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Chronic Toxicity of Cyanide on Survival, Feeding and Growth of
Israel Carp, Cyprinus carpio
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Chronic toxicity of cyanide on survival, feeding and growth rate were examined in the Israel carp, Cyprinus carpio under a continuous-
flow system. Survival rate of the Israel carp was significantly affected by =151 ug/ cyanide concentration, and feed efficiency and
feeding rate were also reduced above 151 g/ cyanide concentration. Growth rate of the Israel carp exposed to >73 ug/¢ cyanide
concentration were significantly decreased than that exposed to normal condition.
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AALS o] wgd wel AYGI A HAHE FiEH
& 3, 34 D dAgy HAASE FH3A gloy, o|F FF,
71ek AIVE Y3 2 =FFFAA EHe A (cya-
nide)2 39 gag shle A7l AftHe] dE A=A #
EZo|T) At tlRE AAFRFAA Atst 2F, A%s
EF 59 ddz2 4319 2 =3FY Bl 2ol A g€

Y, AEA Y d2 addie 43AYY AFE A
Fo o3 ¢33 gled, ol A FuUF F99 B3 x A
7t #FstEe] st don 43z Adi N4ydte oF Y
e 333 23T Ao (Dawson, 1977). 21X, At FEO
2 Q3 frole] Alge AFE A E 1t} (Robinson, 1983a, b;
1984a). o} 5ol thdt AjetEA ] B3 AFZE $0j9 HAoE o
Ao g 4 Buse] 9oy (Alabaster et al, 1983; Broderius et
al, 1977; Dixon and Sprague, 1981; Thomas, 1985; Tibor and
Gerard, 1982), °|& ZA3= A¢he @7k 23 FAFA
He A77 dFEELE B7jedd o #4454 B8 A8 =
g AAolth, EE, AIQFE -7 ety #AEFA RN
HAEHMEe ¢En FAH glo, F749 4R FHedMe
60~130 ug/le] =2 HEH vt 31} (Choi et al, 1988). 53],
Algko] FFo EAY Afde dutroz EAAEI] d@Ed
FAEAY g3 FHYE dF A dFS BAH}E Aol A
o] 87158t

AR o2 A¢tH L fHEH} Edle 5 B U
ofe AAAREE 4% 59 HS2A BIE F JdoH, oF
2 oY Z7EH, dF4H 2 FHud g dErFEeR
#8384 A48 7] ¢t} (Bagenal and Tesch, 1978; Busacker et
al, 1990; Larkin, 1978; LeCren, 1972; Waters, 1977).
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1. 48Xz :

olxeld <ol Cyprinus carpios 3'Y &4 FAFAAM £
uo} APAR wise] @A EE (8%, 400094 10Y
ol £AA A o, & pH R £&42e 47 201z 1T,
6.7~69, 65~68 mg/lol L, Hole ARL JoJAEE FTFI}
Act. Agol AL oj2Td Yolw A} AW FA7 Y
UA ke AF 152513258, A% 703+ 030cme] A7 A
£ AHgEd. :

2. HEFEA

AYAA = AUAT 2L LY S4EFY 4T E 497
7t B dAFA FAAF7] A3 F54%3 (continuous-flow
system) & A3t (Fig. 1. 483A 9 FHL 4+E TF
7] 98 FAE vEY ALY stock§A TH, A5
Alete] E§ 2 AtY AAFEE KA 948 FAZ HA
gon HYSFzE oA YFE (340X240X300 mm) € AHE3HS
g o AAY AdEEr GFALDHE (16 multi-channel
pump, ISMATEC, Switzerland)& AH:3te 3|49 Aty
stock £ v & 2 o FAFAL. F, A% stockd Y
£ 0347 /min, A 60m/min SE¢ T3} o3 4 2¥
FES 2. 183, EE 4¥e £2 201 1CE §AE
F Ae g4 AAH .

3. HE8Y
Aggde MstdF (Potassium cyanide)- & 23 FRTol
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Fig. 1. Schematic drawing of continuous flow system in the
experiment.

£ A stockSYE HEDL FUAJUEF S HUlstd HELY
& ZA 3 AR ARt WA £4E getsty] A% F
AL qHdPE s oA %"J’&E?l 300 pg/le ¥
B3t FFEEY 50, 25% < 150, 75 ug/d) 37N FEE A
At A8 Y AAFEY 42 FFY T A
Helo o3t FEEANA AL B3 CN"Z WA A,
o] A& pyridine-pyrazolone ol &3] A& n, 1 99 £33
24 4 AANgEL 4 AA 97147 (OECD), "= #7433
(US. EPA)Y - EAZAEES Fusted AA AT (APHA,
1985). 3459 $3L Table 13 ZoH, Q27 & AE A7}
8 F& 2 ANFE AL, APV TUY AtER
2 FAENLE 1Y 23 SAFHT. u AP S viBO R of)4}
FHET 300 pg/le T3S 75, 150 pg/le) 3 AFFR -G
Agdese AFERRY FF 1~11uyl FAY &4 FAHA
A WFEL 025~285 pg/lE Fol A9 ARE 3 ©AY A
AF=E FAFYG =8 AP/ T dRTE HER G
AT Atold] 2 8L ZAY FABIA T (Table 2).

4. ME Mol ¥ NE

AlQte) WA 23t AE, Aol B AZAEL A 59
7h71e) &A 109 o) €A AR E ASFEEE 47 2071
A £83oq 6F T 239 PEAYE A APFzd
743171 Ad ddole AR L AFE FHHUL, Yolv 4
Fzd £ dod FE ARE JAAEE 1Y 239 2
X4 ol TFAYG AtRe 4R FE A8 &9 ¥
< ¥ FEFLUA AT Foll g $& Hol§ FANA UE
FL At ol g3 ARELE AESPY AFEL 257 T
HoZ ¢FANA A¥TY AF 2 AFE FAAE (HF-3000
GD, A&D Company, Ltd,, Japan) & 23 3le] 4239,

4l 2 44 URE AL BHH 54

Table 1. The chemical properties of dilution water used in ex-

periment

Item Value
Temperature (C) 200
pH 6.89
Dissolved oxygen (mg/£) 725
NH,*-N (ug-at N/£) 0.038
NO,™-N (ug-at N/2) 0029
NO;™-N (pg-at N/£) 0.823
PO, "-P (ug-at N/£) 0.039
Hardness (mg/¢, as CaCO,) 1950

Cyanide (ug CN7/£) ND
ND, Not detected

Table 2. Water quality during cyanide experiments
Fixed cyanide concentration (ug/2)*

Tem

0 75 150 300
Temperature (C) 01025 201023 20102 20+021
pH 6831014 687£017 6851015 682+016
DO (mg/é) 6811024 680£027 6791030 631£026

00431002 00451001 00421001 00411002
00351001 0033£002 0031002 0034£001
092015 102£017 09811021 1014024 -
PO "N (ggat N/} 00631001 00651001 0062002 0068+ 001

2,
Hardness (mg/, 2754010 284£011 280015 2774012

Cyanide (g CN/0) 0 TE112 1512158 289+ 285
*Data are presented as mean * SD (n=21)

NH,*-N (gg-at N/2)
NO,™ N (ug-at N/&)
NO;™N (ug-at N/£)

5. 7od 23

A¥A3e §A3 Hele SPSS $A Z23Y (SPSS Inc)E
o] 83t ANOVA testE AAIF ¥ AHF tFH|ide JaFA
A4 (Least-significant difference test) @2 H#7e] #94 (P<
0.05)& AA3A

.

|

1. 4 &

65779 A7 B¢ ol2TgdYode HERTY AUFE 73
ug/loA X AUFEAA AAGAA7F A8 FEASA ot 100% 2]
HEEES JERRT 23U, ALFE 151 ug/loldel A AEEL
27 v gadte Z%E YA &, ALEE 151 g
/BAAE 3F, AQHEE 289 pg/lol N E 25 FREH FAEY A
At APFFA e A2 ¥ 4 152% 2L 245%7
#2389 (Fig 2).

2. 4o

Aol &S AFAA 1F FHEH 2T Hgte de Holgd
YJehz oy, Z23EE 2T AtE: 73yl e
FAE A%E e AD. 2y, AMEE 151 pglol e 3F,
289 pg/lollAe 15 F3H AYZEAA dzT7o va Fo4F
Z4E el 2 (P<0.05, Fig. 3), =%, AHEE 151 pg/lol i
oA Ao Agte] whzt A AHolgd wste dFHA
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Fig. 2. Survival rate of Israel carp exposed to different cyanide
concentrations.
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Fig. 3. Feeding rate of Israel carp exposed to different cyanide
concenirations. Vertical bars indicate standard devia-
tions : *significant difference between control and cya-
nide exposure group (P<0.05).
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ALRE &S AMER 73 pg/lolM 659 AYFRAMA xTF
& FAE ZFS JEAT 28U, ALFER 151 pg/lo) oAl
qzyel v God izt AAHAAUR (P<005), HAHTL 2
F F5" 4832474 JdEst (Fig 4. 28, 43474
g 3% ARESY e BFHA g

3.4

AREL 23 Foz AF ¥ AL 34 AFq 71
22 g, AFEL AAFE 73 g/l 4F0A dzT9
A F7hE JEndey 6F Fde #9384 #AFAL,
ASHEE 151 ug/l ol 3ol e 23 F¥E Y AVHE 53 o
ZFo HF Fo@ #AE JeEgd (P<005). BF, 4FFEA
g AREL Y27 428% A8 AQEE 73, 151 2 289 pg/l
x4z 302 169, 90%2 ¥A JEd (Fig 35). 4%
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Fig. 4. Feeding efficiency of Israel carp exposed to different

cyanide concentrations. Vertical bars indicate standard
deviations : *significant difference between control and
cyanide exposure group (P<0.05).

Growth rate (%)

‘Weeks

Growth rate of Israel carp exposed to different cyanide
concentrations, Vertical bars indicate standard devia-
tions : *significant difference between confrol and cya-
nide exposure group (P<0.05).

Fig. 5.

A5o) G AFe FAMER JEhd 99 ARAES ALER
73 pg/lol M 4F N AE 279 FAE g JEAoY, 65
Folle f4E A2E BAT, AMEE 151, 289 pg/loll e 2%
FEH 283NN AT N8 98 227 AFHAG
(P<005). &, A¥FEAY Y4B &L 2T 169% B3
AREER 73, 151 E 289 pg/loll A 42 97, 50, 32% 2 AUdFE
7t 27 A #Ahde 3%E vgRd (Fig 6).
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Fig. 6. Specific growth rate of Israel carp exposed to different

cyanide concentrations. Vertical bars indicate standard
deviations : *significant difference between control and
cyanide exposure group (P<0.05).

st 33 54 vehd A FF5A 53 EAAEHY) QE
of @ ol AHIFE 9 A AE, FELATLR 3 S B
Aot AL did3] o, wfA ofFol djFt Ate =A4EF
g #AgsaA & A FASAH By ohl S 9] A
Nz Af9EE foste Aol a7dT

6F B A% A H 23] =FA ] o] AEdYol 4
&L NNEE 151 g/l e 3F, 289 pg/lol e 25 FRE
A87) AFse] AREIANE 2T vis) 4 152, 245
%7t Fagh oo A&d nAe AUE4d ddMe
2o dyunzt it F, 2808 & AAFER 20.5 pg/loldA A
bluegille] HE&E 10% ool FA3HUL (Gary et al,1978),
Folv 1480 pug/lel F=OlA 49 F 20%0)%0 #EIHAY
(Thomas, 1985). =3}, fathead minnowo] $1o] A1¢kel AAMEHA
£ 120 g/l F =T (Lind'et af, 1977). 0] 9} o] o}§ 9] AZd
ol Algte] E45F Aol7t AdoldAl Ueve Ae 48z
A, 49589 447, 2 o5 Hg Wi Aol 5 7108
2333 A5, o)L Jole SR 151 yglol o] &
e FYdMes 25 Y29 FHY YT va Aoz
Alg o], B3 of 33 FEEH 1 9L Fvld Aoz A€
=3

o] gld ¢Jofe] Aol & AtEE 151 yg/lAAE 357, 289
pg/lAM = 13 F2E 4B ERAA 274 =8 Fo8 2
A28 Jehgth B8 AEAESE AUFE15] ug/lol el A
fo8 a7 ARHAG. FAFEY Aol g Inyoz §
HEA F5 L F3WEE Fof dxP o FhIe BFE
vetdth (Pal and Konar, 1985). 1§94 4ol g nXe &
o e FLFEIN} ¥4 E T4, £3 pHY HEFAN w
gt AolatA Uehdoh (Kaviraj, 1983; Lacroix et al., 1985). ©]
9o & Ft=F (Peterson et al, 1983) B FHA4Y L& o7
Aolo] of 932 u AT} (Sarkar and Konar, 1984), elA, o)
2gtdYolg 4ol g HAw ALY EAHZE 4§ Aoz A}

299, ZAA7E AYEE 151 pg/lol A 3F FHEHD 47
"o 283 ANFET} £&4E Holgd nXe 9F A7le
d2d Aoz AEA AJRERS Ho) &9 AFH Uz &
An e ALE Hol AARAEY ZLE Holge #id
71 g daen A4,

Ao 2 o}F 9 AR} BHE LAEL 7Y WAARE
AR =d F43A ASdd A3L AEA Y ZE 48
H 9EE vepiin, 28 T43 2B LY 71dE 2359 9
&g wgds] g Eott (Larkin, 1978; LeCren, 1972; Waters,
1977). @A, AA A4 (growth indices)= JF4A T ¥ 01F 9
2EH A Hrld $4571% ¥} (Barron and Adelman, 1984;
McLeay et al., 1987). )

olxgtdgole A P YUANFEL AIUFTE T3 pg/loME
AYZ A, NAETE 151 yg/l o} BN e 25 FHE 4 AV
e B3 F9 F4E JeEd

dNHoz FAFE AL FIAED, FAYH T wet
A Age] o) Fo)AA k& Ao] IWHFHY Aol BE
o AFE A, FFAE A7 4FE 24719 Mani
and Konar, 1985, 1986; Pal and Konar, 1985), #2429 A%
ol#9 A4%3& AHMANNTR 39 (Rowchai et al, 1986). Tzt
A, o)Azt 9Jolo] AAE ZAE Alote EAFE A3 AL
E ARHY, o] 2P Aold € AEAEEY ZFidAE 2 Y
AL #2 £ 9ok a2, AtsE 73 gyl BN HFEL
F9% #AE el od, Yol & AR EE FAF 220t
AAEA gsic). o] 22 Ae Ho] 2 AEEEY AT}
e ARAEE wgdte AL ohlsE . waA o
o} g2 dae o2ty Yolg A% #AUE o7A HyFH
el NgEgel FLRSE Ror FHE

A719] Aol =& FHEYU, Agt] i o]2gddolE
N5 E 73 ug/l o) 3ol e 28] AegAEd o HHZE
9L Ba Y ASE AgHM, 53] 151 yg/lol¥e] w=d
Ae Ao 95e ud Aoz AL Eh gatA, S8 el
Folvt 34 Foll 73 pg/lo]}e) ALFET EAY B, ol&
g ool AAast AT, 53 349 d¥ F94M 3
29 60~130 pg/l9 FE (Choi et al, 1988)€ ol&gddolE
H 28 FAEEY A2 g 49%E 13 A2z AR
"o, :

(@) Of
R4 =

AQre) wHAH A o2t oo HE, Ao ¥ AR
e SA9YS gody] st AN s 63 T
A& AAE _ '

Agte B H 2 xEAY ol2edYgold HEEL A
s T 151 pg/lol Aol M frodt #AE YEAL, 4HFEA
AQHEE 151, 289 ug/lol A 2ol wls) 2z} 152, 245% 7} &
A3

Mol &2 AEE 151 pg/lAAE 3F, 289 ug/llAE 15



AQE

FTHH A¥FEAA, AREEL ALFE 151 pg/lolFolA 25
T8 483 8A7A dz7d vE o Fart QFE AT

A%E R 9T EL ALEE TIpglolN 63 Foll, A
TE 151 pg/lol 3N e 25 78 A9 FEAMA f98 #
&8 Yed

Z 1

Ho
ok

Alabaster, J.S., D.G.Shurben and M.JMallett. 1983. The acute lethal
toxicity of mixtures of cyanide and ammonia to smolts of sal-
mon, Salmo salar L. at low concentrations of dissolved oxygen.
JFish Biol, 22(2), 215~222.

APHA (American Public Health Association), American Water Wo-
rks and Water Pollution Control Pederation, 1985. Standard me-
thods for the examination of water and wastewater. 16th ed. Wa-
shington, D. C. pp. 327~351.

Bagenal, T.B. and F.W. Tesch. 1978. Age and growth. In Methods for
Assessment of Fish Production in Freshwater (Bagenal, T. B,
ed.), 1011~1036.

Oxford: Blackwell Scientific Publications. Barron, M.G. and LR. Ade-
Iman, 1984. Nucleic acid, protein content, and growth of larval
fish sublethally exposed to various toxicants. Can. J. Fish. Aquat.
Sci., 41 (1), 141~150.

Broderius, SJ., L.L. SmithJr. and D.T. Lind. 1977. Relative toxicity of
free cyanide and dissolved sulfide forms to the fathead minnow
(Pimephales promelas). J. Fish. Res. Board Can., 34 (12), 2323~
2332.

Busacker, G. P., LR Adelman and EM.Goolish.1990. Growth. In Me-
thods for Fish Biology. Bethesda, Maryland : American Fisheries
Society Choi, 8.5, HM. Oh, MK Kang, T.R. Cho, K.S. Lee, J.G.
Lyu and T.H. Rhee. 1988. A study on the water pollution of
Geum river system. Res. Rep. Env. Sci. Tech. Chungnam Univ,,
6(1), 1~16.

Dawson, S. A. R 1977. Collected in the Philippines. Mar. Aquar. 7
(10), 5~14.

Dixon, D. G. and J. B. Sprague. 1981. Acclimation-induced changes
in toxicity of arsenic and cyanide to rainbow trout, Salmo gaird-
neri Richardson. J. Fish. Biol, 18, 579~589.

Gary, L. K, Lloyd, L. and S. J. Broderius. 1978. Chronic toxicity of
hydrogen cyanide to the bluegill. Trans. Am. Fish. Soc., 107 (2),
341~345.

Kaviraj, A. 1983. Effects of mercury on the behavior, survival, growth
and reproduction of fish and on aquatic ecosystem. Environ.-
Ecol,, 1(1), 4~9.

Lacroix, G.L., DJ. Gordon and DJ. Johnston. 1985. Effects of low
environmental pH on the survival, growth, and ionic composi-
tion of postemergent Atlantic salmon (Salmo salar). Can. J. Fish,

BER 265

Aquat. Sci,, 42 (4), 768~775.

Larkin, P.A. 1978. Fisheries management: an essay for ecologists.
Annual Review of Ecology and Systematics 9, 57~73.

LeCren, ED. 1972. Fish production in freshwater. In Conservation
and Productivity of Natural Water (Edwards, R. W. and Garod,
D. J, eds), 115~133.

London: Academic press. Lind, D. T., Smith, L. L. Jr. and S. J. Bro-
derius. 1977. Chronic effects of hydrogen cyanide on the fathesd
minnow. J. Wat. Poll. Cont. Feder., 49, 262~268.

Mani,V.G.T. and S.K. Konar. 1985. Chronic effects of malathion of
feeding behavior, survival, growth and reproduction of fish. En-
viron.-Ecol,, 3 (3), 348~350.

Mani,V.G.T. and S.K. Konar. 1986. Chronic effects of the insecticide
coroban on behavior, survival, growth and reproduction of fish.
Environ.-Ecol,, 4(4), 517~520.

McLeay, D.J, LK Birtwell, G.F. Hartman and G.L. Ennis. 1987. Res-
ponses of Arctic grayling (Thymallus arcticus) to acute and pro-
longed exposure to Yukon placer mining sediment. Can. J. Fish.
Aquat. Sci. 44 (3), 658~673,

Pal, AK and SK. Konar. 1985. Chronic effects of the organophos-
phorus insecticide DDVP on feeding, survival, growth and repro-
duction of fish. Environ.-Ecol,, 3 (3), 398~402.

Peterson, RH. J.L. Metcalfe and S. Ray. 1983. Effects of cadmium on
yolk utilization, growth, and survival of Atlantic salmon alevins
and newly feeding fry. ArchEnviron.Contam Toxicol, 12(1),
371~44.

Robinson, S. 1983a, Collecting tropical marines - Journey to the Phi-
lippones. Freshwat. Mar. Aquar., 6 (7), 14~84.

Robinson,S. 1983b, Collecting tropical marines - Do you believe in
magic? Freshwat. Mar. Aquar, 6(9), 12~88.

Robinson, S. 1984a, Collecting tropical marines - Living, working and
winning at the village level. Freshwat. Mar. Aquar,, 7 (10), 72~
71.

Rowchai, S. K. Chiba and R.Hirano. 1986. Influence of dissolved ox-
ygen on growth of young eel. Bull. Jap.Soc. Sci. Fish. Nissuishi.
52(4), 597~607.

Sarkar,S.K. and SKKonar. 1984. Influence of single superphosphate
-on 'the feeding, survival growth and reproduction of fish. Envi-
ron. -Ecol,, 2 (2), 127~130.

Thomas, A-H. 1985. Acute toxicity of thiocyanate to trout. Tran. Am.
Fish. Soc. 114, 895~905.

Tibor, T.G. and L. Gerard. 1982. Acute toxicity of cyanide to rainbow
trout (Salmo gairdneri) acclimated at different temperature. Can,
J. Fish. Aquat. Sci,, 39, 1426~ 1429.

Waters, T.F.1977. Secondary production in inland waters. Advances in
Ecological Research. 10, 91~164.

1999 14 28¢ A+
19993 49 209 ¢



