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Histological changes in gill and liver of eel, Anguilla japonica (average weight 96+ 3.6 g) were exam-
ined with formalin bath at 0~500 ppm for 1, 6 and 24 h. Hyperplasia, hypertrophy, cell fusion, desquama
tion and necrosis of epithelial cells at gill lamellaand gill filament were observed from 6 h at 200 ppm, 1 h
at 300 ppm, 1 h at 400 ppm and 1 h at 500 ppm. In the exposure of formalin 100 ppm for 24 h, epithelial
cells arrangement of gill filament and gill lamella showed thinner and more regular order than the control.
Atrophy and pyknosis of hepatocytes, congestion at sinus or central vein, degeneration of cytoplasm were
observed in the liver from 24 h at 100 ppm and 200 ppm, 6 h a 300 ppm, 1 h at 400 ppm and 500 ppm.
However, there were not any histological changes at liver of 100 ppm-1, 6 h, 200 ppm-1, 6 h and 300 ppm-1
h compared with the tissue of control.
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milkfish (Chanos chanos), FX#] 7] (Salmo
gairdneri), chinook salmon (Oncorhynchus
tshawytscha), steelhead trout (Salmo gairdneri), ==
3] &2} (Sebagtes schlegdli), 1 %] (Paralichthys oli-
vaceus) S thAao 2 A5} (Cruz, and
Pitogo, 1989; Smith and Piper, 1972; Wedemeyer
and Yasutake, 1974; ¥} 5, 1995; Cho and Yang,
1996; Cho et al., 1997; Ryu et al., 1998), =22
£ ALY Pole) WYzANA A A9
gk 2 d7E E2we] HEW (0~500
pom) ko] wizole] ofrkn] R 7 Ao )
Ae gezAs Y 2

S AHgsRlen, d37IZ Fol A
FEFE F27~28C, £E24% 555 ppm,

¢

Solith X2 L] 7} FollA 2447k F<t
oFS-3lHA] IAIZE 6A17F B 24A1 ke A AT
2 5 AeA o] 24 9 7F 23S
AF et 10% T 220l sk o] F
bl whEl ghElde] xujst the, 4~5um ]
ZAHH L TH=0)A] Mayer hematoxylin & eosin
(H&E) gA1&tar @rjd ez A7 stsinh

o

21

s 248 7ke] And & 131 AP (gill file
ment), 23+ AW (gill lamela) 2 A4 3 (mu-
cuscel)oll HA1A1 Wsh= UEhA] gtor
(Fig. 1A), ZrollM = w3yt #2==A etk
(Fig. 1B).
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Fg. 1. Thegill (A) and liver (B) of ed (Anguilla japonica) untreated with formalin for 24 h. H& E stain, x 200. There were
not any histological destruction and deformation (arrows: mucus cells, of: gill filament, gl: gill lamélla, cv: centrad vein, bar:

100 (m).



Fig. 2. Thegill (A, C, E) andliver (B, D, F) treated with 100 ppm formdin for 1 (A, B), 6 (C, D) and 24 h (E, F). H& E qain,
% 200. Thegill and liver after 1 h and 6 h were not any histologica change compared with the untreated control. The epithe-
lid cdl layer (smal arrows) of gill after 24 h was more regular and thinner arrangement than the control. There was not any
histologicd change at liver after 1 h and 6 h. Light atrophy of hepatocytes was observed at the liver after 24 h (gf: gill fila-
ment, gl: gill lamdlla, cv: centrd vein, a hepdtic artery, bar: 100 ym).



Fig. 3. Thegill (A, C, E) and liver (B, D, F) treated with 200 ppm formdin for 1 (A, B), 6 (C, D) and 24 h (E, F). H&E ain,
% 200. Thegill and liver after 1 h were not any histologica change compared with the untreated control. Cdll infiltration in
central connective tissue (white cirdle), and hyperplasaor hypertrophy of epithdid cdlsand mucus cdlls (black circle) were
observed a the gill after 6 h. Epithdid cdls a the gill lamella.of the gill after 24 h showed cedll fusion, desquamation (black
cardes) and irregular arrangement (smal arrows). There were not any histological change at the liver after 1 and 6 h. Light
arophy of hepatocytes was observed et the liver after 24 h (gof: gill filament, gl: gill lamdla, ct: cartilage, cv: centrd vein,
arrowsat gill: mucuscels, arrowsat liver: Snus, bar: 100 um).
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Fig. 4. Thegill (A, C, E) andliver (B, D, F) trested with 300 ppm formdinfor 1 (A, B), 6 (C, D) and 24 h (E, F). H& E qain,
% 200. Severe hyperplasia of mucus cdls (arows) and inflammatory cdls infiltration (black circles) were observed at the
gill after 1 h, and severe deformation and destruction were observed at the gill after 6 and 24 h. Therewere not any histologi-
cd change at liver after 1 h, but the liver after 6 h showed congestion and light degeneration of hepatocytes around centrd
vein (white cirdes), and the degree was severed after 24 h (gf: gill filament, gl: gill lamela, cv: centrd vein, arowsin gill:
mucuscels, arowsinliver: sinus, bar: 100 im).
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A1ZE B 6A o] ARk %, o7t (Fig. 2A, 2C)
3 ZH(Fig. 2B, 2D)oll A EThE 24 Wshrt gl
Jor, 24X A= T EE oprtr|e] 1A}
A 22k AR O] AP AESo] B GRobA L
TER A HeAA x| e FolE= Al
& eI (Fig. 2B), oFst wﬂaﬁA A=
o] A=A} (Fig. 2F).
X2 200 ppmoE op&gh A A1
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AAzel S B HthrE 1=l (Fig.
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o] PHzks|#) ekskh(Fig. 3D). E2ukel 200 ppm
He] oA 24X71E 23t Alwe] sl Ee)
ZHOE YRAME f2o] BAE B
T (Fig. 36), oF& 7HIE 91%o] wa=in
(Fig. 3F).

ZE22 300 ppml 2 k83 AFFoA] 1
A Ag e Ee] S, BAERe) &
2 AZAES] Afo] Ao (Fig.
4p), 7F AL U7 nTHA Solgt S4
< ERA stk (Fig. 4B). o] F 641713} 24
179) opble g A3k WMol #
dEom (Fig 4C, 4E), 7h2 Fas FHOR
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Fig. 5. Thegill (A, C) andliver (B, D) treated with 400 ppm formdin for 1 (A, B) and 6 h (C, D). H& E stain, x 200. Severe
hyperplasaof mucus cells, cdl fuson (white circles) and inflammatory cdls infiltration (black circles) were observed at the
gill after 1 and 6 h, and severe deformation and destruction (arrows) were observed a the gill after 6 h. Degeneration (white
cirdes) and atrophy (black circles) of hepatocytes around centra vein and congestion were observed a liver after Land 6 h
(of: gill filament, gl: gill lamélla, cv: centrd vein, arrowsin gill: mucus cells, arrowsin liver: sinus, bar: 100 ym).
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Fig. 6. Thegill (A, C) and liver (B, D) trested with 500 ppm formdin for 1 h (A, B) and 6 h (C, D). H&E gtain, x 200.
Epithdid cdls necross (arrows), fuson and desquamation (white circles) were observed a the gill after 1 and 6 h. Atrophy
and pyknos's accompanied with degeneration of hepatocytes (white circles) were observed at the liver after 1 h, and the
degeneration of hepatocytes were observed a the whole liver after 6 h. Inflammatory cdlls infiltration (white arrows) was
revedled around centrd vein at liver after 6 h (gf: gill filament, gl: gill lamdla, cv: centrd vein, black arowsin liver: sinus,

bar: 100 m).
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B s FF (edema), F 3} (vacuoler
tion), A} (necross), %H(SNelllng), Q= (atro-
phy), H}2] (desquamation, separation), EEFE3}
(cloudy swelling) 5-©] 1o, B2 Aejo] Eo
e AZL 249 TH7)%50] PR o) gaﬂ
sh= A Wels A4 (hyperplasia),

(hypertrophy), <263t (club-shaped) 7} t 3% Zq01
ok (HIA, 1983). £2UIL of3 o Fo| 1
BzFetd wste zASE BdoIA 7 e
3 ke tekd 248 o) 202 go
gk F234d " (regressive change) s} 137 H
H (progressive change)¢] &&= 1t} (Smith and
Piper, 1972; Wedemeyer and Yasutake, 1974; Cruz,
and Pitogo, 1989; ¥} -%,1995; Cho and Yang, 1996;
Choetal., 1997; Ryu et al., 1998). & AH A%
¥=2 200 ppm-64]7F, 200 ppm-244]7F, 300
pomHLA] 7, 400 pomLA] 7F, 500 ppm-1A] 7o 2 ok
S5k Wogof o] opyim] A oA Al & (infil-
tration), FFA 2] A Hdh, & (fusion),
a2, A} &8 (congestion) 2] rg 2|22 SH4]

A HEE F UATE Ty 2 A =
=22 100 ppme] A9l 200 ppme oS
32 17 2] W] ofrbu] 2ol Bolg
ZAro] YehA] kskom, 100 ppmo 2 k&
2] 247710 AP PRTED 2
a2l 22 Ajwe) 2wl EZo] grolA| T 172 %
ol MRS ehlgick oleiet Aue x2wd
o) FAEQ) TFAUIES} ASFE 25
W ookt Ife SuAEe] 54 ol oprt
Pl AEEAe AFee 9% 208 BN

Smith and Piper (1972)= >~='Z2 167 ppm
2 250 ppm (12.8°C), 14|17} St oF8-3F Fx]7)
£0)9] olrtu] ZA A 231 9 5
(swelling), 3]l 32| ¥}e] (desquamation) & ¥
etk B 5 (199%5) dxo tis] =g
100 ppm~ 200 ppm (19+1°C), 24X 7+ FA=A]
A T AN WA EZRE olrv] 23

ARG - ARG - AL

A 2alA|ate] Z2] (proliferation)st A} (necro-
S95 el on, Ryuetal. (1998)2 ==
2] 350 ppm (21+1C), 8117+ E<F oF&-3F X
o] oprpu] A A FulAlae] vhe] (desquer
mation) ¢} =48 (hyperplasia)S #2314 th
Wedemeyer and Yasutake (1974)= chinook
salmon (O. tshawytscha) 7} steelhead trout (S.

gairdneri) S 2 200 ppm, 2447} E¢t oF

3k ol AZhE Aol wet #EgE oprin|
ZAE A EZe] Bl (separation), BT (hy-

pertrophy) 3 | A}(necrods) 9] = #E33
on) iMze] Felety Wb} 73 BA 6
Aokl BHarekdth gk, Cruz and Pitogo (1989)
= =Y 100 ppmoll Al 96A|7F E<F oka-sl
milkfish (27+1°C)2] olrjm] ZZF oA 2xAH
] %3} (club-shaped) 7} F=215Hkal skith
oo} 7Fo] ofrtu] ZAA #AZE = EH A
H3d HE2 oz (gill lamellg)o]l =
7183 =24 2 oserE AFel o3 &4
7P 7] A Z24ol7] wiEolw (H A,
1983), Smith and Piper (1972) %! Cruz and Pitogo
(1989)= z=9dS F8F FAMNFol 2
milkfishe] o}7}m] 2ol vehd 42hs e
AT WA AL viE AR 24 5
o] B7Fsstd oprin] Z2Z o] AFulA 27t 93
A7) wFolghal Baskedct

E2Weg okae offe 1 A e
Aoty WS Avind, Yx g ¥2
00 ppm~200 ppm (19+17C), 24A17+
AP F AT AAEZRE 2 220
2 gjto) 7o) RAH
@J 371 [ L

1 (o 5

b
I|
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Ju)
lo o

, 1995). =2
300 ppm, 24/\]2_ ok 85+ milkfishol| 4] 7h+|
e (cloudy swelling)o] JEREO ™, 400
ppm, 24A17F oF8-8k 7k 242 A4 3 (fibrin
layers)o] FAYA = THIE] A3 HAF &
%9tk (Cruz and Pitogo, 1989). 2 Ao 4=
FEUS FES WAool A A ﬁézﬂ R



F2uH) oF&o] iAol (Anguillajaponica)e] o}7km| & 7k

S5 (pyknosis), €3, A xd WHAdo] Yehyit
a8, E Ao 100 ppm, 200 ppm 12| 3L
300 ppmoll M= F&-312] 24X 7k KLE], 400
ppm=} 500 ppmell A= SFE-EEA] 1A ko]
A WAl et o, 11 o] o] Aol M
= 7o} vlalste] Solgk Wk 24 |
AL BAEA] gtk WAgele opytuE ZHe

o] offof ol AR e vFst

Ao AlgEck A, H = (2007)
o sk iAol (Anguilla japonica)e] 24A]7}

AFEE (24 h-LC50)= 269 ppmeo] 3o,
&= (0~500 ppm) oS w2
FAH AL 300 ppm A FH )
70%, 400 % 500 ppm A= T 100%E
vebl ok kA 2 AtellA 400 3 500
ppm AGE 24X 7R A A7t Abgste]
HElzd AR AERE AFE & sitlet,

ol TEwR] FYSY &t 24 AR} B

FEUUS oSS E Ao W] (27~28
CT)aMAE, FA7/M40] (12.8°C), chinook
sdmon ! stealhead trout (10°C), milkfish (27+1
‘C), YX(19~21 £1C)e) st x=g o] o

gxAeHs] A= BF ols Ad tidelFel
A A gEolA A E AT ¢, Cho and
Yang (1996) Z¥j&Eets oz a9
300 ppm % 500 ppm, 1A]7F oF&of wE HE
ZA3t4 WstE 15C 2 25CE AAs A3
FolA ZARSESATE 300 ppmel| ] 15C €] 75
of7bu] ZAe A 2zapAf ] K- (edema)o] Lt

Elton, 25C oAM= M 2e] v (separa
tion)¢} 22 ] FHEH (winding) S #23}%)

ok AR 229" ok8o] FI Ut 5
7}@,};3 z;\qy_a—g leoﬂ ] 2= Oﬂt‘ﬂco] Al

PAANE A% A58 ol8)e] L 70
A EETY b e Pezey AT
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Wedemeyer and Yasutake (1974)+= chinook
salmon (O. tshawytscha) 2} steelhead trout (S.
gairdneri)E =22 200 ppm, 2447 <t o
3 5 APE Al whet F ool vE
ooyl 27 WS 4% HlWstrk 11
Az, T2 200 ppm-1A7E o Fof] YE}

W S gairdneri o] oprtn] %% HAJo] 200 ppm-6
AZF ok8E Fo #EE O.tshawytschad] o7}
) 22 WA A7), Z2TA oFs
o] W HWe|ZZF el HA ArE S gaird
nericl| A # Azisiivhal AEA AT %i
zEUe) P44 B9 2 B 5,
207eA] SE WEASA A9 kA

A ofF] e tE 9
Pt olsh RS AES LHEV] AN BT
ASEANA oAFHE Yzt dgol

T ojorgt st v)wrt 7Hed Aot
Cruz and Pitogo (1989)= x=2walo] =uw
T Als

(50 ppm~500 ppm) 96117t F<t A=A A
< Y kL3 3 AE3S milkfishE W 7] 32
Sk AR (formalinfreewaten) 2 o] SA|AA] £
AF Q18 ZZo] AAFOo 7 JEE = 7S
ZARIAEE, ob7hu] 22& 109 W) hxT
o} Blyste] FUS FEOE IEEoH F
9 A% 2Ae REA HEg e
Cho and Yang (1996)¢ =wal =1z (50
ppm~300 ppm)ell webx] 15C 3 25C = 44
3 WA (P olivaceu & 14170 <t okEg
3)Eo] Fask AR ARG A3}, 25C 9] &
7oA EE‘Q 300 ppmo.Z A E Ygx)9
op7tn] 22 oF 120A)7k0] £~2F%lom, 15
ce 174011*% T2A7F0] 2R H OB oFS
FEs Lxrb Z7485E 3|8A7ke] Loiy
TH BVEGIth 2R A AolA 13]
AHEO R A% 3FE AFTIEY AR jE

2

¥ opgah oFEQl W, 0|9} o] mEw
FEOT £ PO 2Ho] HUFE /e =
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Abshs 2 g T8% 2o AZE A

W =lo], Anguilla japonica (3 4| = 96+ 3.6 Q)
z=2%g 0 (%), 100, 200, 300, 400 2
500 ppme] FEE AAT AMFFIAA S
SHHA IAIZE 6AIZF B 24717 A3} A 2t E
T oprtw|el kel Tk WE| XAt Wk
ZARFAT op7tulel M= 2= 200 ppme
641714, 300 ppme] 1417k, 400 ppme] 1A%+
A, 500 ppme] 1A ZHAFE] 13} A 9 23} A)
e A Ak} v, g9, S, Hldizt
A 3, 100 ppme] 24X 7=t
TET 2388 13k AR 9 23 A ] AT A|
EZo] gFoRR| AL A A w8 BTh 7hol
A= 2221100 ppme] 2447k 200 ppme] 24
Al1Zh 300 ppme] 6A17F, 400ppme] 1417}, 500
ppme] AR FH A Ee] 95, 8 55, &
&, Alxd Wdo] YERstth 12y 100 ppme]
IAZF Bt 62417 200 ppme] 1A]7F 5 6417F, 300
ppme] IAIZHA k8- 7k t 2t} Bl st
Solgt W§E|sha 2zwAo] A=A dotth

ulit

N

O

o] A& FYFAAASA (F7F AHAE <
zg} 13 RP-2007-AQ-060)2] Aol oja) &
FEHAFHT
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