Bhpk#&5 1505

BUR B L ONE KT T NEE K DBRET R BT & [F] 52 B B 9~ D0 58

fE Y, ek R, Rk R, e Y

D B RHER AL TS, 2 BARKSAAEM G IR, Y @A BN, 9 B E R AR

B E (M) RUEOEKTTUNTE, KEOHEAKSOHAKEIRDIAL, BREHDOIEAIRU - PEEKE 5D OB

BEARHA~RL TG, TRENOHERR TI, 35K OIEEHLELC ik OMERF & B I END, HDVNE, [F

il o TR AT D, Flix OF - IR R, ATALERAISC AL T FSEA, EAEESS A ORI, FEK

DIRE B5., 1R E AL LD BRE AN SIS TD, KT, BB A A~DOHE A KRB L T, BEX

7B R A AL U D TREMEDS R\ N FRfERY, FFNBIZM K EIROFIRAE 2 7256, ERL7 7 MpbOBR KA &0

DIKE A RINE T EEE M T HLEHIC, ZNONENOBREEICKIE T EE CTEDIRVERT 57 KERRIL T

BMLERDHD,

A TIX, EFEOFREMIICINT, 6T, WK AR T AWK B R B PIREE DA LS Eik DB 5T
AR EICEBES N A O A BRI KT T (AR 2R ~5LEb10, EEORIE, WK HDFEK
DB - AR RERIT T T AR AL 72D THRET 2,

(&)

1) BT AMEME, 20°C FIZBWT, H0RE (22, 33 3510840 ppt) S8R (0.001 mg/L LA F31000.05 mg/L) D725
WK 3 EMEEL, KT OLF Y VBT NT A AVT DA A R EZRE T HEEHIZ, T
DO E AT~ T, Fiz, —BOMERIZONTIL, FBFHLA G 3 BREIC 45 SO ZE ik ERBRE T, K+
LT VIR B DORRRFEA L2~ T,

2)~EB%E, KR (16, 22 BL0V28°C) LE A FEE — & £ (SBS:0.25, 2.5 3L 25 mg/L) DEZ2 DMK H T 3 JH[H]
fFBEL, MEFOILF Y NVEBLOTFTNT L BT LA AREZE T D010, ERPIETEREELT,
(KRR ORGP W L)Y F-— NI, (LHE PRI KO B RIS L OREE T~ 2T, 16 BELU 22CTHE
LIz OEMRIZOW T, EIRBITRBREL T, IREDO R 1°C /R OEIA T 28 CIlc EH-SW7-1%, 3 HIE, [k
BT COMBZIRL, MEhOa/LF VN0 it A A IR E b A~

3) WET NI L OVIUN I 3800 SRR 3 L OV /K i % 83 OV 35\ C, K R oA 3, RIS ~BHED
AR PREEAEE (R BB R TR ) 2~ T,

(HBRELUVER]

1) BB LS T CIRIE E O IR B S NT-bT AREFD ML =V T NV B (A B AGITERD B~ T2,
72720, WPlgR o8& A BILmE s T CHICREES N8R TR oo, 45 oZehfiE i, Ao mikHh=LF
VIR ERE L ERSE, W -SOHIIME KRB S QO RIS BT A RS E L E o T, Fz, RSy
KoY T CHAIC MR S CIEZE P LB IS AR A0SO [RIFE R S BN D ZE DN b ot AT, Mtk
53 T O, SRRSO MR AT L3 LOMECIIREEDS, [RARTRLOMIZHAS, FEICE o7, T
o, mHESy T CIE, SEOIGRMITGFESNIZD, ZIRIIRARN ZARDECTZO LGS, SITEmAR- AREE
DA ENDHEEBIT, AN RIREENS ORI 28 L EOR W Z B I/ p 20, 28, 15, dkirsk
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DFEATEND BF ARG DR FEZEL T, MOAEERFCHMERIME T T2 MICERLT NI EN G
o7,

2) BIpDIRE T C SBS IS~/ BT, 28°CT 2.5 BLT 25 mg/L @ SBS [THETE S ERIZIBW T, Mg
LT VPR EE IS R ST DN > 71T, FERRIERO R ETE O A BRIR T RRO LN, £o, FIRELD,
25 mg/L @ SBS |ZHEER SV ClE, IRERRR W B T DI o7, @B Talli ClL, SBS 7L
DR, RN TIE, M=o VRENE BICE<R T, 723, MiRF=LF Y VIREOEENE, IR
EFAERREVNIE, F2, SBS IRENEVNEE, KERo7z, T7205, Sl FCIE SBS HOREE AR OREN
HR9<, Fe, BIRIREZO T CIEEAMY OB IR EL R D ATREMED M2 &M o T,

3) MU R SR D OAE W # I, MIEBUZIIREZ R TFBDO DI >T2703, Pseudomonas J&=<° Flavobacterium J&®
AEEREE R <Y, —JF, WEKMERE LTI, Streptococcus J&, Vibrio J&X° Acinetobacter J&DE| G W3 I~ HH
MZd o7z, NEORHBEEERIENVEIZ OV T, REChEaRE L TSR T, MR O7 V2 - e
VBT AR EERTEVED LA, HIRO 7 4 A7 7 V%) —8 (PFK) DK F &AL =F 07 OLIMA /LR
YAT =T =% 1 - IEED EF, RO PFK {EEOIK T EZL T F o —B O LR BALNIN, fatiil
L7z RFHNC LD 8B D R &L, HE BNV EFRD DIZE D)o T, FEFREL T, Miak ELHHE O A #Eo B E
DO B RTE RSO, MM R O B R A IR 2 DT LI TR o T, Rk Ic i~ T,
S DUNTZ B BE RO, AR — IR AT MR F A DX L TV HEZABHY, FEKIZ K DEREE BRI TN D
BLEE RO OIDHEZ AL D,

AAERIL, A%, MEKIRBEAGICEE KR BRI T, PASH RIS~ DBEK RIS DWW TIE, BEKDIREEZE, M

IR, BT AT E IR L OO I A T, £ 0B TOZEEE (ZLHE) DORESITHEE T o0 5

PDBHDHZLZ RS D,

1. [ZFC®HIZ

BUE O A MR T, REDWAKLIAKEZI AR,

Tt D D\ MIAIRU T K& JAZ OBR LA~ it L C
WD,

ZNENDRRTI, 927K 01 AL R0 Hi 7%
DHEFFEHFEIMHEHEND, HDOWITL, RERIZHEST
FAT D, Tl DA SEEIEIREYE, BILELAOA
7 FREEF, AR A E OB, FEKOIREE
EF, HOREACFICEDREGEEN R ES TS
19, FriT, BIHMEARIRA~DOHENAKBIRICEEL Ci, &
RILBRBE AL UL wTREVED R, FRfEHY, FRAIAYZR
KGR ORM LB 21256, L7 7 Mrboiiit
IKDSJE D DIKE N KINFE T B E Tl 5L LbIT,
ZNOD AL DOBREICKIZ T R BA TEDMORRT 2
TR TRDEDDD,

AWFFETIL, LREOBEMRRIZENT, JoT, #K I
AR DA DSy R B EE DAL Bk
BRI AT B DR R ST AR O AR BRI KT T35
BHEAWE) Zl~L5LLbI, RO, 1Sk

IHDFEKDBREL - ERERIC KT T BETA LT,

2. MERUAE
2.1 BUEMERHAVITEKERLYDEKIEBER
HBICRIFTHEDRAE
2.1.1 EZAMAIIHT D, BHAEELAREDERS
g

vZ X Paralichthys olivaceus Heff (IREEHY 20 g) %, 7KIE
20°CIZIBUNT, HEATHEEE (22, 33 LN 40 ppt) LERiEE
(kFEEE;0.001 mg/L LA, $AMHE;0.05 mg/L) DF7e
DK T3 E L, MK OLFV L (AR AR
JVEL) BEOTRNT L BT LS A A R 2R
ETHEEBIT, Il OS2~

Thbh, ~UNF TR TCa—T 47 US4
Z W, DO ER B 72 ik % 3,000 rpm, 5 55 [ 05y
BEL, Mgy miA 1=, EPOLTF Y g, =T
N—7 v (Rt ) 2 Vil gg, =190 EIA
% v h (OXFORD BIOMEDICAL RESEARCH #t
No.EA65) Z T, TR A, BUD L, B4 1%
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TR (8 R4 2 DRI-CHEM 800) (ZX0HIELT-,
i, HFlgF oL, 010U FiEEE = &%, 77
o SRR PR AR IC AL, MEER LR R IR DIR G (5:1)
ZINZ T, A—hI7L—7 TIMBIEREL, JF- 6oy e
Gt (S ERUERT A-660) 2 IV CEHIL 7=,

F72, —EHOMEEICOWTIE, FERMAD 3 %
(2 45 SO ZEH L ERBRATTV, MiRP LT LR
JE DRI A AT~

728, B B o A ET, flideT AR S R
(BIEALACAR R (BR) L8 EP) %, #8125 AR, 1 BICiRE
D 2% BT,

2.1. 2 INEIIHT D, KELEERHKR Y/ —FDEE
T

~ /8 Acanthogobius flavimanus (RE 8 - 15 g) %, 7K
I (16, 22 B3L N 28°C) L EAfifEY — X I (SBS:0.25,
2.5 B 25 mg/L) DE/eDMHKHF T 3 EEEEL, M
R D7 Na—AREZRETDEEHIZ, ERHTRT
ELT, (RERORIE M EEYY T — LI, i -k
EROBREBIOBREEHZR -, 2T, 16 BLO
22°CTEIBE L7z — ORI SN T, EiaB TR
LG, IREDAH 1 °C/ R DOFIE T 28°CIZ_EH-SHT-14%,
3 0, FKRFCHEBELT, FRtfaiEaii </,

MR DT v — A TEEREEZ Voo b (Foerkid
TN — AT AT a—) W CHRIE LTz, KRGSy
WEX, 7TV EELIARRE T T L, HEIL
7-#%, PAS YL C, el AT DV TIRF R 2
ZHIEL, RFE—E RS 720 ORI L L CRlik L
Too IRFARIR DOV F— WIEVET, —EHEOERRID
HRZ AR EIY, [FPRS AR Y e A% 1R (300 mM,
pH7.0) THR#, Micrococcus luteus (F1YGHiZE) % %f 51
R BETEMEZRIE LTz, T7005, M. luteus ¥ 200 pl |2
KU, KRR 10 pl ZVRIIL, SRIET 120 2y oW R
DK FEF, ZD7E (A650nm WL /) 2151
L7z, MR P Eki sk B /AEHIL, ey AE9 (Fn
EATEE ; B REMI R ) 2V i L7 AR PR A HEOK (0.8% NaCl
IR) 255 EICIRY, Do ERENRFIL 223D, =i
20°CT40 MBS T, BUSHKE T, B— (kLIS
WHD—FREATAR T T AT FLEDICERER, JEFZ LT
B AT V=DV R X AP Y a a i L CRREELT-, &R
REIE 100 fELL EORRIERZEIEL, BRE (%) = (FA

EY BB UTFERIERE B2 LT BERIERED) X100 &L
TRDTIz, Feo, PERIEROREEEMIX, NBT OE LG
%, Park et al. (1968) D kG Z—Ik A L CHEEL, L
TORHEZEORDT=, 37205, 21f1 200 pl %z Ht &2
T, 1,000 g T 5 Zrfilzol, AimEkERsy % i
|\Z RPMIN1640 THBEHE21%, Z0 A IMER/> HURIZ
NBT (Sigma #-8) % 0.2 %2725 X512 RPMI1640 | ZIAfi#
L7ciiz 1:2 OEIETIRAL, 20°CT 60 43 G SH7-
%, WAL LIZ IS D— & ATAR T Z A T L,
EHIZHEER, ML, TAh-F AV REE L CTREILT,
NBT ZJcif L, 100 ELL EOFERIERZBIEL, FL~
PR T B IERIER D HBLR (BtER) LLC&KR
L7z,

7ok, B BT ol A £T, fAlZikeT AHE A G
(B {E AR (F) +ERL EP) %, I 5 HIE, 1 BICKE
D 2%&EE R 5L,

2. 1. 3 BIEAHIT(FHAOKRBTFEHICRIFTEE

K 25°CIZNA{L L=~ 4 A Pagrus major #fa (25K
30 mm:50 - 60 H) %, M/ (22, 28 3310 33 ppt)
TC 5 WM E®R, —ERE R EIR AN R
FEMi LTz, 5 M, BARDENIRE T CRBLIZAZ S
2, AEEEANE L, £, miRARRRTIE, 1
HIZ 1°COEIAT 33°CETIRES EHIH, ZDRDIE
CEEEETF =L,

2%, B EIFoRTE £T, fallii~& A HELA B
(BIEFUALETRE (BR) +E B B BP A—/3—) %, JHIZ 5
A, 1 BIRED 2% @& #& 5. Uiz, KHPOREFHEE &
HEICERL I, FRZUKETE ATRER A & 1 L ORI
AL, 1 BEERIC, Ktz e, 3 RE 0K s
FEZEALE DU NTEB K OV R IR 10%I 2785 F
TOWM%Z, A 77— IEICEVER B K H ORE B2
ETHIETRDT,

2. 2 848, EKERBEKDREZEFTE
2. 2.1 BB EKEZRALEEOHENVRESLY
BIEDEEIRIZAE

W RS KONGRSR ik A & B B8O
WM o OHEKEEDS DR OE A PN
T, AL L CTRZRDIEICENEE K], S
WTHEE (RHE~50 cm) 05, BEWY, 8RS (T4—#
— 7T — WS; 7= ARSI 2 W CERED D
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50 cm ONLENHEK LTz, BERRUTZIEAKNL, FLEE
DI FAT 7A73—T /L4 —(GS-25: ADVANTEC #1-4)
ZHWTABULIRIZZ VH— VT VT ER CEELT,
[EREHIFLES 0.2 um & 0.8 pm DRV A —RFA N7 4 /L4
— (ADVANTECH %) Zh 14— 22> L, sk
100ml W% 5| AL 724, 0.2 um D7 /L4 —% Dapi &
K (10 pg/m) ([ZX SRS H, ATARHTAZ<T7 2 LT
FOLBAMERIZLVBIZEL, LT ORI K T O2H
B R 7- M (2 H) 2% (Cells/ml) =(CfXR),/Fs{(Cf;
TR E R, Ry AR A1R RS e i,
Fs; WKBEI O A E(L)) . F7e, A B Hds KON
BRIE, BRI DT 2 S U VXIREE 7 7 A LK T
BeBE AR C, NI DY A RE H (— iRE R MR &
ORI H5 il (BRBAE) ICBEEL, —EMHREEGZar=
—DFBEATHIEIIT, B CHES RIS ME O
ﬁ’ﬁﬁﬁi%ﬁ??ﬁ ’@E@kz@fco

F7o, BB W T~ B Acanthogobius
Sflavimanu &7 =2/~ Chaenogobius annularis ZHA#1L,

1 pum

LU OEBIRIEAT AN, 37205, = BIZoU \Tli,

M=V TP EE, IRFREIR 53 Wi CREBMIE )
W HPRIER D NBT 12 aid M2 it o0 F5{EIC Jo THIE
FTHEEHIZ, M TNEI BV U ER-T R IR
F#3% (GPT), RSB LOF AR D7+ A7 47 V7 )
— (PFK: i R OALHEER) , WL =F L -0- 7 EF /L
N7V A7 27— (CPT: B E{LAREE CREFSIDIENIE
DEERETT DR, T NAI Rk FERESE (GDH:
PERBHR SR OAIETHD a-r NI NENRET
BT UGS, TIVHEI TR O DGR 9%
Be32) BT, £, TINY (SR T, E
ERIRDORED FARKDO AT Y IR EZRNRDF> -
ZHAWTHIEL,

me GPT &ML, ~ Vo oA CTa— U iEs
% W CERE L 72 i & 5,000 g Tzl IfE5y @iz

MAEZFELEL T GPT & H % b (Fneflisist

W hFRTIF—F Cll TANa—) & AW THIEL
77

F7o, BT AFIRSC AR % 5 (S REOMAEETIRK (pH
74,025 M AZ1—2& 0.1 mM EDTA &4 3 mM
Tris-HCI EfE#R) HCTH)—{b#%, 4°C, 8,000 g T 30 57[H]

oy BEL, EiE% PFKRIE IS, TLEH% Tween80 &4

20 mM Tris-HCl FEfER CRVEfE%, Mg AL,
£, 4°C, 8,000 g T 30 4rf#liz 0L CTf37- Lif% GDH
ERCHE LTz, CPT {HMEIE, [F EIEIZ 0.24 M AZ7m—X
EA D20 mM Tris-HCl $E# (pH 7. S)MHZ B<IR
Fnt%, 14,000 g T 10 syfEiE Oy EL , TLBCaT O fEE
ANz CRIERMLTHMHD, FFON 14,000 g T 10 43
OTBEL, TR ICRAR R 2 N2 T —bLizb D%
BrELTHIELZ,

PFK /%, 50 mM Tris HCI(pH 7.5) #& &2 4.5 mM 7
NI R—A6V M, 3 mM ATP, 25 mM KCIl, 6 mM MgCl,
0.15 mM 7/LRT7—F, 0.15 mM hA—RV A A7
—¥, 0.15mM 7 Vte— L 3V T eRus - —E%R
AL, BERIEZ 100 pL 0N (B & 1.0 mL) 524 TR
I BARAL, 340 nm T NADP OIETLER%HI7E (5 43f,

20°C) L7=, GDH (%, Iwata 5D J7{EO [ZHEL T (0o ~7
WVENVER, T E=T OFFE T T, 340 nm T NADH O
e A2 E) WEL, 72, CPT 1L, Rkt 20 mM
HEPES #%f##% (pH7.5 ; 1 mM EGTA, 220 mM AZ11—2A,
40 mM KCL, 0.1 mM YF 4 2)1Z 1.3 mg/ml BSA, 40
mM 7/LIRL-CoA, BESEHK 200 L ZIEAL, 1 mM 7
V=T BRI (et 1.2 mL) TA5ZE CRIGEBIEL,
412 nm T 5 3RIOWSLE VAT LT, 7ok, BERTE
PEDORIEIL 20°CTIT2V, FIEMEITEERE T IZE £
%1 mg DZL/RIED 1 53 E 70T pmol DI E7-
IIMEER A LS ETEDD (umol/mg X 73 7'E
S 5y) TRUTz, B DX VBRI T —) e a—
V—3ED 2k > TRIEL 72,
2. 2. 2 BUBHEEE A DEBKNBEABEOERZRSLU
HEBEICRITTE

BRI A KOEEIRERE- IR A LIcBEK, JED i
8 (AR RS, 6 [T AHT) DMK, BEY, ALK
(28R 35~40 mm D~ F AHEFZINES (20 2,60 L) L
20°CCHIHL, 14 HRDOAEFRREERD T, i H B
2T, B3R, SRR AT =—EP (H AELS
fAktrtE) & 5 SR TRANENLG®E 5272, F, FR
BRC 14 H ARG LU EROME R 51, —fliA 4 Ol
o (IR EFHEN) 12625 Na-K-ATPase {FPE% Ban D)5
EOIZIVRET DEEDIT, LA A~ —J1—L LT
A=A F VRV ALS— (SOD) {E1% SOD Assay
Kit-WST ([F{Ab 8 2 RO CRIE® L,
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3. BRBFUVUEE
3.1.1 EFAMAICKT D, BRRELHREEDNES
2

B DU IR (KX MEK ;2/3 Wik =22 ppt, BH
WK ;33 ppt, mEHRAEIK ;6/5 HEK =40 ppt) LS E (8
BAf72L41E;0.001 mg/L LAF, SiEf4f4;0.05 mg/L)
TCHEBE LT A M, BEOY, Mkl 45 iiloZs
HREARN AR RBREZI T T2 o i f =5 1
M % Fig, 11079, BR800 FC 0.05 mg/L ®
SRR LT A, fE (O AR AR ARSIV TR
WEH72) IREETIE, ARHE/-0miti sy T CHll IR EES 41T
L, EZAMEAO MR T FV VBRI BT
bgolo, Tb5, HEIRIE T D7 AHEAITIRE
Oy T HE K ~ DR, 0.05 mg/L DG AT HEK~D
WR#E, BLY, ZOEAGREICL> THEREELZT
HZET e oTz, LU D, K0 FCESni-t
TAHEFUZARL A A ffdliR e LT 45 3 M0 ZE R uE 21T
W, AR B M =L T VR O RR R 28
fbZFARDE, a/NTF Y NREOR T IR ZZLTZD

~ 100

T | Doh mo075h @4h DO24h | *g

% 80

c

g *

.‘_3 60

£ 40 -

o

£ 20 -

7]

©

[
Control CuinSW Low Cuin2/3 High Cuin6/5
(in SW) salinity SwW salinity Sw

(2/35wW) (6/5 SW)

Experimerntal group

Fig. 1. Effect of copper and salinity on the plasma cortisol
levels of juvenile flatfish. Fish were exposed to
different salinity seawater with or without 0.05 mg/L
copper for 3 weeks, and then air exposure test (for 45 m)
was carried out.

Data are given as mean =+ SD, n=5.

*% ; Significant difference for the initial (Oh), p<0.05

# ; Significant difference for the control (in SW), p<0.05

+; Significant difference for Cu free (under 0.001 mg/L)

group, p<0.05

Copper content in

(AR ZNLOEIEHIHOIER) , VT VO B Ei
D EFLTZDT 5 (AR ARED EHBAETD) ZEM 0
Mole, T7xbb, AR T T 0.05 mg/L O
TSN EIILRIE D, @K CORERFIZIX
BEDBIESNTTD, @D T T 0.05 mg/L Oz &
T KRR SN ET AT E OZ(L N BTz, A
FERIL, BES FICENINCODSATIE, dEEH-eR
BEiH e ~ DR, IRE O ERC TR, IBIFE 5
FEDIK FED ZIRIAN ARARTSNIZSHE, TDE
BRHT VY, HDHNE, KESHTLE ATREMED R
ZEERET D, £, IR AKICIRES LTSI,
W HEAK WD RIS RT, ZIRIPARL A Z T T
S OEEPENDAREMEDBHHZ 51T,

R DT IRIE LSRR IE T CRE LIce T AHEFRA DT
i D8RS A BA Fig. 2 \oRT, TR O8E A &I,
fRl B ARICHZ TSI TR RE TR L7 A c L 7223,
Z DN AR OHE IR EV R0, @i T T
SRR ESINTERIZB N CORE BTN,

BT DY IR LR L T OB Lo T AREf DI

500

*
T 400 o
$ ®
2 2 300 . a
g5 :
5{5200
o
e ]

Control CuinSW
(in SW)

Low Cuin2/3 High Cuiné6/5
salinity SW salinity SW
(2/3 sw) (6/5 SW)
Experimental group

Fig. 2. Effect of copper and salinity on the copper content in

%k
+

a,

hepatopancreas of juvenile flatfish. Fish were exposed to
different salinity seawater with or without 0.05 mg/L copper
for 3 weeks.

Data are given as mean + SD, n=5.

; Significant difference for the control (in SW), p<0.05

; Significant difference for Cu free (under 0.001 mg/L)
group, p<0.05

b; The different script indicates a significant difference,
p<0.05
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HERFRIT A, VT L, LR E A Fig. 3177, &
PR ~DOIRFEIL, 7 AHEfUMSEF ORI AR
T BRSHET, @S T OB S AT, W
WK CHBFSNIZALE T, MEFOF R LRE,
AV LB L OEAIRIE D2 THAEICEL ol &
7o, HALIRE O, B FICED 8~ DOIRTE
7RLOERIZEEARTYH, BRICED T,

UL EOFERLD, 3 i kT 58, 22T
DFa DS OB G Y IR ST, BKIRSOW
(FERFIRIENME T 578 OBELLMICgES0 LT- (—
W7 AN AA & T2) S5 6, 5 OWEK I
A RLTWBRFTEEAT, AIZIZXY R E /AN RfREE
MEREINDEEHIZ, AR RRREDHO[EEIZH R\
& IO/ (AR RSB DO EALRELD) 28,
BEEBOEMMEESNDZ L, IKNOA A MR
IR T FNX =T HBLETHDLIEENRIBS
720 ANVAIRENED ALY, ADEE, B, Y%
TN L T, IERRITEIIHISNDIED,
AR NE AR FEEHZ8I28Y, ADARRLHE
HKIMETTHHANTHELLT UV, Thbb, Zibidfi
DIEFERLE, AL TOLEMICADEEL 527

200

[ ®Na(mEq/L) OK (mEq/L) WCl (mEq/L)| , *+
*

Plasma monovalent ions
(mEq/L)
(=Y
=)
S

Control CuinSW Low Cuin2/3 High Cuin6/5
(in SW) salinity Sw salinity Sw
(2/3 W) (6/5 SW)

Experimental group

Fig. 3. Effect of copper and salinity on the plasma
monovalent ions (Na*, K¥, Cl) levels of juvenile flatfish.
Fish were exposed to different salinity seawater with or
without 0.05 mg/L copper for 3 weeks, and then air
exposure test (for 45 m) was carried out.

Data are given as mean = SD, n=5.

* ; Significant difference for the control (in SW), p<0.05

+; Significant difference for Cu free (under 0.001 mg/L)
group, p<0.05

AIREMEDS BN DD, BREDK D @ (LA BT 5729,
TE K 537> 5 O e I B 4 59 B /K 55 D JE I BB K o~ D
BRI L CEDIRVIMNZ, ZEBERE D BB T
KEEEDIRA - A RBARZEATHOZ LI AT, iR &
OABEFIAZERED HZEHIZLD, TEHIRVBEKERSL
CTKERDOHNFNEG AT D ENFETHD,
3.1. 2 INEITHT D, KELEEREK/—FDESE
g

F72 5K (16, 22 BLN28°C) L E ML — X &
(SBS:0.25, 2.5 BX 25 mg/L) F T L7z~ B
HEh 7 o — 2R EE Fig. 4 (7, 28°CTORE, 1
LT, 16°CH5 28°C~DZIM IR F51E, SBS DiF 4
ERELUT, T70bb, 16°CR° 22°CH B FF I3 2 %A1
(2 SBS IR TFRO DI 7273, 28°CHAE Tl
2.5 LV 25 mg/L @ SBS FAMNIZEY, 16°CH36 28°C~
ORI EHRERTIE0.25 550 %25 mg/L @ SBS
WINZLY, ez, R 7 v a—2REITFEIC
ER U, Fo, $2E TIE, B2z &iR T CofE R
T, SBS MEIRANBHCE M 7 Lo — AR FEA E5-
THHENCHDHEEBIZ, 0.25 mg/L ((KHEED) SBS (18R
BEINTG AT A ERED EAR AL,

OControl (SBS free) W 0.25 mg/L SBS
- B2.5 mg/L SBS 025 mg/L SBS
120
: * . *
100 * +
2 = 1 T:
o < 80 5 i H
iz gl
v o 50 T NI I
25 AR TR
@ g 40 1 |
e i iR
“ 1L LI ORI VO (R
0 -

22°C 28°C  16=22°C16=>28°C22=28°C
Experimerntal group

16°C

Fig. 4. Effect of SBS and temperature on the plasma glucose
levels of spiny goby. Fish were exposed to different
temperature with or without SBS for 3 weeks, and in some
fish physiological response was examined for testing
temperature change.

Data are given as mean = SD, n=5.

* ; Significant difference for the control (SBS free), p<0.05

+; Significant difference for 28°Cgroup, p<0.05
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Fig. 5. Effect of SBS and temperature on the number of
skin mucous cells of spiny goby. Fish were exposed to
different temperature with or without SBS for 3 weeks,
and in some fish physiological response was examined
for testing temperature change.

Data are given as mean = SD, n=5.
*; Significant difference for the control (SBS free), p<0.05
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Fig. 6. Effect of SBS and temperature on the lysozyme
activity in skin mucus derived from spiny goby. Fish
were exposed to different temperature with or without
SBS for 3 weeks, and in some fish physiological
response was examined for testing temperature change.
Data are given as mean + SD, n=5.
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Fig. 7. Effect of SBS and temperature on the phagocytic
activity of granulocyte derived from spiny goby. Fish
were exposed to different temperature with or without
SBS for 3 weeks, and in some fish physiological
response was examined for testing temperature change.
Data are given as mean = SD, n=5.
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Fig. 8. Effect of SBS and temperature on the NBT
reduction activity of granulocyte derived from spiny
goby. Fish were exposed to different temperature with
or without SBS for 3 weeks, and in some fish
physiological response was examined for testing
temperature change.

Data are given as mean = SD, n=5.

*; Significant difference for the control (SBS free), p<0.05

+; Significant difference for 28" Cgroup, p<0.05

a, b; The same script in each SBS level indicates a

significant difference, p<0.05
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Fig. 9. Effect of hypo-salinity seawater on the O
consumption rate of juvenile red sea bream
Data are given as mean + SD, n=5.
a, b; The same script indicates a significant difference,
p<0.05
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Fig. 10. Effect of elevated temperature on the survival rate
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seawater
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Fig. 11. Total bacterial counts in seawater samples collected

at various regions and seasons

R1 and R2; near the facility (in several meters from the

plant), R3 and R4; a little bit away (a few tens of meters

from the plant), R5 and R6; a little far away (a few

hundred meters from the plant)
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Fig. 12. Plasma cortisol levels of spiny goby collected at
various regions and seasons
Data are given as mean + SD, n=5.
R1-4; within a few tens of meters from the plant
RS, 6; at a few hundred meters from the plant
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Fig. 13. The number of skin mucous cells and NBT

reduction activity of granulocyte (non-specific
biodefense activity) of spiny goby collected at various
regions and seasons

Data are given as mean+SD, n=5.

*; Significant difference between R1-4 and R5,6, p<0.05.
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RS, 6; at a few hundred meters from the plant
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various regions and seasons
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Fig. 18. Changes in Na-K-ATPase activity in the gills of juvenile red sea bream exposed to different sea water conditions

Data are given as mean + SD, n=5.
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Fig. 19. Changes in SOD like activity in the gills of juvenile red sea bream exposed to different sea water conditions

Data are given as mean + SD, n=5.

a, b, ¢; The same script indicates a significant difference, p<0.05
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Summary

There is a possibility that salt-making and desalination plants might cause environmental changes of local
effects. In this report, impacts of the effluents from the salt-making and the desalination plants into the seawater
environment were discussed.

High stress conditions of the fish were caused and the recovery period was prolonged, when fish exposed to
copper and sodium hydrogen sulfite (SBS) in hyper-salinity seawater were subjected to the secondary stresses.
Rapid changes in water temperature, thermal conditions, have large physiological and behavioural impacts on fish.
Stress tolerance was also reduced in fish exposed to hypo-salinity seawater. These were suggested that the
prolonged exposure to the brine derived from salt-making and desalination plants effects on ecosystem health and
biodiversity.

On the other hand, in the field study, noticeable effects of the brine from salt-making and desalination plants
on the number of and composition of bacteria and the physiological functions of wild fish inhabiting coastal arca
released continuously the brine were little. Lowered survival rate and increased SOD (an anti-oxidant enzyme)
activity in gills from the fish exposed to the brine from a salt-making plant, however, were observed by chance
(only one trying in three).

The result of this study will suggest that to minimize the large fluctuations of temperature and salinity, and the
environmental load material density of the effluents from the salt-making and desalination plants is mostly

important for reduction the environmental impacts, as much as possible.
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