:. Oxygen
consumption of flounder before and after once or twice ClOu-treatment with 12 hr- orfand 24 hr-interval
were sertally measured with automatic intermittent-flow respirometer system (AIRS}). The oxygen con-
sumption rates of flounder exposed to 0.10 and 0.20 ppm CIO: were not ditferent from the control fish prior
to the once or twice chtorinations. On the other hand, the respiratory metabolic rates of flounder exposed to
(.30 ppm ClO: were significuntly increased 15% and 22 ~23% after the once and twice chlorinations com-
pared to the control fish, respectively. The flounder exposed to 0.4{ and .50 ppm CIO: died within 4 hr and
1 hr, respectively. The clevation of respiratory metabolisim in flounder exposed to (.30 ppm ClO: and above
is considered due to physiological stress caused by CIO: exposure,

Key wordy : Chlorine dioxide, Paralichithys ofivaceus, Intcrmittent ¢xposure, Oxygen consumption
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o] AlgAd AW A&/, AL WA g ¥
oAl =AM Weol] AR $4r) (Brook and Bar-
tos, 1984; Gerundo et al., 1991; Thorburn and Moc-
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AHE-2] free chlorine
(& hypochlorous acid, HOCI®Z} hypochlorite
ion, OCl )o] H7HEolu i Lfols}t dhg-3ed
d)}ekA 9] trihalomethane (THM) ¥} chloramine &
AAdsle] #73 B BA o] e AR
A2 2] vt (Travis and Heath, 1981, Wan ef al,
2000, Juli et ., 1997b). ©] 2431 & (ClOn)+ lig-
uid chlorine (Clyell s 4k3loo] 25y &
Y L=Ao|Y pFel ERIET i
gha-glo] BT R A3 AlESE T8
Aat2hd-2 vjepde|, THM3} chloramine®] 44
A=A} Fo) Ao S8 AHAE EEH




g2 HER

2 9o} (Juli ef al., 1997a, b; Chanda, 1998).
T AT HAAE] whEE, o] F7}
AABER] e T W0, B2 A Terd
% A A BHoes AL dA Fr
2 92 Aeete] AR AT Fol= HAL 4
B33 et (Thorburn and Moccia, 1993), ©<=
SN Fe A olybid ohilal YEAR Wol
&)= chloramine-Toll ¥HE v &5 B4
o (Oncorhynchus mykiss)@) 739 AkAH.9}o) L}
%7401]*1“ AEld Asiide] won, Aag
Uol =2 B A= olylu)e] FalBu) 9
NM x| ¢7F Z71slATE dRa} $732%71
7k AR BA e AMAIEe] A7}
grobA 7tLe] FAAIRS AHAARORA
S5k B8 Foivk ks skl
(Powell and Perry, 1997; Powell et af., 1998), 0]¢]
H5Y Bass and Heath (1977)2} Travis and Heath
(1981)= free chlorine® monochloramine
(NH.CDell 315 33] 718802 L&y x5
50 (Salmo gairdneri) THE9] AAhBola &
9} hematocrit (Ht), hemoglobin (Hb) ' Hbel] o)
gl methemoglobin ¥]-&-& ZAL8): A, 748 4 Q)
ALEEE S gairdneri2) Q) dlo] mx)e o
B& AFAAL BT 44 AL
8 ClO: 253 AED Ay 74y 84
e BUATe AFEFH Park ef al., 2003)9}
YEA A mEF g3 Az Agd
& (Kim and Kim, 2003) S 33+ B 317} gL
oo, ZHE A2 CIO: M7} ekAlolfol) u)A]
o Y% M A2 duid dA gt
&S FAEA FAAE wiAe el
A S mpetsle PEoRME EiH Al
o FAAR A7) HE 5F WALS S 2AbE
o 1 F3%S Grisle die] @ol Alyy
Qo (Kim et al., 1996; Harris et al., 1998 Brodeur
et al., 2001, Webb et ¢l.,2001), T2} 82 EA
B0 kEgd PAAEL IEPALES AA
HOR FAREIZ) HE|ATE Al Al
THARKE: &2ol] o8 Ae)d] 2&a A7) w4

S

Sojof shal, &3 kAR E A543 W
254 T A PEE 2o §A1H)
oJok 3t} (Davis ef al., 1992). Wrona and Davis
(1984)} Hauris et al. (1999)= 875 9) AAFE
et ol AYAEe] FEE) €3}
Al Zasle A4 Basgon, £5&4 v
Holl MeEfMe AN ES] 283 5 §9),
YA e 3 FHFIN 4R 33
FUEE FO4 AT 2 3FE 2L 29
e 2002 A8g 4 Yrkw AzhEnt
ATE A5 Clo} 2Had oz A
2 W d2o] TFHALZ ) v]A = G3re o
okst7] e, A EEFE2A A (automatic
intermitient-flow respirometer system, AIRS)EA]|
Ul 3R AhaHFE 94 6% NALE
ClO: 2|21 zhz} 242417} Et 4890}

ME X

&EH

AHAR YA, Paralichthys olivaceus’= |2}

zd AN BPRS A A YA
FAE et FRP R85 (44, 1 m)o)
FEEHT. Mole ARHE RS 2
T THINL 2L 20TE 2o 4%
ol SAANFE 3FEA 24478 Aol v|&
g 2719 7] snlelE 2Ys5le) 2 ZUC'DI
At (2260 L ‘l;?:],q HA A HOoW,
HENA Aol A& EY,Re) mF
of 3} s (F73,02 unl}i ,:.] - @3k &
FUiARE &R0l AN/ g v §
FE Ao|7t A8 4] Snkg] 7] WL
as| 3velg sl $FA0 LT
(Table 1, 2).
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A8l A 2= 0.01% ClO: stock solution (99,4 +
0.3 ppm, n=5)g YRS AP A3
32, ClO: stock solution2 104wt} A|Zstdo)
A8 2, Q8 2 pHE AR A7) (YSI 58
and 85, USA)2} pH meter (Methrom 704, Swiss)
2A, #9F el AAE Solorzano (1969)2]
phenolhypochlorite®] © 8 &2 8l T}

ZESHD AR

ClO: A 2dlrol =¥ WA THFRAEL
e E55Y AAZ S8 (Fig. 1). £
SAL e A AT 225 0]S) 23}
AraRE U] st ©)E (input 045 i,

output 0.2 ;m)2] capsuie filter (Sartobran P, Ger-
many) 2 oA 3gE S ARSI ERY (016
2 20°C 2] 045’-}511“1"-% ) -
3.0 —r} TC 1)

cm X7.5 em)oll&=

3L Ao et E & W33t

Fig. 1. Schematic diagram of amomatic intermittent-flow
respirometer system (AIRS) used to measure oxygen con-
sumption of olive flounder, Paralichthys olivaceus. The
measuring system except peristaltic pump was installed in
low temperature incubator. Dotted- and solid-line arrows in
the equipments indicate circular course during measure-
ment period and water exchange, respectively. 1 Personal
computer for control and data storage, 2: AD/DA convert-
er, 3: Control driver of solenoid valve, 4; Dissolved oxygen
(IXJ} meter, 5 3-way solenoid valve, 6: Oxygen and tem-
perature electrode chamber, 7: Peristaltic pump, 8: Respira-
tory chamber, 9: Reservoir container, 10; Air-stone, 11: Air
cxhaust tube, 12: Air supply tube, 13: Cotton and charcoal
ait filter, 14: C10: input tube.,

$F &4 A 71X peristaltic pump (PP,
Eyela RP-1000)24] ,:q = 3 oA AR
ZE2 WEANAL, T WS personal
computer (PC)ol| A A< 389t} $35= A7)
A&7} AD/DA convertor (AXS5621H)$} solenoid
valve control driver& * 3 3-way solenoid valve
(Burkert 131, Germany) 252 o183t v A
SIR T PPE AlQJ§ 2HE A= Aufadr)
(Eyela LT1-1000SD)<:o)| ER[3R92, 3/ F &
A2 20C 323 GAZFANA AAsgrt
A2 DOE 7571 =8 ZY A4hAST
(YSI 5905)3 Ak eE7] (YSI 58)0A 455
= 0~1 V (accuracy: +04% of full scale in YSI
58 Manual) A¢-g B¥3e] 19x10° mV (=
0.38 ug OJL)8! AD convertor2 A8}
Ao AtAdRe 2% DO Xpole {7} M4
H o o EE MBI FA g3k =
el A8 100 datafsecS] DO =]} 1 3}
O|ZHH A2 R AlMHE Fho) AAzte ®E PC
of display® ¥, A=Ak AAAF 1A 72 A
AR (mg Odindi/hr)E A428-A = (ml
Odindi/hn 22 vlte dls HEA|le 078 o
o] A&l Tk (APHA, 1981).

ClO: 2|

SHA HdHUAE 8% F 3
%“ﬁfﬂA IER7], 354 "’“ﬁ 58 '3-% Ay
2% g B e d¥ole AL &)
%’T"ﬂ:ﬂ' FHlE AR, o)l 2} dgw)
o} 24417 S92 ClO: M)A Y] 2FEL 23
et =8AF2] ClO: A2l DC power sup-
ply9] on-off signalg et FFrt My «

O F w7 18 ClO: FYda d49
PPE 2rg3le A& 300 md 715 v &3t o
Z 858 10 L 8 ClO: =7} 0.10,0.20,
0.30,040 ¥ 0.50 ppm (nominal concentration).©.
7 PMEEE Akl 001% ClO: stock solution
2 Aol 4ioiM FU3 ) 139 ClO: A
o lngy dXxe] IRFEL AU F 2447
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AN oAl CloE M2l § /71 w9l
TEOE HAFE = AIFEEH 2447 Fot SF
3t3ict 23] 9] ClO: A= A37RA] § 24A47)
o] Ayt T 13 W 13] Mz & 124|743} 24 4]
2k 7bA 28| chlorination ¥ T2 FE-3A] zbz}
13 Ae)skeivt 2+ 2¥oA chlorination &8
128 Ao} AEA|A] & uf 24A])7ho] A FFL
AMAEA 3E7F fped Feddl= PPE JHE
&t ClOs-free scawater3 5 LY w831 4
HEE oo 430 278 oA SHBOR
AT UL oA EHS] F7|& AR 2 A A
glo] A FHS, 90TAA 24X 7 A% A
= 54319t

3%

A X

AA7Ie 2 AAE IFSA data= Origin
(version 6.0) EZ I S 2 loadingle] CIO: ¥
35 3580 HAF Aol F5F +estd
th 55 S A= AZRAE gF 121700 44
3 AbA4Ek BlAS €58 (weight-specific respi-
ration rate, ml O:fg, dry wt/hn)E EA) 3131l

@ It

Lo SERHAR
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Fig. 2. The rates of weight-specific respiratory metabolism

02cmgl {A9] T{F-ES 0459~1.037 ml O/,
dry wt/hr2] H9E ERRIZE, 31F Fol=
11:00~13:00 A|ZH) o] BFAFEC] T A%
3 S HYon, F i 3FHES 0680
+0.097 ml Oxfg, dry wt/hre| )t} (Table 1), ClO:-
free seawaterol| 4| 447 &A% {82 & o
Tk ClO: Ag|qre] JEHOR &g 2
3718 AT ¢ 20T TU717F 41
A2 A7 whedd AR Ha3], g2
BEZONALS-Z 71538t} (Table 1).

ClO: 18] ®e2lAle| EEROALE

ClO:-free seawaterol] W28 212} 3nje)d) 4=
48l 24A2 ¢t 3F tAEE EAE o
v, S@Alg¢] Cl0: Ex=7} 0.10,0.20,0.30,0.40
% 0.50 ppmo] ==& 13 A 5 128-0] 3
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of 3 olive llounders, Paralichthys olivaceus maintained to
ClOe-free seawater. Open circles indicate the mean rate
during 3 min.

Fig. 3. The respiratory metabolic rate of the flounder before
and after exposure to seawater chlormated by different con-
centrations of ClOs. Arrows indicate chlorination.
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Table 1. The respiratory metabolic rates of the flounder, P, olivaceus before and after exposure to seawater chlorinated by
chiorine dioxtde (CI10),) on 24 hr afier experiment initiation. Oxygen consumption of the flounder was measured for 24 hr

before and after chlorination, respectively.

ClO: concentration {ppm)"

Contral 0.10 0.20 0.30 (.40 0.50
No. of measured fish” 3 3 3 3 3 3
Mean total length (cm) 13.1+026 129x024 1341019 131+018  128+022  136+0.17
Mean dry weight (g) 4641021 45+029 478+022 4924023  445+0.17 5111024
Water temperature ('C) 1984001 1994001  198+001 19710001 (994001 1984001
Salimty (ppt) 31,7004  31.53+£003 3142003 3203002 3164004 31514003
Oxygen saturation (%) 93.8-86.2 93.3-855 94.1-859 93.1-836 93.7-82.8 93.2-83.0
Total ammonia (mg N/L)* 0,05 0.08 0.07 005 Q.08 008
Flow rate (mlfmin) 850 850 850 850 850 850
Measurement interval (min) 3 3 3 3 3 3
No. of measurement (A+B) 960 2401240 240+240 240+240 2404200 24045%
Chamber volume {ml) 1,620 1,620 1,620 1,620 1,620 1,620
Mean oxygen consumption
(ml O,/g, dry wtfhr)
Before ClO, exposure (A) 06800097 0.70610.115 075710142 0.646+0.118 0.73910.142 0.650£0.130

After C10O, exposure (B) - 0.688+0.129 0.77410.132 0.74210.196 097910383 095140423

Percent increase in
Ooxygen consinption®

? Nominal concentration chlorinated by 0.01% CIO, stock solutton {measured concentration =994 0.3 ppm ClO:, n=5) in
total circular seawater of 10 L, Circular seawater in the AIRS was exchanged with ClO-free seawater of 5 L on 12 min and
24 hr after chlorination and experiment initiation, respectively.

* All fish were not fed 24 hr before maintaining in the respiratory chamber (RC) and then were acclimated to the exposure of
sudden darkness and circular water-flow in the RC for 3 hr prior to measuring of oxygen uptake.

¥ Maximum level of total ammonia in circular seawater on 24 hr after experiment initiation.

% Limited to measurernents of 20 and 5 times in 2 and 0.5 hr after chlorinations.

" (B-AYA X 100,

7 P<h)5 by Student's #-test.

- =0 <0 1497 32,59 443"
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A3 Al Aol &= =80 1728 ClOx-free seawa-
ter= n¥sjed 242710 ZHA TFEY HAF
o) W3S ZAlsgr} (Fig. 3). 0.10 ppmo]] &
2 9A9 ZIEFYAES Clo: X Ao Fd
AN SAH 24070 F B EF8
S WE B399, 020 ppmolAis ClIO: A e
AEo} YAAHLE ITEFEC] FUleke g
BHAEE 0.10 ppm CIO: &3} 2 AL
UERR ST 0.30 ppm xF-7+2 chlorination 2] 3
ol HI 1.572 ml Og, dry wt/hr2 Z713le] of
A7) e w2 WAREE FAIGIA, 8
T 208N B0 F Hit 3FFS =E3A 4F
=0l W3] 149% =7}3159 v} (Table 1). 0403}
0.50 ppmeol| &8 AL ClO: 47 F z}zt 1A
2kt 30870 AA ZEF) 545 So1et
Mot 040 ppmol Al ClO: 2] 3 447} o]
uloll, 0.50 ppmell Az 1AZF Yol BE A7}
AR RO BN SE-E 0ol ZE3YT

ClO, 28] XE|Ale &AL

12 hr-interval chlorination

AFANA] F 24A7EA 0.10,020 3 0.30
ppme] HEE ClI0,8 AN&|3}7, 124)7ke] A D)
¢ ths A FRE 13 dRE AM)EiEA @A
9] IFES A 6 FUE ST A=
Fig. 4¢] eRN2ITE 0.10 ppmell A= ClO, 2
o M TH5F Wit #FEHA G4dR, 020
ppmollA= 1E 2} 23] 5 chlorination 2%
o {80l 78l ANS BPev Clo; A
Ao F Y TFEH v £ BATh
0.30 ppm =27 13 chlorination Foll= f 2
A7y B BRUGANE ] AR 124]37E
o] 7428t F 23]4 chlorination sy 3R ThARE
Z7F= 9F 6A17F AXE AEHJYE, &9
Bt 358 Clo, A He Y AFFolA
SAE 24X 7 B gholl visl 23.3% F71sk T}
(Table 2).
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Fig. 4, The respiratory metabolic rate of the flounder, P. oli-
vacens before and after exposure to scawater chlorinated by
different concentrations of chtorine dioxide (CIO.) in twice
at 12 hr-interval. Armmows represent chlorination.
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Fig. 5. The respiratory metabolic rate of the flounder, P, oli-
vaceus before and after exposure to seawater chlorinated by
diffcrent concentrations of chlorine dioxide (C10:) in twice
at 24 hr-interval, Arrows represent chlorination,
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Table 2. The respiratory metabolic rate of the flounder, P. ofivaceus before and afier exposure to seawater chlorinated by dif-
ferent concentrations of chlorine dioxide (C10,) in twice at 12 hr- and 24 hr-intervals, respectively.

CIO: concentration {ppm)"

Chlorination at 12 hr-interval

{Chlorination at 24 hr-interval

0,10 0.20 .30 0.l 0.2 0.3
No. of measured fish” 3 3 3 3 3 3
Mean total length (em) 13.8:+0.2] 1342027 13214018 1344029 1361024 13.8+023
Mean dry weight (g) 325+0.23 4871031 5111014 4984027 3.02+0.19 4.91 1020
Water temperature {C ) 19.8 1+0.01 1974001 1993001 1962000 1971001 199+001
Salinity (ppt) IT4+004 3233002 321003 324002 3201003 3231004
Oxygen saturation (%) 04.9-86.3 94.1-85.8 932827 94 6-85.2 93.7-849 930823
Total ammonia {mg N/LY 0.4 0.06 005 (008 007 009
Flow rate (mlfmin) 350 830 850 850 330 850
Measurement interval (min) 3 3 3 3 3 3
No, of measurement (A+B) 2404240 240+240 2404240 2404240 240+240 2404240
Chambet volume {ml) [ ,620 1,620 1,620 1,620 1,620 1,620
Mean oxygen consumpiion
(ml Oy/g, dry wt./hr)
Before C1O, exposure (A  (,69610.110 0676+0.105 077910092 078610010 0.79310.146 0681 +0.142

After ClO; exposure (B)

Percent increase in
oxygen consumption®

<0

<0

23.3"

=0

<0

0.6891£0.087 067010079 096110.163 0.77140.113 0.761:40.123 0.83410.168

247

" Nominal concentration in the total circular seawater of 10 L chlorinated by 0.01% CIO, stock solution {measured concen-
tration = 99.4 0.3 ppm CIO., n=5). Circular seawater in the AIRS was exchanged with ClO,-free seawater of 5 L on each
24 hrand 12 min after experiment initiation and chlonnation, respectively.

3 All fish were not fed for 24 hr before maintaining in the respiratory chamber (RC) and then were acclimated to the exposure
of sudden darkness and circular water flow in the RC for 3 hr prior to measuning of oxygen uptake.

» Maximum level of total ammonia nitrogen of circular seawater in the AIRS on each 24 hrafter experiment initiation,

“(B-AYA X 100,

? P<0.05 by Student’s r-test,
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24 hr-interval chlorination

@A Cl0, =71 0.10, 020 2 030
ppme] EEE 2447 ZEAC 5 = 9 chlorina-
tiondPA A I JPAE-S &A% A= Fig. 5
2} 2t} 0,103 0.20 ppmol A= F ¥ Clo, ]
2o @ ¥ 2447  Hy TFEL
=% A3 v 13t SHFUALE Sk ge R
©.2 VT (Table 2). 0.30 ppmol| A= 13 3
glell vlE] 23] ol w&EH FFTF Aol
A& 7172 A dolRnon, £ W9
chlonnation®l] ‘=& % A2 & Ha 358
+ eE A7 vnsl] 224% Solske AAE
VR it

TRy

JaA kEE oF=e) A2y 2 Wy g
BLET WAL o5t A oblvlE AF
st olzbn] TAS RE37 9% wolr e
2 gk Hoo| FH|mm (Bass and Heath,
1977, Mallatt, 1985), o}7|u| 7} &A= $3L
FTAM L] ol A4S, FHY] B FAR7} 8]
A, A ) 7| AR RRE] AHME velel S,
8|3 A A E A BA ] HE §3S Fol #
AHT} (Middaugh et al., 1980). o}7}n] A F-S
ST BYEH AHHESo] TAYNH AkA
A A R 55749 FAlAEzE oA of
o= TFAN7 Zell®e} (Powell et al.,
1994), o}A|A} g o] HAA F4 T ke
Ho® k29 ojfc UYL (bradycardia)
Hol3, ¥ Htel of7ln] BF3F @ SFRAT7]
Z7V8h= © (Bass and Heath, 1977), o] 24
o & oo AT o B2 4AE F
w3l7] g9t dxpHel H-ewkgoq HIIH
t} (Black and McCarthy, 1990},

¥ AgAA ClO, Aelel 13 229 YA
= Al A2lg ClO, o) wat EFA R
o] ¥MF WYL 37kx] ez 2REJAD AlF
%9 ClO; ==7}F 0.10~0.50 ppml & FHi =Y

= ©,0.108} 020 ppmel A= chlorination 23
24X7F St YA 9 vlAE EFES zpe)7t ¢
1,030 ppm -2 kEFA 9] A v
A& 149% 5718 (Table 1), o]o)] ulk&)
040} 0.50 ppmo| M= ClO, AP A 30| 338
o] A AR Ajzke] sl
ClO, 2t vAlF THFE W9 °152 HolAf
oo, ClO, Ae] F 242 44783 1217 oo
A¥els B XA o] 8§ A= Clo,
Al Eg:d dA 9 AES FA} (Kim and
Kim, 20034 g3 A|AE §95= ClO, 2+
55, AAF 9As2%  (lethal-threshold concen-
tration, LID) 0.27::0.02~0.34 1003 ppm ¥ ¢
of A= A¥s} LYo AY) 2
71, 72 B ALAert vl 2344 Clo,
TERE 13 kg7 YA)e] AEE &4 A9}
H| 3P XA} ods wEA) A8 Ao s 1
BT} & Aol A= rlgol 3 s4o) s o
AZZ A chlormation @ e 24 $718 x7)

+ e B2 &g B8l (Kim and Kim,
2003), Yol Ui FH0) Y8l (Park et ol
2003) C1O, 2tglo] =z|A PR H-E 73}
H gx AR ZYE= ClO.98 LTD7 L8
A& Yl fA4C R AztgE .

CIO7} o Fd| WA= 54713 Mol 4
Z QA W) Junli ef al. (19976)8 2o CIO,
7} AR S g2l Zjole] €3k Zalr)zto
2 ClO7) AlyFe] MEerE F3slo] M Xekat
A AES ABAA 28 AadE 7
3 SlHch 22]2 Buckley ef al. (1976)2 free
chlorinedl] & ¥ of ol7)n] £Ab s
A 2EH A7 A4 W Al A4 g
s SN 7MEE ¢ JlSdx BEsle
F1E9 7Y D FHE st TESS 7
Zhel] Hag HFY iR E 2FF 5 gk

Fdck, o] g 0403 0.50 ppmell =2 H I
- ClO, A2j3Fellz TFE0) Ae3ixotr)
T A3 ZAadEA XS AL oy
AN 2R F3E Clo9 AtslalAe) A7 of

f

> o N o

o
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Zh £4Lq QI {5 FHT S4% 4
F4 =93 (Kim and Kim, 2003)0] YA A}
o AsAARLE Yo7 Aoew FAHAL.

Bass and Heath (1977)= 04 ppm%] free chlo-
rined] 8A|Z} 7VHS R FFE 33 ¥ S.
gairdnerio| A= 0.5 ppmel] =38 JiN Y=
2] ouEAl, 8% % coughing rate?} P4
#] Z}7] (inter-chiorination perios)oll= AAMA| 2
FEx= AL Helvly 3¢t} 3183 Pow-
ell and Perry (1997)= #734¢] 4bAR Qo] v
ZANME 0. mykiss9] ol71m] FFNEe}
Y2 pHe F7131a, 9 de] 4ks B¢
(Po)t o3kl 9 (Peo)> st wt
el Abagqlol & A FNY pH
7} a3t Po.8} Peoy F7)8he AL <l
3ot et e AkAleto] 2 A
A, Flrs FAe] OCI=Z #la]5 chlo-
ramine-T8] Z7|1FEE 9 ppm (= 0.2 ppm free
chlorine) 2.2 3¢ 1417 =& A7 0.
mykiss<= of7e] FFRES 2 EA $718HA
Aut A E 9 Po,8 Peo, B pHE HE}F 8l
t}, ]2 chloramine-T w=30]9) HBuig 7}
S718hs AL of7imle] Eu|E FIUozZ <l
el E = oAt EHEAg] Eal Aofio] i Alg
A RAER O 7 245199 % Powell and Perry
(1996)= 243} =72 chloramine T 9 ppm
o 1A} =¥ O.mykisso o7 A X
9| =AM AHAEE B Fdo] BolA|H o}
JhE B8 AAng Hrke olAlgted Tl
o] A3 |2 U= S

Yx7t =28 oas)ee] 12A)7k3k 24470
718 ztzt 239 AX ClOE Ha)se 5
E£& Aoz ZARL H (Fig. 4, 5),0.103}
020 ppmel] xZ % X9 3FEE a3
zhol= 92l e w030 ppm =& 2 234 CIO,
7V Mg o= EFUARR] 1HA v
271811} (Table 1,2), 0.30 ppm oA B
ol EFE &7l kXAl T e kg ¥
W71 Al 2EY S A 33t Ay

G FRIBE7] H% iy 7)Ao s A#
fhrdhE o] Al B 9 A T A
] 7HE AR E BR3E7] 9% Adeldel HL
Hhe-2] dag oAz,

HaA7F o579 EF750 vA|= 24H9
Hao Z= A ree chlorineo] £33
UELolet w23l AP chloramineo) Hb
% methemoglobin®. & AF3IA)A IFul a0
Fashe @ A g31Ad dut (Travis and
Heath, 1981; Heath, 1995). $-H, Powell et al.
(1994)2 HaA 9] A} 4L g4 27/,
SAI17E 9@ o|Fol] e} E ¥ oy} £,
pH, #7148 ¥=% 7h2 329l¢) ue} &
v} 8%t} Brooks and Bartos (1984)= S. gaird-
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2% 9 20, 23, 25°ColA] monochloramine
(NH,C1}, dichloramine (NHCL), HOCI 2 OCI9))
)] ofTHE RAASAE AT 1 punc-
tatus®] 73-5- 158 =B85 VX AR (15
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gal ISE k&5t AHF) 1%7) Al
ST (15 min-LC)= Zk2r 074,024,021 W
0.76 ppm O 24 2ALEAS HOCI®| 7% &8k
Ch 3 AEFE QA 420 U F o= w7t
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gairdnerio] H|s| A& 339 27st AL R FA)
go| A AT iz FAd = & &
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3t PAA T/, olF B e g Al
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o] FY pH7l @S5 AALSAo] ZslA
AL b 2 10C9F 15Tol A P22 3
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A28 Jelth ClO, B E¥E k&A7 g4
TFNARES] A4 2RX]ZRE 040 ppm o]
FAXE ClO, Ao U3 Ae g 77 o
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el LB 7ed AR FREE I
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013 02ppm CIO 2. 18] W 23] Agle] w29
g2 24717 F HF ZERAEL CIO, A
A Y A3 3FE HaA 9 vsE e
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B e F 124733 24717 ZkA o8 13) v
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