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B AT BE Takifugu obscurus®) ARO1E o] g3led 27] digdx] HE5o BAEE YEAFL T ¥
7FetaL, MeF ASTRIE TR E MXE 9 2 Hi) 58 FEskey 71249 AER AFsas 53
HAth FAASA WEELE ATl g8 FaE A& 5, 10, 15 mm)dt AL Xe(dF 30,
45 mm)E WFLZ HAEATE 19969 98] A3 A& Fuu] 0%~ 16%H A2 APTE 4% & 4
d& AABAAL, AHAZ Spearman-karber MethodE o123 WAARSE(LCs)E 7814t ARE 53A 2] 24hr-
LCw2 FAEF FE 3.03~8.57%, 48hr-1.Cse® 2.73~621%, T2hr-LCse& 2.45~5.53%, 96hr-LCsxp 238~
4.93%2 JEPsith 3, 96hr-LC 0.69~1.51%% Vet 3% #3 43, 355 doMe 2EF =
0.5%% 1Akl A gako] LEIGEHP «0.05). A& 5mme| Ao @A77 58 LGy BYon, A4 oF
15 mm7HAE 440 AEE Bolth 15 mmol oM FE Aol wel LCsxel Z7H8Iith. AlZke] wsll] wet
LCs> Zastlen, Zradd2 43¢ met 24 Jeisith oo ZAxzNE, 89 zpx|ofo] glojr A
2T FE 3%°10lA] 24417 W, 2%0)delM = 96A17F ol 50%2] AMEES Bo] XJAke] Jko] Y, 3
5 TE 0.5%9 1%AelolA ofae] AeFel J3e mXE Ao Agdh

Toxic effect of landfill leachate on the larvae and juvenile stage of the river puffer fish, Takifugu obscurus, were
investigated in order to assess severity of environmental impact of leachate effluent on the general population of
estuarine fishes. A short-term toxic experiment was designed to test both laboratory hatched larvae and juveniles
(5, 10 and 15 mm in length) and in-situ juveniles (30 and 45 mm in length) using the leachate concentrations
between 0 and 16%. Lethal concentrations of 50% mortality (I.Csp) were observed using Spearman-karber
Method. 24hr-L.Cso appeared at the leachate concentrations ranging from 3.03 to 8.57%, 48hr-LCs, at 2.73 to
6.21%, 72hr-LCso at 2.45 to 5.53%, and 96hr-LCsy at 2.38 to 4.93%, respectively. Leachate concentrations
between 0.69 and 1.51% induced 96hr-L.C,. Respiratory frequency was significantly affected even at low leachate
concentrations between 0.5 and 1.0% (P < 0.05). These results suggest that the leachate effluents may cause a
harmful impact on the physiology of river puffer fish, especially for younger cohorts.
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Fig. 1. A map showing the study area.
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Table 1. Experimental conditions for the assessment on acute effects of the treated landfill leachate

Experimental water

Initial size

Experiment Individual

Number Number T DO ol S Ave. TL.(mm)" Ave. W.W.(mg)?
G (mg/l) (psw) (Mean+S.D.)

Exp. I EN) 207-208  66-69 7.6-82 11.8—12.8 4402 1.0

Exp. II 20 22.7-23.4 6.2-6.7 25.0-26.0 11.9£0.9 242+ 6.5

Exp. III 20 23.0—23.5 6.5-6.6 8.28—8.36 25.0-26.5 15.8+0.8 88.4x15.7

Exp. IV 15 22.7~235" 75-77 8.29-8.92 29.2-30.0 326234 5842175

Exp. V 15 19.9-20.7 7.8-8.1 30.0~30.9 44.3+3.6 1,309+341

*!: Average total length (mm)
% Average wet weight (mg)

33, £33 E DO meter(YSDE ©183819] 19 13, Fiole
FZA 9= pH/ION meter(DMS, DP-880M)Z °]&-3l] 29 1|
3] 24siact. A1 B 2L 20~23.5°CoIY AL, B
AT 62~8.1mg/l, FACIEEE 7.6~89 WAL

HWAARES (L) APHE AHEE Z4E  Spearman-Karber
MethodZ ©l€-8led &t 2t d8Y H&F wxo ©e &
Fre] dshs #Fo] gold AA 30~45mmel Exp. Iveh
Exp. VellAl 33192 ANOVA test A4S At}
T3 F9%H 4 7YY 59 dsustes AFEA.

2 3
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48 | 7koldloll 70%2] AFE-S B, Exp. HI-IVEA 15~
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AFie A4 FARAZ gle Ao ekt

leNPN -1

7} 32718 HRAARSE(LCs)S Table 300, 2 H3lYAS Fig.
29} Fig. 30l ZHz} JJERASITE LCsol #3lepte A7k 7))
e} hadhe ARS BT, Aol F/1EeE A7t uwheh
ntstA PHashe %S EATHFig 2). E3 oF 7247} o]
oA W&ol A&EE LCwd XE A2 Halsh vehk=
e Bk 7P Ae AR Exp. 19 AS, 24A1Z)E
8.57%2] LCsy& HA2 96AZ = 4.93%2] LCw& WeR
oF 42%°) &S Bow, /Mg 2 WAL Exp. VellME 24
AZbelE 5.37%2] LCo& BAT 96rMZIE 4.72%9 LCwg
el oF 12%9] Ak B

l=Ee KB

G718 LG ot ApofaAlgl Exp. Ioﬂ}ﬂ 24hr-L.C500]
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duct g4 veldtFg 3). A °F 15mmsl Exp. HI7HEA
= AR el Lol Fadhe A4S Biow, A oF
30 mme! Exp. IVO]FREE A%l we} LCxo) WA F7hske
Aee Bk F=gh, A4 oF 10mme! Exp. ¢ 15 mm$l
Exp. It odA LCs® Bad2 487 vebstew
% TAZREE Sk g B

Probit methodo} 2J8] A4}zl T2he-LC2 1.21~1.70%,
96hr-LC 2 0.69~0.99%2] VAR Ve THTable 3).
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Table 2. Mortality at different elapsed time exposed to the treated landfill leachate of each experiment

Experiment Concentration

1\Il)umber (BVIV) N 12h 24h 36h 48h 60h 72h 84h 96h

Exp. 1 0 30 0%
1 30 0% 3%
2 30 0% 3% 3% 7%
4 30 0% 3% 3% 7% 7% 10%
8 30 0% 40% 80% 87% 93% 93% 100%
16 30 77% 100%

Exp. I 0 20 0%
1 20 0% 5% 10%
2 20 0% 5% 5% 5% 5% 15% 35%
4 20 5% 20% 55% 70% 80% 90% 100%
8 20 90% 100%
16 20 100%

Exp. III 0 20 0%
1 20 0%
2 20 5% 5% 5% 5% 5% 5% 5% 5%
4 20 50% 70% 100%
8 20 100%
16 20 100%

Exp. IV 0 15 0%
1 15 0%
2 15 0%
3 15 0% 7% 27% 53% 87% 100%
4 15 7% 73% 87% 100%
8 15 100%

Exp. V 0 15 0%
1 15 0%
2 15 0%
4 15 0% 0% 0% 7%
6 15 27% 73% 93% 100%
8 15 100%

Table 3. LCs, and LC, with 95% confidence limits at different elapsed time of larval river puffer exposed to the treated landfill leachate

(Concentration Unit: % V/V)

Experiment
Number

24hr-LCsp™!

48hr-LC50

72hr—LC50

96hr-LCs 72hr-L.C, 96hr-L.C,

Exp. 1 8.57(7.57-9.71)"
Exp. II 4.60(3.99—5.30)
Exp. Il 3.03(2.76—3.33)
Exp. IV 3.86(3.42—4.35)
Exp. V 5.37(4.96—5.82)

6.21(5.59—6.89)
3.25(2.74—3.85)
2.73(2.55-2.92)
2.88(2.63—3.15)

4.90(

N

5.53(5.00—6.11)  4.93(4.42-5.49) 2.49(0.00—4.25) 1.51(0.00—3.73)
3.25(2.74—3.85)  3.00(2.37—3.79) 1.40(0.76—1.86) 0.69(0.33—1.03)
2.73(2.55—2.92)  2.38(2.04—2.78) 1.21(0.00—2.78) 0.99(0.53—1.30)

2.45(
4.90(

)*4
Y4 4.72(4.40—5.07)

“'LCso: Lethal Concentration killing 50% of the exposed organisms calculated by the Spearman-Karber method.
“LC): Lethal Concentration killing 1% of the exposed organisms calculated by the Probit method.
“(Lower-Upper): 95% Confidence limits.

*“( ) Limits do not exist.

i

S5 (Takifugu obscurus)®]

AEE Brkslal el
APLFRIT

O

ek
T3]

24 wrldds dArsth A4F A3, 24he-LCyp 3.03~
8.57%H 22 UERHO™, 48hr-LCseS 2.73~6.21%, 72hr-LCs,
& 245~5.53%, 183 96hr-LCse 2.20~4.93%= LIEFSTE
ojAL 1l 2(1996)2] WAL vy HEF vz $A &
9] 96hr-LCs®] 1.07~2.50%25 YERd 23t Wong(1989)2]



302

A&
ok

R%=096

y=38196 X%

© y=24337x%%0
R*=0.98

Z ol

3 y=5.903 x>

< 2.

T 5| R*=091

(& [ P

= - —e- -
0

y = 17.946 x*48
R*=098

10 y=8970 ¥

R =094

st v - - - .

2 40 60 8¢ 100

Elapsed time (hours)
Fig. 2. LCs at different elapsed times of the larval river puffer
exposed to the landfill leachate for each experiment.

Gin Drinker’s bay landfill site(Hong Kong)dl &<l gt
&t ol 25~30 mm)®) 96hr-LCs] 1.4~23%F VERT Z=
ki Apol7t URATh. offdt Aol Hlo Azl B
UE A& HEFe] AEol vigdE B4 v | HEe]
zpojol] Fiolshe Aoz FEE 4 ¥ (Cameron and Koch,
1980; O’Connor et al., 1990), B3k diitoje} geroje] Auld
o) Aolo] &3t Aowr o &Hjo)RrhEl, 1996).
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Fig. 3. Variation of LCs at different sizes (TL) of larval river puffer
exposed (o the land leachate for the different elapsed time (LCso val-
ues were calculated by Spearman-Karber method).
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(Rosenthal and Alderdice, 1976). wW&hr 713 3k o}&l3l
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