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Acidic shale mine drainage (ASMD) contains high content of minera ions such as Al, Fe, and Mg, while
its turbidity is low (0.4-0.6 NTU). Yellowish brown precipitation of iron hydroxide in valley deteriorates the
natural views. ASMD results in changes in aquatic environments and the reduction of diversity and population
size of agquatic ecosystem. Also, white colored precipitation at the point of ASMD injection to main stream
might be originated by aluminium ion in ASMD. This causes physicochemical and sociad problem to users of
this stream as drinking water source and irrigation water. Thus, ASMD in valley has to be neutralized and
treated for the removal of minera ions, before discharging to main water stream. The purpose of this research
focused on evaluating various bioassay. Carassius auratus and Pungtungia herzi were exposed to mercury
(HgCl,), lead (PbCl,) and copper (CuSO,) during larval stage, more sensitive than other life stages to deter-
mine acute toxicity. The experiments were repeated three times and the LCy (24, 48, 72 and 96 hour) was
determined for two species. Data obtained from the acute toxicity tests were evauated using the probit analysis
statistical method. C. auratus was found to be more susceptible than P. herz to lead, while P. herz was found
to be more sengitive than C. auratus for mercury and copper. The sensitivity of three metals tested is likely
ranked in the following order from highest to lowest toxicity on larval stage of these fish: mercury > copper
> |ead. It is suggested that acute toxic test at the larval stage of C. auratus and P. herzi which are indigenous
species in Asia area is an important part of the ecotoxicological assessment of some heavy metals.
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W, T3 pHrF Yo 37| ozt AFEeR
A olrtule] e Hollo] FH|E I of7]e) Z}E o]
Edo] Fagozn shivddoe] WelEo] daAleit)
Protozoa 59| $#3%E-(microinvetebrate) Ao &
Fo¥(salt balance)o] pHell W7+3t7] wjio| pHe
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Eo] AUl 84F cycteine?} methionine®] active
site?] -SH ¥ -SCH,9| groups} 743HA WES-Eo =4
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(Oryzias latipes), Do (Cypinus carpio), -1 (Carassius
auratus), fathead minnow(Pimephales promelas) =
EAWE0| (Sabmo gairdneri) 5 ThFslt?,

J o] E(Order Cyprinidae) % ] Z}(Family Cypri-
nidae)oll &sl= 5o, Carassius auratusS} E371,
Pungtungia herzie 9=, T 2 & 5 ofrlo}Ho
g #EsaL A FEE FHE A @re]Eel
tHO, g, Aol 3t & E mak oz} )

Aol 7] wiell AEHPAZE A
g AEE &89 7FaAo] At 2y 71E Ao
Zol izt S8ARS F= Adol7l(adult stage), VI
o]7](immature stage) 2 X]°]7|(Guvenile stage)ellAl
AAE] gtom A og mAdEZ gk Aol
doiFes vizkek Zlog Azl 2poy7](larval stage)
o e A7 vH|ek AgooH?, rgk McKim!Ve
A717ke] FEAEAL =28 (Long-term partial life-
cycle toxicity test) B SHIAEAL 549418 (Complete
life-cycle toxicity test)E AAISHA] &3l Z7|AEA}
HAA AN SHAE AAToRE He 854
F=(Maximum acceptable toxic concentration)s 2
A F AE TF AR 2T AAE SE4EZY W
Zeltka 489 8k Buhl'?e Jl=R, 67198
2 2S5 Phchocheilus lucius, Gila elegans =
Xyrauchen texanus®] Zt ASAAO) =FA)71 A3 =}
o)7]7} K0]7] & uj7](embryo stage) Hri%= U 7k
gk Zlo R Uehton zo7lE Fad S &
£ 7IA7F Aokl Barskgich
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2.1 AEYY

- (Carassius auratus)S} =317 (Pungtungia herzi)
E AW 150x150%0.5 cm, &32] 300 L =30
Al Zgnbe FEREIE ol&ste] 19 431 37w
A ] 2R fAIEIAL, YolE RS F
FoIHA 1047F =AAZ & g Ae] SA7L
UERA] 93aL Ho] o] £ o /(Bo], 185£18 g;



E17], 2143 giF Adste] 7hzF xloj2 AMg-siaith.
| ol F57] L12:D12(F= 2000 Lux ©)d),
£ 2526°C 2 &4 75 ppm OB fAHE F
X2 AR, 19 Fol| 7k YA ZRE dojzl
(eggs)s QlFojadl HAAZI & 7+ XA (sperms)Z
7N A 295x16.5x20 cm, 121 &% Zejdgal
zo) gol FAIH.

3Y & Fsheo] U WS 7 o= 1L 18
Hlo]Ad| 30nt]4] g3l Ao s AR 4
Attt 7t 385 19S dEFHo= 35l F
F20] B4 o]9o] thE Q9o 93k Heke Hudh
WA A T Aol A ARE-gE F2(HeCly), @
(PbCly) ¥ F2](CuSO,)= Junsei Chemical Co.olA]
AzE EFAIFS ARSIt dudES vEgeR
ARE 7t 550 FEHAE 2] 5-30 ppbel
37, g 250-4,000 ppbelth FElE ol A
50-250 ppbo]x E377]¢] ZH$E= 5200 ppbolAL.
7t TE% Fee AYHESE 6 s=TE Uro] A4
=

APL 22+1°CE FA =T F2AoA 9641753t
ArEgom 2447kt LC,,(50% Lethal Concen-
tration)S TalSATh A8 FHEA A Table
2-13}F 7t} 2 9] AAE AgupEe US EPARY
A Z2 38k ‘Short-term method for estimating the
chronic toxicity of effluent and receiving waters to
freshwater organism’®] Z71S wgith FASA] 2
FH2ZA LCy 24A7HmI} X|AKSE JHAIE st
US EPA9|A A]&3+ Probit program(version 1.5)°]
SR ==

O

Table 2-1. Chemical components of the water used in the
experiment of metal acute toxicity.

Item Ranges
Temperature 22+1°C
pH 7.0+0.7
Dissolved Oxygen (DO) 7.5£0.54 ppm
Ammonium nitrogen 0.3£0.1 ppm

0.01+0.008 ppm
2.10£1.05 ppm
2.04+0.33 ppm
1.88+0.09 ppm

%

Nitrite-nitrogen

Nitrate-nitrogen

Chemical Oxygen Demand (COD)
Total hardness as CaCO,

Hg ND
Cu ND*
Ph ND*

*ND: Not Detected
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FEFE 500~2,000 ppm, &<, o, 2o FEE
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Fig. 2-2. Chronicity test.
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AolA A ofF AW F4E TE5S
3l7] 93te] Al5e] HAEE dry ovenolld 65Co]s}
oM HAx3 & HIZE vhbar)s o3t ¥ 7+ o
= 2H1E E 8714 BT o] AlE= HNOE
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chazmlel oigh Abdulgee] ke 20 53F pH
751, 7.21, 6.71, 621, 571 2 5212 A AT
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At Pom, B2 et FEj5dd tale EaL7
7} Bofell mlal o Rizke AoR yEpdth B, ¢
o3 goll gk F oJFzke e ddiHeR w
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Table 3-1. LC;, values and 95% confidence limits of
mercury for larvae of experimental species.

. Time LC 95% confidence limits
Species 50

(hour) (ppb) Lower Upper

24 15.790 13.867 17.534

Carassius 48 12.689 10.756 14.131

auratus 72 11.374 9.361 12.842

96 10.221 8.387 11.476

24 16.140 14.771 17.137

Pungtungia 48 11.972 9.131 14.119
herzi 72 9.367 5.968 11.271
96 8.402 6.868 9.251

Table 3-2. LC5, values and 95% confidence limits of lead
for larvae of experimental species.

. Time LC 95% Confidence Limits

Species 50

(hour) (ppb) Lower Upper

24 1457.368  227.194  2190.005

Carassius 48 1115.862  811.830 1372.428

auratus 72 807.628 558.939  1019.124

96 572.445 357.267 726.114

24 1637.762  1279.833  1938.103

Pungtungia 48 1019.091  783.762  1231.709

herzi 72 806.323 628.884 963.207

96 603.960 450.362 724.959

Table 3-3. LC;, values and 95% confidence limits of
copper for larvae of experimental species.

. Time LC 95% Confidence Limits
Species 50
(hour) (pph) Lower Upper
24 - - -
Carassius 48 100.362 91.160 110.303
auratus 72 91.261 82.704 99.211
96 84.567 75.587 91.348
24 123513  104.476  137.285
Pungtungia 48 73.406 11.283 112.013
herzi 72 43.896 34.289 53.102
96 33.218 27.077 38.779

-: Not Calculated
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7HENE AES] ST wE
2o o2 ¥ 4 ded, AARZ Crustaceast
Molluscs®] 2Joll thgh 48~7F LCqyak /dole] 735
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o7 F A Al e Zog dEA sl ol
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7} 5569 ppb} 7.738 ppbE LFER} FA|7Ee] wh
£ Rol= Holx] gkt

g AAANNN F2 ol FatE, kel
(PbSO,) 2 WAZ(PHhCO,) 5 FE=A EAsH
AT ®mFe o EAFS H 13 ppm AEE YA
Atk F=2 A7iEe], AX, FEu, YA
2 AEA Sl olgHE W2 AAHoE 1, T4
%9 1~10 ppb & HEHIL Utk S E) F53
EZoIA R i sjHEe] SRR ol Ee] 54
of wEba 54 FEol vlg- tEA Yehted ofF
o =FHAS wW HAzcHiy], HEEE, opriu] 2
B3}, A3 2 7 SAE BogHo,

Hodson?? 5ol w2 Cyprinus carpio?] ool
ek wel F454 A% A3 9687 LCy, whel 440
ppb 2 UERLOH, widoirle] gk A A= 800
ppb & Al o] Ao wlet 20 FEe] =Xz}
o]7F Yepdtiar st £ Atellr] Fof zjo7]
o] FEAL 96717 LCy, B0l 572.445 ppb= LERSE
3, E7]914E 603.960 ppb= UERT $1¢] H¥Az}
o} o= A& 6|3 43S B30, Bael® o] &
£ 27°ColA g H7] Ao (Silurus asotus)l] A
71 Az}, 7277k 96717 LCy, 7hol 22 24.390 2
13.250 ppmo 2 FAE o] W7]7} Yojz} ofFol H]s|
g S0 438 e Aoz AzbE

AnkF o2 ofF7t o kEHAUS wf o] F3}
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ZAIZ1 24, 48 2 96M17F LCyye 2793 A, 7k

b

£

23 - o)

HN

67, 65 5 65 ppbt LERLE A|7kel) w2 S Rje) 7
o] niolx] QGkeHY), whel ¥ ATeIA F ojFe] A
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Fig. 3-1. Effect of exposure time of fish to acid drainage on LCg,
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D)

Fig. 3-3. the gills of a abnormal fish; B, magnified A; C, gills on microscopes.

o Feol 9o Holx A o|BdI} o]FEH e & WIS Ho|x| egdt) T3 A 2094=
of EAshs o] MZ IAJE AL #FT = pH 621 o5l AFFoles 25 75% ool AR
AATHFig. 3-2A, B). FaAn AN 27] 2oz & Byl A3 3094 pH 5.71 ol8ke] A¥T= A
Holz Alde] WA} Aol §3o] A BT, T F HASS pH 621 AP ToME 41.7%2 AT
719} @71z SR BAIEE WA Aol #2l 9 Sdth 23y pH 6.71~pH 7.51 AgA = tiA|

FA} Aol #EEAcH(Fig. 4-3C, D). 2 722 S HAhFig 3-4).
2) 3%
322. T sA4E A7 Bole] Het 4L H43717F B¢ pH 521 ¥ pH
) A= 5.71 AgTollA Sol&l 448 Rolx] kght. 43
ﬂ%Z?Lh Aol Abgule] Fe-S W] o= A 10¥A pH 6.71~7.51 AT E 2.6~2.75%C 2
A9l pHSl 7512 7 Fﬁt} pH7F 249 2 ZA1E0eH, pH6.21 AF oM 157%% th W

Hﬂ—r"ﬂ =3 oo A Aade 49 1084 pH  AFS Bt 4AFEA 74 pH 6.71~7512 4
5.21 Al 75%2 lﬂ*]-%t% wnolow, et A A= 79 Vs AgeS Bloy pH 621 ofst
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Fig. 3-4. Variation of survival rate exposure time on
Acidic shale mine drainage at 30 days.

o] Ao e W2 =S B3AtHFig. 3-5).

= AN Bol oE Aulrell 2067 =
SAIZ T AbAAH|ge] Wsks A Ay, A=
A3 10 BT 2094 Folo] Atadn|e] tha A
st Az Y. A 717+ <% pH 621~
7519 AP E 2 AEe] AbaAnEe B
t}. 22y pH 5213 pH 5.71 A& oA Ags] &
2 0] A4S YERNITHEFG. 3-6).

4) AAFANS FEE 5

Aol A A w2, "], £37], 715870
2 FA dist TEs& AN AR A9E
Fig. 3-79] v}eldc}. Pb, Cu, As, Cd, Cr, Ni & B
o] 7%= ek 0~0.01 ppb FE= AR S] FhA
o= g & v§ W S 2en, Mn ¥

10 A

Growth rate (%)

0 10 2 %
Exposure Time (days)

Fig. 3-5. Variation of growth rate exposure time on Acidic
shale mine drainage at 30 days.
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