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The carp (Cyprinzs cerpio) used in the experiment were hatched in the spring this year and reared
to 5.96 g (4.84~6.55 g) in mean weight in a nursery pond at Daeyon fish farm, Pusan, Korea. The
sample fish were exposed to different conditions of total ammonia (TA-N) concentrations 10, 20 and
30 ppm and pH 6.5, 7.0, 7.5 and 8.0 at water temperatures 20,25 and 30°C for 24, 48 and 72 hours,
After the procedure, the gill, liver and kidney of the fish were examined histopathologically.

In this experiment, with the rise of water temperature, increase of pH and ammonia concentration,
and the extension of exposure time the three organs showed the tendency of apparent abnormal
changes such as hypertrophy and necrosis in their tissues. At 20°C of water temperature gill tissue
did not show any abnormality regardless of the change of pH at 10 ppm of ammonia concentration for
24 hours of exposure, but beyond the conditions given above, there occurred hypertrophy and . the
epithelium of gill lamellae was detached.

The detach of gill Jamellae epithelium initiated from the proximal part of the gill lamellae then
gradually spread toward the uppermost tip.

The heavier vacuolation of the liver was observed with the rise of water temperature and pH, and
such morbid state in the liver was considered to be the result of edema in the liver tissue. The
kidney showed no damage to the renal tubule epithelium at pH 6.5,but it was damaged at pH 8.0
when exposed to 30 ppm ammonia at 20°C for 24 hours.
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X el el m ionfhd A& &SI pH ok Kol
Eeh ionfk B4 2 ion ghEv ok RE wehA
#msteb(Trussel, 1972; Dower & Bidwell, 1978;
Tomasso %, 1980; Yamagata ¢} Niwa, 1982). £
ol =gt ohma]of Fike EEESA FiEs L o
ot EbEEfEd 3 B cutthroat trout
Salmo clarki (Thurston 3} Russo, 1978),

trout Salmo gairdneri (Burkhalter ¢} Kaya,

rainbow

1977;
Hillaby ¢} Randll, 1979; Soderberg 4%, 1983; Thu-
1981; Thurstor 8+ Russo, 1983), eel
Anguilla jepomica (Yamagata ¢} Niwa, 1982), fa-

rston 4§,

thead minnow Pimephales promelus (Thurston &5,
1983) W channel catfish Ictalurus punctatus (Colt
9} Tchobanoglous, 1976; Knepp ¢} Ankin, 1973)9¢)
ot WA e gla, Thurston % (1984)-2 -3 A
ol BHEQl Hike] Bl A B} gleh. Smart
(1976), Thurstonz} Russo (1978)= MEZ g=
Yolel JEIERREE RIMAA olztnl s} Figel 1
B BTHEES A #EP S Yamagata oF
Niwa (1982), Colt ¢} Tchobanoglous (1978) U Holt
o} Arnold (1983) & FEFES Bl A #ER
oh olg} o] FEEC Pl dERV o HEMEE
—fmes Ve @3 KES= BES B
wel £4 daoe AL A ox FHEgelvh =g
Yamagata ¢} Niwa (1982)+& w Aolel] o gk ok 2] o}
2 2 EEEERBAA @FKPA dERVolst
wingozA Aot dolvin R EEE
WAl ®ebe AS HAREENe R FaAA #@E
ek
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aral 7] Sl A R el Ffkel MEARY &|E, pH,
R of B o B whel of ol (Cyprinus ca-
rpio)e] w2l EEE HRFEEBN R Bt

Mk 8 Hk

i dolE il AMBRBAA BEAR FE
BB 5.96 2 (4.84~6.55 2)]l BLELE Fefiol T HE
At 101(30 x 15 x 15 cm)To] 4faKifel 3Rk 9!
Z Ak BKkE BRKEEMAR HNdA ER
HAEZ 21 9% HTKRZ Kiel = 245 5
3 HAstY BEs 5~6ppm o2 HEEA Foh
#RAE FHRBAE 36 BT B8 AR K
ol HE 1084 & Kastz S Bk &
B A il ARM Rd S dol T

B ot =

FRV ol MEE HEisle HEL
ChHE EAF .

WER S KB 20, 25 & 30°C ¢ pH 6.5, 7.0,
7.5 % 8.08 A RV HWES &K 10,
20 & 30ppm o2 M= A] 24, 48 B 72R:fEV)
o 1 HBE KifdAd 3B4 & REAA #Fistz
ot7bnl, B & WS YIEste] Bouin Hel EEH <

pH 9] FAEL 0.01 M A 19 A25-(KH.PO )3} 0.01
M FetAbh} E 5 (NaHCO:) & BE W2 #HHAL &
ot WES pHE —aldl #Fslyl B4 24
Brpgeheh ksl Foled #kE 29 B R
24BE AT BE WS wlE T pH & FISl] 24K
Fol KEE REAZI A0A ERE BEAGY B
#7} 5~6ppm o 2 = slglon HWRBRAE &
Astrl Eiel e RVl BWE & KM
2 Fmsle gtE el BEE BEfFsgch XilEE
m#aRel BEHRMRT HHN —msl ERAZ
), pHY JEe BH pH meter(model HM -5 A)
2 3 kife ABEEHE WElon o
o} Mt NesslerifzgErko g ¢ t}. Bouin il
BEAI 2 e ikl wel 4um 2] paraffin g1
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M BZE o
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otz ol HEE, pH 9 Kt %9 & HRETAA <
ARAM(THEE 5.960F A5 T S & f@FEsHH
A} 24, 48 9 728Rbel ofsbe], BF R BRE B
sle] MRVREEM o R HWEY KE(Table 1,2,3),
ol7tel, B 2 Bhie] lebhd MEELe A= BE
o A1} pH &} Kifie]l w3 gh®ulof WA} B
whel = bR ot BHEl Aol wel Mk
o Bl HEr wmste il FHekg .

o}7}=] (Table 1)& A 20°C off ot ®y]o} 10 ppm
BEY 4Rl BHEA AR EFMMG] 233 2
B4t BREA A+ Mol REEAS A Fig. 1-
b). pH 7.5 & 8.00] 48] ¢okxtvjol 30ppm EERE
AL BHEMV Killel FANl MERREY
S ASHAl JEbeh Kl 25°CelA e pH7.5
o] 48 o 7opk] MEEA A £4 HEREST 24
3 30°Cel e & HBEAA MY HRSES
PRtk o= pHS.09] 728 BHEC A+ HIEY
Byl $=d3 9(Fig. 1-0). zela olrbel kel
obmuf ol Bk A Ed £+ v MRS 7 o
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Fig. 1 Photomicrograph illustrating the change of the gill of common carp (%200, H~E stain).

a. Normal gill tissues of common carp (control)

b. Hypertrophy of the epithelium of gill lamellae when cxposed to 10 ppm TA-N for 48 hours at
20°C and pH 7.5

¢. Edematous detach of the epithelium of the gill lamellae initiating from the proximal part of the
lamellae, when exposed to 30 ppm TA-N for 48 hours at 20°C and pH 7.0

d. Edematous detach of the epithelium which has spread toward the uppermost tip of the gill lame-
llae, when expased to 30 ppm TA- N for 24 hours at 30°C and pH 8.0

e. Most epithelium cells detached and some already disappeared, when exposed to 20 ppm TA-N for
72 hours at 25°C and pH 7.5

f. Gill lamellae heavily damaged, when exposed to 30 pfm TA-N for 72 hours at 30°C and pH 8.9

— 251 ~—



Fig. 2. Photomicrograph illustrating the change of the liver of the common carp (x200, H—E stain)
a. Normal liver tissues of common carp (control)
u. Edematous tissues, when exposed to 20 ppm TA-N for 48 hours at 25°C and pH 7.0
¢. Increase of vacuolation, when exposed to 30 ppm TA-N for 48 hours at 25°C and pH 8.0
d. Necrotic tissues, when exposed to 30 ppm TA-N for 72 hours at 30°C and pH 8.0

Fig. 3. Photomicrograph illustrating the change of the kidney of common carp (%200, H-E stain)

a. Normal kidney tissues of common carp (control)
b. Degenerated hyaline droplet of renal tubules, when exposed to 20 ppm TA-N for 72 hours at 20°C

and pH 7.5

¢. Mild damage of renal tubule cells, when exposed to 30 ppm TA-N for 24 hours at 20°C and pH
8.0

d. Severe damage of renal tubule cells, when exposed to 30 ppm TA-N for 48 hours at 30°C and pH
8.0
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Table 1. Influence of water temperature and pH on the acute toxicity of total ammonia
(TA-N) to the gill of common carp

Temperature (°C) 20

25

30

Exposure (hrs)

24 48 72

24 48 72

24 48 72

TA-N (ppm) 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30
pH 6.5 o+ WA H
At R I R T L o S R T L
7.5~ A+ A A OO R
8.0 — R H o W+ O H O
— : no change, + : mild hypertrophy, 4 : slight detach of epithelium of gill lamellae,

4 : severe detach of epithelium of gill lamellae,

QO : severely damaged epithelium of gill lamellae

Table 2. Influence of water temperature and pH on the acute toxicity of total ammonia
(TA-N) to the liver of common carp

Temperature (°C) 20

25

30

Exposure (hrs)

24 48 72

24 48 72

24 48 72

TA-N (ppm) 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30
pH 6.5 - - -+ + F+ + ++ - = = - = # -+ # o+ HH o+ HH
720 - = = - - - + 4+ H - - H -+ HH M H H
7.5 = - = - = ~ = H# - HH A H A
8.0 — ~— o+ o+ o+ H R B R O
— :1no change, + : mild edematous, + : slight vacuolation, 4 : severe vacuolation,

QO 1 necrotic tissues

Table 3. Influence of water temperature and pH on the acute toxicity of total ammonia
(TA-N) to the kidney of common carp

Temperature (°C) 20 25 30

Exposure (hrs) 24 48 72 24 48 72 24 48 72

TA-N (ppm) 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30

pH 6.5 - =+ =+ + + +H -+ H-HH+FHH F+HFHHHHH
7.0 + 4+ + + +H +HH +HHFHHFHMH -+ HHFHO
7.5 -+ 4+ 4+ ++ +HO HHHHOOHOO ++++HH OO0
8.0 -~ HO0O+HOHOO H#HOHOOHOO #HHOOOOOOO

— : no change, + : mild swelling, + : slight hyaline droplet, {{ : severe hyaline droplet,

(O : damage of epithelium of renal tubules

BiRFl 2 Belglu, MRS RESEEE WAL

25°C 9] 24p5HG BHES shEob 10ppm BRERE

AE AY E#HE MRt ey o DLk HRE
A BEEXR =9 St a9 KiE
30°C¢] pH 7.5 9 8.0 FIBREJAx £ HHEY
Frafihe] Zehagdtte]l veltz pH 8.0 HBRE= 22
Fagdiko] BUESl A T HHEE o] EAARE el

PEEES) BB ARk YEbtn(Fig. 1-¢), Wl
o Weh BEIES) Lol A BESEA HEHQ
ZHek(Fig. 1-d).

FF(Table 2)& i 20°Co] 4] 24R%M @A A
o A Ewolgln K 20°C o] 48RM BMESH
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wol(Fig. 2-d). z2la A #be Bl &
f(Fig. 2-b) o] r=ujol PWES Wimel BIUEFHE
o] ZoiAe] wiz} Ziafkr} #AH g (Fig. 2-0).

g (Table 3)-2 kil 20°C ol A pH6.52] 24
BHES otz e} 10 ppm BERA AL T MRk
Qoo KA pHoF gotdd wel MRE LEM
Bt ARSI o)A MRENRA  K&EAT 47
o, o #ENA WRE B FREEER Aol
A= el 473 MRFEHET Bas EilA
SEES cH(Fig. 3-b). MRE LEMiEY B pH
6.561 % & HBREANA el gk pH 8.00]
AE Kt 20°C 9] 30 pom JBEES 24850 BRIBA]
2 AdA R LEMEY gt 4o gaFig.
3-¢) K& 25°C o} 30°Cel Al BHREM BEHRS
o] Eigs] ol A (Fig. 3-d).

X Fiit KREY o=t #EMe @BEHU &
¥ obvbvl, F 9 BREESC #dE HREE
B BEE FED Aol oleld g otd] Bk
#HEE o2 PiREd JAME BT FEER
t}(Kubota 2, 1982: e} 7. 1979: Yamagata
9} Niwa, 1982: Thurston 3} Russo, 1978, Thurston
& 1984: Wedemeyer 8} Yasutake, 1978). oJoji=
Bgel gl HmHohe] wiAeldl EXGA Asi
AL A& A Qo gR ot it Tla i
FEE A3 ool Fe fathead minnow & 96 hr—
TLm 2 34~108 mg/! NH;-N (Thurston 3} Russo,
1983), channel catfish 2] 24 hr ~TLn -& pH7. 051 A
X 263+11.3, pH8.0s] 4= 38.8%1.8mg/l NH3N
(Tomasso %%, 1980) 24} &K Fgee] 228l =]}
BX oS BIFBE Hhsld T ofF wokm 72RH
Fob EoF WAkl BHIAA 9 deiREf
9 FEhHL 8 Eoon HEY BREAE P9k

ob7}ul S AKi 20°C 8] pH7.0 o]4r8] <rmy]
o} 10 ppm JBER A 24558 BHEAZL Ad At E
B o E & F Uy HE HREAAE
REBAHES) 4717 efa o BEA ARA
o] wel R St delz & AlslA
AL MEEREY O dolve A 2 gek(Fig.
1-d,e). o}slvle] BEMAE A5l go=AE £
FERp SEE deld AL AN HEMAARE
2 4 Jdgx KB, pH, FEUHEE o] Foix
o = of HERAKS BREAYIE Rl Aol

H o *E

whe} RESHEECL MRS il 712 RS
AS BEYE 4 glgdr}h. Thurston 3 Russo(1978)-2
cutthroat trout & 21.4 mg/! NH;.N(0. 34 mg/l NHs)
BEAA 20HE<G @EsI e olrtn) #iEs #2
BoeNe SEsldx BiEe] 431tz 3. Thur-
ston (19842 ofr}ule] BEEsL A7 #E, MEE
£ BEAA Bl BET B4 = WEBER
Fefigell A=l7l FA == #s) bSO A R o}
BE EMED MENE oK @ Altha
ok A e 88 EEHA Ak Jehd
A e RESEREZNC 2T MBS #R
A Aolx BMRMERRE) BUIo=d REREE
Hol & Zolztx Hw=rh

Fraf-e AKift 30°C &) pHB8.0 HEREN A= 22
Btke] WAlsta, ohEuiol 30 ppm WA 72 B
M BIAIL A& BE #lel 4zx o, K=
pH 7} Yo} d] wle} Mg Bkt E 590 Wk
o} BP9 Kl 24~27°C o A 9 4o} Z 370~
490 mg/l NO,-N JREre] 4810 B4l A 23 A &
o] MiRsl = A & WY 1 Yamagata 9} Niwa (1982)
L kB 25°C 9] pH7.08 A 9 o] S 80 mg/l NHse N
ol 96RFH ERHAIZ Kl A g7t Axletz 3
ok K EERAA A7 2Re BEEAS FER)
KEEE 024 MigAold 4ol gy el &
REARl ol 29 BREST vebd Aolelm e ch

PH 7.0 o]4el Al pH 7 obdel =g} NH3N
o] #FH¥eo] el =] i (Amend £, 1982: Yamagata &}
Niwa, 1982), Thurston 3} Russo (1983)= FR A<
o & tjAte 2 g NH3-N 9] 95 hr-TLn gl A, 1%
Kol A 2ok Bkl A gtmu o} Fko] A=
3 B K HHAAE A @ESAl R ot
Atk KET A oirtvlet el sy 2 #
3 HHS Rk BES pHit FeobAAMV, =
EARAA 2o} BREAA BEEXS MRE
R Fo=eAA @EA=ET MRELEmE
Bt AW A& & F ddEh

3 #

orm1] o} JBEE 10, 20 % 30 ppm, pH 6.5, 7.0 2
8.09 AT AA KB 20, 25 & 30°C=2 &% #
Bala oo BELMER (FHHEE 5.96)%5 24, 48
o 72800 BHAA obstul, IF 2 BRY MHEEE
2l BRE At

1. o}7tvl, FF 2 BHS ER#Ets pH B XK
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o] ¥ ofiuel EEY M= 3, IR0l A
Ho) =izl fAkkel BWIEAV BEAL BAsHE |
o] gl =k

2. ob7bu]= ZKilk 20°C oA pH 7.00]4k9] oFxy]
o} 30 ppim JARLIE AN A] 24FF[0 BBIATA A A= 4R
IR P ATRECY A717] Y=, pH 7.5 2 8.0
o Az R o} 30 ppm PUEES TR BHAIRA
AL Kol BifRglol MERKY HEET Ad3c

3. BUELIEY M FREEY REIRelA e #
TR Wrla A wel 58] iR b4 #%
A= Gk

4. BF-& i 20°Cel 4] pH 8.0, ov®1]oHfifE 30
ppm Bl ASRET] BEMELC) Al RS ZERast vehdo
aiEglan, 7738 ZEle g A7 KiEthy
fEmels 2o

5. WFUIE pH 6560 A1 MR LMY BiEe
sz, pH 8.0s4& ik 20°C, otX]e} 30 ppm
BRI A 24B5RE IBHA1ZL AAAE RIRE L EM
o BAE el R

X B
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