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SUMMARY

I. Title

Studies on Basic Establishment of Bioassay for Loss Estimation in

the Costal Fishery,

II. Objective and Background

1. Objective

@ Establishment of standard toxicity test for loss estimation in
the costal Fishery,

@® Establishment of standard organisms for loss estimation in the
costal Fishery,

@ Estimation of acute and chronic toxicity

@ Estimation of effect concentration in pollutants

1. Objective

@® Increase of costal pollution,
@ Increase of loss in the costal Fishery.
@ Increase of social friction

@ No standard toxicity test method and standard organism
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M. Contents and Scope

1. Establishment of toxicity test method

7}. Toxicity test method
Toxicity test are static system, renewal system and continuous
system according to test solution maintenance and test organism

character. however in present study was add to recirculation system.

}. Environmental estimation and toxicity level according toxicity test
In order to estimate environmental change and toxicity level
according to 4 toxicity test methods, water quality and acute

toxicity test was investigated during 4 days.

t}. Establishment of standard test method
Standard toxicity test was establish by environmental change,

toxicity level and experimental condition,

2. Establishment of standard organism

7}. Selection of organism
Mysid, Neomysis awatschensis, olive flounder, Paralichythys

olivaceus and goby, Favonigobius gymnauchen was selected,

L}. Suitability investigation of organism
In order to estimate suitability of organism, Mysid, olive flounder
and goby were investigated physiological factor, reproduction and,

tolerance experiment toward to salinity and water temperature.



t}. Establishment of standard organism
Standard organism was establish by investigation of physiological

factor, reproduction and, tolerance experiment toward to salinity and

water temperature,

3. Establishment of acute toxicity

In order to establish acute toxicity level, 50% lethal concentration
(LCso) of pollutants was calculated toward to Neowmysis awatschensis,

Paralichythys olivaceus and Favonigobius gymnauchen,

4. Establishment of chronic toxicity
In order to establish chronic toxicity, standard organism were

investigated survival, growth, respiration and histological change.

5. Establishment of effect concentration

Effect concentration was establish by result of chronic toxicity.

IV. Results and conclusion

1. Results
7}. Establishment of toxicity test method

(1) Toxicity test method
® A static test : the organism are exposed in still water

@® A renewal test : this method is similar to static test because

- Xl -



it is conducted in still water,

@® A continuous flow test : the test solution and control water
flow into and out of the chambers in which the test organisms are
maintained.

@® A recirculation test : in present study

(2) Environmental estimation and toxicity level according toxicity test

@ A static test and renewal test : This test was occurred change
of water quality and high lethal concentration of pollutants,

@ A continuous flow test : This test was maintained water quality
constantly and low lethal concentration of pollutants.

@ A recirculation test : This test is similar to continuous flow

test.

(3) Establishment of standard test method

Standard test method was establish recirculation system,

1}. Establishment of standard organism

Mysid '@ easiness of collection and laboratory culture, short of
generation period, sensibility against salinity, temperature and
pollutants,

Olive flounder : aquculture fish, sensibility against salinity,

temperature and pollutants, anytime possible purchase.

- X -



t}. Estimation of acute toxicity

The 96hr-LC50 values of mysid against Hg, Cd, Cu, phenol and TBTO
were 0.52, 2.21, 1.58, 6.25 ppm and 0.46 ppb, respectively. The
96hr-1L.C50 values of olive flounder against Hg, Cd, Cu, phenol and

TBTO were 1.2, 3.18, 8.93, 9,93 ppm and 245,23 ppb, respectively.

2}. Estimation of chronic toxicity

(1) Growth rate

The growth rate of mysid was significantly reduced Hg 0.015 ppm, Cd
0.22 ppm, Cu 0,04 ppm, phenol 0.40 ppm and TBTO 1,15 ppb, The growth
rate of olive flounder was significantly decreased Hg 0.03 ppm, Cd

0.21 ppm, Cu 0.08 ppm, phenol 0.96 ppm and TBTO 3.20 ppb.

(2) metabolic rate

The metabolic rate of mysid was significantly decreased Hg 0.032
ppm, Cd 0,22 ppm, Cu 0.08 ppm, phenol 0.82 ppm and TBTO 1.15 ppb. The
metabolic rate of olive flounder was significantly decreased Hg 0.05

ppm, Cd 0.21 ppm, Cu 0.18 ppm, phenol 0.96 ppm and TBTC 6.32 ppb.

(3) Histological change

(7}) Mercury (Hg)

Histological changes of gill exposed to Hg 0.012ppm/7days was noted
the expended lamella., Hepatopancreas was noted the increment of
hemocytes and the cloudy swelling of hepatic cell., Kidney was noted

the activated glomerulus and abundant hemocytes.

= Xl -



(v}) Cadmium (Cd)

Histological changes of gill exposed to Cd 0.2lppm/7days was noted
the activated chloride cell and mucous cell, Hepatopancreas was noted
the increment of hemocytes and the swelling of hepatic cell in 0.09
ppm/7days. Kidney exposed to Cd 0.09 ppm/l4days was noted the
activated glomerulus and free surface of alcian blue positive in the

renal tubules,

(%F) Copper (Cu)

Histological changes of gill exposed to Cu 0.05ppm/7days was noted
the activated chloride cell. Hepatopancreas was noted the swelling of
hepatic cells and the degeneration of zymogen granules. Kidney was

noted the melano macrophagocytotic cells,

(8}) Phenol

Histological changes of gill exposed to phenol 0,58 ppm/7days was
noted the curvature of gill lamellae and the numerous chloride cells,
Hepatopancreas was noted the increment of hemocytes. Kidney was noted
the section showing the increment of hemocyte and melano

macrophagocytotic,

(v}) TBTO
Histological changes of gill exposed to TBTO 0.60 pph/7days was
noted the increment of mucous cell of PAS positive, Hepatopancreas

was noted the increment of hemocytes and the swelling of hepatic cell
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in 0.09 ppm/7days. Kidney exposed to TBTO 0.36 ppb/7days was noted

the increment of hemocytes.

v}, Effect concentration

The effect concentration of mysid were Hg 0.015 ppm, Cd 0.10 ppm,
Cu 0.04 ppm, Phenol 0.40 ppm and TBTO 1.15 ppb. The effect
concentration of olive flounder exposed to Hg, Cd, Cu, Phenol and

TBTO were 0,012, 0.09, 0.05, 0.58 ppm and 0.60 ppb, respectively.

2. Conclusion

® In present study, recirculation system can use for loss
estimation of costal fishery.

@ Standard organism in the present study can use for loss
estimation of costal fishery.

@ The correct estimation for loss estimation of costal fishery is

necessary experiment toward to the other organism,

..XV..
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A2d FAZAAE Y & BFH7)

LAE 2 W
SAARYEE B4, B D F44 o] gou), B ATelNE
¥ A (recirculation system) WR-& F7}5te] A @3ty cHFig., 2-1)., &=
BAE ol wE 2d¥EsE W Vel BHHUIRE viofsy] $lste T
TE 100 ug/ L& 71ELE 49 AlFstA L, ojuf Baa Wyl = A
&g 244 tuit 2S¢ FEEF L +2(3 EA 0.1T), &
= (U-10, HORIBAA}), pH(Model-250A, ATI OrionA}), &ZF2A(D0O), =1
o d A A (NHi-N), opFabd HA(NO-N), A HAN0-N), labg o

(PO«-P), W 38ha 4b4 @ F3H(COD)ol thsto] 7831 91TH(APHA, 1985).

————— Seawater inflow

Pelestie pump ¢ t Pump |
; Reservair 1 —

Test chamber

—

o )
.

o+ Reservoir 2

$ L]

Fig. 2-1. Scheme of recirculation system
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A3d EEYH AF

1. A8 2 8y

7] 47FA &) AlE el whE ERAEE S HAS7] fste] AP
of e TAMIE vl OoE YAWE gt Fale W] AbsE(LCs)
& Probit Yol g3 at&dtel E4AY Wie] Wi SHFEE votsidd

Tl B3 2 Aol A" A WY Blgd & wlastalrt

zb Aol whE 48417 WA AbsE(48hr-L0s) e A, BFY,
Al W E@ajol ] Zb7) 338.9, 305, 276.9 W 283 ug/ £ o1Gl3L, 96A[TH
A AFs = (96hr-LCso) &= 242} 220.5, 195.3, 170.5 W 172.3 wg/ L O %

b
.r.

oA whiold 7MY g2 & EAX, F44 WHdA M W2 3
ol
A

Aol wel ch2A uehva glen, ¢34 W fed YA M &
o] 713 A VElRNCH Table 2-2), |

EQA ol AEEEY Gl wel A, B U RLAYEE A
£ £ 9tk &, ANEVR 5 AFEH] dFsA, wET LFSHA
FAEE A S AFRE £ den, AT Fd AEEA 52T}
z34 astd e W K4S ARgSteioR Urh Y, AEER
2t wEA ZastE f44 WS ARgstolof stedl A WHES
AP 7L B3Geta wo] wol &, BPLEE g 4 9o

B odrgedes A2 g APgYes 47 dHE Basty] #/s)
of &HAAXE A Ase] vla - ZEY A, APEYY Y, AEE



9o FERA D H4

A, A-7Z F¢ AE

Aol N AR &

Table 2-2. Lethal concentration of Favonigobius gymnauchen for

copper (ug/ £)

Lethal concentration(LCsg)
Test method
24hr 48hr 72hr 96hr
Static 408. 3 338.9 286.3 220.5
system (373.4~428.9)((307.7~378.4)|(262.6~312.3)|(192.4~246.4)
Renewal 378.2 305.6 245.7 195.3
system (342,.3~394.2)1(265,4~328.3)1(221,6~273.9)((173.3~228.5)
Continuous
301.5 276.9 210.6 170.5
flow
(279.4~338.5)((243.7~306.8)|(175.4~235.7)|(153.6~208.9)
system
Recirculation 310.4 283.2 215.6 172.3
system (268.7~342.8)1(253.6~312.5)[(173.5~228.6)|(149.7~201.6)

_10_



H 3 & mE3SAN=zo 43

A1d FAUE Fo A4

= HAY dxgge] Yoy MY chFY MY epetge] B3 Jx =2
Al d#og olFe el W PAREFNHY N2ABE HAESS A
o], Neomysis awatschensis, ‘dX|, Paralichythys olivaceus, Y7|%%,

Favonigobius gymnaucheng& W2} A 3slgct, o] SEEE A3 o] 8=

|

4X g At Adol Solsta, Atgel Hm, AelAIZY FHS ol f
5% 5 4 9tk ¥ APARE 29188 BHS AN ey, A
of mel AMEA FUT £ Y& FAl W) WBel AHWSATE WY
& 1d4elehe Fol o ATjeie 2¢n Wi HYBAL HFo)

i Aol FAEM HHEd A9 AHE spdch

A2 FAUZ Fo A

L A8 2wy

2 A dede] oy Ao F A% Bl wY s =
Ate] dEow oY AeH JxAEE RS ZAo], YA E &)
BEE AAYste] 7] H1¥ AEE EvE AESTH

Bl Asfe] AHgH ARE ZACIFY F, Murano (1964), Lee
and Chin (1971), Chin (1971, 1972, 1974), Choi (1980), Toda et al,

- 11 =



(1983), Kim (1987), Ma (1988, 1996), Carieno and Roa (1989), Murtaugh
(1989), Kim (1993), Kang et al. (1997) 2] K37} o[&Ecl A&
Tanaka (1987), Chang et al. (1988), Min (1988), Won et al. (1988),
Lee and Lee (1990), Kim et al. (1997), Lee et al. (1999) %59¢ R E
o)Lttt WEo]lHFE Healey (1971), Kim (1975), Chung (1979), Beak
(1985a, b), Kim and Lee (1986), Kim et al. (1986), Im and Lee (1990)

229 RI1E o]&3lrt

2. 4 3

7}. @A o|, Neomysis awatschensis

Aol 4% UARFEAN FE ShEYolnt s, uinte] & ujtte]
FE EX3e ZANY BEEHIE A FE AAHLR 8004F
ol d#A glew, sfofo] titEo]l AN dF= "He Ee Aol
AAagich, Aol FE s W A AejAdA o F oy AR T
0 Hol2A] st "W At AejAllN FaF AAE AA3Uch o] JhE
Yl & &80], Neomysis awatschensis= 7}ZH# (Class Crustacea), <L*o|H
(Order Mysidacea), ol (Family Mysidae), F+}-+B (Genus
Neomysis)ol ¥ttt A7l B AR 11~13m F=olu, Fd AHTY
B #R Hrt ¢4Flo] tih Z A HArh

U. WX, Paralichythys olivaceus

Y] = 7}2}n] B (Order Pleuronectiformes), 7} 2} ) #} (Family
Pleuronectidae)o] 3= ZIFoIRE Aol 100~200mm Lol AhLfdof
F2 AMalstAgr, uldo] olF WA uirte] Hsjol] F= A2 grh

HolHF2 FRHLhE ofzte] sy, e AARE F2 Heoh 8%

- 12 -



rlo

M- AA 30em vholr, 242 45em W&ot 3 Hrl ¢bFlo]

v}, 47w, Favonigobius gymnauchen

1
—

S0l B8 kol (Order Perciformes), WHEol# (Family Gobiidae)ol
ot 4 ZIAREEA A7 P F4 100m iLoln, AAZHS
2 oF 2,000F0] RAE it o] shgul ENMES F2 ke 2
o Halo] FE MAsHE=Y, 53] RgAL Muicjo] wo] BEEgtr w3l
L =T B2 A G ME AAgit Hole A2 UARFE F
2 Heth HsYgolM Y VA EE Ao whel tha o)y} glojA HA
o= 48, R AoME 6do] Frigt& Relch

NS 3 Hojs &3 viste] FAu |27 AH, 53] A 1
SALeu A 27tAI7F ARE ] Azt FEo] et AL oM
o AF 31~35m, AT A 46~65mOE, tjHio] 1ddo]n o]
U Hroh oA ApgstE FIE Ktk AFREE olmisiel w1 H A =

HE 2 F I o ¥& Y=rh

A3 FAAY T AL E

1. As 2 Wy

2 Ao dFeyel ot HHNS Fo A Bl B N2 2
Al Ao ol ANAEHHA JXARE HESIY Ao, ¥A
2 dAESe AFstdch. ANAETHA Aae 712 R AN F

A 2A A ATl 2% ot

_13_



AANRELAQ Ay 2AUELS 32 2ATHA P& ol &slo olE
EAA e W& AMEstent. 23U E2 AN AEE FFA
o} AAANA LS o]&3le] AA 0.1 ma, AFE 0.1 g7tA] &AMt &3
o] B¢ sjale HALE Asle] o]gY FHL 0.0l g7t FHY F,
Bouin's solutiono] AFAIZE A ste] mpepd A Yol 23] 4~6 m T

O’lé“—/gﬁ#ﬁ}oi ZAFTELG wtE59rt, gAML Mayer’'s hematoxylini} 0.5%
eosin (H-E)®} Ml g3} Mallory HF A& A8t

M A AZ8 R4 (gonadosomatic index: GSI)&= “AA]A&FeF X 100 / A
Z"e Aoz st AMNAERAHILY(ZESE)S 1.0 on BHLE
2L Aol &3l A Jhed BHLER A48 2¥4E Uehle =
7} 50.0 % o] & A2 B3t Eetes s dAE HH S

AT T JdA S A AT TS Gilson's solutionof A 24A] 7 ubgE

2. 4 3

7}, 20|, Neomysis awatschensis

(1) BHBET

ZAole] s AR vtz ok, 9 () §EHH A 2FAolM A 6, 7

FAR Atololl AT}, w53 da s HA FEHIZA S FSFoAE
UM ESL BiE] £ FAEHI, oA AT 27 GEAEZES P4
=

o &9 gl AF
e

_14_



=) 3tc},

2
L

© d&et FU} SA

4

J

w2 ol

& EAJE glen,

Ay (spermatidic pouch)& 7} T}, o 7]o]

2t Aol ddFHAL olg AX

ojy
w

o))
o

[=]
e

Jlo] A"}

A

L
.

Sl A 8F =] 71AFol 9

2 127) viglelxy,

da
NE o 9

)

20~407] Azl

2
T

olEZ 1d&

ol

(6~74, 8~94),

)

At

¥ e

g

9/‘

(2) msduel a gl U

A
T

A IHAZR o] AgE

R
L

B wiet #4 Fe)

g

Aol tt.

(7}) ¥ %+A (embryonic stage)

Al AL UE J)ZEE F 4de] FIstglen,

or

olufl A}

WAl ESgufolA £3E FRE dufo] §lojx]

20°C (18~21TC)4%ct.

e

3tk oluf

(vitelline membrane)ol] %o 9151,

A7 &

7]

e sty] Al

P |
=}

ol A A}

ool A erzre] Aol gloit A2 Fyolw,
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zhgivt, dibd o2 Y AF g PP wle Hd Avle BBl
0.64mm, %tZ o] 0,54mmo]c}, nj weke] Fd
ARl vblo]l dojyt EFo] Halrt o] WAL AE WEE AFF FI
sto] hafo] &M E 7] Hell A wHeIE

HEow YAH At

(W) =Z2$2 tA (nauplioid stage)
e es TAY Ud 7S F 5do] HIsigien %
< B 20T (18~21T) %t o] WAL dafe] £2A4W AFRE A B
E 7% 7o) ¥AAHT A7AE ddch o] ©A {4 B Anul(,)
Fefolm 3 HAl delitet F oHA AL} £t
Al Este, 2bE zbel @ g o] fUh B FEAAE o wWHEA gy
A obx & EHE JIEA ok Y5 45 He Ve ¢
B oddestA @ e ZRU JPNEe] ¥AE AlFsie, BV & o}

4 %oz ASAAL UUTh I F VLS Adstel FEU HHY A

au)
l-l'J
lﬂl
oZ:
.
N

A5 SFHolk WY BAo| Wop ot Ag ¥ 4 vk oluy AAn ¥
sAe] wge Auueld oty sy AU/ B U 7D
& obF WSk AA, WY THol A 1.2 e} el 52

©% Uehr) AFRITH w5 9A WAL Fiol Eolzkd Aol A
o o] Webd ol FA 8ael Urhbs] AAse B2 Lol § A3
uzie] §AHH AAUTH B, nAe At gxe] TRol FRsA

LEhdch =&EfA T

f

Atetdct oluf, ¢ AL AF F4EHo 5F AF-TolMs wWol et

Aw FHoR Uit dd T2 B UF U@ AF 3 A7)0 &9
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So AMFoR wBI$a WA il o2d RE slue] AW
o} B3psb wel doluin Hiel Fe wde] WD FEe EFo|

LhepLbz] Al &R

(th) =& $AF A (postnauplioid stage)

wEE AT THAY U e F 4do] Fstslen, ojul A& 4
&2 WP 20T (18~21T)gr)l. k&gl oA ¥ 23Bole =
Za A% thAo] o|Et) o BANE ¢ Edo| &Y TF ¥ ¥
Bo ofzb o} 9lom o] whAZ Tite AR olEW R EAES
o F4E SAY FFELL YU ¢ 2Ho FEHEA FEHH
T 7 Fo] wgsttl, o] wAGA ¢ (stomach)®t % (intestine)o] L}E}
U, AL ol Al meko] pgA Uiy ZFe] WL E o] A
oA & (eye)2 HiZogRE FH0E A Uels] AlFsiH, ® &
A% (eyestalk)E FPE 7] At v FERe A7 UERT)
A zshe, mitiyh YA "o FAe 2A e 2 oddd 2 Edrh
£ EaE 3 Y BV AVH, npEd nnE AL %
T o] ©tAlA FAL YulEle ofal AAAHE Hu, oluf v]24 RG]
A ogtez Wadrh

rﬁ‘.
o
o]
i)
o
A
BN
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Fig. 3-1. Reproductive cycle of Neomysis awantschensis,
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Fig. 3-3. Photomicrographs of developmental stage of testis in
Mysidae. A. Internal structure of testis (X40), B. Early growing
stage (X400), C. Late growing stage (X400). D. Section of
spermatidic pouch (X200). E. Section of spermatidic pouch (X400},
F. Section of vas deferens (X200), G. Section of seminal vesicle (X

100). H. Section of copulatory organ (X100),

- 20 -



Fig. 3-4. The newly-laid egg mass within the marsupium of the ovigerous
female of the mysidae., A: Unfertilized egg mass within the marsuipium;
B: TFertilized egg mass within the marsuipium after 24 hours of

copulation: C: Eggs mass within the marsuipium, (Scale bar 0,5mm)

-21 -



Fig. 3-5. Marsuipial development of the embryonic stage of the
mysidae, A: The early embryonic stages: the egg is already surrounded
by a continuos blastoderm: B: The late embryonic stage: stretching of
the embryonic abdomen starts, in this way hatching is initiated,
(EABD: embryonic abdomen). (Scale bar 0.3mm)

_22_



Fig. 3-6. Marsuipial development during the nauplioid stage of the
mysidae, A: The early nauplioid stages: a short period after
hatching: the larval abdomen is already strongly bent dorsally: B:
Nauplioid stage: the body segmentation is already clearly visible
ventrally but not dorsally: C: The late stage: the larval abdomen is
well-segmented over all of its parts; the thoracopods and uropods
appear: the old cuticle starts to separate from the body at the
terminal tip of the abdomen, (Al: antennule, A2: antenna, OPR:
optical rudiment, SEG: segmentation of body, THP: thoracopod, URP:
uropod, TEL: telson). (Scale bar 0,3mm)

- 23 -



L |
¥

Fig. 3-7. Marsuipial development of the postnauplioid stage of the
mysidae, A: Postnauplioid stage: all appendages of the adult stage
are present and already free but less specialzed: there is still the
large dorsal yolk mass: B: Telson and uropods of postnauplioid stage:
telson is not differentiated and endopod of uropod presented
undevelopmental statocyst: C: Unspecialized pleopod, (TEL: telson,
EN.URO: endopod of uropod, EX.URO: exopod of uropod). (Scale bar 0.3mm)
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W X], Paralichythys olivaceus

i},
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whet R g BE7EA] A3}

9383
7} 2}
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Azt 2080l Apsted A 180l dolu AT B, 24]
7 Fol A 28] Yoluh 4HET], 242 408 Foli 8HEA 7 LAt

+
o
_"

24 ¥ 327 3086] 16417 Hul, 4x7 Folk AT} H1, 5
A7 458 Fole AAvlel PRtk 1 F A4 Badstel 43 F 84 ol
£ ®ulyl, 1047 308 ¥ wjus dgel 34 IS Wol vjee} gujy]
o Wetn, 24217 308 Fol wieol At geprl wAs WEHEI A
grh. 44 F 3047 15Eel: wiAzE Bstel FaishA HAHd,
kupffer®| E7} Z¥sln, xo} 5~6712) 2™o| WATH +3 3342 45
e THL 10~11712 Z75tn, GE7h Ael 4aso] =yt Hsts

o, Ze|F-Fol kupffer®] It &4 Z -] g, o7 FAPEI Al

B

gk, % 37~39A17F Foll wiAlof ofzbe] MA XL Uehitm, A Aol
E3slr] Alstn, 282 14~15718 F718ich. 43 F 434 ko] Auid
Aol BadEol AuEel A=A, wiAY NAxrt Fristz, wiHef
apge] A=gnlst £33H7] Al gt AL 19~20740lth, £ 47A %
Foll= ulFo]l FAAEI sz, melFEol GHolA HEn, wjA:
AetA FEAYUCH ZEL 3070lct. ojo] A% UAe] Y £ F
50A]Zto] Aubdd AL 3270 ©ta, RS 3 Hel R R3] A

23t (Fig. 3-10). 4% F 52A] 7tnte)] &4 3] -3 3tct,
(3) §-3 LQA7H
A} 48 16.5~18.5TC (W 17.6C)olA <A F 50x|zhate] =2

57} Al2tEl o] 52|17 25FolE H$EEAUTE EF, 14.0~16.5T (BT
15.2°C)ollA 8 F 642 7tato] F518}7] A Z}sle], 68A|2%o] BT BET
At

—_
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) A x| oo W

Btz Fol xjoll HA 2.40~2.52m (FF 2.49mm, n=10)2 3} FE
2 dyolA ¢da, T JdFEE M R O3 5 o X5y,
AR o E&Fol gt B 5FHA aiF A g fos UR7
A RoFo] FZaAR BAARIL BRI Ao wlel FMARE FE
ato) 7} olar, olwfe] xpoje] ZAL 12~13+22~23=34~367)o|t}, H3F 2
dzfel ztol= A 3.30~3.40nm (B 3.35mm, n=10)E wof ofzhe] FHAY

—

227} AAET] A Esta, 5 EHY dAEe S WELE FelFHo #
¥, gxzu e MiEE ne FEFIA JF

A FFHIL, FTe UFBOLE o|FEHo £3u3} dAFH] o, HA
2] ZhgA=eulet Felel {717 Vbt o1 o3t e delA] st

3 2L 12~13+26=38~3974 0] T},

() #7154l |
H3l Z 5] zto]le AR 3.84~4,50mm (B 4.20mm, n=10)2 3
& ads 480 FARIE FoIEAT. 47 ELEAD, BE 7

=3 ZAr, HAe Wk ot Aoty 3t ¥Eo ded, ¥ES &
o] FETE 47 UFo] X Fl, o] wWHgte] ulel rotifer§ &
g3tA Aol 3t7] AlEstolTh wA=gn] glo] AT} AafE o] LA}
, 7t B 3e17] Al A3
ez ¥ 7~8ds12] ztoj= AAF 4,42~5,30mn (HF 4.94mn, n=10)F <}
Zte] A PWE wEYS don, HAUTL ofF 92 FolA &= ok
ott. &3 2

2] FURTE UFo

o
[
rlo

A5t stu]$E VAR 2F FEJLES T
b

71 ARt sYcf Eof glom,

12,
"
TR
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Fig. 3-8. Photomicrographs of ovarian development of the flounder,
Paralichthys olivaceus., A. Cross section of ovary, Note the ovarian outer
membrane and ovarian lamellae, B. Previtellogenic stage. C., Initial
vitellogenic stage, D, Active vitellogenic stage. Note the eosinophilic yolk
granule in the cytoplasm, E. Mature stage. F, Ripe stage. Eyg' eosinophilic
yolk granule, Fl: follicle layer, Hc: hemocytes, N: nucleus, Oc: ovarian
cavity, Og: oogonium, Ol: ovarian lamella, Olm: ovarian outer membrane, Po:

previtellogenic oocyte, Zr: zona radiata
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Fig. 3-9. Photomicrographs of testicular development of the flounder,
Paralichthys olivaceus, A, Spermatogonia in the testicular cyst. B.
Spermatocytes in the testicular cyst, C, Spermatids in the lumen of
testicular lobule, D. Spermatozoa in the lumen of testicular lobule,
Sc: spermatocytes, Sd: spermatids, Sg: spermatogonia, Sz:

spermatozoa, Tc:testicular cyst, Tl: testicular lobule.
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Fig. 3-10. Egg developmental stages of Paralichthys olivaceus reared
in the laboratory. A, Mature eggs newly spawned: B, 2 cell stage, 1
hrs. 20 mins, after fertilization: C. 8 cells stage, 2 hrs. 40 mins.;
D. 16 cells stage, 3 hrs. 30 mins,; E. 32 cells stage, 4 hrs.: F,
Morula stage, 5 hrs. 45 mins.: G, Blastula stage, 8 hrs,; H. Gastrula
stage, 10 hrs. 30mins.: I, Embryo formation. 14 hrs. 30 mins.: J. 5~
6 myotomes stage, appearance of Kupffer"s vesicles, 30 hrs, 1bmins,;
K. Formation of eye lens, 33 hrs. 45 mins.: L. Melanophores appeared
on the embryo, 37~39 hrs.; M, Formation of heart, 43 hrs,: N,
Formation of nostrils, 47 hrs,: 0. Embryo just before hatching, 50
hrs. Scale indicate lmm,
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Fig. 3-11., Larvae developmental stages of Paralichthys olivaceus
reared in the laboratory, A: 2.49mm in total length(TL),
newly-hatched larva: B: 3.35mm in TL, 2 days after hatching: C: 4.20mm
in TL, 5 days after hatching: D! 4.,94mm in TL, 7~8 days after
hatcheng: E: 6.47mm in TL, 13~14 days after hatching: F: 7.45mm in
TL, 18 days after hatching. Scale bars indicate 1,0mm,
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Yol

Fig. 3-12. Larvae and juveniles developmental stages of Paralichthys
olivaceus reared in the laboratory. G: 8.30mm in TL, 20 days after
hatching: H: 10.60mm in TL, 25 days after hatching: I: 12,30mm in TL,
30 days after hatching: J: 16.09mm in TL, 40 days after hatching.

Scale bars indicate 1,0mm,
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Fig. 3-13. Monthly change of gonadosomatic index (GSI) of

Favonigobius gymnauchen,
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Fig. 3-14. Photomicrographs of developmental stage of ovary in the
naked-headed goby, Favonigobius gymnauchen, A, Section of resting
stage showing the oogonia and oocytes of chromatin nucleolus stage,
B. Early growing stage. Note the yolk nucleus. C, Growing stage. Note
the yolk granules in cortical cytoplasm of oocyte. D, Section of
maturing oocyte showing the breakdown of germinal vesicle and
well-developed follicle layer. E, Ripe stage. Note the well-developed
zona radiata of ripe oocytes. F, Degenerating stage after spawning.
G. Recovery stage. Af: atretic follicle, Do: degenerating oocytes,
Fl: follicle layer, N: nucleus, No' nucleolus, Yn: yolk nucleus, Yg:
yolk granules, Zr: zona radiata.
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Fig. 3-15. Photomicrographs of developmental stage of testis in the
naked-headed goby, Favonigobius gymnauchen. A, Section of testis
showing the internal structure of tubule type. B. Resting stage
filled with spermatogonia of interphase, C, Section of multiplicative
stage showing the spermatogonia of mitotic division, D. Growing
stage. E. Maturing stage, Note the disappearance of testicular cyst,
F. Ripe stage. G. Undischarged spermatozoa within the efferent duct.
H. Degenerating stage. Sc: spermatocytes, Sd: spermatids, Sg:
spermatogonia, St: Seminiferous tubule, Sz spermatozoa, Tc!
testicular cyst, Uds: undischarged spermatozoa,
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Fig. 3-16. The egg development and larvae of the gobidae. A:
Unfertilized egg: B: Formation of blastodisc, 50 mins. after
fertilization: C: 2 cell stage, 1 hrs. 30 mins, after fertilization: D:
4 cell stage, 2 hrs. after fertilization: E: 8 cell stage, 2 hrs. 40
mins, after fertilization: F: 16 cell stage, 3 hrs. after fertilization:
G: 32 cell stage: H: 64 cell stage, 3 hrs, 30 mins, after fertilization:
[! Morula stage, 4 hrs. 30 mins, after fertilization: J: Begining of
gastrulation, 6 hrs. 40 mins. after fertilization: K: Middle-gastrula
stage, 9 hrs. 40 mins, after fertilization: L: Post-gastrula stage, 13
hrs., 30 mins. after fertilization: M: Formation of embryonic shield, 18
hrs. after fertilization: N: 4 myotome stage, 19 hrs, 50 mins, after
fertilization: 0: 7~8 myotome stage, appearance of Kuffer's vesicle, 22
hrs, after fertilization: P: 15~16 myotome stage, formation of
membranous fin and auditory vesicle, 25 hrs, after fertilization; Q: 2
0~25 myotome stage, formation of eye lens, and beating of heart
appearance, 42 hrs. after fertilization: R: 26~27 myotome stage, 47
hrs. after fertilization:; S' 28~30 myotome stage, 67 hrs, after
fertilization: T: 32~33 myotome stage, 113 hrs. after fertilization.
{Scale bae 1mm)
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Fig. 3-17. The larval development of the gobidae. Ll1: Hatchad larva,
113 hrs, after fertilization, 3.9~4.2mm in total length: L2: Prelarva,
4 days after hatching, 4.7~5.0mm in total length: L3: Postlarva, 8 days
after hatching, 5.7mm in total length: L4: Postlarva, 11 days after
hatching, 6.2~6.3mm in total length: L5: Postlarva, 17 days after
hatching, 6.8~6.9mm in total length: L6: Postlarva, 25 days after
hatching, 10,5mm in total length, (Scale bar 1mm)
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Fig. 3-18. The juvenile development of the gobidae., J1: Juvenile, 33
days after hatching, 11.2 mm in total length: J2: Juvenile, 41 days
after hatching, 12.2 mm in total length: J3: Juvenile, 50 days after
hatching, 15.3 mm in total length: J4: Juvenile, 70 days after
hatching, 20.1 mm in total length. (Scale bar lmm)
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250A, Orion Research Inc,) @ -8&AF4A (Model-250A, ATI Orion, Co., USA)
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4%l = 90%8] AE2L&E VERWTE #L}, 6.7%2F 3.4%2] |&Ed k&
A1zl Aol HESL AU T ALHHE a4ty APEEFREA 7

7} 60.5% T 12.58 27.4%2] Q& 100%0] wvs] [og THAE Liepylct

(P<0.05). T, ghpo] =&A7 TAqole ALHOE LTI A]Fsho

4047 0% JEEE Rolrh

Lol E GE T uwigl AISshEA dFo] st A FAE
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(P<0.05). Lol A A2 ZF/1E 7FoE 3ol dUdYAEL Table 3-10f
Uehygich, Aol dAdGHES dE 13.4% olAolMe FAR & o
Efufsl o}, 6. 7% 3toll M e Fo3t 47 FEF AT (P0.05).

7t Aol w=&A7 ZAole Atasnd HIE Fig. 3-210] Yehjgl
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Fig. 3-19. Survival rate of Neomysis awatschensis exposed to various

salinity for 40 days.
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Fig. 3-20. Growth of body length in juvenile Neomysis awatschensis

exposed to various salinity for 40 days.
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Fig. 3-21. Oxygen consumption rate of juvenile Neomysis awatschensis

exposed to various salinity for 40 days,

Table 3-1. Daily growth rates of juvenile Neomysis awatschensis

exposed to various salinity concentrations

. Water quality Body length (mm) Mean growth
Salinity
Temp. DO pH rate
(%0) . Initial  Final
(c) (mg/ £) (g/day)

0 20£0.8 6,7£0.8 7.9£0.6 4.5%0.12 5.8%+0.11 0.029
3.4 20+£0,5 6.8%£0.6 8.0%x0.5 4.7x0.11 6.2%0.10 0.033
6.7 20+0.7 6.9%t0.3 7.9%£0.3 4.31+0.13 6.8%0.20 0.056
10.1  20+0.3 6.8+£0.5 8.1%£0.2 4.4%+0.09 7.2£0.12 0.062
13.4 20+0.5 6.6*t0.4 8.0%£0.7 4.5+0.18 7.8%0.19 0.073

20,2 20%£0.6 6.8+0.3 7.9%£0.6 4.5%£0.08 7,9%0.11 0.076
27.4 20%0.2 6,7%£0.2 8.0X£0.5 4.6%0.10 8.2%0.22 0.080

33.6 20+0.3 6.5%£0.7 8.1%+0.4 4.7+0.17 8.0%0.11 0.073

- 47 -~



. g4

(1) A= % Wy

AR Y|, Paralichthys olivaceus X0l 1999 69 Wafiet &
218 oFxlztolla] HoF wlol AFAL 4004 £TA o ppgRofA 109 oA
R
9~8.1, 32.8~33.2%, 6.9~7.2 mg/ £ 2

&2 AlZch ol $£&, pH, 4@

r)-
B
fr

247+ 19.9~21.5C, 7.
, Hole YA& At
EE FFstdch Adede AV AX4T AF 14.2~16.2 cn, AF 89,
8~79.5 g8 NMAE HHFEE 2 AV E gt AMESHAT

AP PVICHZE AHgsto] &3] o 9ste AAstd e, gEsE

= 33.6% 3+E 100%E 3ol Z+z} 80(27.4%), 60(20.2%), 40(13.4%),

e
¥E,

ekl
)
ot
by

Mo

30(10.1%), 20(6.7%) B 10%(3.4%)& HAdehsol Egste] zAstgda,
0% ©eutE ARESHAT APYIR F9 @R (Vater Checker, U-10,
Horiba, Ltd.)& ¥]&3to] £ (A=), pH (pH meter, 250A, Orion
Research Inc.) W &&4t4 (Model-250A, ATI Orion, Co., USA): 14 23]
F3stgth BE YL £211CY 2Ho) 715 F2AoA HAstg
om, AtawtAzlo] o3 A&HH R ANaE FIIAC)

AEs=E A2 9 Aol oyt APE {FA A7 Y& 20mey
At 4047 FAlol 289 RbEE dAysigr). AR 24 znj} A
B AAE Al JEEE Uehhgla FPLe r-test® A3l
th A2 AEszd APAE £4317 Hol AR W HMFE ZH#
3, 109 ERIZ ol EE FA sttt oldl, Yol APF R £83 g
B A YAXNREE 1Y 28, 77 9], 174 o] AH BAF o|AL

Fatolch =3, Hol: AHUFE 1dA-dE TF3kA dgten, A¥E
Foll Al AN BEEE FR, Abgols Bk MM AgE e
2

wetsto] Alabstalrt,

_48_



WX 2 Atdanlg oy AELS AL JHAEHe HER 248 UE
AEL At A28 &2 AETE 109 T2 5AHAYE T2
2 Adslel ata4anE F3Y F, Ad¥EdEe AFHE AT ¥
Aasd &S B AEYY Adsswgog FASIYUCE ol& Ao it
8 AL SPSS AT ZI2(SPSS Inc, )& o] 235to] ANOVAo] ]3] 2|
AR ABOR BFzte xol§ HA ST

Aol whE 40U A Holo HEEE Fig. 3-220] viepfdich o
2ol AE2ELE AE 27.4%00AM AHEFEAl 100%S LER IS, 20. 2% A
£ 82.5%8] AEE&E uehlth 2y, 13.4%0]31e] dEe =&A17
AENL B ALSHoR Zaste] d& 6.7%0I51e] &

Z£F A 0%5 LEFWIC]

i

flo

X BES
q0E

oMe A

() 8 R
YA 2ol & @Eo] whet AR stHEA el tisted A W A F F7}
& Fig. 3-2332} Fig. 3-24¢o] Yehfacl, GX& 27.4~33.6%% 9% 9
oA AEMAIA AA 14.3~14.4 cm, S 73.8~74.0 gollA] 40d Fof
2}7} 18.2~18.4 cm, 82.0~83.5 g A Aste] KAIT A W A F9 2}
& uepich B3, 20.2%9 @A A AY W AFS FLEe F

B

veldlen, 7 W FI7HE B 27.4%9] |iel HlE R A

flo

ol AAEA ¢drt. TH, HF 10.1%°]8tolA WA Y W HF
AE vE7t Ha¥FF Adadts FYE B AR W AF S A

OF B 3} 27 4%l B3] §23 xpo]s} AT AT} (PCO.05). YX& A=
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2718 71222 slol dUNHES Table 3-20] Urhiddrh. YAle A
HAES B 2.4% ool AL R S UEhigo, 13, 4%l stol

ANE 893 A7 #aE gl (PO, 05).

2} dEol =EA PR Adhane] WMHE Fig. 3-25¢] uiehdiglich
WA S] AtadNle GE 27.4~33.6%01A4 fAHE ZEE utehdidch ey
&

T 13, 4% lste M dEel Aol utet dabugo] Fadte BY

g

& Hol A AAAHEES HQ 33.6%2 & us] S8 ZAE

LIER LTt (P<0.05).

Survival rate (%)

Days

Fig. 3-22. Survival rate of Paralichthys olivaceus exposed to various

salinity for 40 days,
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Fig. 3-23. Growth of body length in juvenile Paralichthys olivaceus

exposed to various salinity for 40 days.
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Fig. 3-24. Growth of body weight in juvenile Paralichthys olivaceus

exposed to various salinity for 40 days,
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Fig. 3-25. Oxygen consumption rate of juvenile Paralichthys olivaceus

exposed to various salinity for 40 days.

Table 3-2. Daily growth rates of juvenile exposed to various

salinity concentrations

Water quality Body weight (g) Mean growth
Salinity
Temp. Do pH rate
(%) Initial  Final (/day)
(C) (mg/ %) g/day

0 20%0.8 6.7£0.87.9+£0.6 73.2%1.22 77.9%0.67 0.104
3.4 20+0.5 6.8%£0.6 8.0+0.5 73.5%0.16 77.2%0.54 0.082
6.7 20%x0.7 6.9%£0.3 7.9%0.3 74.2%0.62 78.2+0,27 0.089
10.1 20%0.3 6.8+0.58.1%£0.2 73.6%+0.19 79.2+0.34 0.124
13.4 20%+0.5 6,6=0.4 8,0%£0,7 73.9%0.45 79.5+0.29 0,124
20.2 20%£0,6 6.8%0.37.9%0.6 75.0%+0.21 81.3%+0.31 0.140
27.4 20%0,2 6,7%0,2 8,0+0.5 74,0%0,23 83.5£0,22 0.211
33.6 20%£0.3 6.5%0.78.1%0.4 73,8%+0.26 82.9%0.41 0.202
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t}. EAEE
) A% 2wy
A5 YNWSE, Favonigobius gymnauchen& 1999d 34 Fxl tir)

2] Aol A E2ER At 1A o] HEAE wkste] 4004

=B Az 10d ol &A AlFch oluf 2, pH, 4& L &&
abrt 2bz} 19.7~21.2°C, 7.9~8.2, 32.8~33.2%, 7.2~7.5 mg/ £ ¥
2143, Hole Artemia®t YX-§ AEE EHst] FFstdct. Aol
A AT AA 21.2~25.1om, AF 0.25~0.32g2] 7AAE APFE=E
22L& A7E 83ty 2 u|&E ARE3Hth

ML PVCHR (52X36X30 cm)&E AHEste] <34 WHol &fsto] A4
shala, Ayl AL 2dS dFo R s, dEsEE 33.6% df

5 10052 3to] 217} 80(27.4%), 60(20.2% ), 40(13.4%), 30(10.1%),
20(6.7%) W 10%(3,4%) 8 AAPEe} Tyt ZATURL, v waT

AR5l A 22 oE (Water Checker, U-10, Horiba, Ltd.)

fijo

& Q]%fs}oq +& (EA&%A), pH (pH meter, 250A, Orion Research
Inc.) W &&4r4 (Model-250A, ATI Orion, Co., USA): 1Y 23] & 3319l
th BEE A2 £2E1CY 2Fo] 7ted o2 dA MAztolen, 4
g o] Y3 A&Heg AAE FF3tarh

AEsE A& 9 A& g AEL FAY 279 LSS 20m
2|4 Adstel 404 Ao 239 EILE s AL 244 Un}
th Al AAE Aestd] A2EE Uehdal FAHLE 1'-test® HA
stodch. B4 AdPsze APBAE 48317 Ao AY U AFE FH3}
95, 109 THE ol EL EHA sy}, olul, Holk ML £33 ]
SERE ARG GAAEE 19 25, 77} 9A], 17A]o] HAA M ol
Z3stedch 3, Yol AYUER 1¢-0Ee FF3kA] dgton, Ay

X

ffo
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EFo] Ay ANJL FEHEe ZF, Aol B AAI AbgR A

(2) 4
(7h 8 &
Aol ulE 4087 dAYS Aol BEEE Fig. 3-260] Uehigich

dAYEY FE2EL HGE 33.6%4 HHEFTEA 9% Uehidz, 10
1% ool & 90% o]4e] FAEE&ESE viepulrl. ey, 6.7%< 3.4%°]
il =& EAUEY A2 AT B ALEHE ATl
AP2FA] 22 80% W T0%E 27.4%2] & 97.5%0] HlE -Fo)g A4

il

LIetich (P<0.05). ¥, ©o] &A1 EANS S =& thadiE A

=tz

&0 ZtAsE7] AlEfste] 4097 %2 HEEES HAv

—

() 8 %

GRS AE A& wel ARgIEA Aol st MY W A F
Z7}E Fig. 3-273} Fig. 3-28o] Utetuiddct. €752 20.2~33.6%2
dE Heloa AY-MAIA AA 23,.29~23.31 nm, AF 0.298~0.311 gol A
409 Fof 747} 32.81~33.50 mm, 0.445~0.457 g& - Asle] KA AA

A2 278 Urhyich EE, 13.4% dRoM dALEY Y 9
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AEe Zasts A veidoy, A € 3718 R 27.4%9 9F
of sl §o8 Aol AHEA o B, QE 10.1%0] 8ol A W)
FEe A W AFL QGE vES BaUS
0 AE E7E g QRIY 27.4%0] ws] FoT xelst QA= AT
(P<0.05). ®eol &A1 7SS MY U AE5 7tzb 23.28 mn,

i?-

c}.

e

Ju
e
B
o
rr
od
o%
ftjo
is
2
2
oM,

0.295 gol A 25.29 mm, 0.328 g2 & HAL Uehjo] o|52 ZJl= A
VAEEA At EAYFY AFe FIE VIELE 3o dUdYFES
Table 3-3¢] Uehigith W/WEe] dU4FES Q¥ 20.2% ol HolA
£ FAE & YEh oy, 10.1%0]8tel & R et BAE Ao

(P<0.05).

Zb dEo] =&AL dYEL AlALn]e] WHEE Fig. 3-29¢] VR
At YAEES AtasulE GE 20.2~33.6%0A §AFF 7t e
th 28y gE 13.4%°)5tel = FdEo] Hade) uwhel AtA4n]go] 7

&8s B¥E B FLHA idLauEE KA 33.6%4 | wE &

lo
p

g ZAE YERTE (P0.05). EFH EAEEL itiasnE g
13.4, 10.1, 6.7 W 3.4%°0A 33.6%2 & w3} MIEEA 2z
15.8, 19.3, 18.6 W 24,1%7} A3, Woojals 28, 2%8

L
oy
P
il
A
A

Wit
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Survival rate (%)

Davs

Fig. 3-26. Survival rate of juvenile Favonigobius gymnauchen exposed

to various salinity for 40 days,
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Fig. 3-27. Growth of body length in juvenile Favonigobius gymnauchen

exposed to various salinity for 40 days.
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Fig. 3-28. Growth of body weight in juvenile Favonigobius gymnauchen

exposed to various salinity for 40 days,
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Fig. 3-29. Oxygen consumption rate of juvenile Favonigobius

gymnauchen exposed to various salinity for 40 days.
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Table 3-3. Daily growth rates of juvenile exposed to various

salinity concentrations

" Water quality Body weight (g) Mean growth
Salinity .
Temp, DO H rate
(%) P P Initial Final
() (mg/t) (g/day)

0 20%0.8 6.7%0.8 7.9£0.6 0.295+0.019 0,328£0,011  0.0008
3.4 20%+0.5 6.8%0.6 8.0+0.5 0.292%+0.021 0.340%0,010  0.0012
6.7 20%+0.7 6.910.3 7.9%0.3 0.284+0.013 0.372£0.020  0.0022
10.1 20%+0.3 6.8+0.5 8.1+0.2 0.286+0.022 0,369+0.012  0.0021
13.4 20%+0.5 6.6%0.4 8.0%0.7 0.290%0,018 0.414%+0.019  0.0031
20.2 20%0.6 6.8%£0.3 7.91+0.6 0.311£0,020 0.445x0,011  0.0038
27.4 20%£0.2 6.7£0.2 8.0%0.5 0.298+0.018 0.457£0,022  0.0037
33.6 20£0.3 6.5%0.7 8.1+0.4 0,310%0,017 0,450£0,011  0.0035

. Az W Py
AEARY Tl WA W WAYSS RPN AgSIL ¥ )
AE A8 48 2L dBtel LA E g dste 2w
= zgstath A¥S A4 el gt ARG, WEAR
o B (Water Checker, U-10, Horiba, Ltd, )& H|Es}e] 42 (EALEA

of¥
to,

==

),

pH (pH meter, 250A, Orion Research Inc,) % £&At4A (Model-250A, ATI

Orion, Co., USA):= 14 23] &Aslgr), 20 gt A8 FAE A7)
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o] JNAE 20me| ARt Fale] 238 WEFE HdFsiolct. A@E

AN E FAE A 88t atadtulE ST F, AFHS FHAL,
B atatd &2 dHASTE HdEanFOR FAST

20Co] &N WARE, Tl L YA o] wE AR A4
2%E 1T/day B 3C/dayols] WriwtSo] 35CR 7% gokom, Aol
whE 2Egol mEAE 40T AES 2Rt Yo Hla] 2o
ek & U4g& Bych(Table 3-4). Fig. 3-30= 2zt AggEo] it
Lol ohE ttaange) WEHE Ushd 20T AUAE BF 484

o] whg} AtAAREL ZFII8te e Haorl Fig. 31~32& 20T 2

001>

of 3 Zh APAYEY Ata4nEY HEE Uehd Zog 20T H]s|
24Tl HAL AZAEAA Ha4n] &Y HWEZ Y] A Ueixten,
4To A PR AL 26T FY F2olA Atasn &S Z4dte
A%e 2ol WARSH Aol visl 4Lt N Vg wT),
Table 3-4, The upper lethal temperature for Favonigobius gymnauchen,

Neomysis awatschensis and Paralichthys olivaceus acclimated
at 20T

Rate of temperature Increase

1C/day 3T/ day 3T /hour 4°C /hour 5C /hour

Favonigobius 35 35 38 40 45
gymnauchen,
Neomysis . 33 35 35 36 35
awatschensis
Para'] ichthys 31 32 35 36 35
olivaceus
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Favonigobius gymnauchen

09
0.6 -

03+

Neomysis awatschensis

O, consumption rate (ml O ,/g Dw/hr.)

Paralichthys olivaceus

03}

02}

00 . 1 1 | L 1 1
18 20 22 24 26 28 30 32 34

Temperature ( C)

Fig. 3-30. Changes of Oxygen consumption rate with temperature at

Favonigobius gymnauchen, Neomysis awatschensis and

Paralichthys olivaceus,
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Fig.

20°C Acclimated
Favonigobius gymnauchen

09+

06 |

0,0 L L L 1 1 1

Neomysis awatschensis

O, consumption rate (ml O ,/g Dwrhr.)

03+ Paralichthys olivaceus

02t

01t

0.0 4 s l . . . ; N
19 20 21 22 23 24 25 26 27

Temperature ( C)

3-31. Changes of Oxygen consumption rate with temperature

acclimated at 20C for Favonigobius gymnauchen,

awatschensis and Paralichthys olivaceus,
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LS ¢ 24°C Acclimated
Favonigobius gymnauchen

sl Neomysis awatschensis

O, consumption rate (ml O ,/g Dw/hr.)

Paralichthys olivaceus

03+
01+
0.0 L 1 L 1 1 1 .
23 24 25 26 27 28 29 30 31

Temperature (C)

Fig. 3-32. Changes of Oxygen consumption rate with temperature
acclimated at 24°C for Favonigobius gymnauchen, Neomysis

awatschensis and Paralichthys olivaceus,
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A58 FAAES] A

A AR ZRo]  Neomysis awatschensis, Q& Paralichthys
olivaceus ¥ WS Favonigobius gymnaucheno] tjdF Ae] @ A NE
T ARet AP N LRE JEY 2R iy AEAA 8 F4A] oy
Foll it FH5F AR (M) ZRE vhE3 22 ol fFE gs o)
Neomysis awatschensis®} Y X| Paralichthys olivaceus, & ZA|ol& A3}
vt ¥¥ W EL W BFE #3 oy, 34 U S4Ed
Rzgo] YR "olx FA thd FolA ALfA ATt wety, s 4

Hols FAZ A=Y Aol ot Hxlof cfste] AESIALL.

o

il
FA] thAE 2 A < 3 6 o
™ T
1. 2ol Bl 1. &X]7|7te] 34
2. ANch7]zte] B BEe Uy
3. Al¥Al xlLo o 2, o] =
Neomysis 4 oj};_o%] q@ lu;i;xg] Hele o
2900 ChEh ulzbA
awatschensis 2 ;;:l]_ )‘géﬁah_;;]
7. EZER o uz
’gol #ojd
1. Al7]el uwhe}l AAEA] |1, 2H[E
T4 7ts 2. d¥gze AV
Paralichthys 2. AHA ARgo] £o]
3. @Fof oigt 1A O
olivaceus |4, 2ol gt Q1zbA
5. 54 EH ozt uy
o] o
1. 2§go] Bof 1. dF 9 $2of oyt
Favonigobius 2. M7 zte] BS Q7 dol "ol
3. AHEA Abgo] o) 2. EX4EH] i3t X
gyvmnauchen | 4. 1328 whg2g At
5. 388 deiy 9%
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HaE Sd=5dAd9 HIi

A1l 54&49 A4

YA s, AMzH YR i YHOIE VAW FHY FIEL
QAR 23 ol F3 AUl L& wol LHE 2YHD, YF why
olu} R BarsEie] g 4 Atk 23 Aol FHHE E&ole
YAE 1 A 54T AAAA gon, ok ofu AL R4
o2 WEHE 27 HEolth ¥ ANk 34 FoI4 2 H4ol A

E7F Zeivt AzE e 2, Jt=w, T 2 $E Al
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oy
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_C|>l_t’
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i
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2 44FE AT 4+ dvh U
oJuf Eopel EAFT glom, 42 LEA, dAA, 0, &5, oy
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HE YRR YES 52 54 vehdrh EY, wds oy
< AP ele HAPo] ofF Ao, old FElY £22 AAdPLE FHF

&o] dojitr}.

rlo

1}, 71=F (Cadmium)
=

THEES 54 F47Y dFolvh 7t=gS A=Y A FosL
2o 2Rt AR ] FHEHM, LolMe AR A £H4

th =R 54 RE wddeln, 0¥ L 43} FO2 vshdrh
FARTH B HMBH A& o §stel ol ReISEI oAl o3}
B7)e YHER BRES YL st} il Ashel Y3l H=EE 33
th ¥ FYHOE dofAb R ¢E7} 9998 E, YA W 294
o %=
WA ATEE o] A8ty o] A7)

l

m[o
st

Ho

5. A4 dAgo] ISR TIFEI em, FIFelAME
il

Ui FeliEA deth

th. -2 (Copper)

Tl W £AFEN 54E& /AN, APl AgEF, Ty
22 4, FANECY AAFTETAE AT FEIE AXE FoE A3 Y
2 ol 727t FFol ESAY 4+ vk B, AdBFAAE A, AH
Az, o)A, A8 7tx] 4§72 A=z W ZFIF Fol AH&Hh
e FE 2 MY 5, FE 542 sAFEY SR 9%,
FEAHN R vE, £ B BE2A W P o] 5

uhep ThEA ebd 4 glrh
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of AEEHE HUE Fof w2 THH olon,
o] Q1] digto] W ofo] TBTVE £t Q. FRAE nx& A&

74X 8] WA Azto] g, ARALFE $A3 St imposex WA T

L}. Phenol
HEe Metitolelis ste, S=FA A e, FEFe tEH

o Zolth 4% EL TRt FHL HU UHI, F5E3ch

A2-d FA54 W7

1. Ag 9 4y

TR0 "W JdAYELE Fat v FHAAN & ITES A&t A}
A, YA Aol et £ P A 4 wol AEAE st
4002 ¥4 oJztpRolA 10U oy & AlFTh olwl +£&, pH, &
&
28 Mgt Ayole ¥ ALY AAE dETEE 22 AVE A
Hoto] A&ty

AL PVCHZR (52X36X30 cm) & Ab&3te] A whol oste] A4l

A

W,
i

AAE 242F 19,9~21.5C, 7.9~8.1, 32.8~33.2%, 6.9~7.2 mg/
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3, A¥I 22 & (Vater Checker, U-10, Horiba, Ltd, )& H|%
sto & (B42%A), pH (pH meter, 250A, Orion Research Inc.) ¥ &
4 (Model-250A, ATI Orion, Co., USA):= 1d 23] &3 3lgc}.
FIRAERAPL 3EF TAUA B tistel 96417 Bt AAsHe,
A7 B Hols FFA Usivh. AFPE AR Al uwiet
20~ 404 A& A1&3te] 2~33]9] WEAF G AAF}ATHTable 4-1). 34
BN AREA 24, YX @ GRS thyt WX} HE(LC50)E

24| Ztutet APIRAE BHste] Probit Wol 23] A& stglct.

Table 4-1. Summary of biocassay tests conducted with heavy metals,

phenol and TBTQ for marine animals

Number of  Number of Test period

Pollutant Speci
ol utants pecies test animal test (hr)

Mercury Neomysis awatschensis 40 2 96
Paralichythys olivaceus 20 3 96
Favonigobius gymnauchen 20 2 96

Cadmium Neomysis awatschensis 40 2 96
Paralichythys olivaceus 20 2 96
Favonigobius gymnauchen 20 2 96

Copper Neomysis awatschensis 40 2 96
Paralichythys olivaceus 20 2 96
Favonigobius gymnauchen 20 3 96

Phenol Neomysis awatschensis 40 2 96
Paralichythys olivaceus 20 2 96
Favonigobius gymnauchen 20 2 96

TBTO Neomysis awatschensis 40 4 96
Paralichythys olivaceus 20 2 96
Favonigobius gymnauchen 20 2 96
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2. 4 3%

7t AEBA

AR Bt 2 2ol AHY HAZ Asle] 20+1T2 M4
UolA agstA fxl=dct. £3 A8, phe A dFHA FAEHLL

M, 24K 6.7 mg/ Lo]Aog ZAF Y (Table 4-2),

Table 4-2. Water quality in each experimental chambers during test

periods
Water quality
Pollutants Species Temperature Salinity ’ DO
o p:

() (%) (mg/ £ )

Mercury Neomysis awatschensis 20.1%£0.4 32,1+0.28,1%£0.37.1%0.4
Paralichythys olivaceus 20.3%0.7 32.6+0,48.2+0.46.8+0.2
Favonigobius gymnauchen 19.9+0.4 32,4%0,58.0%0.57.2%0.5

Cadmium Neomysis awatschensis 20.5+0.6 32.3%0.78.1+0.17.0%0.4
Paralichythys olivaceus 20.3%+0.5 32.7%£0,48,2%+0,37.140.2
Favonigobius gymnauchen 19,8%0,2 32,2%0.38,3%0.46.9%+0.1

Copper  Neomysis awatschensis 20.1+0.5 32.4%0,58.0+0.56.8%0.4
Paralichythys olivaceus 20,3%£0.3 32.5%£0,48.1%0.27.0+0.2
Favonigobius gymnauchen 20.2+0.,6 32.3%0.68.2%£0,27.14+0.1

Phenol Neomysis awatschensis 20.3%£0.8 32.4%£0.77.9%£0,36.9+0.4
Paralichythys olivaceus 20.1%x0.4 32,5%0.48,1%x0.37.0%0.2
Favonigobius gymnauchen 19,9%0.3 32,2+0.58.2%0.46.8+0.5

TBTO Neomysis awatschensis 20,2+0.4 32.2%0,37,8+0,47.0%0.3
Paralichythys olivaceus 20.0X£0.5 32,3%0.48,1%0.26,7%0.2
Favonigobius gymnauchen 20.2%+0.4 32.1x0.88.0X+0.37.1£0.3

L bR Abs R
FAUE Fol oy FHER ANEAYE viYeE FF<%, phenol %
TBTOO| ¥ FEEAH HY Az ZAolY BAT FAA FE
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(96hr-LCso)+= Hg 0.52 mg/ £, Cd 2.21 mg/ &, Cu, 1.58 mg/ &, phenol
6.25 mg/ £ W TBTO 0.46 ug/ Lolglem, Y22 96hr-LCsp= Hg 1.2 mg/
2, Cd 3.18 mg/ £, Cu 8.93 mg/ £, phenol 9,93 mg/ ¢ % TBTO 245.23 ug/
L0193, WrNWES 96hr-LCs= Hg 3.42 mg/ ¢, Cd 6.2 mg/ ¢, Cu
16.23 mg/ £, phenol 12,72 mg/ £ " TBTO 26.12 wg/ £ o]t} (Table 4-3).
EF ol HFA4EH oy E4¢dE BH Aol TBTO > Hg > Cw
phenol > Cd, Y& TBTO > Hg > Cd > Cu > phenol, 28|31 ENUEL
TBTO > Hg > Cd > phenol >Cu® LIEILL AEo] uiel BE4EA gt &

of WEs} Th2A Uehtn ey, ol& Bl alo] 107 7% B &
4& YEhdgich, 28, olE AE Uy EFEe Aot b Zat

54 UElEE, dAgSe] MY ¥ 54& vEtddlcl

Table 4-3, LCx values and 95% confidence limits of heavy metals,

phenol and TBTO on marine animals

. Species
Time
Pollutants (hr) Neomysis Paralichythys Favonigobius
awatschensis ol ivaceus gymnauchen

Mercury 48 0.98 (0.64~1.25) 2,67 (1,21~2.05) 4.02 (1.66~2.57)
(mg/ £) 96 0.52 (0.39~0.87) 1.20 (0.98~1,86) 3.42 (1.02~2.12)

Cadmium 48 3.72 (17.8~30.6) 6.35 (28.6~55.5) 10.34 (28.9~65.5)

(mg/ £) 96 2.21 (10.9~25.4) 3.18 (28.4~35.5) 6.20 (22.4~52,3)

Copper 48 2.33 (42,3~72,5) 10.22 (88.7~135.0) 28.61 (82,4~135.5)
(mg/ £) 96 1.58 (18.5~35.9) 8.93 (29.9~64.5) 16.23 (32.7~65.9)

Phenol 48 9.72(78.4~112.5) 12.75 (189,3~221.1) 19,34 (200.3~301.5)
(mg/ £) 96 6.25 (48.2~65,3) 9.92 (88,4~121.3) 12,72 (90.6~135.5)

TBTO 48 0.63 (42.3~72.5) 315.26 (88.7~135.0) 50.62 (82.4~135.5)
(ug/ £) 96 0.46 (18.5~35.9) 245,23 (29.9~64.5) 26.12 (32.7~65.9)
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FAUY Fol Y WAELE sty ot 4+FodUe 2R U

HIT SR AYEAR O I A4 BEIEE 4 AYsiich

¢

F43 49 ArirEoME flolde dE f4F0rh oJEL EY
AAGEN R S 7I2sta, FEL B4HA Je& s 95t ol &
HIIE shu, Az3 F4L2 tjrtet o= B}, 354 F3%
AT 22 o] F3 APHc). d& Mol I =2 FHEHD, Y
oliu} wR7tx] EHatgo] 9l& 4 rl. £ dloME FFE Fold 2 &

ol BET} Asirta AAEHE £2, Jt=E, Fu 9 ¢S A3t

flo

£

F22 oW FEIRE 37, BEY QL & oA ZYsA HEH £+ 3
H, Hds2 2 dEds2e Pelz 45 E] Y & ook HY
3 od S dAHele Fo] ofbF Fitn, old HelY £ AL
B SH o] dojudrh WYFLA ALY vEE FHAEYNEE viFL
2 0.130, 0.050, 0.028 % 0,012 ppng d A s}4ict.

o
)
(84

1}, 71=F (Cadmium)

TIEES 54 2572 dFolth SRS B2 NY A F43Ha
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zAo] RRYTL AR 2ol FHEM, BolHE ARRTH HA MW
oh. BASHOl A48T FEE FYHHAUS WIPOE 0.9, 0.45, 0.21

2 0,09 ppmS A3}l

t}. -] (Copper)

el Be FAFE S4 H, Aol HYWE, FARR ¥
2o #9, +ANBY AAFEIAE AT TeH AR 502 A3 ©

o
il
of
I
fr
ol
o¥,
I

FFo] EAY + vl g EGl A
z

o S4EEE BE £A4EY A4 B2, Yy sted e A
Hol BB ATol IS ANGLE WA Qo] olol T FUELS

[lok
ﬂ-{
r »
iz
-9,
L
2.
o
oft
2
>
op
Adl
rir
=,
e,
{m
2
i)
rfo
t
jrsd
u
2.
s
lo
2

olem, Higo] ulg Asirt. WEEAL AL w2 FEEIAHE vl

Blo g 6,32, 3.20, 1.67 ¥ 0.60 ppbE A5t}

1}. Phenol

Mg Mol gtis s, S|=FA A s, sEeRe HES
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A Rolth, A% ES #A3tH S M U, A5t w85
Hol &3 vEE FAESHAEE HIYLE 2.80, 1.61, 0.96 W 0.58

ppng A3l

A2d N3 54H Bt

1. As 2 ¥y

7h AdAs

LAo] Neomysis awatschensist= H-xb Tt X8 Qs dola & 21&EE
At 1A ZE o] A¥AR uESIelal, Y X Paralichythys olivaceus
Kol Wl axjY AN E& ol APAE RISt £HA o
FpzolA 104 ol A Azt ojwf +&, pH, ¥F 92 && Z

7} 19.8~21.3C, 7.8~8.3, 32.6~33.3%, 7.1~7.4 mg/ £ 2] ¥z, 9

rZ:
B
fr

2
N
==

ol Artemia®t YA & FHAIRE FFstAch Ayde B A3
AE AP TEE T2 A7E AEsle 22 ¥ &E A}&3s1dr).

. Agey
APL PUCEZ (52X36X30 cm)E AHR35le] £33 wbwo] o] dle] AlA
s, A¥T ¢ @& (Water Checker, U-10, Horiba, Ltd. )& H|F
sto] 2 (BA2EA), pH (pH meter, 250A, Orion Research Inc.) W &
4 (Model-250A, ATI Orion, Co., USA)& 1¢ 23] Z33igrt. RE A

H2 #211TCe 2Ho] 7hedt F2 Mol Aalstglen, it rie]
AdEFs=E AL W AR oy AP /AT 2719 AAE 2002
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ddste] 4297 FAlol 238 UHFE Aot AES 24X 2tnjr} A

wak AAE Agstel AE2EE U F942 1-test® AR Y

th A2 Addgze AHE #8317 Ao AR U AFS S8

th. oluf, Hole HAPF 2o +EE TIFEFE Tl Artemia, YA=

Al QAXEE 1Y 28], 27 9], 17A] AA EHF o|FE I3}
3

grt. AHEFol Abge AV BEE= Fe, BLRY AAI AR

Aasn g2 AP NS FAHE AEste itaAnE ST
F, A¥ole AFFE st Fd A4 ANEL W AF YL Ada
M GO 2 FEASICE olE Azto] tht fHod HAFL sPSs BAZEL
H(SPSS Inc. )& o]&3to] ANOVAS] 23l HARFAt HYoE FHHe A

O

1§ #A%stsrl

2} AEA2 ofFE ulF 5 AUt RAFEE A A3 FHd
nFo® st AU oFE A, AR, AFE FXY F AEE
of ZAFEE A 2o WY J|AUE Ao 74 AT A2 10 % F
BEE U] 2gste] utetul dHPol oJste] 4~6 m FALY ALHEUL
A zrsteder, EEE Mayer's hematoxylin-0.5 % eosin (H-E) W],

Mallory 415¢~, AB-PAS (pH 2.5) W PAS Rb-g-& A AI3qict

2.4 3%
7t B E
(1) &30

SEE- wE 4293t EAole BEEE Fig. 5-1~5-50] et
Th 20lg BEEL thRTolAM 95.05F VEhslch 4zt 2 Ao

EEAZ Aol AEE2 29U TRV SHE whet Haste AR
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& Ltepfodch Lol HEELE £ 0,015 m;g/ L, JI=EFE 0.05 mg/ £,
2] 0.04 mg/ £, phenol 0,40 mg/ & % TBTO 0.56 g/ £ olA}olA 823

Z4AE Ve AP0, 05).

(2) g

S EL WE 424 X8 AEEE Fig. 5-6~5-100] Uehygict
P22 FEEL R FA 100%E VIER ST ZHZte] 2o =&
FATE T BEEL 294 FEIL FUMge wal B4 BRE

2 0.028 mg/ £, Jt=H 0.98 mg/ L, T

rlo

VtElLi it dx] 8 BEE
0.18 mg/ £, phenol 1.61 mg/ 4 % TBTO 3.20 wg/ L o] AolA |23 A E

VFER 1 T} (PO, 05).
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Fig. b-1, Survival rate of Neomysis awatschensis exposed to

various mercury for 6 weeks,
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Fig. 5-2. Survival rate of Neomysis awatschensis exposed to

various cadmium for 6 weeks,
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Fig. 5-3. Survival rate of Neomysis awatschensis exposed to

various copper for 6 weeks,
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Fig. 5-4. Survival rate of Neomysis awatschensis exposed to

various phenol for 6 weeks,
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Fig. 5-5. Survival rate of Neomysis awatschensis exposed to

various TBTO for 6 weeks.
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Fig. 5-6. Survival rate of Paralichythys olivaceus exposed to

various mercury for 6 weeks,
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Fig. 5-7. Survival rate of Paralichythys olivaceus exposed to

various cadmium for 6 weeks.
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Fig. 5-8. Survival rate of Paralichythys olivaceus exposed to

various copper for 6 weeks,
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Fig. 5-9. Survival rate of Paralichythys olivaceus exposed to

various phenol for 6 weeks,
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Fig. 5-10. Survival rate of Paralichythys olivaceus exposed to

various TBTO for 6 weeks.

L B
1) &A0]

LAPol2] g njx= FF<, phenol U TBT02 ¢ 3& Table 5-13}
Fig. 5-11~5-150] Uehfglct. Zaole] JHELS vR TN 12,2245
Letulth e S4B &Al7 20l HHEL EHEL BEV
Ead s 2%ke Z8E Uelddz, Zaold 4FEL $£2 0.015 mg
/4, Ft=E 0.22 mg/ L, F2 0.04 mg/ L, phenol 0.40 mg/ 2 B TBTO

1.15 pg/ £ o] el Al f2]8t 22 & vieh ATH(PLO. 05).
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(2) 93

gxe gl thyt FF<, phenol W TBT0S] FFE Table 5-29

Fig. 5-16~5-200] YERjSlT)

3, e e el =&EAT PX o HAHFES

E 0.21 mg/ £, 2] 0.08 mg/ £, phenol 0.96 mg/ £ W TBTO 3.20 ug/ £ ©]

of
rol

Table 5-1. Growth rate of Neomysis awatschensis exposed to heavy

ol A Rttt g LhERSITH(PLO. 05).

3

metals, phenol and TBTO for 42 days.

thzFoll A gxo 4AES 16.82%0]8]
dYe =Tt F7H
0.0

whel ZAadte FRE UEMS YA HHES +2 mg/ £, 7t=

Test Growth Feed
. Pollutant Concentration rate efficiency
animal
(%) (%)
Control 12.22 33.65
0.065 8.89 19.19
Mercury 0,032 11.38 28.34
(mg/ £) 0.015 10.09 30.12
0.007 12.08 32.13
0.45 9,20 15.56
Cadmium 0.22 10,03 19.12
(mg/ £) 0.10 12.01 29.48
0.05 11.96 32.12
0.12 5.35 15.97
Neomysis
Copper 0.08 10,42 17.78
awatschensis
(mg/ £) 0.04 10. 83 22.14
0.02 11.26 31.05
1.70 5.35 12,97
Phenol 0.82 10. 42 17.78
(mg/ £) 0.40 10.83 23.14
0,22 11.06 31.05
6.12 5. 35 12.97
TBTO 3.07 10. 42 17.78
(ug/ £) 1.15 9,83 30.14
0,56 11.29 31,05




Table 5-2. Growth rate of Paralichythys olivaceus exposed to heavy

metals, phenol and TBTO for 42 days.

Test Growth Feed
) Pollutant Concentration rate efficiency
animal
(%) (%)
Control 16. 82 43.65
0.130 13.89 29.32
Mercury 0,050 12.38 25.19
(mg/ £ ) 0.028 13.09 38.34
0.012 15. 86 40,12
0.98 9.20 30.56
Cadmium 0.45 13.03 39.12
(mg/ £ ) 0.21 14,91 37.48
0.09 16,16 41.12
Paralichythys 0.32 5.35 25.97
) Copper 0.18 12.42 32.78
olivaceus,
(mg/ £) 0.08 10.83 37.14
0.05 15.26 40,05
2.80 5.35 25.97
Phenol 1.61 14.42 32.78
(mg/ £ ) 0.96 . 10.83 37.14
0.58 16, 26 39,05
12.5 5.35 25,97
TBTO 6. 30 14,42 30.78
(ug/ 2) 3.20 10.83 32.14
1.67 16. 26 40.05
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Fig. 5-11. Growth rate of Neomysis awatschensis exposed to mercury

for 42 days.
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Fig. 5-12. Growth rate of Neomysis awatschensis exposed to cadmium

for 42 days,
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Fig. 5-13. Growth rate of Neomysis awatschensis exposed to copper

for 42 days.
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Fig. 5-14. Growth rate of Neomysis awatschensis exposed to phenol

for 42 days.
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Fig. 5-15. Growth rate of Neomysis awatschensis exposed to TBTO

for 42 days.
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Fig. 5-16. Growth rate of Paralichythys olivaceus exposed to mercury

for 42 days.
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Fig. 5-17. Growth rate of Paralichythys olivaceus exposed to cadmium

for 42 days
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Fig. 5-18. Growth rate of Paralichythys olivaceus exposed to copper

for 42 days
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Fig. 5-19. Growth rate of Paralichythys olivaceus exposed to phenol

for 42 days
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Fig. 5-20. Growth rate of Paralichythys olivaceus exposed to TBTO

for 42 days

...86_



ZAPo] At m|of m X FF<, phenol W TBT0Y 3L Table 5-3
3 Fig. 5-21~5-250] uUehuiolrt. chz oA Aole] AtsAn &L
0.38 0 h'mg™ dry weighto]tl, AAEL thZTolM 12.22%2 L}e}y)
th Zzte) SEE- =& 2ol HHAEL EHEL =7 F7)

A& dehaa, 2AolY Adasn & £ 0.032 mg
/4, Jt=® 0.22 mg/ L, -2 0.08 mg/ £, phenol 0.82 mg/ £ L TBTO

1.15 wg/ L o]Atol N R&)3F Z+AE el L TH(PLO. 05).

(2) |

WX 2] atauleo] tidt $3<4, phenol I TBT0] <338}-& Table 5-42}
Fig. 5-26~5-300] Uehfglct. cf2Fold gx/o atasn] &2 6.0 u
Och'mgdry weighto] 3, ZZte] ool =& AR ata ]

& 299 F=7F FUHel wet A AR Vel YAy

b
_,,,

MASHES £ 0,05 mg/ ¢, FIEFE 0.21 mg/ &, T2 0.18 mg/ ¢,

phenol 0,96 mg/ £ W TBTO 6.32 g/ £ o] Aol A /3 72E Uehglr)

(P<0.05).
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Table 5-3. Respiration rate of Neomysis awatschensis exposed to
heavy metals, phenol and TBTO for 42 days.
Respiration
Body
Test rate
Pollutant Concentration weight Lo
animal (1£0sh" " mg”
(g)
dry weight)
wet weight
Control 0.38+0.05
3.0x0.14
0,065 2.6%0.13 0.20+0,05
Mercury 0.032 3.1+0.10 0.21%0.02
(mg/ £ ) 0.015 2.8+0,11 0.34+0.03
0.007 2.7£0.10 0.37£0.09
0.45 3.0x0.10 0.24%+0,04
Cadmium 0.22 2.9%0.08 0.26%0.02
(mg/ &) 0.10 2.8x0.10 0.34£0,07
0.05 2.6%0.11 0.33+0.06
Neomysis 0.12 2.8%£0.12 0.19%+0.03
awatschensis  copper 0.08 2.7%0.08 0.22+0,07
(mg/ 2) 0.04 3.0%0.06 0.29+0,04
0.02 2.9%+0.13 0.35%0.05
1.70 2.9%0.12 0.26£0.09
Phenol 0.82 2.6%£0.11 0.25%+0.07
(mg/ &) 0.40 2.8%0.12 0.341+0.06
0.22 3.1X£0.07 0.38x0.09
6.12 3.0%£0,10 0.12£0.07
TBTO 3.07 2.8%0.11 0.20%0.04
(ug/ 4) 1.15 3.2+0.08 0.24%0.06
0.56 2.810.12 0.32+0.08
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Table 5-4. Respiration rate of Paralichythys olivaceus exposed to
heavy metals, phenol and TBTO for 42 days.
Respiration
Body
Test rate
Pollutant Concentration weight -
animal (14£0:h" ' mg™ dry
(g)
weight)
Control 70,51+3,04 6,.0+0.13
0.130 71.1+4,05 4,0x0,13
Mercury 0.050 72.2+3.15 4.1+0.12
{mg/ £) 0.028 69,52, 40 5.4%0,12
0.012 67.3+1.49 5.7+0,17
0.98 70.1+3.05 3.0x%0.15
Cadmium 0.45 71.2+2.16 4,2+0,12
(mg/ £) 0.21 70.5+3.32 4,9+0.12
0.09 68.3+1.47 5.8+0.13
+ +
Paralichythys 0.32 69.1+4,02 3.5%+0.09
) Copper 0.18 71.2+3.34 4,410.14
ol ivaceus
(mg/ 2) 0.08 71.5+2.26 5.2+0,11
0.05 69.0+3. 37 5.51+0,08
2.80 71.6%t3.12 2.0£0,12
Phenol 1.61 70.2*1.89 3.1£0.15
(mg/ £) 0.96 69.9%2.56 4,8%0.11
0,58 69.2+2.23 5.6+0.14
12.5 71.1%+3.22 2.0x0.16
TBTO 6.32 72.2+3.21 3.1%0.12
(g’ 8) 3.20 69.5+2.29 5.010,10
1.67 67.31+3.67 5.9%0.11
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Fig. 5-21. Respiration rate of Neomysis awatschensis exposed to

mercury for 42 days.
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Fig. 5-22. Respiration rate of Neomysis awatschensis exposed to

cadmium for 42 days,
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Fig. 5-23. Respiration rate of Neomysis awatschensis exposed to

copper for 42 days.
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Fig. 5-24. Respiration rate of Neomysis awatschensis exposed to

phenol for 42 days,
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Fig. b-25. Respiration rate of Neomysis awatschensis exposed to

TBTO for 42 days.
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Fig. 5-26. Respiration rate of Paralichythys olivaceus exposed to

mercury for 42 days,
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Fig. 5-27. Respiration rate of Paralichythys olivaceus exposed to

cadmium for 42 days,

1

Respiration rate (MOzh-lmg dry weight)
h

3 T T T T
0 0.05 0.08 0.18 0.32

Copper concentration (mg/€ )

Fig. 5-28. Respiration rate of Paralichythys olivaceus exposed to

copper for 42 days.
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Fig. 5-29. Respiration rate of Paralichythys olivaceus exposed to

phenol for 42 days.
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Fig., 5-30. Respiration rate of Paralichythys olivaceus exposed to

TBTO for 42 days.
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. dxe) zAeA 0
R EE
(7)) o}tu)
¥x 9] ofrtule ThE AZolFe} nRAAZ AANBE FHOE 4
o] WPH Fzolth 7t AjRte] A wigBe W © 3
2 "ol gow, FYMES FAE L1 HRHAE Fez 4L

oo

2
Y

ol
e

(Fig. 5-31-A). HIME} AMIZL HE dHojME BF FEHOE Y
BRI RE, PAS NbgofA FAMEe gde AAE Ry dAEE &4
Z3E RATHFig. 5-31-B). Mallory AZ@MolA HAMLe} FHE
BT FZ40E Uelth(Fig. 5-31-C). A¥ A7 HE 43712 =
ATHE Solet 234 A=A dgten, A& 45 FHE AY F87

At AAAESE GAEY 377 B8R Rolth(Fig. 5-31-D).

rr

() %
WX 2] 1% HEEL gre Fuew Mol glom, HgzFo| s
e g ZAAS RATh BAZEE Zze) BATAS U ©

12 Rojglen, 779 ZAEE 52 UAYUeE AL ul$ =i}
Bzl oy FelolME EY U EAER e @ AN

(Fig. 5-32-A). B2 & F4ste JENMZES Jugges Nua

S A% TEAHE UshiAL, ARAolE thee T

oX,

F2UYEol
Ay EYUT} (Fig. 5-32-B). A¥ 7 43 F5E dz7e 2z3 0N
€ BAEIU] 47} tie FtE g e, 4% FA MRSl #a
Hglov Agzue zad e Wz BAHA YYrt (Fia
5-32-C). 67 Folt TAE2) Rxo] VAL B AIE 2y W

st BYHA YT} (Fig. 5-32-D),
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(ch) A%

P AL 1585 AR F g2 £4 FHeol dout, unx ¥
e " Aelojt. AZE A FELE UF
FAL A2 glon, I 2YRAOE
Fhedl B E AATAYL AxBEel AFHoz EXs . AT
Ae g2 BE9uREoUzR s glon, fie BAGHLRE 24HH o
So] B dct (Fig. 5-33-B). FYHol= dF Al 9
22 AxfEo] £X3a glon, nxg BExes AR} 3ol
i) 8

=g IHAxTY WY FuEe FE2 AUIAZER FEEHA

N
(2
ek
—LI
?E

olE NEELS UWZA&LE nA§RE /Mt dAA=RY U Be
F2 AFPAREE FHHY olF MEEL UZHLE HEY n4ER
7b7ch (Fig. 5-33-C). A® A7 RE 4371 HTE 2349 ¥
3t7b #EE A dgteyt 43 FRE HIFEANE FY dAAHREC] o
2 #E=E g} (Fig. 5-33-D).

ey

() 442

g3 BAHY dar FAE dus 7k YEELE Ui el da

E x|t (Fig. 5-34-A), A F7l0l ciel g @AY dEMEE] iy
Rof A HHHC

dAe Fae oA, 47 F4£EL o FaLWE 7T
(Fig. 5-35-A). |

Dagel7l WA GA W FAL 5& Mo dayw U Fague] 4
of sled, Z7e oy WYY AU B 44 WS Hof 23y

o
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o] o] AL

GUAE A mEY sl (Fig. 4-B).

Ay Al 6

R=S-N
=2

o, A A E

ol

EARZEo] the #AE Yt (Fig. 5-34-C),

3 ANEE} dF BLA

Adg A 65

Ay A 3
252 74%0 Y4t} (Fig. 5-35-B).

HaoHe &

_‘_t[)'__

),

ol

o] F&stal

Z 9lgltt (Fig. 5-35-C).
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Fig. 5-31. Histology of gill of the flounder, Paralichthys
olivaceus in the control group. A. Longitudinal section of H-E stain
showing the gill lamellae (Gl1), epithelial cell (Ec), mucous cell
(Mc), chloride cell (Cc), pillar cell, capillary lumen and hemocyte.
B. Section of AB-PAS (pH 2.5) showing the mucous cells of PAS
positive, C. Section of Mallory triple stain showing the mucous cell
and chloride cell of vacuolar form, D. Longitudinal section of gill

at 4 weeks, Gf: gill filament.
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Fig. 5-32, Histology of hepatopancreas of the flounder,
Paralichthys olivaceus in the control group, A, Section of H-E stain
showing the serous membrane (Sm), hepatic lobule (H1) and hepatic
cell (Hc). B. Section showing the hepatic cell and pancreas (P) with
numerous zymogen granules (Zg) in the cytoplasm, C, Section of
hepatopancreas at 4 weeks, D. Section of hepatopancreas at 6 weeks,
Bd: bile duct,
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Fig. 5-33. Histology of kidney of the flounder, Paralichthys
olivaceus in the control group. A. Anterior part of kidney., Note the
abundant interstitial tissue (It) and absence of glomerulus and
renal tubules, B. Mid part of kidney. Note the Bowman's capsule (Bc)
and glomerulus (Gl) of positive in Schiff's solution and renal
tubules (Rt). C. Section of posterior part of kidney. Note the
numerous renal tubules. D, Section of kidney at 4 weeks. Mp: melano

macrophagocytotic cells,
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Fig. 5-34. Histology of ovary of the flounder, Paralichthys
olivaceus in the control group. A. Section of the resting phase in
the adult. B. Section of the immature stage at 3 weeks after

experiment, C, Section of the immature stage in the terminal

experiment, Oc: ovarian cavity, 0Og: oogonia, 0l: ovarian lamellae,

Qom: ovarian outer membrane, Poc: previtellogenic oocytes,
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Fig. 5-3b. Histology of testis of the flounder, Paralichthys
olivaceus in the control group. A. Section of the ripe phase in the
adult. B. Section of the immature stage at 3 weeks after experiment,
C. Section of the immature stage in the terminal experiment, Esc:
eosinophilic somatic cell, Sg: spermatogonia, Tc: testicular cyst

Tl: testicular lobule,

(2) g+
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(2) A+
(7}) 4& (Hg)
1) o}7}u]

A 27 7hed 7B W 0.012 ppn/7d HEFolAE A ZAY
e Rz ¥go Frist #AEEPLem (Fig. 5-36-A), 0.050 ppm/7Y
SETAME dF A dehie] njeryt g UEisich Jela g
HNEEL 2oz Z7Egon PaSe] 73 GAutee Holmg M mj¢
2 & o]

FolME MG Fe wiFe dAEe ¥PHI BEHew (Fig.
5-36-C), 0.050 ppn/21d =Tl BN GAEe] EBG3Y
YA A AuFol FAHAE BAdo| Ueluitt (Fig. 5-36-D). =273
ZAolA WA 0.050 ppn/28 FEFoldE A AuFe] wielrt FAEoH

(Fig. 5-36-E), 0.130 ppm/28 sETolAe Aj3t AulE Brt ozl A¢d

ok,
o

ol L o 4 gladr} (Fig. 5-36-B). 0.028 ppn/14Y B =

1A R v EY A 7= vtelEs 2AYS Byt (Fig, 5-36-F).

2) AF
AY S 712 71E W2 0.012 ppn/7d BETFANE HAE By
22 Qste] Tt EALe] pEe] TP on, BAEA Alo]e] EAEH
ME FEC] t4 78 2L Rdch sk AlFzF e o FulA
FollA FEAY Y Wt FEHEA gkl (Fig. 5-37-A). 0.050
ppn/14Q B EFoA L 0.012 ppn/7¢d FETF npRIIA R ZhAXe] B3
3} A @y AuZe ARl alcian blueo] FFNHgS RHojow A
zA9 FAU38e 7AH Aeldct (Fig. 5-37-B). 0.130 ppn/149 &
EFolMEe BAEHAA B2 F7it FIstgden, ZAZY MEAUo|
A Exggel BEEE 2] tREY AAA HEFHAT (Fis.

5-37-C). 0.280 ppm/21Y¢ HE= oA ZHAIX MEZHAAM 2gwHAdol
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ddH e (Fig. 5-37-D), 0.050 ppn/21d HEFoAM e AR 3}y
HE A dF HEHo| wHEHYen, AFRAY FadYHol AY
A4 Aefdrt (Fig., 5-37-E). 3}x]7F 0.050 ppm/28Y HE-LoA= 7t
Mze] FIRY A vy Yajo] {HEHE NME QPR ] ofF
AMA AN vElyTt (Fig. 5-37-F). 18]3 0.130 ppn/35Y¢ =3 (Fig.
5-37-G)2} 0.028 ppn/42U =7 (Fig. 5-37-H)olM& Ao A3}
Az a4 A F77E AEY EE AN #EH YL

F

3) A%

0.012 ppu/7Yd FETOIM = AEAY JF W7t FUMEHER A3
5o BAEHRE n|dte 2 MU dHEen (Fig. 5-38-A),
0.050 ppm/7% FEFoIAME FAZANAN FA chaHxe] o] T3}
dom ob&d My FUMEEY] o] Tl AR HuT A FolA
T AEde]l #AT iy ITatd MEEFe] BEHATH (Fig. 5-38-B).
0.028 ppn/14¥ HEFoHE AHFAE #gE BEutEmye uFr #
ZAx]gdom, AB-PAS (pHZ,5) WhEolA MixH WZHe A-FHE alcian
blueo] FY o2 WLgstglout, Aol FuREL ulE FuA Paso] o

€& vehde 2ol BAYCL (Fig. 5-38-C). 0.050 ppm/21Y
H=7 (Fig. 8-D)¢} 0.130 ppn/21Y =7 (Fig. 5-38-E)¢] /AEL B
SRhR oL of ALEA] Atolo] e AREAR FUEHEA HHHD, Ak
Hol M HulMEEL] AV ESHIAAL P TAPMEES] F71E
L zAAL R4rl. 0.012 ppm/35Y =T (Fig. 5-38-F)%F 0.050
ppn/359 = (Fig. 5-38-Glolt ZAE AEES 243 At
Z A Aol th2 T} §a13 2R AL Relth. 0.130 ppn/35Y EE oA A}
wEE A 2H N AREAY A HAAEY ¥gF 2 M
U2 s L AR ¥EHo] WHHACt (Fig., 5-38-H).
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Fig. 5-36. Histological changes of gill of the flounder, Paralichthys
olivaceus exposed to mercury. A. 7 days in 0,012 ppm. Note the expended
lamella capillary, B. 7 days in 0.050 ppm. Note the activated mucous
cells of PAS positive, C., 14 days in 0,028 ppm. Note the activated
chloride cells (Cc). D, 21 days in 0.050 ppm. Note the thickening of
lamella epithelial layer (El). E, 28 days in 0.050 ppm. Note the lifting
(1) of lamella epithelial layer, F, 28 days in 0.130 ppm,
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Fig. 5-37. Histological changes of hepatopancreas of the flounder,
Paralichthys olivaceus exposed to mercury., A, 7 days in 0.012 ppm.
B. 14 days in 0.05 ppm. AB-PAS section showing the free surface of
alcian blue positive in the bile duct (Bd). C. 14 days in 0.13 ppm.
Note the increment of hemocytes (Hm) and the cloudy swelling of
hepatic cells. D. 21 days in 0,028 ppm. Note the granulation of
hepatic cells, E, 21 days in 0.05 ppm, Note the degeneration of
zymogen granules, F. 28 days in 0.05 ppm. G. 35 days in 0.13 ppnm.
Note the regeneration of hepatic cells and zymogen granules. H. 42
days in 0,028 ppm. P: pancreas,
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Fig. 5-38. Histological changes of kidney of the flounder,
Paralichthys olivaceus exposed to mercury. A, 7 days in 0.012 ppn.
Note the activated glomerulus and abundant hemocytes., B. 7 days in
0.050. Note the numerous eosinophilic cells (Ec), C. 14 days in
0.028 ppm. AB-PAS section showing the activated glomerulus (Gl) and
free surface of alcian blue positive in the renal tubules, D. 21
days in 0.050 ppm. E. 21 days in 0.130 ppm. Note the deformation of
renal tubules, F, 3b days in 0,012 ppm. G. 35 days in 0.050 ppm. H,
35 days in 0.130 ppm, Section of died individual showing the
deformation of glomerulus and pycnosis of renal tubules (Rt).
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(Lh) 7t=§ (Cd)
1) o7t
0.21 ppmoll A 782 =&¥ AHEL oiyin] ZALL MY JAFollA
A=} AB-PAS (pH 2.5)WtgolA Aoz wigste HAMREESL] F717t
HAstATt (Fig. 5-39-A). 0.21 ppn/14 L= oAM= BANTES U
gz gon, At AuFo] A& wFELE 2] MWt B
(Fig. 5-39-B). 0.45 ppn/14 =3 % =79 0.09 ppn/21 =28 27
of M Ajgt WrtfolN JuAMREES] FALE T TFII UEtkte
o, BAE#Y A 3 Fsisb #HEEHATH (Fig. 5-39-C, D).
0.98 ppmoll A 2147 =&H AAMES MY 7IAF ZUHEES oG5
b Ajur AuEe wlF o Afb webpe] 2@ A4S Vet (Fig.
5-39-E). 0.45 ppn/28 s E-Fol N A%t AuEe] w1 ¥ 3 ute] €y
of HHELem (Fig. 5-39-F), 0.21 ppm/35 F=FolA= Ajgre] gt
gt ap A Q7IA R o] FFARE A Fo] weEjEe A Aol wAHEMAc
(Fig. 5-39-G). 0.45 ppmoll A 35¢x] A3t sfAel s AP} AjzE o

F] wet F apute] 237t dEH Y} (Fig, 5-39-H).

it

3%

) A%

AY 27 ke 7HE & 0.09 ppm/7Y BEFAAE DA EAL Ao
o] BAEHYA thee] vt wEEden, THEY] WHOT sy
M EAS F83] UEMRITE (Fig, 5-40-A). 0.09 ppm/214Y HEFoIA =
e a3 AFzAeA B Zart BHEgen (Fig.
5-40-C), 0.45 ppn/21Y FEFNNE ALY B4 AY &4
H zAAe] wWElE 2ol (Fig. 5-40-D). 0.98 ppmolA 28¢ H¢t =2

d ANES] A 232 AR AEAdeA APHdE vEhlen
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(Fig. 5-40-E), 0.45 ppnofA] 354 B¢ =& MAEL B ifo
CHSEA vehutbe A2 2ol #HE A (Fig. 5-40-F), 0.98 ppm/42
d FEFIAME AFzAAA T FHYe F7UF #E=HUC) (Fig.
5-40-G). 221} 0.45 ppmo A 35Ux] A A elHEe Bzl

Aeh Azt A= g (Fig. 5-40-H).

3) A%

0.99 ppm FETo] =&H AMNEY AFRALLS 144 FHE A7A Y
B A AREA R g1y FUbet 7 A U7 ey Fudol
AB-PAS (pH 2.5)o] A o2 dhgste] A8 7wo] BRI AHeE
LElWiTt (Fig., 5-41-A). 0.21 ppn/21Y BE7 AAEL] A= AF
B3 270l BEEHUY 24 oo A UZY F4 2 A F4
of The] ZAtg MEEol &dstgnt. Abfoles PASo] it Agules
VEtlen, dF ZRHM oA HFH Hdo] HEEHAUC (Fig. 5-41-B).
0.45 ppn/289 S =72} 0.45 ppm/35¢ HET AASAAE DAHEES
Y& 37H A AvF T8 AXEY 7 Axs 7y 9%
AB-PAS (pH 2.5)3t-gollq o= Wigsls Al Futse uf o Ag

HAlo] BEE YT}t (Fig. 5-41-C, D). 0.98 ppmoll A 42¢ Z¢t w=2% )

AEL AFolME TG AZEY L4 dF AxTY o] HAF
A7l SHARE iFE2 Ax#EE HAHAL U Ex £4F0] glon,

-}

AR g wha o} HAMEES WEFo] HHE 2YE BEY 4+ At
(Fig. 5-41-E). 0.45 ppmollA] 36 =] Aggk 7jAe] AHRHL o8 Foj

A FA A 2Ee] 283 PSS Uehil) (Fig. 5-41-F).
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Fig. 5-39. Histological changes of gill of the flounder,
Paralichthys olivaceus exposed to cadmium, A, 7 days in 0.21 ppn.
Note the activated chloride cell (Ch) and mucous cell (Mc). B. 14
days in 0.2l ppm., C. 14 days in 0.45 ppm. Note the increment of
hemocytes (Hc), D. 21 days in 0.09 ppm. E, 21 days in 0.98 ppm. Note
the terminal clubbing of the lamellae. F. 28 days in 0.45 ppm. Note
the lifting of epithelial layer. G. 35 days in 0.21 ppm. H, 35 days
in 0.45 ppm. Section of died individual showing the absence of
epithelial layer ().
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Fig. 5-40. Histological changes of hepatopancreas of the flounder,
Paralichthys olivaceus exposed to cadmium. A, 7 days in 0,09 ppm,
Note the increment of hemocytes and the swelling of hepatic cells,
B. 14 days in 0.21 ppm, AB-PAS section showing the free surface of
alcian blue positive in the bile duct (Bd). C. 21 days in 0.09 ppm,
D. 21 days in 0.45 ppm, Note the degeneration of zymogen granules in
the pancreas (P), E, 28 days in 0,98 ppm. Note the cytoplasmic
granulation of hepatic cells, F. 35 days in 0.45 ppm, Note the
regeneration of hepatic cells. G. 42 days in 0,98 ppm, Note the
regeneration of zymogen granules in the pancreas., H, 35 days in 0.45
ppm. Section of died individual showing the massive necrosis,
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Fig. 5-41., Histological changes of kidney of the flounder,
Paralichthys olivaceus exposed to cadmium. A, 14 days in 0.09 ppmn,
Note the activated glomerulus (Gl) and free surface of alcian blue

positive
numerous
section

membrane

in the renal tubules (Rt), B. 21 days in 0.21 ppm. Note the
eosinophilic cells (Ec). C., 28 days in 0,45 ppm. AB-PAS
showing the melano macrophagocytotic cells and basal
of PAS positive in the renal tubules., D. 35 days in 0,45

ppm. Note the deformation of renal tubules, E, 42 days in 0.98 ppm.
F. 36 days in 0.45 ppm. Section of died individual,
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(ch) 2 (Cu)
1) o}7tu]

0.05 ppm¢] F2] =T 7d F¢ =&H ANEL olrin] 2o
Me dfzFet vas] & wh Y A SN dARe FU W B
#aE gt (Fig. 5-42-A). 2 F 0.05 ppmoll A 149 B¢t =&9H Ao
A& AB-PAS (pH 2.5)itgollA HMog wbgyt HeAMEE] AY H¥F
oA Z71E A& Rt} (Fig. 5-42-B). 0.08 ppn/14% sEFolA=
MY A AEEL] A A ZAESE oA 7 F77 #EEge
™ (Fig. 5-42-C), 0.05 ppm/214Y sEFolAxe At Wetfola njofgt &
Batel A Alut AvEe] wlFst FEEACh 223 0.05 ppn/21 FET0f
A E PR Bold ARE AB-PAS (pH 2.5)Fg ol o] HYMEE]

alcian blued] oA o=

rtﬂ

g3t FMo® Ushded oly Heyel Yol
FHolM 43w HBHALE gusks Zeltt (Fig. 5-42-D). 0.18
b2l FEFAE Al ANES mEA dsE GHARES WYY
ZAANE Hyrcl (Fig., 5-42-E). 0.32 ppw/21Y =72} 0.32 ppn/28Y &=
EPolAE NG HIFY PFHE YIATER AR YFY At B
HE et (Fig. 5-42-F, G). 0.05 ppw/42Y =T = ZEHE VEIE
2 AR A2 FUH UNCH (Fig 5-42-H), 0.18 ppnofH 6%
5 =39 ANSAAE AU $Y, MY U JIAst BAH ol =

89 75g 24" A0 VL 2] Urhd (Fig. 5-42-1).

AY e 7 7HE w2 0.05 ppmoll A 7d Fo =&2H sAEe] T
A 22L& AR B3} A EaYdagle AAE el (Fig.

5-43-A). 0.08 ppw/7Y EEFoAE= ©@H W)7te] 2}FHo] AB-PAS (pH 2.5)
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Hhgof A FAE VEhAon (Fig. 5-43-B), 0.08 ppn/14% 5T AN EY
A M BAEIYe 87 FUtet BN i AREe Fe|st #EE4d
t}h (Fig. 5-43-C). 0.18 ppmollA 1447 x=&F A EcME &F TARY

a3t BAE MEAe) Bu WA, wR A 2U F4 cjAMERe

N

S 2z A mAYIRe]l AL &£Ad" 2] yelgorn(Fig.
5-43-D), 0.32 ppn/14%d FEFOIME TAHEL AEAA 2gRgdo] w4

i)

ATHFig. 5-43-E). 0.18 ppm/21Y sEolME= ZhAze] BAEH] o
2 g F7ht uveikted, ARzAdAL aidaye] FU7 #EH
%th(Fig. 5-43-F). 0.18 ppm/35d =729} 0.32 ppn/42Y FEFolAE= 7t
MEe] st A DA vlsf e Hart BAEACHFig. 5-43-G, H).

3) A%

0.05 ppm®] 2| FEFoIA 74T =&F MAEL AFolME= 79 of
grz7lel EA A AEZY tler &¥o] W|HEF T} (Fig., 5-44-A), 0,05
ppu/14d F=T Y Ao ME P Friet T M EEe &€
A Hed | Fold Taky ARES &¥o] WHET) (Fig. 5-44-B).
0.08 ppmofl A 144 Tt =&H AAEL UF E2AY dF #IHH A
=@ AMEY UABoAM Reth (Fig., 5-44-C). 0.32 ppn/14¢ =79}
0.18 ppu/21Y FEFOIAN AFAlE wl-¢ BE3E dglen, FEg4Y A
w2 WA o] gleltt (Fig., 5-44-D, E). 0.08 ppmoll A 28¢ HQF =
29 Al E df AR TARAA ¥gH5 7Y Frv B
(Fig. 5-44-F). 0.18 ppm?] F=7ol4 35U =&H JNAES] AxH 4y
2.2 alcian blueo] ¢}s}A WkEsitiz} (Fig., 5-44-G), 0.18 ppu/42Q S5

Fo| A+ alcian blueo] &4WHg

Uetden, Mxd WRE dels 23

o

2go] BE=] (Fig. 5-44-H) A% 239 & 78 & AlAbsta agich
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Fig. 5-42. Histological changes of gill of the flounder,
Paralichthys olivaceus exposed to copper. A, 7 days in 0.05 ppmn.
Note the activated chloride cells (Cc). B. 14 days in 0.05 ppm. Note
the activated mucous cells (Mc) of PAS positive. C. 14 days in 0.08
ppm, Note the hyperplasia of filament epithelial cells and increment
of hemocytes (Hc)., D. 21 days in 0.05 ppm. Note the mucous cells of
alcian blue positive. E. 21 days in 0.18 ppm. F. 21 days in 0.32
ppm, G, 28 days in 0.32 ppm. Note the lifting (1) of epithelial
layer. H. 42 days in 0.05 ppm. Note the terminal clubbing and fusion
(%) of gill lamellae. I. 42 days in 0,18 ppm.
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Fig. 5-43. Histological changes of hepatopancreas of the flounder,
Paralichthys olivaceus exposed to copper. A. 7 days in 0.05 ppm, Note the
swelling of hepatic cells and the degeneration of zymogen granules. B, 7
days in 0.08 ppm. AB-PAS section showing the free surface of alcian blue
positive in the bile duct (Bd), C. 14 days in 0.08 ppm, Note the melano
macrophagocytotic cells (Mp). D, 14 days in 0,18 ppm, Note the cloudy
swelling and pycnosis of hepatic cells., E. 14 days in 0.32 ppm. Note the
granulation of hepatic cells, F, 21 days in 0.18 ppm. Note the
regeneration of zymogen granules, G. 35 days in 0.18 ppm. Note the
regeneration of hepatic cells, H, 42 days in 0.32 ppn,
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Fig. 5-44  Histological changes of kidney of the flounder,
Paralichthys olivaceus exposed to copper, A. 7 days in 0.05 ppm,
Note the melano macrophagocytotic cells (Mp) and increment of
hemocytes (Hc). B. 14 days in 0,05 ppm. Note the numerous
eosinophilic cells (Ec), C, 14 days in 0.08 ppm. Note the activated
glomerulus (Gl). D, 14 days in 0.32 ppm. E. 21 days in 0.18 ppm, F,
28 days in 0,08 ppm. H-E section showing the abundance of hemocyte
in the interstitial tissue, G, 35 days in 0.18 ppm, H, 42 days in
0.18 ppm,
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(2}) Phenol
1) of7tu]

Phenolell =% A ES olrtu]l 2L 0.58 ppn/7d FET HE ¥
2 \GLE Uetded, ou 32 @EsE 2 wWlgdL A
3te] mhazh Al ZlA Rl AT AN L] Z7tAct (Fig., 5-45-A).
0.968 ppu/144 s FollXE UF Afure] wetR Z 25t Pafo] Flo] H
dxlgleon (Fig. 5-45-B), 0.96 ppn/21Y ST Lo A
ZE] SNz dF HAMNEES AB-PAS (pH 2.5) wh-SollA %
of oju Ry oY PFL T Ades ABPSE o 4 3Udch (Fig.
5-45-C). 1.61 ppn/28Y FE=72 ANEME o F-E Ao ek &3}

7b ASHA HePEle] glglon (Fig., 5-45-D), 2.80 ppm/359 (Fig. 5-45-E)

bt

=
o?é.ng'
N

X,

2,

H

=

2 1.61 ppn/42Y (Fig. 5-45-F) sEFolrs &5 Ajtoa AulFe] 2t

BN, 2R A% W WPRANTEY FAAY e Ravh

) 2%

phenol H=F 7b&ul 7h8 W& 0.58 ppn/7Q HETolA 2o 23
spAel 27 WS 8o F7h AR AEAY =% 9 APz
FAUHYY #Zagot (Fig. 5-46-A), 1.61 pm/7¢ =79} 1.61 ppn/14Y
FETFONA ZARE AT AE BEFPIAN, AAEZTe] Mt (Fig.
5-46-B, C). 2.80 ppm/21Y FEFolME ZHHZe] AEAo] ZEIHAS RYo
o, @@ AuEY AR alcian blued] @/guE-g& Rolc} (Fig. 5-46-D).
2.80 ppn/28 =T 1,61 pow/35Y HETOIME TAMEL MEHLE AF F
WA, Ak il XA oFabo] A AT} (Fig. 5-46-E, F). 2.80

o

ppn/35Y BT RN ZHRIAGL tRFe} FARIAlE Aakg Rgen,
HAzA oM HLHUAYY] F717t = el (Fig. 5-46-G, H),
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th) A%

0.58 ppn FETo] =&E JMAES Y 2GS 7dR] FIHI WHFLS
Lietyic), olmf FE [HEE AL BAZRIoAM 1Y FUtel FA oy
MEFe Fdolgdct (Fig. 5-46-A). 0.96 ppn/14Y BEFolrE AlgAe] &
A3 2 Alxee] U7k Au]Eo] AB-PAS (pH 2.5)0] FMog wkgsiglem, Al
b Au2oA TAMd A7 HEE L (Fig. 5-46-B). 1.61 ppn/21Y 5%
FolMe A ARES F717 wEEden (Fig. 5-46-C), 2.80 ppm/28¢
SETME THAEEL A JUAZEY #E A4 A W73
47} Ueldt} (Fig. 5-46-D). 2.80 ppn/35¢ ST LolM AxB3} A}L

Ale] Wy} Svt dAF Ut (Fig. 5-46-E, F).

gh) A4
Phenole] :=&H 7HAES] U4:9 H4es ¥ HogL h2F Y TBTOO
& AAEY vt E $F Ao Jazte W Fazhate] spo] Q)
o, 7tZhE ofF uiidd JelE BF A & Rol dP¥Fe=m
ol FLE FEIVE TE el Phenol 1.61 ppme] sxof 21
d SoF =&2H A dady, Ayt w udA e EXYEE 2
o upg HApetA Ve (Fig., 5-47-A). 1.61 ppnd] X ol 424

T4 =&" A FAt et kgt L Heof

1z

<]
1o
me,
nfl
oX
rlo

o

firt

.

A BEAEHE JUHAZEN UYL IEANZESY UEES HEE 4
Ef st (Fig. 5-47-B). 1.61 ppud] =0 21d ¢ =&d AAEY

BLEZYNE BUAESS] B2 F29 AP AHMESY &8 F=olA o
232t frAlstdct (Fig. 5-47-C). ShA|R} 1.61 ppn®] s=7of 42 F ¢
=¥ NAEY FaRAMH AR EXAEE 2 Hrp A
woton, Fasd FRE BHHA Aot (Fig. 5-47-D),
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Fig. b5-45. Histological changes of gill of the flounder,
Paralichthys olivaceus exposed to phenol, A, 7 days in 0,58 ppn,
Note the curvature of gill lamelilae and the numercus chloride cells
(Ch), B, 14 days in 0.96 ppm. Note the terminal clubbing (¥¢) of the
lamellae, C. 21 days in 0,96 ppm. Note the hyperplasia of the
epithelial cells and mucous cell {Mc) of alcian blue positive. D. 28
days in 1,61 ppm, Note the expended terminal clubbing, E. 35 days in
2.80 ppm. Note the lifting (1) of epithelial layer. F. 42 days in
1.61 ppm,
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Fig. 5-46. Histological changes of hepatopancreas of the flounder,
Paralichthys olivaceus exposed to phenol. A, 7 days in 0.58 ppn,
Note the increment of hemocytes, B. 7 days in 1,61 ppm. C. 14 days
in 1,61 ppm, Note the macrophagocytotic cells, D, 21 days in 2.80
ppm. Note the cytoplasmic granulation. E, 28 days in 2.80 ppn,.
AB-PAS section showing the free surface of alcian blue positive in
the bile duct (Bd). F, 35 days in 1.61 ppm. G. 35 days in 2.80 ppm.
Note the regeneration of zymogen granules (Zg) in the pancreas (P)
H. 42 days in 2.80 ppm.
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Fig. 5-47. Histological changes of kidney of the flounder,
Paralichthys olivaceus exposed to phenol, A, 7 days in 0.58 ppn.
Section showing the increment of hemocyte and melano macrophagocytotic
cells (Mp). B. 14 days in 0.96 ppm. Note the activated glomerulus (G1)
and free surface of alcian blue positive in the renal tubules, C, 21
days in 1.61 ppm. Note the numerous eosinophilic cells (Ec). D, 28
days in 2.80 ppm., Note the pycnosis of interstitial cells, E. 35 days
in 2,80 ppm. Note the deformation of renal tubules, F. 42 days in 2.80
ppm, Note the deformation of glomerulus,
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Fig. 5-48. Histological changes of gonad of the immature flounder,
Paralichthys olivaceus exposed to phenol. A. Ovary of exposed to 21
days in 1.61 ppm, B. Ovary of exposed to 42 days in 1,61 ppm, C,
Testis of exposed to 21 days in 1.61 ppm. D, Testis of exposed to 42
days in 1,61 ppm, Do: degenerated oocyte, Esc: eosinophilic somatic
cell, Oc: ovarian cavity, Og: oogonia, Sg: spermatogonia,
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(m}) TBTO
1) o}7}n
TBTO 0.60 ppb HEo]A 7d E¢ =2H ANAEY olrin] ZA A A=

F 2 AB-PAS (pH 2.5)%b-gollA Aoz wrEste tige HgAxge]

&

zte) et} (Fig. 5-49-A). 1.67 ppb/14d T oA TEE = 2233
A BYY JHAEEY ZFsdch (Fig. 5-49-B). 3,20 ppb/14d &
T2} 3,20 ppb/21Y FEFOIAE Afu wWetiol ooyt B3 dAta)
Mg ulEe] ulFrt AAH YL (Fig. 5-49-C,

oAt AP BAgEHEUe ¥/ F7HE 2AYH WHE Yehded

(Fig. 5-49-E), 3.20 ppb/28% HEFolAs ATe] w23} WA tise

D). 6.30 ppb/21¢d =

AMEE] MY Ay Fold BHEHNUC} (Fig. 5-49-F). TBTO 12,50 ppbol
A 35%et =& AMEY oprtu] 2AMANE F2 A FuFe e
7} A= et (Fig., 5-49-G), L3l 12.50 ppbollAl 35Uz AMgt 7
ol A& ol7inl8 Zlgo] B & AoF uutEE= g AjR e

get 9 Aute] F7t A=t (Fig, 5-49-H).

2) T3
TBTO A &7 7hed 714 W2 0.36 ppboll A 7¢ B¢t =&F A
B AN E FE2 TAEY 4 P79 FUt BEHAUT (Fie.
5-50-A). 0.60 ppb/14d BEFME ZA iAdEde] FHEHoH
(Fig. 5-50-B), 3.20 ppb/21d HEFAME HFRZYolN a3 e
FAT A7 JEIYe W (Fig., 5-50-C), 0,36 ppb/28% HE-TollA 23]
e 7t Eate] BEWsIAn, wye Aupe B FE L AB-PAS (pH 2.5)%

oA AMoE wresiglon wWHe AyE AKHL alcian blueo] %

=

olo

ox,
T

1128 Rolr) (Fig. 5-50-D). 6.30 ppb/28Y FEFolA ZRIAFL o
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B A RN HEHo] HHE e, R NAEEs Axd E¥ U

_\-:L

AWM Ad& UEelWrt (Fig. 5-50-E). 3.20 ppb/35¢ B ETFojAs ZHAXE
o) Ao AF 2AM BadaYe] ZF¥o] THEYen (Fig.
5-50-F), 6.30 ppb/354 =7l EAEAUAN B2 F71et A%
zAoN FALLYL F717F BEF Y} (Fig. 5-50-G). 12.50 ppb/42¢]
SETFIAE GAEALY FHI Y BLUAHY & FolA iz F

APt 22 A4S Bl (Fig. 5-50-H).

3) A%

TBTO 0.06 ppb/14Y HETo AFRZME= dF AMTY ¥EF,
M ZuiEe] Tag Ay &9, M Fu ulF g Axd 4y
20 Ha), 2 Ax® AE 238He alcian blue 9gurgo] g
ot} (Fig. 5-51-A). 1.67 ppb/14% HEFTME ALFAY B 3iel e
grEm U Y] v ¥t #EF T (Fig. 5-51-B). 3.20 ppb/21d H=FollA
ZN AT F71 oifE AR ¥9eEa dF AxHe
B39} &alo] UE}T) (Fig. 5-51-C). 3.20 ppb/28Y sZ=-tolAe A
A2 $1&3 Ay FuAze vivie] % Mxd U7 syt BEE
ol (Fvig. 5-51-D), 6.30 ppb/35¥d HEToAE dF AA S

el FiEol £48 2L & 4 UMrt (Fig. 5-51-E). TBTO

fr

12.50 ppb w=ol 35d B¢ =&H JAY A2 A 7
o] Brlsd Ao wetEE ARpAY F3, THHAME 2L Ax ZIA

29 ¥gH, A U7 sl 5o Hst dA=H Ut (Fig. 5-51-F).

4) B &

TBTOO] =%¥ AAHMEY 49t F&E APYHLZE vz npdtA

fr



2 5Z Ao daziet ul Aol ste] glom, ZpzhE o miutd
H geE ZF A4 PelE Rol APHeR i FLE FENINE

FE Aefadct.

TBTO 3.20 ppbd] wE-7o] 214 F¢b =&¥H &R AAIAM darpute
32 v 2T AAHY AR ALL 2ot fFAEId e, WAt
HoMEe ti4el 750 #AFHIoU JUAZES BHs e
(Fig. 5-52-A). 3.20 ppbd] HETof 429 ¢ =29 /A EY IAAAHY

dazAae iz Bt danmel wUde] nepgon, MY JUME

3

Va

E3 WRY YA YRMEEC] BPHYUTH (Fig. 5-52-B).

3.20 ppbe) BETO] 21 BY =2 ANEY FrEYYIAE ¥
HAE AUAEEC AAHAOU 4B ANEEY ¥ Y=L zTs)
FABIGTH (Fig. 5-52-C). 3.20 ppbe) HEFo] 420 §¢ =&Y AAE
o BazAgolAE theel YPEe wEHgen, a7l & + 9l
Rasd FE FUAEY Rk wuHA Yyt (Fig. 5-52-D).

fr
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Fig. 5-49. Histological «changes of gill of the flounder,
Paralichthys olivaceus exposed to TBTO, A, 7 days in 0.60 ppb, Note
the increment of mucous cell (Mc) of PAS positive, B, 14 days in
1.67 ppb. H-E section showing the activated chloride cells (Cc). C.
14 days in 3.20 ppb. Note the terminal clubbing (¥ ) of the
lamellae., D. 21 days in 3.20 ppb. Note the hyperplasia of the
filament epithelial cells, E, 21 days in 6.30 ppb. Increment of
hemocytes (Hc) in the lamellae. F. 28 days in 3.20 ppb. G. 35 days
in 12.50 ppb. Note the some lifting (1) of epithelial layer. H. 35
days in 12,50 ppb. Section of died individual showing the separated
epithelial layer and fused lamellae,
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Fig. 5-50. Histological changes of hepatopancreas of the flounder,
Paralichthys olivaceus exposed to TBTO. A, 7 days in 0.36 ppb. Note
the increment of hemocytes (Hm). B. 14 days in 0.60 ppb, Note the
melano macrophagocytotic cells (Mp). C. 21 days in 3.20 ppb. H-E
section showing the activated hepatic cell (Hc) and decrease of
zymogen granules (Zg) in the pancreas (P). D. 28 days in 0.36 ppb.
AB-PAS section showing the free surface of alcian blue positive in
the bile duct (Bd). E. 28 days in 6.30 ppb. Note the pycnosis and
cytoplasmic degeneration of the hepatic cells. F, 35 days in 3.20
ppb. G. 35 days in 6.30 ppb. Note the abundant zymogen granules of
pancreas. H, 42 days in 12,50 ppb.
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Fig. 5-51. Histological changes of kidney of the flounder,
Paralichthys olivaceus exposed to TBTO, A, 14 days in 0.06 ppb, Note
the numerous eosinophilic cells (Ec) and free surface of alcian blue
positive in the renal tubules, B, 14 days in 1,67 ppb. Note the
activated glomerulus (Gl) and numerous hemocytes, C. 21 days in 3.20
ppb. Section showing the melano macrophagocytotic cells (Mp). D. 28
days in 3.20 ppb. Note the hypertrophied epithelia of renal tubules
(Rt). E. 35 days in 6.30 ppb. F. 35 days in 12.50 ppb., Note the
deformation and pycnosis of renal tubules (Rt),

- 129 -



Fig. 5-52. Histological changes of gonad of the immature flounder,
Paralichthys olivaceus exposed to TBTO. A. Ovary of exposed to 21
days in 3.20 ppb. B. Ovary of exposed to 42 days in 3.20 ppb. C.
Testis of exposed to 21 days in 3.20 ppb. D. Testis of exposed to 42
days in 3,20 ppb, Dsg: degenerated spermatogonium, Esc! eosinophilic
somatic cell, Hc: hemocytes, Oc: ovarian cavity, Og: oogonia, 0l

ovarian lamellae, Poc: previtellogenic ococytes, Sg: spermatogonia,
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U BEHEZE O3 EHEAL £F
< eistedes O B4 Y FA R ulel AAISE(LCo)E 7|&£2E ppn gt

212 Sto] g3t Zol TEY 4 gl

<01 ----mmmemn very highly toxic(®E&E43)
0.1~1 ~=~----- highly toxic (Z}&E4d)
>1~10 --~----- moderately toxic (RE&E4)
> 10~100 -~------ slightly toxic (m]&&54])
> 100 -----~------ practically non-toxic (A4 F5)

7Y ERE VNERR Y Zol & A8 ZAolof glo] TBTOE WE
ol sigstn, £ Z5AH, 3 o SPEAL REEH sgech ¢
x|oll glo] TBTOL "&/gel siesln, o1 28 EHEAS REE0 3w
gtoh, =8 dAY S SlelM e TBTO: WEAd sesiy, +23 =8

< B354, A phenolZ njeysdof sjgaict

A2 FE=

TAME W BYEH iy 5G] Ao vigo® FE A ¥F
< dAsle e E A3t

2 APA A UEhd Aol d¥erE WIEY AHE V&L
3to] 422 0.015 ppm, 7}EH 0.10 ppm, 7] 0.04 ppm, Phenol 0.40 ppm,
TBTO 1.15 ppbol i, YX|& J¥Fs =& 42 0.012ppm, 71=F 0.09 ppm,
Z-2] 0.05 ppm, phenol 0,58 ppm W TBTO 0.60 ppbe] &lt}.
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