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Table 1. Water quality characteristics in test aqua-

_rialo/0)
pH | 69
DO 1.5
Temp. 20.0C
Alakalinity, as CaCO: 123
Hardness, as CaCOQ: 251.57
Chloride 106.97
NH:-N <001
NO:-N 0.02
__NON <001

Table 2. Water physical and chemical condition in static bioassay aquariums for poikilocyte and his-

____ topathology in cels

_PH____ NON concentration(ppm) W
75 015 102 30 40

70 015 10 20 30 40

6.5 015 10 20 30 40

60 015 10 20 30 40

55 0

Water volume : 20 litters. Tank water renewed every other day.

NONN concentration(pm)  Water Temp(C)  DO(ppm)  Number of Eels

25

wn

(SR N
o Lh

wh

30 7.5~80 182
30 15~80 182
30 75~80 182
30 1.5~80 182

15~80 13

# Right is of renewed water. Left is of water after exposure for two days.

Control test is only 25T of water temperature.
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Chronic nitrite toxicity of eel
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Table 3. Degree of degeneration of gill lamellae of the young eels at the various levels of pH at

25¢
Weeks 2 4 6 8 10
pH ABC D EFABCDETVFABCDETFABCDEVFABCDETF
75 - + + + + + +
70 - + + + + +
65 + + + + + + + +
60 + + + + + + + + + + #
55 + + H o+ + +  HF + o+ HE
— 1 No change, + : Very slight. + i Mild, : Moderate,  : Extensive
A . edema(hypertrophy)
B ' winding of the gill lamellae
C . thrombosis
D ! detachment of epithelium of gill lamellae
E . sweeping of epithelium of secondary gill lamellae
F . necrosis on the capillary wall of secondary gill lamellae
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Table 4. Degree of degeneration of gill lamellae of the young eels exposed at 1 ppm nitrite for 10
weeks with various pH at 25T

Weeks 2 4 6 8 10
pH ABCDE FABCDETFABCDETFABCDETFABCDEFTF
75 + # +H# + + o+ + + + + 4 + # + 4
70 + + + + + + H#+ + + #+ + + + + + o+
6.5 + + + + # + + + o+ + +  # o+ + + H# +
60 + + 4+ + + + + 4+ + + + 4+ +
+ ¢ Mild, + Moderate, ; Extensive
: edema(hypertrophy)

. winding of the gill lamellae

: thrombosis

: detachment of epithelium of gill lamellae

. sweeping of epithelium of secondary gill lamellae

Mmoo O w3

. necrosis on the capillary wall of secondary gill lamellae

Table 5. Degree of degeneration of gill lamellae of the young eels exposed at 5 ppm nitrite for 10
weeks with various pH at 25C

Weeks 2 4 6 8 ]
pH ABCDEFABCDEVFABCDETFABCDETFABCDEFTF
75 + # + ++ ++ ++ o+ +  #+H + # +
70 + H o+ +H H# o+ o+ H* + H+ o+ EHH + o+
65 #H#+ A+ HF FHFE O+ H A+ + 4 #
60 H +  H H + ++ W+ A+ + + + + +

¢+ Mild, 5 Moderate, ; Extensive

. edema(hypertrophy)

* winding of the gill lamellae

: thrombosis

- detachment of epithelium of gill lamellae

- sweeping of epithelium of secondary gill lamellae

Mmoo O w > 4+

> necrosis on the capillary wall of secondary gill lamellae
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Table 6. Degree of degeneration of gill lamellae of the young eels exposed at 10 ppm nitrite for 10

weeks with various pH at 25C

Weeks 2 4

6 8 10

i ABC D EFABCDETFABCDETFABCDETFABCDETF

75 R S T 2 T T T T I T ot S ST
70 S R S S e S SR S S S ST S G
65 + o+ o+ H W + # S R T b L o s i N S s
60 + + + +H A+ 4+ o+t + o+ + H 4 + +

i Mild, 5 Moderate, : Extensive
edema(hypertrophy)
- winding of the gill lamellae

detachment of epithelium of gill lamellae

sweeping of epithelium of secondary gill lamellae

+
A

B

C ! thrombosis
D

E:

F:

necrosis on the capillary wall of secondary gill lamellae

Table 7. Degree of degeneration of gill lamellae of the young eels exposed at 20 ppm nitrite for 10

weeks with various pH at 25T

Weeks 2 4

6 8 10

pH ABC D EFABCDEV FABCDETFABCDETFABCDEF

75 + o+ HHF F At W+ 4 + 4+
70 + 4+ * o+ ++ H A HE A A HEF A+ R+
65 + o+ o+ + 4+ HF o+ HE A+ HWH
60 W+ + #+HF  H+ + +H+ W+ * + 4+ + # +

+ Mild,  + Moderate, + Extensive
- edema(hypertrophy)
. winding of the gill lamellae

* detachment of epithelium of gill lamellae

: sweeping of epithelium of secondary gill lamellae

+
A
B
C : thrombosis
D
E
F

: necrosis on the capillary wall of secondary gill lamellae
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Chronic nitrite toxicity of eel
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Table 8. Degree of degeneration of gill lamellae of the young eels exposed at 30 ppm nitrite for 10

‘weeks with various pH at 25C

Weeks 2 4

8 10

PH ABCDEFABCDETFABCDETFABCDETFABCDETF

75 + o+ o+ # o+ HH A+ I T S S S SR
7.0 + o+ o+ o+ T T O T T S +
65 -+ + + H B R o+ o+
60 bbb b+ R A+ oAb b o v HE 4
+ s Mild.  ; Moderate. : Extensive
. edema(hypertrophy)

. winding of the gill lamellae
- thrombosis
- detachment of epithelium of gill lamellae

MmO 0w

. sweeping of epithelium of secondary gill lamellae

- necrosis on the capillary wall of secondary gill lamellae
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Table 9. Degree of degeneration of gill lamellae of the young eels exposed at 40 ppm nitrite for 10

weeks with various pH at 25C

Wecks 2 4

8 10

pH ABCDEFABCDETFABCDETFABCDETFABCDETF

75 N " N T + o+ o+ # o+
70 oEHHE H o+ o+ o+ + o+ + 4 o+
65 # + + 4 H +HF + o+ 4+ A + R ST,
60 S S
+ i Mild, ’ Moderate, + Extensive
. edema(hypertrophy)

- winding of the gill lamellae
: thrombosis
- detachment of epithelium of gill lamellae

mm g O % >

. sweeping of epithelium of secondary gill lamellae

* necrosis on the capillary wall of secondary gill lamellae
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Aom, wRge] BAHA G g ME g4
ol 471 & £ # AT E¥ pH 603 65904
pH 703 750 wgte Az 289 53549
Hadol o AdAe A%E 2ATh

g2 23w FHHE(ZEMNE) B Sle
B8O Hoo] FHsg ot HFoR Qlge o
Fo] Y3y] WZo] o] FHaA Faa g Aol
2 oA mebd 23w e wE5H B F4
o g #Bdo] glE Ao By

O M A EY el Fadd distd

2o pH 608 65904 ZAug deF4o)
1~2%# 3k,

NO:N IppmTolMe pHY LA #AZl] 452

2 o) g AddeldA & ¢ AN,
NO:-N SppmTol A= pH 6.0, 6.5 % 709 2 487
M A B & AAL, o}FFoz A WS B
27} ety g o, pH 75404 ged Aol ¥
& 3%E 2Y%

NO--N 10ppm 7oA & NO,~N Sppm7-¢ ¥A454
3 $AH)Z, NOrN 20ppm T oM E 522 4
g WAE dogle FHlzt Bobdth 2E pH 6.000
M NO:-N SppmT ol4e ZsEroMe 244
Ao A TN g dodle HASAT $7HEH9
ok

o A FujAEel geFAel vty

zFolME 22 ATl A 29 Beho] pH 5594

Chronic nitrite toxicity of cel

% AT NO-N Ippm79 SppmTolMe 4 48T
o A H¥delM A9 & & %W pH
65.70 2 7594 A o} Fe A8 WAL YL
pH 6.0& &340l 4¢ e 2344 ZA4 29
g Ang 447 gk

NO:»-N 10ppm7ol A4 40ppmT AtoloAE pHl &
Aglo] Ay FHAEY gt AY o}FFH FFo=
HAo] 4lsfHch

0 22He B HEEY %ol tisto

A4 Ao A X7 dhel g e Y BAERS
929Uk NO-N Ippm ol de s&He 357t 4
&2 gAn NO-N T/ 2715 de BME
#o 942 Adx 231 NO.-N 40ppmTolA 713
At A& E

pH 602 NO:-N lppm7A NO:-N SppmT7H4
v A 22d FddAe 2R 95U
NO:-N 10ppm7 o] 4E-FoA A2 75L& HH
2 Fuksta QoA ol @ 2ap A e RAE R BY
golxe Aol ATt 121 BAYB =39 3
$ 34230 Hdto] FEHQU 9F0] UL NO-N
0ppmTH-EHE A8k A55028. NO.-N 40ppm
ofM 74 AatA Yojutet

023 A gAY o] dfsi]

pH 559 tlz79 mHg@gel LAt UL
9, NO:-~N lppm 7ol Me o] Z4usH e NO--N
Sppm T olFAAE o}FF ol A A4 He A
°0g Yetdt

ohddte) %, pH B £24 Uit g oprjv]
DR EESUER L

{1} NO-N lppm7

F& 25T WTAMY dYHA= Table 49 1034
105702 A7t Al 23 o) 2550 47
olFZognA AstA WAL 2 gt
22 83, A AEA R vl 9 "ol den.
e Ao A Ee urejol ggog Qs ZAER
Ho| 2=} Ag 2¥o] doivke= FH7H AR A

#

2
orlo

K
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BEZAL £230Co A= pH 70904 & FaH¥
oI 42 25Co| N pH 1.5 2539 okFFY |
Aol gl & 259 pH 60olAE 715
A% A olFF o]de 2 A% $EFE o2 TdE
2 & A(Plate 2—2) #& W0CAMe ERF4 4
FRjdut Rz Az7on stHrE WAl A4zt ¢
Al cHPlate 6—12)).
RS B EE ) HAHL & 2508 30T pH 6.

5.70 2 7594Me gdo] &t A7 A HEIILHTA

2 Zd4 2L, YHo| YAHHE 2B ¢
FZo] Qe 23 Y AR 2} A
2 4 dch(Plate 2—1). 281 pH 60cM e HE
Z7100E &80 AT & 30T 8FATEH A
A

e As M ES wElZA-L 2 30CY pH 65, 70
2 7508 74 gy A AYtEd A 28Y
onf olzFoe A HWAH FHE 25CH o
Bota 48 aiFde 230 A4 27 g HAY
Aol 22d FAE 2 F AAL(Plate 4—-D), 6FA ol
thA| et dele ofFEol g o (Plate 5—@), 105
Aole 432 WAS BN (Plate S-0) W HUL
4 AT geEn BhEHe #Yolga &
F Utk

283 AN 494 veddE #& 30T
pH 703 750M B 4nFole 234w Ao M 27}
gy 8RR kEEUF ol Aot
7} oAl whelvh dold A gon Plate 5—2% 53
o 62A% 10FAE 23 AT FEAATH
w7k dojun glojM A¥7Izke] AFgd w3
zoz ¢£3staN oA JFE B

%2 25C9] pH 6594 8FAole 23 FHA X
7+ et el 2z A9 RAE vesa gl
ojd gAY Au ARAEI} G4 FEAO
2 o deEe 3ol AdE: Ao Hid

2 30C9] pH 60914 g7t dold F AN e
o As 342 vgoen velda e 2448 B
HEae A= ATH(Plate 6-2).
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A AT 27 4oz gL o
ZTME pH 55 487NN T RGO & Ag7o
He A AgTolM 2 & A9t ol ¥R}
gue A4e AAAELY $Fo] Ao wa ¥
JHE e Bgso] AXY 7l5o] sz 4
Ao Rl o] Yojyr]x s x(Plate 6—D).
d2e 2248 AHAEY o] FjBadtq BAE
#eo) Bolde A% g2 Az #FHIE IAG
(Plate 5—@). 12|31 230y Ao EE HE 35L&
dojutxl o Aol M welg FHAEIL YA B
gyo] 2zAHe] A EEY o] 4A8| EHE(Plate
4—®@, 5-0) A7IAY degez TR £ UA
222 238 94 R} vt E B ES FFoly
d&sHe @4 AY YA

w0 B Ee B 23 ARy 2
gog Yoy, EAYRAYY 332 FYo| Yot
EXE ¥ He £¢ 25T 30THA o] pH 6.5
70 2 759 AYFEL(Plate 4—D), pH 6014 E 2
Ao AF HFo) gUglem, £FE 2344 B34
¥} #Edog gy Qe AL £ £ U2
Ao ZAEHe 22 A oM k& EF2
YAHPlate 6~T). 2 23H4HY EAHAH
2z sty doju 28 FEHe FYTE £
g5)1 oo, 48T ¥ AFHEA FEAH.

287 AR M B EAste HAEE 2T
SO A E7} YA FEHA G 2T AT B
gz7e w7} 3L Ade A 24 & 5 UL,
223 gl S WAL Aoz Ay sjAFL
2RE AT Qlojq BFojt ule WAl A
golub Ajwe AeielolM dMEY FHol RIS
W, £ 0CTY £8o] 25CFEY BAT 2 F
2 30C9] pH 7.59Ae 23 Auiz3 e 4R}
o} ol M) 71HRA 43 /72 GH T EAE
I ge Aol Ut

A 442 JYBde FHle £ 25C9 30C
oA o} o] oFzt Yojtil, pH 707 75914 Ere
pH 603 6500 B& AgolUrth
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HAEAY F7te 4547y A¥Z7e 230
T A9zAE FH0E 2oy vyl dojyt 4l
AE 3ol HAEHY Fug 3718 & + AN 48
F7lde A @AY HAH(Plae 5~@).

(2) NO--N SppmT

Chronic nitrite toxicity of eel

A8 F3= Table 59 117 Zo|, & ZddH NO
N lppmT$ FAHHow o7k WAo] A8 HELS
29

o] BEEAL pH 703 759 £& ToAe
A &8 A 52 25CAME § FH40] 9

Table 10. Degree of degeneration of gill lamellae of the young eels exposed at | ppm nitrite for 10

weeks with various pH at 30C

Weeks 2 4 6 8 10

pH ABCDEFABCDEVFABCDEFABCDETFABCDLF

75 +H+ o+ o+ A+ o+ ¥+ + # + 4 +

70 + o4+ o+ o+ o+ + H o+ o+ o+ o+ + H# + o+ HE +

65 + + # + + o+ 4+ H# o+ o+ o+ + e H + o+

60 # + + + + # H # + + HH# + + + 4 # + -~ 4 # #
+ 3 Mild,  Moderate,  ; Extensive

: edema(hypertrophy)
. winding of the gill lamellae

- detachment of epithelium of gill lamellae

A
B
C : thrombosis
D
E I sweeping of epithelium of secondary gill lamellae
F

: necrosis on the capillary wall of secondary gill lamellae

Table 11. Degree of degeneration of gill lamellae of the young eels exposed at 5 ppm nitrite for 10

weeks with various pH at 30C

Weeks 2 4 6 8 10
pH ABC D E FABCDEFABCDETVFABCDEVFABCDETF
) + H -+ H o+ + H o+ + o+ o o+
70 + H+ A # o+ + + + + 4 4+ + o+ H R S
65 + #+ + + o+ + 4+ + #+ + + # + + + + #
60 H- +# 4 + # + # + + # + # + + H H + o+ M+
+ i Mild, ; Moderate, » Extensive
. edema(hypertrophy)

. winding of the gill lamellae

: thrombosis

- detachment of epithelium of gill lamellae

: sweeping of epithelium of secondary gill lamellae

mmg O w >

- necrosis on the capillary wall of secondary gill lamellae
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[}

Aom, pH 6.5 E & 30CHA F59 HAS Bol
Fell7F 4 4 (Plate 2—3:). 122 pH 600X & &
A

of #Aglel A A HAEAolM REFPo] 288
o}g%3 F5o] A¢Y ek o8 (Plate 6~ @), F&
3} pHY A FAIGlol RFE 22HL A9 ¥
45 dehiz A

e PR Ea g9 HAel glojMw pHY
Aol #AGlOl HHFE £ 3CHAH Hue F2
Jocol X HAFHAF BAL A A 4gTolN 35
HEES Bk 2eln AL had 23 g
ZAEFE ool Arla A€ AL & ¢ dglen.
F& 25C2] pH 70% 1594 1~25# Jebgi pH
603 6.5 ME A9 gden. £ 30CHAME pH 6.0,
6.5 2 70004 2~3% 3 Jeld 2 pH 7594 ¢ At

A ARy deEde AR 2% pHY 1
Aol BAGll 7 AT A 4FVnF A% 29
SR obFF oo A% WAL & Favl A o
AEAtHPlate 6—-(3). A& AF ExFE 2314
H2E dmz o] WA dhels il o]ojA A Aol
¥9o w7t APHY oY 4FAREHE 2340 A
¥7b oA wEHEA 2T JE R mepA
gAY 23 AR A EG dh|E e Hgo] BolH
th 123 pH 60204 ofF5 ol4o g a4 ue
23 A A EAT 83 pH 6.5 ool Ao MM
o BAH o) vldld FrefAA 39 g B
AoHPlate 2—4).

F& 30CoMe pHel #Agle] A AEFAAM AW
o wrel3ael A9 2ESYL okEF ¥R HE
HAS & Fd7) 2oy, pH 7.0 7.594 WAo] rf
Adc gzl wel s34 4aFANAE 238 4
ZAoA 23 A E Adde] AHM FFo2 v
dEdoy eFAFEE 23AE M ETD wHY
I 10FA0 28% dee ofFFe wA4e s
(Plate 6—:31).

$8 2509 pH 6.5~75 AtololAe A H87I7ts
Ao e FdE 2 £ AL EAFHE 2248 4
JAze el oF 2Fo] FA eiten, FFe

Ui
L

105

ZYo M 234 AoHEe gEE AY B £ 9
AL 105:A471R A&HA k5502 gaHT glolA
Ze 2% HYrh(Plate 2-3). 28] pH 6094«
whel g 2 A A XA o) FEsE R AR
th(Plate 2—14).

gw g e gl £ #Agol A9 pH 6.
5.70 2 15904 o}5Fe WAl BRL $5U AL
uERtTh 223 pH 609 F¢ 25Ce 30CoME 9
Aol A o}FF ojdoz W4dd & 4¥rdNe
geju 2EE 234 Aoy vt ggd 23Ee
ZAEELe 7S G ey, 230 4
M 3% oo el A} HE FEFAl e
234409 BHERE &5 koA gloiA
(Plate 6—13:) 2§ HHd}

2 EAEEE Y Foe F&o FAG] pH 6.
570 2 7504% 7 AT A 48715 A
B F QAL AFY Ao] vrkryon okFFe WA
& dogl Ax vehdth 28 pH 60014 E F2d]
#AGl A AFoR MAE AL B F UL B
Ay o] ¥ 1M E $8o] dojuu 9l
Ak

GHME7} A 7| AR JERd FHe A Yol
F23 vl 5o wAel 43 %A daiA dAd
o7t e mF vk AzHe Aqde ddig
oA gt £ 4 AAch 2y pH 759014 NO-N |
ppmTol A gt #o] f=go @Al 3ol B2 Ao
o2 4879 Zol7} Yt

A M T FAEFY ¥y & WCANE
Aulgh 4 ol FvhE Kol o] o d%eH
& 25C9] pH 6.0~7.0A0ld] B pH 600014 4
A F7he e B £ g

HAEHY F7he A8z FFolu el A
YA TN F2 AT FAEH Pl Zugle
o 4gE7] ojFolw 23k AHAHET vEHe F
HolA 22487 4 2H 07 HE $74e HYEHo|
ANET A ES Foheh: AE B & AdT
(Plate 2—3).
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(3) NO:-N 10ppm+

AYZAA= Table 6. 129 21 AH 239 Y3
AE 227t @A dofite F50.2 WAHE Aol Bo}
Hon 23] e FHANE AY o] 47
HA o}FFY WAjol BolA: 23N Huqxe &
g3 23 e} EAEHEY ¥ H 487l of
$%02 WAE FA7 ke 298 Bt

e BEZAL 42 30CY pH 65, 7.0 ¥ 7.59
Ae Al 249 HAA WAlol AR RN BE
3S 9o Fdde AYEIRIFY &dol AU, F
2 25C9 pH 703 75004 E 35HY 28E oo

T2 25T pH 60% 6594 A A9y 7
AgFAA A F8IUA Ay o)} FHA F
$o2 43 d4ded o €48 Fusn AW

ot

Y] BEFH AL £ 25C9 30CY pH 6.
0~70 Aol M e 4 A¥T9 A 475 H55
o] A9 dojt 23l gHEFo] dojun gl
EHEFNE A Fdo] IAYHALY o}FFoE
A8 Fd7t F7HcH(Plae 7-@).

Ad AA Ry wheFdLe #& 25C9 30CY pH
708 7594 23ATAE 2AANET FHFFo] B
PHEA 2244 YA EE mEA B AR 4FR
FH 107474 F2 244 A4 2o A def s}
dolwn H¥7)zkol Aol w2t Ag st dof
YA 2o EEERs e Ax M AL(Plae 7-
@), w7l dojua Qe 22 e EAEEL 43
A EE4

oo #AYCl pH 607 6594 4 A¥7y A
A1 delFgol A doltn okFF ojoz
HAE FH7t 45R0e o $7tdoH 4FARAE
AT Aol lEwA 23 FEAEe
b W He FgolA(Plate 3-@), Plate 7-@) 4
FA ol Fole 234 Y M Fof AT welrt AdH
et

A ARAEY g8 23 pHY LA #AY
o 2 At A HAYNTF LF Yoiton 24

Chronic nitrite toxicity of eel

N Ao AE7t 3502 g8 Fdlv pH 15404
¥ 7 8%t pH 70 oA e 12584 JEgte
o A d8r1tEd o}3FH F3ol Ay ¥
HAe Fest A AL 59850 FHMES} 9
g8 230 ZAERE YA d3sHe AFL B
A 2(Plate 3—@, Plate 7-3)), 234 FH A E7} 6
gt B0z Qdte] YuMEde] ggtd 234
pAg#Le 4EWt Soshed Zojrt 2 Ax2 9
5o e Fl7t Bohd o (Plae 7-0) 4HHE
7t ggd 2R YAHE FHE AA

2 BAgEY Y Fae +25 pHY #AY)
7 Ayt A AYrEe A 2dsgn HFe
WAl Wk o} F4e Agdvld ¥ & UA
o}

ofd el 4ol &4 QJolA ¥ 234 4y
AX7 A St o] $333E doga, w4
Hoj7be Aoy M Aol7} qlglov 2a4w 4
HH 9 w29} deo] urEHe} dojuhes F4L NO
N BE7 gold B A tdie #R8Ae AL ¢
4 A A1(Plate 7-3), FHA X7} gehd 230
AR $Y2 2¥E § goE YT o
HE 239 F9o] A e Ag B FHdM &
& A%t (Plate 7-1).

GHEE NO-N SppmTolAlsh go] Aulef 7)3d
AN U AL A gloly, $25 vg] 59 WAo
AR e Ao Hasgdayt & £ qlglon,
Plate 3—@3 @o] #& 25C pH 6504 454 2
AQE 7t 2 o] A3 wElH 1 e 23] LA
o}y Hsz 1 e AHEE 89 &+ U,
T 25CoM GAEY 8ol Hston pHel #AQ
o] 2¥3tgd.

A gudEe] FAgFe BojE dYPxvlde 2
AR 4oz veEo] v FHHEE HY
£ 42 37133 9l A& NO-N SppmT 9|3}
oM AR A%E HFD, £ 25C 0TAM T
HAEHY S gkon +& 25CY pH 603 6.5
dMe 4¥F7) o A4 Z7Hch
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AEF7] o]¥F & 25T pH 607 65149 FY
A9 F7he 2AEL MEZY o] 4F o] dojut
AA dEiE JEA T FHd HAE Ao ol
F7Hte] 22 o] fraEo] 283 Je2 dAE F
#H7k A L(Plate 3-@), &3 pHY TA #AY
o] 238 g uholu o] AE FHof HAE2A
o] F7tat] A E FeNA HEAQ REZ4E
4o ol YAk Plate 7-@). 11 F£3 pHY
2A BAGC] AR Hole e Mg
FZoly uErt AYHL v FGM e dA4EAY
F7IE REFFl O A Hole Zo] Wt

(4) NO.~N 20ppmT

AEZ 3 Table 73 138 22 A9 REF4e
pH 609 & 30CHM = EXF Fdo] YU £
BColAE A A7Ed AsdN zdsgon
(Plate 3—®@), pH 6.5, 7.0 % 7504w $29 #A9
o] £¥o] AYx RFFo] v AL 1k Ao
g dogol Hg waFolt gAD 234 M ¥
9 3ol BRHo Yot

A 5 H HHE NO-N 10ppmT-ol A9}
AR #& 25Cs) 30CY pH 65, 7.0 R 7590 M&
WY RS 4 AUTY A 49710 AY
28, 22 g5l A7 A 2A A=
A9 Qo] dolkor & 30CY pH 7.540Me &

FRE QAL o5 23 23 & EHEAHE %
ol FRAAY. 2 HEFHE FFo2 WA
F&25CY pH 703 75949 o}F 502 HAE Ho]
47 1~25449 Jehdd "o o}FFor WMAR
ol 2~4% 8% &8F NO,-N 10ppmTof Hjgte &
e Fojoe AYL BYn 4L AP WYL By
23

Aol AAE uels g2 +&3 pHo #AY
o] & A¥ 7Y A A¥7NF BF £8P NO-N
10ppm7EUE O A% WAL 3o $359 8ol
ot o™ (Plate 3-®, Plate 7-@), 24408 AAAL
7b dhelEof e 22 EAEEE SR8 95T
WA 7Heoifith 48F7] ol Fof whald 234 4
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AEe FEAoz A9 welg dogl s 3o
o, TUH 23 A w27t dojd §99 mAE
ol A3 7hsold A& & + AN L(Plate 3-@),
pH 6.001A1 oleidt WAL 74 Aot

FAAE7 d2tE 23448 ZHERE NO-N 10
ppnTREOE o A dFde FHs Bl
(Plate 8—D). 224 A 8#E 9 B2 dojue
28 T3 A%HA & 5 9 B 48 TN E 2
A A E dhele} g 23aE 2AERY ¢
23 ¥4 59 4@ WAds 2o, ddsy Ay
23] Ag Aol FEH dojux glojA Awz
Aol HatA TeF A= oldA AF HYE AW
2L B §7AM 342F0E JEALHE 4T
@ 7|7to} 20802 Wl

YHMEE NO-N 10ppm olstel dgForg 2o
FEolut ug] F9f WAo] J3A % Ay NgR
oAt & 4 91913, NO-~N 10ppm ©]&9] AFE
7o Hdte] AMEY 28 WTT} 3 FolXe AY
& 294

A AR HAEDY R £ 0CAHE
234 AmMEe FHd 4B do] Zihl @
g5 g 44Ede AAn HFHe Ao UL
Boli, & 25TMe pHY ZA #AG ol Yol
o 4Y712 o] Foe 23 Alojo] HAEHo] I
tatA £o|=o] Aol 2EBY Z#7} PolHoh

{5) NO:-N 30ppm—T

AP EHE Table 83 149 21 AfHY BEZL pH
659 7094 & 0CHME A AENLFA 1~2
F4 9 28SY L pH 609 & £+ pH 659
2 5ColME [~359 HEo] 4Fed 2 FolA
%9 WA A Axgon YAz 238 9
27 22tdole gAo] doita A =9 Egy
Zol dojd Felj7h golzon 53 £2 25T pH 6.
el A ojejgt Aol At

FEE 234 AHAEY HEA 4G e 2
ANEe] wEEd 4 Fol BRE 339 FAol g
obi2(Plate 4—2). & ¥Ho| $5o2 YAde
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#7} Jebgth(Plate 8-@). 3 7l 8 & 30T pH 70004 85

&3 pHY 1A @Agle] o}eFH F5Y AE © 22 A A E7 dke] gl o] oAl 4
WA 27t BolAL, pH 6094w WAl o Afle AHE7 A7 va)r) AYe Ao Holk 23}
o 23 A0H A 9] HFo| Ao FuAE A Aol JatAl RFH, UM EE delEo] g F
getg 22 e HHo) RFo] e AYME Huto] < YA3e FYMEdY Huo 3%E o] =&

Table 12. Degree of degeneration of gill lamellae of the young eels exposed at 10 ppm nitrite for 10
weeks with various pH at 30C
Weeks 2 4 6 8 10

pi ABCDE FABCDEFABCDETFABCDETFABCDEF

75 ++ 4+ H 4 ++ o+t HH+ 4+
70 + W+ F R+ H o+ + +
65 + +H+ +  H+ o+ o+ + + # + + + + 4 + + o+ # 4+
60 + + W+ # + o+ o+ o+ + 4+

+ ¢ Mild, : Moderate, ; Extensive

A . edema(hypertrophy)

B ! winding of the gill lamellae

C  thrombosis

D :detachment of epithelium of gill lamellae

E ! sweeping of epithelium of secondary gill lamellae

F © necrosis on the capillary wall of secondary gill lamellac

Table 13. Degree of degeneration of gill lamellae of the young eels exposed at 20 ppm nitrite for 10
weeks with various pH at 30C

Weeks 2 4 6 8 10

pH ABCDEF FABCDETFABCDETFABCDETFABCDETF

75 + + 4+ o+ + + + o+ + + H# #+ # +
70 + o+ + o+ HH A+t + + + o+ HH o+ + HE+
65 + + + + + + # + + + + + + + + + o+ M H + o+ A HE A
60 H# + H# 4 + -+ HE+ + + 4+ + + + # H+ +

s Mild, 5 Moderate, : Extensive

. edema(hypertrophy)
winding of the gill lamellae

detachment of epithelium of gill lamellae
sweeping of epithelium of secondary gill lamellae

+
A
B
C . thrombosis
D
E
F

necrosis on the capillary wall of secondary gill lamellae
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F3aa Qe 87 ey, dhelE 23 4A
¥ BAEBL v YFHoAr FFS By 2
Ay G A L7} detslo] WY ZAYRL Y7}
538 £ 0% AEE 928 Ho| WolAh
AHEY 2HL £ 25C9% 30CTAA T} Zo] Bo|
eI 8ol w2l Fof WAl AdR] g A
Ao Aol At B 4 9iieh
N AR YA FAE £ 30THM
pH 6.5~75 Atolol A 2aa8l A X o] FHo| &3
YA HAEHo] G5 & #Aea HFE Ho
¥ Zd 5Y #olx, & 25CAME pHY nAY #
Alglel H AE7ITFo 220 e B Ho] YA
g R HAEHo| Frlete] FEAY Mo 83
87} golAh
a3 #&3 pHY nAd] A A Hdid
of YA E7} Bol& F9jo| FFolt vrej7} AP uA
“% | A% 2ol JAEdo] Frksle HEE
Bl 2471 gtk
€) NO,-N 40ppm7
AEAFE Table 9. 159 22 #28 pHe 1A
#Aglel e BEFL 95X NO:--N 0ppm
olgte] AFETAME okEF olste WA FA B
2&2104 B AT 502 A% WAL ¥ %
Fe7t Botrom, $59 #FL o271 2344¥ L
EHD}Tﬁ ey gdo] EgAez Yehtn gl
Aol AatA £9E 4L (Plate 8-3), 58 +&
25CS pH 65°0Me 8Ao] A7|HM EGFHHE 7
ol of H#Hh
Y] B3 YR *—& 25¢ 9} 0C°|l*1t
ke d8tolA Bz ¥3
NO:-N 30ppm ©|8te] Aol Hl 8o %Qi a4
9 Fe7t gopzlon, H¥d7lde HE o2 24
qH e FoEo] REES Yok B £ 9l Fx2 &Y
245 Ak Plate 8-3)).
o A H 2o vhal= £ 30T Me A 4Y7z
Zo] Ao Uehdy 1 WAL Pk Agdon £2 30
€9 pH 6598 e AdL7lel 234 Ao EEY

oZ
;:h‘.
gk
Y
rlo
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HFES gy A% 4431 e AHAEE A%
FE3 dej7t dergon o] B9 mAEEE 4aH
A3 A (Plate 8—3).

A AR gan 2AERAYY i 7 A4
79 A 48003 A 2R $59 WA
Fe7k 7kl en & 2509 30CoAE 23k 4
HHE7 ged ZAEEE 434 93HUT 59
F& B5CAAE F59 Aol gobAth(Plate 8—@).

FHEE & 25ColAE NON lppmT FFOE
ASHEA e 28E YT 52 30CFIME NO
N lppm7oA Brhe Mt £F02 238471 72
3HA NO-N 20~40ppmTAAdE vl&E 43S B
Aok 283 pHEE &9 iAo @AYl FFolu
dte] 9 wWAo] AA Yot el Mot
ZHIAUL NO-N 557} wob ol e} Apie) dg
AN GHEZE 2ES A AR GME FA
¥ 28 Joo] HuE Y o2 NLAHANHAA Y2
Fotxon
NO:-~N 40ppm 7oA AHMEs 2T AW daiy
o gl 33 FolHt.

A AT AEY] HAELY BAle & J0CoME
A Aol AAE7 Hole H99 23 43
HE7F A8A £EE FHAMT B F AL £L 25
Cel A& NO:-N 30ppm 7oAt A Z2%S HYw
538 pH 6.594 234 Atojo] HAEHo| Fuhale]
2838 ZH7) 2o,

M 48+ Hefz49 vl

0 Mol §E34) that

NO:-N lppm7olAE FFo] U RL o}FF 9
Fo2 WASIAL 28 pHY 1A BAgol ¥F
g A vl sl g dojytdh

HEF8E +& 25 pH 600l M e A 43
of EAT pH 65~75 AoldMe Ao £8o] e
B F& 30CAME A¥27]6 vehg,

NO:-N SppmTolA= pH 600)Me & BAQl
o] REZ49 Z¥o] Yston FZ02 WAY A%
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NO-N 10ppmTlM= & 25C9 pH 603 659
He A 49059 A REFHE £ 5 AU
Ayt o4 339 WS BIAL YHo BFPYoe
dojytet.

NO--N 10ppmT, 30ppmT % 40 ppm7olMe &

Chronic nitrite toxicity of eel

30C9 pH 65~7.5 Aol e £Fo] QIAAY 1~2%
# UehdA BolYn £ 25CHME F& 30T ¥
dta] REZ4o] ol Yelten pH 60dME +29
Qo] B a4 28] BUL pHIE Wobdel 2t
E NO-N FE7h golAe] wheh d4E Hol Bopre

Table 14. Degree of degeneration of gill lamellae of the young eels exposed at 30 ppm nitrite for 10

weeks with various pH at 30C

Weeks 2 4 6 8 10
pH ABCDE FABCDETFABCDETFABCDEVFABCDETF
75 + W+ ot W+t + o+ * + +
70 + H+ PRI —— + M+ +
65 + + *+ + # + #+ + + + # # + + # # H + + S
60 o O b+ He W -
+ i Mild, : Moderate, + Extensive
- edema(hypertrophy)

 winding of the gill lamellae
- thrombosis

. detachment of epithelium of gill lamellae

mm g O w >

. sweeping of epithelium of secondary gill lamellae

- necrosis on the capillary wall of secondary gill lamellae

Table 15. Degree of degeneration of gill lamellae of the young eels exposed at 40 ppm nitrite for 10

weeks with various pH at 30C

Weeks 2 4 6 8 10
pH ABCDETFABCDETFABCDETFABCDETFABCDETF
75+ + +  # # o+ ot HE A+ o+ W+
70 + +H+ o+ A H A+ o+t o+ +
65 HF HH I T T o e  a al SRS + 4
60 H# +  H+ o+ HEH# + Wt - + ot W HE
+ i Mild, 5 Moderate, ; Extensive
- edema(hypertrophy)

> winding of the gill lamellae

* thrombosis

- detachment of epithelium of gill lamellae

. sweeping of epithelium of secondary gill lamellae

mMmgo O W >

- necrosis on the capillary wall of secondary gill lamellae
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o Y ddo] A AR
222 NO-N 3ppmToAAe £308 348 4
& A& FUII NO-N dppm 7oA FF02
F9 AL uEo FAo] BEEo W o5
2ol EHFRE A Ao YAR & 25CY
pH 6.5904 oj&i ¥ A% o 4dch

023t ¥ 543 Ao oidty

NO:-N lppmTelAs 22 H534E pHY
LA FAGlel £ 0ColNE A AH7 13 A
2L £ B5CANE 2857} 47 Basin
AN F&3 pH7t Ropdo] we} mEFel 2Ho|

kil
H
-3

#adhke Jd¥E EA%

dde g4 D3l e A 2AER
AN B 5 AL F& 25C CAMT pHY
nHo) #Aglel 1~354 FFo2 284

NO:»-N Sppm7ol A&
Hette 52 30T e
7t g

NO:--N 10ppm7AME 552 pHY ZA #A
ol #& 25C9 30Cy A HAE oA AL GAHT,
84S pH7t Rotd et £8o] Zad A

NO-N 20ppm7oMe 284489 gta23 g
F&25C9 30T pH 6.5~7.59M A 4¥71HEd
A9 2893 o} 59 WA doikton] pH 60014
© EES €49 842 ZAsHe 4ol FHAn
‘g ] A€ A e EgEAEAG

N 30ppm7$} 40ppm Tl X F& 25C 9 30T
‘ﬂW‘: a5 P F4e W 49Nz U A
£8M 2¢o] ¥4I, NO-N 30ppmTolA Hohe
NO:--N 40ppmToll A o}5%53 5508 HAE A9
4 Ftglon, HHol §
AT pH 6594 o A4¢ 384& B
o MY AFHEY W] FAo] o

NO:-N tppmTiAe i dele £ 30T 4
= A AT A HETFA A9 2Esn
pH7} RotALE o} 5% ofde wAo] 4% F7t
74,

£ pHe| 1Ad #Aglo]
F& 25ColH Bk £83 7

Ol

48 2N L E9EY
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NO-N SppmTolMe e dele 2% pHY
IAS gAglel A 4B T A 487145 AY &
A3 pH 65~75 Aol 7 FLFME ofFFe
dAo] BRoH pH 609 2 0CAME 559 ¥
Aol AR & 25N e 559 wAZHIT BolA
o e d¥xvide 24t AnzAo)
A Qi 474 ol ¥ FHE 234d FUAEE
FH0g defHuA o}FF o] ¥e] Ao ALHY
a2 pH 60dlME o}FF o428 A8 HAE 2
A HUMEATG Ho] A FEHUT 1312
gezh Qo Sl ZE 244 AIHE B9
EHYEE Y&H1 9o

NO:-N 10ppm Tl 4= NO:-N Sppm 79 #AHE 3
& BN HAE o7 o AFA

NO:-N 20ppmT, 30ppmT 2L 40ppmTAAE +2
3 pHS LA #Aglel 4 48T A 47115
Ao wel7h ol NO-N 57t £&4F WA
o A8z

o M FHME g gfdid

A AEAEe gee g 4R BFoly
del 7t AsA dolud ARE Fol glojAdA dojyd
Aoz gt

A ARAEs gEse 3L AdZe 2344
FAAEY FFo] AAAUAM HEdo] Mty ¥EH
of 2RAl o] dojdn EAE 23 FHME
b RFol wel2 gasEA R3E g 23
LAEEY ol groln AuMLFo] SEA Eolsle
A2 Satole] MEAT gbd Aoy A 2348
FANEE FFo| U] g AefolA w2ld 4
HAE7L g7 g2tsof 2348 e ZAEHo 9
W8 xE2HE A7t dee RS £ U

AN AT HEY gl WA Fez Yot
AL F& 25CY NO-N FE 4211%1% pH
6.0% 659 A¥ToIM Bol Aoz, Fe
# NO-N Fxo] #4gl] pH 60~70 A}oloﬂﬁ 378
on AMAE £&3 NO-N F5d #Ag0] pH 6.
5~175 Atolol A Bo] dojytr},
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Wz pH S50MT dojton, NO,-N |
ppmToAAE 2t 487 A AP7IF O ol
o553 olFo g WAl A% FH7t gkon 23
AL} G EAEEE REold Y5 FHe
A9 ANt

NO:-N Sppm 7oA e A oA E &&& NO.-
N lppm7$ HAHECH

NO:-N 10ppm7 oA 4 Y74 £ 2 NO
N Sppm7ot AL AY obFFe WS BHL
o, 224 Au A4 ¥rt gt RA8Ee JYUt §
gated Fol7t 8@ Fe2 958 Zd7 BopHk

NO:-N 20ppmT-. 30ppm 2 40ppmT-olX= A 4
HHES gt £25 pHY uAe @Al &4 4
79 d 4975 A9 o ML 759 W
A Za7t Fh0eH M ETL ged 23 B
HE#E NO-N 527t 7l oat o datA A%
se Fa7h Bobadh

022 BHE Y B st

NO:-N lppm7olXe 238 BAEAY Y F3v
ANMY EAEEY o] nEHe AHE A9 Es}
gete FHolM= A dolitrt s #Aglo] 7
AgT A AT AY P59 FHE EYe
o, pH 65~759M ¢ EAgHY o] FHd LM
28 & e FdUt WL, pH 6094 E FEH
Q23 AHAEY g oy ZAYTY
A glolon 28 £ itk I3 EAEH
oM #&¥ AT FIA7 AP AAH Y
79 AL JEHHEA Fojq

NO:-N Sppm7ol e 26 #23l0] pH 65~7.5
Aol Xz A A87I1tFe] A VAL o}FFL
2 94dd Sd7h 7 FHlen 2¥EAE L
pH 60914 € 224 EA oy §AF4L Fuif
ot

NO:~N 10ppmTolAle ZA8AH 37} dolit
T & 30T Hdte & 25ColA W] B A
o] ANk

NO:-N 20ppm T, 30ppm+ % 40ppmTAME F&

Chronic nitrite toxicity of eel

3} pHY LA BAGo] 2348 Ao E7} dg
EHERL T 28 EHE & ¢ Uv A& NO
N 10ppmT¢ #FAH8HHA NO.-N §T7h gopdol
wet §dol 7t AdAle A%E B

0 GHEY &8 sty

i el 2x i ATz o ERde FHMEE 2
At Fu xR EEolut delv} At dojur|
g Auoaet £ 4 QAla, FFolt el WA o]
A dolue Ao daigold dHEe £do]
Bk

NO:-N lppm7olxe AE9 28 Ao 7|3
R 4FARA EAQL A= RS pH 75904 B F
At

NO--N SppmTel A= Awie] 7|4 %o 28§ F¥
© A8 AL, AHe daRseAe sdgon o
HEY FdZd e £ 25CH 0CTA o] B
St

NO:rN 10ppm T = NO:-N SppmT-olA{s} 2o
o] HdE Yot 2880 $dFde #& 25C
ol A Wil £& 30TAME FojEdn)

NO:-N 20ppm-, 30ppmT % 40ppm T A& NO.-
N 10ppm+ ol8}9 #HETro] Hlgle HA X9 23
Mz ot wolAle ZA%e EQL 382%LS NO-
N 0ppmTel A9} o] £& 25T Zdo] W,
NO:-N Fx7} wobol mz} e Heigolix
AHE] 28 JFgo] A Zo g FHAHL NO-N
4ppmTol Az GHES 28 o] ¢ Folyu.

O AW ABMEY FAEA Fujol tjdie

NO:-N IppmTolMe #& 25Ce 30T d¥%
Zlogk 22T AT 2 E Fd0R vl dod
A EZ] JAHE7 FujstA F7HR pH 705
75004 Boh= pH 603 6.5004 dA4&de 277} &
o}l s B

NO-N SppmToAe & CANe Fudn &
& 25CAME pH 603 7.0 AboldlM 43 2718 B Y
o0 HAEAY $7he d¥zvlde Aoge 48F
7] o) FHE 23 FH M E7} dejeHs YAELY
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F7h2 249 23k Aol st YAl s 4
A

NO:-N 10ppmTol N & 4& 25T 30T At Fo
239 3717 A2 4¥27)o)= NO-N SppmT-9
At Aulfa, d8%7] o] FRE £ 25T pH
6.0% 6544 HAEH] Frlste] g 223 4
B2 WAzl Fast A7,

J2j3 £23 pHY TAC @A) 23 g
Holuh o] FAE H99 GMES Hojx Ay
AR o 2z AMA TR HYBAY Fvl2
F3o] dalAle ZAgfol Wt

NO:-N 20ppmT, 30ppmT % 40ppmTol A& NO:-
N 10ppmT ol3tel ¢} o] A HY7|7t Fto &
WCoMe HAEAY BApu o] 3713 Sl BA
%R NO:-NY 57t wotAd wel A ARy
o] A7t Holw R9]9] 2apxjHo] HAEHo A&
0 A% %L 909w 397} wohidh

NO:-N 4ppmToldE 4H27|%e d 4877
Fel HAZEY A F7t2 Aol ZIgsde
F87F Bolon, E3] pH 6594 713 43 F4to)
Lebidh

i %

B4 g Y N BARA FUA A AHSE
332 AR FEe 3089 13xHT ARk, 19
58), BEo WA ALSALS Y] oF sufEe of
& A8 SIAth(Kubota ef al 1981).

@R oY F44 goix] F oAWF f¥Y &
AR EA FHLASE FUM B5-E 383 §0
Ad d@ze] ¢85S 448 7 dd A
7S e Wae HAol HAle AY A7) ¢S A
olth, 1y} BMHO 2E Kubota 5(1981)3 o] 3
AR S EME FARIE A &R RaledA
oA#e) QA E YA A FojAo] ofdM Fo
33Ede 7} ojgHoez EAld FolAy Yo
Hoka H A W3 wioly szt gojue Fojta
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Az

ol A4t 40 o Foll X Y| thate Konikoff
(1975) channel catfish®] th¥ o} 449 96-h ¥4
AFSE(TLm #)7} LCw» 248ppmol T Ffe] Hoo|
ddog ¥y b 1282 chinook salmond 48-
h LCw7} 19ppm(Crawford and Allen, 1977), 52744
ol& 9-h LCw’} 42~44ppm (Latimer and Hildeb-
rand, 1957), %o}« 48-h LCs7} 100ppm (Hanson and
Macintosh 1986) 3 #7ol= 96-h LCw?H 205ppm,
AR RE 9%-h LCw?t 105Sppm(iLi# and FHH,
1979) 24 Ao e opdte] tig Aol gE ofd
vl 433 dette Ag ¢ & Ak

Bgole) opd} Z4o disio WEzyFoge
of7tule) 2ate BAE I A HAHY YA A
M9 HHLY & 59 F4E & + YAk (Kubota
et al, 1982).

Aita(1982)c of7tule Hay duozs JH4
¥ HF AR £Fod FREA, EEEY A F
o % Holil 2ade 4 E9 7|4oly E5iety
AR S W] 4 1 A3 vuy e A
ol ol ol TedtA =vl B34 wWAo] dojut
M EE & a2 RelE o] do RAZRAME
E¥o] dojud doti AT 11 FFEL x
28 2449y BAEHE G0l Bio] dojuiy
HEAEL 22008 AYHE WFgez BY feHn
o jid Hydo] Bt F¥o| Yojuu &Y
AT ASEGT ot

2182 Tachikawa 5(1989) #AsEEA 9
08 op7]s op7ule] A WAL Hutdo
2 HEoHon Bt A F4o2E T4, 84 L ¢
g Fol 471 sEE A g% Fgoze A Ay
HEe HAE F 9@ HAEF gAFo] dojuy,
29 A% 9% A9 gt P 21 3¢
of AxA sHHoR Yd WS4 BHY A
CEE YA ZE FolrtA gfoy Hmy A7ty
T WAEE e FANe Botd £ 9l F579

pHel ¥k objtule Feio} on 24750 9L
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Fed pHY Ao o3to 47]e ofrtuly A Hel
HEE Na* & O 9 3539 7L H Y 53
49 F7h Aggue 2, A S A&, gasi
o] A, A B M T EApol} vt Fo] Yoy
T glen, Al AR FAFdA e CI e o}
me] £HAY 2H #AFT glom pHIt AHstE
ZYslel e o7ty M ETl A Cl7F £ Ho
Hele Aol B FaH4 S F7H7e e 999
g3 EF ofztulel ion E}AL A pHll EAA
z7)ole Z718 AT 3717 2299 jon F34o] 7
238 jond] A2 f&o] FFHT AEHY] o
oum pHe AHae ofztrlel Na™ 9 CI° §&9 #
29 @4 Na*/K* ATPase EAol: A& )M
g4Z9 Natoh CI° 559 749 &4 Na' /K
ATPase §4¢] Zadtd Atihg 7t AFHL Fo
AR A} FRAAG

o]de =oFadA oA Ao gF optu] B
Zade #F 272M Iwai 5(1974) 209 33
Ztefol gk NO,-No| E40] g¥#olut Ca. Mg, K 59

FE §7473d AhgozA Asjde AE 94
.

B dPoie Werd A7 pH 6094 NO
N9 Fxd BAgle & BHo A& #u|s}
BRI, NO-NY F&7t 20ppme 2 Eobio wa}
Al pHE LAe] BAGol ALY Hul7t BopRo
M 279 pH S59ME 4849 Bole ds 4
AAL Hatoj7h AHon 2 Fgole FAE %9
AYgHo] 9 A HUS HEso In 49 =3
of AAEAY APojgolel ofrtu] 29 wAJo] 4
A7 A% o} ofrtule ion ETAIY FHE BAI 9
< Holzta AzHEn

A 229 F4EHY FHle NO-N lppm¥ §
ppmTHAE pH 60% 659 & 25CS} 30Tl A
Agz7ld Ao F717F A #oIUT NO-N 10
ppm o4 FEAA F& 25C9 0THME o o]
AEF7) o] FHE pHY ZA #ARo] 234 A}
ol Fue Fx2 HABHo] Frldhe Tt B

Chronic nitrite toxicity of eel

o1 538 pH 603 65014 HAEu|9 §zlo] golx
QA 27T AR AEE HA

F7 H(1986)-2 Al 249 WAo] 71AFNA HA
dojutal & Ao ARz g5 Fou
e & 4¥dM% 22 %S B9 YAEE NOs-
N Ippm7olMe 4857172 Hde 71REAA &
¢ FdE £ F A%eH, NO-N lppmTPAIHE 2
ANEE AHzZol AsA $E38A5 vl dojut
T A A VAR E AEHYL FEojy ¥
o] wiAo] A& e AdielM E8o] Ygton
NO:-N Sppm o]49 ixkoie Ade 7|3%dA4
= g4xY £82 A YAT MR £8P0
qerEoz HY 4

123 GHMEE pH 65~7544 8o ggta &
dZ 8 NO-N lppm3 Sppm7iMe & 25C%
30CA o Zo] ¥k, NO:-N l0ppm o]4¢ §%
M £& 25CAN 71 28587 B YL R
piiz3

olefg AHg FY}H £ 215CAA AW 239
HAL =4 Yoz UL NO:-N 10ppm °]39
TEE9 pH 60914 A 239 Wio] o A o
Heu e AEE & 5 Ut

Fede FAE NO-N Ippmolde Ao o33
o e BFo g A HAo] dALUoH 42 25T
A Hoe £& 30CoA 23 wEE A Ay
MR wta] vteld A 44X 9 5o d4H
¥4 o He WAdE Holil 9lojA Tachikawa (19
89) e el +&o ZFE we oz 4ZHYY
Aite(1982)7h A A3 dpe} go] Ao 4 M7}
geEH1 BREAYE EAER ooz Ry By
A BAg@Yol B Hmel dojue FHe
NO:"N Ippm7¢ pH 6.5. 70 2 7544 £ & Uiz,
NO:-N 10ppm7olAe 234 A4 £ ©o] o}
F% ooz A dA4E Hol diRfoln =AY
#efo] BHHo dojye 857t St e pH
708 & 0CHA = 670 APAHM 8L B
T UNT, NO-N 20ppm o9 FE7F HE $&0]
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e ol g FA7 o daAt 2la ofre] 2
A9 wEol 32 Fx2 EHFPE 2o GopA
AolA NO:-N 10ppm o149 F=oA Bygzoz o
P8 34 BHE NS Folk FANEE FEH
EUE B At A8 € Aoz YL

a3 oAb g g4de 842 271%
4dde A2 de FAL de AR A4HUN
NO:-N IppmTolHE pH 608 AL 2 25T 30
ColMe A3 24 TEFo] Bty A %
71548 vHE 2] A EYE RN & 7
Ales NO-N Sppmrolde & 30CoHAE A9
A AgTelM 23 B3 g1y BEs &9
g % 99T, NO-N [0ppmT-olHE pHEl ZAe| 2
Aglo] & 25Ce 30ColME AY gHE 22

pAgEd ¥HE FHEL UUSH, NO-N 20

ppmT olAoAE 28o] gle 23N HHol
Yolzn A% F4oz wASHA 224 TRF
Be A% FEL Qe AFeR v As & 4
olojA AL 23pAo] THEEEA Hito] A ¥
Aol HAE FolA 47l @YY Aol F3E

Wedemeyer$t Yasutake(1978)& steelhead troutE
NO:-N 0.06ppmol A 2857t 8§ FAE BH 450
of 23t FHHET} o] FRFHIUL, 65Tl 234
W AT ¥} uFete FH0E HAHAY 2854
di dose d¥ole HEHN A A EY
ol AAY glofzict Ak

2 A9 NO-N lppmT9 pH 7094 22404
A M Ee) W) FAe 5& 25TolA Brke 30CeA
Zd7 o gtz WA o dglen HelFge 4%
z7)ole o}F% oj4oz 43A HAHAY Aol 85
olfd& digo WFAdE 4502 ¢FH 7H2
2914 NO:-N Ippm =8 AExe ofddte] Fi¥
FAFAME 1 B4 A &+ due AE ¢
# A #d(Plat 5-Q, ). 181 Wedemeyers}
Yasutake(1978) = 2 @4& HIdgt & NO-N
[0ppm ol He A8 Z7)o)E 237 Zo 427} 9
A el oo} A 2344 A M E W)z} AP
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Ao 4T ARE 23 Ao X ZE]7} dof
P sFAREE AAEUD 220 FuAMETL HA
s E U A 237 A2 e gebd deE gAY 2
A 28] HF FFo] FytEol WAl %3}
go} 7be %ol E¥d H1(Plate 7-3) 58 Al
Hol 427t vl gt AASUD 2F ol
Al 2202 olojA= HAo] WA NO-N |
ppmTol e 85 ofFol WY ZHo] FHEHA=
Aol AU ol HIged NO,-N 10ppmT o4
FLME plate 7-GF go] WAE oprin] 2o
ALEA gstgolzte S Hojv F7H Atk

W - FER1979)E obAite] #gojd] dg 54&
& 25T, pH 69~74, DO 6.0~64ppm, NO-N 1~30
ppmol A ZAHEE NO:-N 30ppmel A 9577 AVS-3}
of 4yoje] Helo] MHbYEFS 540 #Mo 2 ¥y
I, 4ZAHE FEE NO-N 30ppm, ot dabel thgh ¢
HEEE NO-N 10ppmol2ta ok

£ d7oMe NO-N Ippm+e) pH 7.0~7.54k0]¢]
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ZH 74 47171 FoH(Plate 4- @) APE 71A R
237 iz S e Aol GAET AL Y
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of g AFEE B A7 Az e GAEI Ay
NARAA 2@EAA 2349 e} HHo] 4717
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N lppmEthe & F59 Aojgi 44Ut 8
pHol #A§lol 4+ 25CS} 30T NO,-N 10ppmT-o]
Me 105:7H) AE7IFAA 872 A&EA 234
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WA 521 (Plate 3-@), NO-N 10ppmT-eA= NO

»N Sppm7oll Bl3tef 22 9] S 54s Ao §

ol HFshl F7hgom. £& 25ColA NO-N 10
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ppm79 pH 7.5404 8FARE Hojo] FaY & 0y
AZRPE A 52 ¢ E9 43E Adse A
#A7E & HAojgtn Adso YRR e YA
F4o] vy A Mo} FAQ pH 70~7.5 Atolg
NO:N SppmBLHE %3 NO~N 10ppm Hohe v
ey Aot 4zdd
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Chronic nitrite toxicity of eel

Histopathological study of chronic nitrite toxicity

on the japanese eel, Anguilla japonica

Han-Choon Yang and Seh-Kyu Chun*
Department of Aquaculture, National Fisheries University of Yeosu, Yeosu 550—749, Korea
and *Department of Fish Pathology, National Fisheries University of Pusan, Pusan 608— 737,
Korea

The research was carried out to examine the chronic toxic effects of nitrite on the Japanese eel,
Anguilla japonica by neans of histological observations. Young eel, 10.8¢9 mean body weight. were expo-
sed to 6 different concentrations of nitrite(1, 5, 10, 20, 30 and 40ppm) for 10 weeks. Each concentra-
tion was treated under 5 different levels of pH(S.5, 6.0, 6.5, 7.0 and 7.5) and each of these treatment
was tested at 2 different temperature regimes(25C and 30C). Proper concentration of nitrite was made
by NaNO: and proper pH levels were made by the combinations of 0.1IM KH,PO. and 0.IM NaHCQ..

Histopathological test of gill tissues were made along with the test of the formation of thrombocystes
and chloride cells on the gill filaments. At the lower pH levels, mucus secretion from the gill was inc-
rased as the nitrite concentration increased. As the level of nitrite increased the number of chloride
cells on the gill filament were decreased. Most of the remained chloride cells were observed only at
the terminar part of the gill filament at 40ppm of nitrite. Degeneration of gill tissues were observed
when nitrite levels were over 10ppm along with detachement and sweption of the epithelial cells of
the gill lamellae. Shrunken gill lamellae and formation of thrombosis in the capillaries of gill lamellae
were also observed. When temperature goes higher at the higher level of nitrite, necroses in the gill
lamellae was increased. At the lower than 10ppm of nitrite, degeneration of gill lamellae was occured
at the beginning of the test period but regenerated later. Negative effects of nitrite on the growth of
young eel was started between 5~10ppm at the pH level of 7.0 and 7.5. Thrombosis formation were
also started at this level. The safety concentration of nitrite at the pH levels of 7.0 and 7.5 on the small
eel seems to be 1ppm. Thrombosis and gill lamella detachment and necrosis in the gill capillaries were
not observed at this level. Chloride cells were appeared the whole part of the gill filament.



