Sopatatz| & =B Al2d A23(2003) ——
Pl o 32 - ¥ X ) RIMST AND TECHHNOLOGY
© KOREA MARITIME UNIVERSITY

Hematological Characteristics of Olive Flounder (Paralichthys olivaceus) in
Culture Farm Influenced by Heated Effluent Water
from a Power Plant in Summer
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Effect of heated water from a power plant in summer on hematological characteristics of flounder
(Paralichthys olivaceus) were investigated. Hematocrit level fluctuated between 15.7 and 16.3% in control
farm, but it significantly increased to 17.7% in the high-WT farm. The corresponding values for hemo-
globin concentration were 9.9~18.0 g/de for the control farm and 6.2~19.4 g/d¢ for the exposed farm.
The plasma cortisol remained between 0.6 and 2.8 ng/m{ in the former but significantly decreased 317.1
to 3.3 ng/m¢ in the later. The plasma glucose also decreased from 36.5~46.0 to 23.5~36.5 mg/d¢. Plasma
osmolality decreased from 551.5~597.0 to 391.0~466.5 mOsnvkg.
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Aol F FAollA e BE, AFTES 9 H=} 22 A
Axfaf e A& F HADE 3 2 AAF L=
2% ol 9 HHAAS Hshe dl A7 Eo] Fch(Wardle,
1981). FAIHA Foll Ao {7} HE F v 2=
29l A&, o] AEdA 8]lo) o ofFr Al
W ey 2ol doid & Uck(Pickering, 1992;
Chang et al., 2001a). 3 Zellz ol FFAA B = AU
= 2EH A F 2HF 9 A4 (Pickering et al., 1982; Hur
et al, 2001), 7}57}(Tomasso et al., 1983), F4%(Davis
and Parker, 1986; Chang et al, 2001b) gl ok Fof
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% (Wedemeyer and McLeay, 1981), = (Smart, 1981), 5~
&(Fryer, 1975; Chang et al,, 2001a) ¥ %3 ¥(Singley and
Chavin, 1971; Chang and Hur, 1999; Hur and Chang,
1999) 5 #7344 23 Soll theled A7 glek. BAA
£EHA 20 F 4 olAls) AF WHE okl
3 2EFA q9og z83slo](Strange et al, 1977
Ishioka, 1980; Davis and Parker, 1990; Barton and
Iwama 1991), A4l hAHWoo, 1990)9} 8§ A 4HRyan,
1995)9] W3t Lol AR 4#A Qi & £E
Blzaoh FAY AT2E TSl wE 2B kS
(Ishioka, 1980), &5}l wh& AEel| & ¥h§-(Chang et
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al,, 1999; Park et al., 1999), =24 <%0l w2 2ZEg~ vt
$(Chang et al, 2001a) o] it} E3), Chang et al.
(1999; 2001a)#} Park et al. (1999)2 ok4] 9 o] {7} =2
Wstoll ofsll LEAAE Wow, 43 9l ME g dape
vl 4 Qdokar ehgict.
52 T Felitolld o) FHsbA W 4
B9 k) A2} Saslol vyt W
HR4e] W2 MEEE Lulg) o8 2
A9 S Yol Adsld S wigt & 5 9ot
&ollA W71 E AR wlEeE Adalg B —F7C
77} Ho] Fuigd oz BEE, o] 2ups
o“—l%}oﬂ o:la‘l:_é. ol Ao 2 Ak o] Zi‘r‘{’:ﬂ
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AAE, ZF71Q0 o E-olle g
= 7 sho] A ol oAz Ay
F Ao® o4tEc
HebA FL7)Q oA F Ao LulF S FAaa)
Fodsl P il ol dulol chetol 24 - vy
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¥ 1990ll= 250, 27.0C, 94 4Qell= 22117, 26.7C, 9
¥ 209elli= 2317, 23.7C At AdolE: alet dar
Bl 18709 Asd Zlolglen, ojale] =7 9 wwiee
Table 13} Zc}h zA717 & dizdA2e] Yxje Az
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o0, HlEHE &= 13.6+1.2~18.9+14%) 0.1, 24k ko]

3
28
26

&

@ 24

2

d

o 22

Q

£

€ 2

-

2

<

Z 18
16 L—Conuol —HIgh-WTl
14 " N s N '
Aug.1  Aug.10 Aug.19 Aug.28 Sep.6 Sep.15 Sep. 24

Date

Fig. 1. Changes in water temperatures in high-WT and
control farms. Arrows indicate the blood sampling date.

Table 1. Total length, body weight and condition factor
of olive flounder in high-WT and control farms

Total Body  Condition

Date Farm of .
length (cm) weight (g) factor
Aug 3 HISNWT  287:16  2613:573 187+23
ug Control ~ 24.9+19 1723382 189+14
Aug. 19 HIBNWT 31126  3129:760 161:22
ug Control 254406 157.7+21.0 14.9+17
Gep, 4 High-WT  287:26  2404:725 14326
p: Control  26.7+05 18134144 14.5+07
Gep. oo Hih-WT 307621 30212677 152:15
P 275+1.3  187.0+241 13.6+1.2

Control

The values are meantSD (n=20).

Addole A 28711.6~31.1+26 cm, A|Z 240.4+72.5~
312.9+76.0 g, HIYFE 14.3+26~18.7+2.30|)c}.
ddTze 27 12 me] FRP 9352544 70 m’)
ol +&UEE 15 kg/m’Rom, 19 482 16~203 7
o2 03, WA E FFelHA £E2ALT} 5 ppm
olgol RS =Aelgirt A-§40] RS 34350
o, Hol 2 1Y 23](10:00, 16:00) Bo|AEA(PE
Rrdolst WA & MBAEE 112 £ FIebalch
7 Aol A%F WA 5 ol ZAA 100}e)4
T2 28 Jx2HE] 20 [U/mL heparin sodium
(Choongwae Pharma Corporation, HwaSung, Korea) A
218 3 mL-23 G F47](Dong Shin Medical Instruments
Co., KongJu, Korea) & ul3 glo] 15 o|ujol] u]u o) &
Poll 4 Atk AL WA W13 poe =



423 2o oo Al

AR ubx] £7](Vacutainer, Belliver Industrial Estate-
Plymouth, PL6 7BP, UK) ¥ 15 m¢ FBMCT-175- C,
Axygen Scientific Inc, Union City, USA)ol] ¥F3s}3ict.
olF WA BAE g FA N2 At
Jdon, AEHE 5L AN 2087 X o,
5600 g& 5% F<+ YA ¥-2)(Hawksley and Sons Ltd,
W-Sussex, UK)oll )&l 28 22310} 70T 24 24
% 51(SW-UF-200, Samwon Freezing Engineering co.,
Busan, Korea)oll 2331t}

AP B Ao o4 sllulE= el E(hematocrit: Ht), HE
F4+(red blood cell: RBC), #|=-Z iz (hemoglobin:
Hb)o] "4 g B47171Q AsddE
A7) (Excell 500, US.A)E ZAs}3r}. of A#E EdE
2 FH¥F2 3 (mean corpuscular volume: MCV), &
=& 318 M 4 2¥(mean corpuscular hemoglobin: MCH) 2!
HFAGTE M A e S (mean  corpuscular  hemoglobin
concennaﬁoﬁi MCHC)E MCV=Htx10/RBC, MCH=Hbx
10/RBC, MCHC=Hbx100/Ht& Fslct. ZE A¥elAl
cortisol % Coat-A-Count TKCO Cortisol RIA Kit
(DPC, Los Angeles USA)Z 8- ahAbg-& 5%t o}
£ 1470 WIZARD Automatic Gamma Counter (EG and
G Wallac, Turku, Finland)& A-88}0] radioimmunoassay
RIA)oll 2ell At FFF2, A4 %, AST
(aspartate aminotransferase) W ALT (alanine amino-
transferase)y= 734] A 3}8HE-47](Vitros DT60II, Vitros
DTEI, DTSCHI Chemistry System, Johnson and John-
son Clinical Diagnostics Inc., New York, USA)el] 2|3} &
Asigich g 4T BEE Nadsl $43l whet

PRy gAe B A4
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=74H-o] of2 AL 283}o] Micro Osmometer (3MO
Plus, Advanced Instruments Inc., Massachusetts, USA)E
ZRQs%ch 7 Adolld dold AE g Aele] FA%
$F5 SPSS-EAl AMFIA(SPSS 9.0, SPSS Inc., Chicago,
USA)el] ¢}k ANOVA g Duncan’s multiple range test%.
ARk

7z 3

&l e] Ht, RBC, Hb, MCV, MCH 3 MCHCS] #i3h=
Table 29} 7t} Ht: tlzofAl Aol 4] 15.7:3.1~163+25
%2 AR o}, 25okA Ak WYX= 114+34~17.7+
49%2°) W92 HEZo] g Beke A vER
t}. olgldt A& RBCAAE EUstA vebidet. Hbell
ol Al cHzoA AL 89 3UT 19l 77 9.9+09 g/
de, 11.8+1.4 g/ A2 5E] 99 4Yol] 18.0:55 g/ dLE o}
Mo, o|F 99 20YA & 17.3+2.0 g/ dLE ARHMAA]
FFoz 3EHA gt &AH, LFSARe] dAE 8
9 3o} 62+1.0 g/ A2 HE] 8Y 19Yoll 9.3£15 g/ E
Folg vt o8t Aol glgich 2t 99 49U 20
ol 103120 g/ de, 194168 g/ d0 & Eol] 8Y 3Y} 2}
o] & Uebictt. MCVE 2534 llA 99 490l 581+
42 2 2E] 99 20Yoll= 485+2.3 flZ Yozt MCHS]
e thzokA Al A 99 2040l 7014179 pgE 7t ¥
< Z& 2ok MCHCE tizdAaat 2534 dlA
99 2020l] 77} 108.0+8.6%, 116.0+39.2% 2 7} ¥ g
< 24k

o AFA FEE dzZSAAelA] 55154516~

Table 2. Changes in hematological factors in blood of olive flounder in high-WT and control farms

Date Farm of Hematocrit RBC Hemoglobin MCV MCH MCHC
(%) (x10°cell/ ut) (g/de) () (rg) (%)
Aug. 3 HighWT  114:34° 2.0£0.6° 62+1.0° 571+1.7° 345+11.7° 60.2+19.7°
& Control 159+2.2% 24103 11.8+14° 67.0£3.0° 51.2+10.8" 76.4+16.1"
Aug. 19 High-WT  14.0+2.3% 2.7+0.6° 93+15% 52.015.5 34.6134° 67.0£6.6°
& Control 15909 25+0.1% 9.9+0.9° 633:48° 396136 63.018.6°
Sep. 4 High-WT  11.8+2.1° 2.0+0.2% 10.3+2.0° 58.1:42™  51.5:124° 89.7+24.9™
p- Control 16.3£2.5% 260.3° 18.045.5° 62.4125° 684+161°  109.0+232¢
Sep. 20 High-WT  17.7#49° 3.6£0.9° 19.4:6.8° 48523 52516.3° 108.0+8.6
P: Control 15.7+3.1% 25+0.4> 17.342.0° 61.3+4.1% 70.1+17.9° 116.0+39.2°

The values are mean+SD (n=10). Means within each column followed by the same alphabetic letter are not significantly
different (P>0.05). MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, MCV:
mean corpuscular volume, RBC: red blood cell.
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597.0£11.3 mOsm/kge} ¥ HlellA] H2}5}3) 0 vy (Table 3),
T FY A= 391.0£73.5~466.5449 mOsm/kgS 1}
Bl iz 45 FE7 ddiFe g =4 Yy
o 7 e A7 S SR wisl= xole B
ol gigtont, HzFA AT} 4k Y= 2 2
ol& H3r}t. ASTE thzok2)zlol4] 8Y 3ol 22.7+0.2
U/ £ Zo] 8Y 19Ul 503146 IU/ ¢ 2 F2s}
Al FoHATHP <0.05). 24=kAlaloll 4= 8¢ 3 el] 19.2+
171U/ ¢ 258 849 1995} 99 4Yol] 7+7} 32,6415 IU/
£, 31119 U/ ¢ & Folx o} 893t 2ol gi).
ALTE i=gAAollA 255412.7~435476 TU/ ¢ & 1}
BT, S5kl 155:36~272419 1U/ 2 & ¥
At

¥ cortisol, 2FIA 9 A9 A7) wishe= Fig 2
ol Gebdl wie} 2o} ohzek)al X9 cortisol EEE
A ZAZIHE B0l 06+08~28414 ng/mE Xpo]
HehlA] okgteh. ey LRl dol A 89 39 317.1+
2132 ng/mE 7t & g Bylon, gjzokAa) &
TR G AR folsiA =k £40kAa
< 8Y 3YU olFo) 8Y 19U 99+100 ng/m¢, 99 44
61237 ng/m, 99 209 33+17 ng/mE A& Yo}
At HzFA Aol A 36.5+4.9~46.0+1.4 mg/
deZ 99 20¥ell 7 =& ghe HQl uhw, 240k are
23.544.9~36.5+7.8 mg/dt o] & HolA| ¢kskc}. a+H
Ao} H3he 8Y 3% £ cortisol FES BAW &40k
A7) 1.3:08 mmol/ ¢ 2 FA XY AL A9dsln
0.8+0.1 mmol/ ¢ ©]|3}Z X}o]E Ho]x] gigte}.

a “
=5IEE

Table 3. Changes in osmolality, AST and ALT in plasma
of olive flounder in high-WT and control farms

Date Farm of Osmolality AST ALT
(mOsm/kg) (IU/¢)  (IU/ ¢)
Aug, 3 HiBHWT 3910:735° 192417 155:36°
ue Control  579.0+17.0° 22.7+02%® 255:127%
Aug. 19 HIBWT 45101240 326415 270417
ug Control  585.0:4.2° 503+14.6% 435:7.6
Gep, 4 HIgh-WT 410+127 311419 272419
P- Control 597.0+11.3° 386415 36.6+1.7%¢
Sep, oo HIBh-WT 4665549 264:17° 21.9:3.4™
P- Control 5515:51.6° 348:17% 383157

The values are meantSD (n=10). ALT: alanine amino-
transferase, AST: aspartate aminotransferase.
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Fig. 2. Changes in cortisol, glucose and lactic acid levels
in plasma of olive flounder in high-WT and control farms.
Same alphabetic letters on the bars are not significantly
different (P>0.05).
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ol 43]9] =AY, A yix1e] " cortisol F5x
zopAlabol A 0.6~28 ng/mE Pkovt, EFEA
of| A= 33~317.1 ng/mE VeEh} thEgA Ko HE
Zo] uw]$- Zr}. Chang et al. (200la, b)#t Hur et al.
(2001)9] kAl Feuisl FARL, olfelF B Hol
24 AT AEHAE 7}sl7] A cortisol FE] A
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al. (1990)& odoj} o] Foll A 2EAE WA S A
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ol 4= Q) e zkelet sttt X9 Aol of = el
AHelttg o A7 xolE Rolumg A u|zd & o
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2 sehgich Hur (2002)9) Batel| osbm, X € A8t
o] 14°Ce} 23ToA 242 3T, 6T L 9TH FAsHUEH
Uehd 8 cortisol X 14TolA F45AlelE 24 4
£2% Aololl §2J3t Hol & Holx] ggkort, 23TAA
FALA o cortisol FE7F 9C A4A KoJ3tAl &
g 2o Hur (2002)€ dx17F 44 Ha2di(18~
20T)olNA F2o] FAFsItietE 2EA2E A We
Aoz Basigeort, B Al EFFEe dxe
F A4S JolAA 25T7ARA Aoy L
o] WS Hog FZsH, §o¥ Kol EolA
Ak 254 AR Z7Ee] ol & HA

»

o
o
od

oo& |
n £o3e

£ A e 45 SRSl LGN
391.0 ~466.5 mOsm/kg& 1}e}U], Chang et al. (2001a, b)
3} Hur et al. (2001)0] ¥ 38+ 350 ~450 mOsm/ kg M5
o £ b, chzop el 81717 B2k 55155970
mOsm/kg o2 &% ol ek ¥ 454 55
2 Uebich Aubgo.s 2394 o5l ol(Young,
1985)¢} B34 o} fF<el %of(Chang and Hur, 199 &
Z=oj| A= 1Atz A (hyper-osmoregulation), 31<ol] 4]
= #4t=gtz A (hypo-osmoregulation) 2 445 4
s Aoz walAl v glek xeht ek ol AlE5
Gl AT AReHE o1 F) 45 FEE
(2001a, b3} Hur et al. (2001)0] X313} 350~450 mOsm/
kgl Aoz A e, B Q1A A% o] 2
Ao 45 FE7H OS24 fXE AL =% &
Aolgt & = ik B ATl 24" {dx9 452 F
2 2 ), daolFe 44 FAE A% A4FE TE
= 350~450 mOsm/kg Brk o} W& HSelA 245 =
Ao Ay7ts]ozld)

¥ ol Fol|4] 89 3¢ Ht, RBC % Hb o] el
2 27189 1998 ~99 20¥)9} el I ke e
ol cortisolTt AAHEES] HstollA BodFRoe] ¢
v AEF A0 o) Hohgk Al olluA] &ulQ) Aeg 5
z8) 2 4 ook =3 89 39 45 FEE ol ¥ A
A 719} zkat ol & HolA] gkekort, ASTSF ALTE 2
e Bolo gy olg FHal F3 Qlck 99 2090 H
o) QubA4F AST B ALT7F 39 AL 252718 A

Fe3i7 1ol HolEUA vdehde A Ao 3
c}slch. Chang et al. (2000)9] B304 428 23CEF
Bl utEH o 3C, 6T 9 9C A5sile o, gAi< 3T

Chang et al.
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26T gzolldle Yol UntAgoll Kol & Ho)x) o
ko, 9T Z5Alolle vi¢- dobal uhi, cortisol S of-$-

2 Hiedl, ole B AFAne sk Axjst
et

TFE7I Bl B feFu xEd)r)
e o] F-2] 32 ukgol] Wslo] Chang et al. (2000)9] &
ol 2n, Yt dEge] Yo oz vehy) 1
Al e LA =g G271 cortisol}
A el ol & vpehA|nl, Aab 5 AE ol Bt
g€ 92 Zgck whew AgEE 9

- W
4 45

2l

=
i

(&5 wmz} HW 5 km ‘%12% o] 2w
d&ol gl= °o“-l7é}(tﬁé°o“4 o)oﬂxi AEE I e 9A
9 NS AFste] GoAe| AnbAI4, cortisol W AHEA
EE 52 AZ nlasle. F Aol m4e9l 8
¥ 49, 89 199, 9Y 4 9 9Y 20Ul A HoYo
Hte tlzgA el 157~163%2] HE Ryjer}, &
THAAL 114~177% 2 vebge}. o= 34 AbolA] cor-
tisol F5 0.6~2.8 ng/ml9] M9E e ubnd, 240k
72 89 3% 3171 ng/mbE AHVIE A B2 ke
Holr}
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