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Acute and Chronic Toxic Test of Various
Metals in Daphnia magna
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Abstract

The toxicities of various metals which are apt to flow in stream from industrial

wastes were evaluated by the bioassay in the laboratory using Daplinia magna

For acute tests, they were investigated for the inhibition of their mobilization after

24hrs without food additions.
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For the test of reproductive impairment, the states of their reproduction were
investigated for 21 days with food additions and exchange of water.
The results of each concentration were assessed by Probit analysis and f<test,

1. The change of pH and DO was slight in acute test, and in reproductive test the
value of pH was increased as 0.3-1.4 and the concentration of DO had a tendency
to increase.

2. The EC,, values of immobilization to Daphnia magna in artificial fresh water
were Cu 0.030mg/€, Cd 0.054mg/€, Cr 0.12mg/¢, Pb 0.74mg/E, As 3.4my/€ and the
NOEC values were Cu 0.010mg/¢, Cd 0.01889/¢, Cr 0.010mg/£, Pb 0.10m9€, and
As 1Bmg/E,

3. The EC,, values of reproductive impairment to D. magna were Cu 13.8ug/¢, Cd
2.9ug/€, Cr 155ug/E, Pb 61.7ug/E, As 759pg/¢, and NOE C values were Cu 0.95u/2,
Cd 0.54pg/e, Cr 1.2pg/é, Pb 74pg/E, As 110pg/E.

Key words © bioassay, Daphnia magna, inhibition of mobilization, reproductive im
pairment, probit analysis
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HAED Y AP Ao FREEVAREY BYEE F2 @] A48,
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B Ao AHR¥ Daphmia magnas 19989 38 SFEFFEAALEEEH 2
we E94 FHEos Hd 277} 5~6mmE FYPRE 277l o 20 4
Axee 62 F3o| g, HaeeE 5~3T2 ¢z 3low, pH 6.0~10.02)
Ao A g oj A,

1) M2EH

AgeEEc 994 25 FE} 2459 o B3£I Hr Fol 5oy,
EPA BolME AR ES] F& 939 A4 A& #3#T 2oy, 494
Piidg fs] 2 d¥dMe FETE =qfge, dFEss] 24 2 71E
s 32 Table 1, Table 29} 2R}
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Table 1. Composition of artificial fresh water for D. magna culture

Reagent Concentration(mg/£)
NaHCO, 192.0
CaSO, » 2H,0 120.0
MgS0, 1200
KCl 8.0

Table 2, Water guality of arificial fresh waler for 0. magna culture

Hardness ‘ _ Dissolved
pH {mg/€ as CaCO,) Ca . Mg ratio Oxygen
» B0 of
20=02 |0+ 25 . e | air-saturation
value
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Hel2e #8 AT, 27, veast”t ¢l#-5H1 EYSEE{s0ll extracts), SH
FoE o, d2715F © FAMdo] Aol & FEAES RE FISAE ﬂ]%#‘ﬂﬁ.
ZF/ 2 E Selenastrum capricornulom, Scenedesmus guadricanda, Chiorella vulgaris 52|
=257 Beol ol @A, & APl M E Chiorella vulgaris®] o <& Ab&pg] o’

Chlorella ¥} %-& 5128 DIN ¥} %42 =/ F 4o E2= Y vitamin stock 894 &
Arg3tglen 1 42 Table 3, Table 451 2t}

W okal] 8] pHe 820]| 2, AMEHol| autoclaving®lo] vjfdo] 2= G & 3
Jow, Y £5E 23+2T, = 8000 LuxE& HAA A '

Table 3. Composition of DIN medium for Chiorelfa vulganis culture

A. Nutrient stock B. Iron compounds C. Trace elements
solution stock solution stock solution
- Caone. Cone. o a Conc.
mpounds Compounds mpounds
y (/) (mg/®) (mg/)
NH,CI 15
= 12 ; H. B 185
MgCl, EH*;} FeCl,- 6H,O0 80 " E]"E ' 3
= 2H 1B ! 415
i MaEDTA - 2H,0 100 it
Mg50, * THO 15 MnMoQy, « 2H,0 7
KH,PO, 0.16

# A 100mé+B. 10mé+C. 10m8+NaHCO, 3g — 1£ mass up
* Vitamin stock solution 1n¢ add to culture solution 14

Table 4. Composition of vitamin stock solution for Chiorells vulgaris culiure

Compounds Concentration(pg/£)
Biotin )
Thiamine 100
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Compounds Concentration{pg/é)
Pyridoxine . 100
Pyridoxamine
Calcium Panthothenate
B ,{as Mannitol)
Nicotinic acid
Nicotinomide
Folic acid
Riboflavin
Inositol
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FAFEAHANYEE S8 S350z e €3 Cy, Cd, Pb, Cr, AsS 5713
84S ddsigen], 43 F=HE A48 o4 HA3d

FAFdAAY 2 HaA Y] A RE FIH Mgl FERELE standard
solution® Al{+E HYs9on, APds) pH?} BRT g diol= (.IN NaOH=
E7 ek

3. 54 %7

1) EC,8 &3

9% 5429 M EC,(Median Effective concentration} ¢] 2 &4 &9 5 50%
F#E9AHE 245G WAEE 50% TArE TANERY FE=E ot

EC,% FHde 4% 52 shurl Standard Method 800 = OECD Test
Guidelines Sl 718k Probit analysis®l©}, probit 28 =12 probit scaled] =
AAE(EE Xl g)E, log scaledl| = F 5 plotting ¥ o &, T H& FFdH JHE

—2Tl=



21 50% A& #Fee $5 ol EC o BU™

2) NOEC=| @3

NOEC(No Observable Effect Concentration) & 4 § 0| £ 8§ 23}=] 24}
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=g 9§
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3) 84 Ny
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BAFIANA Y FoEde] A APl Mg 2447 BE 484 7HE S
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2t Algds 2579 pH, DOF &4siaic)

EC,, NOECE T8 7] ¥ ¥ A¥& 487 dHdl 100, 10, 1, 0.1mg/22] FE2
AP E 4R, I A ma By 18(\(PR FETE AU B AYE
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(2) #4 #) 2] ¥ (Chronic Reproduction Test)
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Atta HA =M WL FY) AP APo] BRE| A @, JuFEdMe
9 100%8 B 5 AEHA7) SRHER EAE FEFE EE UG

2. pH 9 D02} Wt

Cudl] ¥ SUFEMAAYE & AAsA ol M2] pH B DOS] ¥t 242

Table 6 3! Table 73 Rtk

Tﬂ&ﬁmhﬂwmtininmnbﬂhnﬂunﬂﬂ.mmhywrhwmﬁmmm

24h-Immobilization rate(%)

Test concentration

00 0 0 0.1 et

1 1 1 .

Metals conlrel (ma/E)

(mg/2) (mg/€) (mg/e) (mg/E)

Cu 100 100 100 100 0 0.01~ 0.1
Cd 100 100 100 B85 0 0.01~ 0.1
Cr 100 100 100 20 0 001~ 10
Pb 100 100 40 0 0 0.1~10.0
As 100 100 0 0 0 1.0~10.0

FARFAAHA G 27 pH 80404, N YA BATFE 80+ 0.1~02
Az Wl Aen, o HF 40 pH Whe FoR Y& o7 9%E
o %2 sk = DOS Wile AlE 484 27 DO2RE ¢ 02~03 A=
golaled], ol = AlY Faled g8§ v gl
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Table B. Variations of pH and DO at Cu-acute immobilization test

Cu conc. (mg/é)
0 0.010 0018 0,032 0S8 0 100

’ before test B0 a0 8.0 8.0 &0 2.0
pl 4Bh-after 81 81 81 2.0 .0 3.0

Do before test 8.8 88 83 8.7 87 87
(mg/E) 48h-after 85 8.6 BB Bo ] 84

HaA gl Me B H59 pHitRT 84 HPA 03~14 F= =olFHed,
°ole Yol FEY FE24HY BYY AEY L AlsEY DOt =@ A ¥
-1 € 2Lt FPYLE A FolAch, BV Fe] vyt O 57}
BolAE A Fiaidch A4AEeME pH 2 D08 AE7 g4 2 Fo s
Eluiz] gl o]Fold AL+ E BB AYEAdE 3E 03 A goE
Hoj @,

oleigt pH ¥ DO ¥i8 sfHo] 5717 FF&AY RFA vizdigie=g,
zhe] 492 Yo

Table ¥, Varations of pH and DD at Cu-chronic reproduction test
Experiment time (days)
] 2 4 6 B 10 12

hefore test 2.0 B0 8.0 B0 2.0 2.0 B0
pH 91dy-after 84 85 85 B84 83 83 82

Do before test 88 EB BB BB BE BE 8B
(mg/2) 21dy-after 94 95 95 96 93 982 BE

w5 I BEIE

3. 54 A¥

1) SHEFTE~ 8 A" (Acute Immobilization Test)

2t & dE FARFYAHAEe WA B F-yrgade] HYHa
Fig. 1% oo tiz2F8 s} zt Algds FAxs]7F Hel o] ge
EEToA42 (-test AIE Table 87 £}
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Table 8. Resulls of test for NOEC of acute immobilization test

a) Cu b) Cd
¥ 0.010 4 0.0
i=Test Control )¢ {-Test Cantral WJEB
Mean 25 246 Ifean 25 24.4
Variance 0 03 Variance 1] 0.3
Experimental unit 5 5 Experimental unit 5 5
DF il DF &
t Value 1.0 t Value 1.632003162
P{T{=t) Value 0346593507 P(T{=t) Value 0.14111328
___t Critical Value 2306005626 t Critical Value 2 306005626
Mot significant Mot significant
g0 WOEC @ 0.01ng/8 50 NOEC - 0.018mg/ 8
e) Cr d) Pb
¥ 0032 9 0.32
#-Test Control ma/ {=Test Control m/é
flean 25 20 Mean 5 240
Varwmnce 0 0 Variance 0 0
Experimental unit 5 5 Experimental unit 5 6
DF 8 DF a
t Value 65535 t Value G5535
P(T{=t) Value - - P(T{=t) Value —
t Critical Yalue 2. 306005626 t Critical "n’n]l._l_e 2, 306005626
Significantly different Significantly different
a0 NOEC : 0.01mg/¢ sa NOEC : 0,10mg/2
el As
18
=Test Contral g/
Mean 25 244
Variance 1] 03
Experimental unit 5 5
DF 8
t Value L.E32503162
PLT{=1) Value 0.14111328
t Critical Yalue 2. 3068005626
Naot significant

so NOEC - 1.8mg/E



Table 8. EC,, value and 95% confidence limit and NMOEC, of 24h-acule
immaobilizafion test in varous toxic matal of D, magna

Cu Cd Cr Pb Az

24h-EC,, 0.030 0,054 0.12 0.74 34
Confidence

Limit 0025~ 0048~

mi 0.036 0.060 0.083~019 046~1.20 28~41
(955%) .
NOEC, 0.010 0018 0.010 0.10 18
(unit - mg/€)

2) A x s J'-I-ﬁ (Chronic Reproduction Test)

4 b dg GYAHARY Hale] U2 FE—vhEHA S FAHL Fig
28} gow dE2T72 FRAL I AN 98487 Ay e g 2
T 48] t-test A3tE Table 117 2o,

Fig. 28] 3 Jg=q 2sed EC A W 95% WIATLE T, ftestd
frel 2tz gl B5e 2 558 NOECE A3 sed, & 34442 EC A
% NOECF& Table 105} 3},

Table 10. EC,, value and 95% confidence limit and NOEC, value of 21d-chronic
reproduction test in varous foxic metal of D. magna

Cu Cd Cr Phb As
214-E C,, 13.8 29 155 617 759
Confidence .
Limit 118~162  20~45  107~224 417-912 5621023
(95%)
NOEC, 0.95 0.54 1.2 74 110
(unit : mg/2)
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Table 11. Results of t-test for NOEC of chronic reproduction test

a) Cu b) Cd
T i 0.95 . 0.54
t-Test Control ngfl f-Test Contral ug/e.
Mlean 1463 144.3 Mean 146.3 144.3
Yariance 2384 | 104011 Variznce 2384 | 104.011
Experimental unit 10 10 Experimental unit 10 10
DF 18 DF 18
t Value 0.341871 t Value 0.341871
P(T{=t) Value 0736407 P(T{=t) Value 0.736407
t Critical Value 2100024 t Critical Value 2.100924
Not significant Not significant
so NOEC © 0.85ug/E so NOEC : 0.54pg/é
c) Cr d) Pb
£-Test Control uﬁg t-Test Control Eﬂ
Mean 146.3 1359 Mean 146.3 144.3
Variance 2384 | 69344 Yariance 2334 | 14011
Experimental wnit 10 10 Experimental unit 10 10
DF 14 DF 13
i Value 1262178 it Value 0341871
P(T{=t) Value 0.222054 P{T{=1t) Value 0.736407
t Critical Yalue 2. 100524 t Critical Yalus 2. 100524
Mot significant Mot significant
so NOEC : 12pg/8 g0 NOEC : TApg/e
e) As
1-Test Control J:EIPE
Mean 146.3 138.6
Variance 238.4 | 46.266
Experimental unit 10 10
DF 18
t Value 1443600
P(T{=t) Value 01660209
t Critical Value 2. 100524
Mot significant

so NOEC © 110ug/é
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Table 98] A2 ¥ @, D. magna®] FFA ] vig SH& Cu>Cd s Cr )
Pb 5 As9] <=0 = utelhd e o] AIH= S L. Warnick £ 28 Z4 test B =
ol 3]sl ¥}™”. S L. Warnick ef of (1969)& $4484 8% 2 oAz 54
NP AAE A2ste $EAGEA, D magead] FAA A oM SHLEE TR
threshold concentration& Cd 0.1mg/€, Cr 0.7mg/E, Pb= smg/lehil MESIH L™,
Cus 0027mg/Esl A 100%S] S9ANE 2 s

% BRiesinger K. E. ef a1 (1972) & 0]= Superior 258 & A YFE A48t 27
Az7IRs) 4@ $o)71 58 Ho| B B 2F $FHe B4 RE s,
FAF A E 8] 48h-LC,0] CdE 006509/, Cue 0.001mg/E, Ast T4mg/e2 ¥ 2
o) @ajslis cpL Fe]g B HcH Table 12).

Tabla 12, 4Bhr-Acute and 21dy-chronic toxicities of various metal jons
io O magna in Lake Supefior water

Cu Cd Cr Pb As

48hr-LC,  0.0098 0.065 - - 74

21dy-EC,, 0.0035 0.0007 0.60 0.10 14
Cunit - mg/E)

38 o|48 YZ=F Mg 21974 B2 BT 24dsE 829, B U
A4t 553, IF FHLASE WIARA, Z FIH0rT dAHAEY
27 & #5¥e= gy '

Waof glolA dEFsh wadls s0%ms] MHE 2 54 FEE Cu 138ug/¢,
Cd 2.0ug/é, Cr 155pg/¢, Pb 61 7ug/, As 750pg/e8ch. ©] @& Biesinger K. E. of
al. (1972) ©] Superior 48§ ol £% < chronic testd AT AR s vims] B
o, Cu 35ug/¢, Cd 0.7pg/e, Cr 600ug/€, Pb 100pg/E, As 1400ug/2 A Cust Cd&
AgEne AFdsos S5 d# NEA et (Table 12).
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% Anderson.(1950)2 ©]% Erie £+3% AMS-SHe 6dhr¥E s SHEHEE(th-
reshold concentration)® Cu 13pg/#, Cd L6pg/#, Cr 1200pg/E, Pb 930ug/l= EE
St o}h.(Table 13)

Table 13 64hr-Apparent threshold concenirations of various metal
foms to 0. magna in Lake Erie water

Cu Cd Cr FPb As

G4hr-TC 0.013 00016 {12 0.3 =

Cunit - mafE)

ol # g HijoflA] & Rl YEE ol HT FHAMH AR AHEHTE HE,
Yoo 7, A¥d K- o2 g me} AR ol 3] ] Hde 1M
4950 Y81 nPHo|Ack Fo, GPoBE AAdle FY FF % 471
ZEE M4 A8 By 49 S AAstn WA Ao AL

Tk %

FAH4 Fosny 997 A /3 T2E9) 480 AT F4L Boe)
fo] B9 & (Daphnic magna) & ol F8a) AW ABPPL NSt F4
sdAMA YOS Ho|B FH 2T AT ol T FEAAHNAAE 48 o
o, gaAdA e e g+ 28 2 Yo|& FIHUM YAAY WA
g BRHAG. 2 FEFolM AYWASE probit EHYY FPAEE Fo
S452 Jehd gakE ogn o,

1. FAE YA EAAM e pH B DOS) EEe vojsiRon, WA AP
v o]el chiorellasl 24 pH7F 03~143 = EolFID DOUE Eolale AGE
B



2 FAFEARA Yl EC, 2 Cu 0.030mg/¢, Cd 0.054mg/€, Cr 0.12mg/2, Pb 0.7
dug/l, As 34mg/@g ov, NOECE Cu 0.010mg/d, Cd 0.018mg/¢, Cr 0.010mg/E,
Pb 0.10mg/E, As 1.5mg ¢t

3 WaA#AANEAYE EC,& Cu 138ug/d, Cd 29pug/d, Cr 155pg/¢, Pb 61T/,
As T5Oug/i® .20, NOECE Cu 095ug/f, Cd 054pg/d, Cr 12ug/?, Pb T4pg/é,
As 110ug/E F T},
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