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Acute Toxicity Test of Agricultural Chemicals to Water Fleas
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There are concerns that chemical residues could harm the consumer on the environment, although 50 to 80%
of the crops would be destroyed by pests and others without agrochemicals. Environmental fate and ecotoxicity
studies are usually carried out to assess the impact on the human and the environment.

A comparision of the Daphnia magnia and Simocephalus mixtus toxicity was performed to study the relative
sensitivities and discrimination abilities to agriculture chemicals.

The species of Simocephalus mixtus was more sensitive to agriculture chemicals than Daphnia magnia.
Simocephalus mixtus was approved to be a water flea in determining insecticide and pesticide toxicity by heart-

beat rate in a consistency and repeatability.

The order of acute toxicity to water flea Daphnia magnia for ecotoxicity test was carbaryl>benomyl>amtirole
with both Daphnia magnia and Simocephalus mixtus. The heartbeat pattern after the exposure to agrochemicals

was different from that of exposure to heavy metals.

Agrochemical leathal concentration test with heartbeat rate measurement was found to be more appropriate
than inhibition concentration test with respect to toxicological endpoint.

Key Words : Daphnia magnia, Simocephalus mixtus, Heartbeat rate, Acute toxicity, Agriculture chemicals

ofN
dn
)
2
3
1

o 1o
N _110{_5

o

_[_h -

ol

ol

=

Iy

N
- N\d

e
o,

o
e

n

Ol
-
N

o
:ﬂd N

>
it
2,
oil
o o
m—
20N
rir
of =l
od 2,
rlo 5

FgHoz ey
28 2 €49 9

Hek webA

A=

i)
lo,
)
i
=
=

M
e
¢

X
ol
N
=
ol
ok
PO\
1>J_‘ A

ol o

"y

2

M

24
ol
-

o,
[y
ox Hi o
e > Mo
_.E_:" -
zo X

oo X

L)

¥
£ 30 o 2 2 {o Jz

e
o
L

Corresponding Author : Chan-Won Lee, Department of
Environmental Engineering, Kyungnam University, Masan
631-701, Korea

Phone: +82-55-249-2988

E-mail: water@kyungnam.ac.kr

RR

>
o

A

=)
Lo

2

-2 i o
ox o rff £
2“!{; oY of,

1

e
o
o
=,
e

N
-

ATk "= EPAC A
44 H&ata, #HFS

=1 L2
A A

AU oz
L.

s

S
.
i

T
=+

-

fo mo o rir o
o 24

o L
Sl

2

w4 TEEY ARE
AF7F AL ECso IG5
FARPTO gzoe @)
e ATHYPS
A9 S EWE 2
Az7|ZRAAN A8
L}-%.7°1-

R e

2 o
o i
oX

=2,

©omo o
= T
2 g
o X
o M
fru

a

ag 5

2 rfo
r

o 5
(5 p a1
N o
Fo (g,

I
BRE

to e

o
ox 1o ngt

ofrl

O
o

o

op
(o

¥

2

A=
e

A Ho Rome w10 Ky
ol

ox o2 N ¥ '
>

Y

= 7

Hu

d

2,



PRI Qg zoly, o} T #Rd W
712 A57F &3 AAot}, H8] FLF E4 4
HE AL E AHEo] FA"H dF AE U
A7t g FEe)] fio] SA #I 7RI} R
Z3k PHolr},

olo] B dAFMe Y#FY Daphnia magna
(013} D. magna)®} SWZF< Simocephalus mix-
tus(el3t S. mixtus)E o|&3dto] M= A (carbaryl),

.. A Al (benomyl), A Z A (amitrole)’} BHZd] ¥

A e selatn, BUT Fo BE 5o 5
g g4 A2 WM, 43U Wi
(ICo) §FAANS([ECx) FAol Hisste] 43
ARAAT WAL 1 54 ATFHAA HATh

2. Ag g Uy

21 AEF

g TS T2 £3e D magna = FE
I, 2, 5 ToA AAe 84 239 we §
HAQ WEE Hole FoE AA/} HAUS WE
5~6mm Z7]o 2@t EE€ o BRY¥E & D
magnae B82S AR #AFo] Y ¢

AL SR G durA oz 20T A 56U
AT AZEY o ¥ 25Y5E o QPAE A
o2 A4 Qo HE 754%dE 47 H1
7~109 Fox R 248 7] AFsio] 2~39
ojo}h &4 wrE g

S mixuste ¥Ed g4 AL EWEL
2 #A7)E 05~2mm AEo|H 74zte] Zujzo] &
T YA 2391 12 2 gy 3R
o] BgaRon vael Ry sre Wz s}
Aate] 59071 A FEHo Jdu AEFH g9
Wk A, BR BEo 7R glree 7}
Ao Qe "o 2dEEY Fydg®

211 ARF W%
¥ 29 4%, W4, e
oqa) o}F Fe AFL Wt WY
15 gow, dolt &

Table 1. Culturing condition of D.magna and S.mixtus

ol Aol AAd Fo AdFL 7] YR =
AFdME HFF 39 F9 Senedesmus sp.9
Chiorella® 111 B]&2 Egste o Ivtggd <
10* cel/mLZ Z234th Senedesmus spt 2
APA A wkstd e Chiorellas NS4 +
Aot AHREAT EHEY HAH BEALFEE
3mg/Lel™, 6mg/L7t HAE W Ao g B
olmn® §&FMA FEE 6mg/LE FAAT

212 Wgd 2

W] ZAE= USEPA (1993)¢) Hard con-
stituted Water Medium %o} ¢l3le] @&}
Hlokdlo] ZAHE S Table 29 Wo] wa} Az
# stock solution No 1~No 4& Zzb 20mL,
20mL, 40mL, 1000mLE #Héld 83 T EHFF
& Yol 182 L= 3o 24A b5t A3 Z7] g
At D. magna®) 7% e wlgd agz g
ALEEH o U S mixtust FFFE A5l Ax
7} 80~100 mg/L as CaCOs HAFE AL£3191

213 279 W

Senedesmus sp.9 #lA= USEPAH uwlgho
W pH 75:0.12 ZA3}Hct W& WAL
1 HEY 2EFE AHEStY] ImL/100mLE 3
FANA 25T 400ft/c ol FFT oA wldsi
o™, Magnetic stirrer® T AlA ZF(algae)
7 AAEA ¥EF st

o -1-=
22. A3d0g 24

A4 FuU A At - HFEBEHE FFY FHE
1304 F9d o)FolE 1F9 FHFEL &Ad =
oJAY BEE AEde RAE oy 2% B2 3
Z o|4e o] AMEEEY Ao yRBo B
Ao AEH  1F(carbaryl), AdA 1F
(benomyl), %A 1% (amitrole)& HH3le] A&
AT

Ag AlgE TS AANNRAZ)F(WWF)
EF MR AZANER 55 67F F carbaryl, be-
nomyl, amitrole®] 3= B T4 EF

TIT

D magna S. mixtus

Lighting T00Lux ~800Lux 700Lux ~800Lux

“Cool White” Fluorescent “Cool White” Fluorescent

16hr light : 8hr dark 16hr light @ 8hr dark
Temperature 20T 20T
Hardness (mg as CaCOvL) 160~180 80~100
pH 76~78 76~18
Chamber 10 individuals/L 15individuals/L
Prey Senedesmus sp. + Chlorella Senedesmus sp. + Chlorella
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Table 2. Hard Reconstituted Water medium®

No. | Stock Solution Preperation method
1 KCl 4g KCI / 500ml HO
2 MgSOq 60g MgSOq / 500ml Hx0
3 NaHCO3 48g NaHCOs / 500ml H:0
4 | CaSOq- H:0 |24g CaSOs - HO / 1000ml H-0

EujAZNER EE 142% Fd % carbaryl, be-
nomyl, amitrole®] Atk et 3¢ ami-
trole2 $AE FstEADYUEY FEE =F
Fo Adddgdye] Fdy EAZ EFHEH,
benomyl2 FHE 9 FHAE, =5F] AU
Aoy, RAdEx R AFHAH g B
A2 2FHL Y. AHEE L o5 B% ©
9] £4 A Dr. Ehrenstorfer GmbHA}2] EFA]
Abgstgen, dEFl o] - 33l
Table 33 #t},

2.3 AgEuy

ECs# ICs2 duta oz XA g E3] Ag
e AAME S 2E LCxoolv LTsde vE 7
o2 o FYH FAHELA il Algo] old A
S 2 Aol LCxoly LT 5483 A
dg FAHste AP ddsma & & gloy
A FEo] oldREtE FANEY AT FS
ETE REAY e BAE £ F= U o
ol ECso ICx2 AEY AdA Aes 93t
ALE-EFA T

2.31. FAF+ G A A H(ECs)

EHE SAHAEAAMN ECxe median effect
concentration®] A EA AFEW R 50%¢]
AANE 2T EHEFDY FEE U &

5}
=

FAML FE AE E71E HAHI] FHAE &Y
5ol 1523 dFAA Rate F¢E LI &4
T EAd AR FIAHE B Aew BF
o FERIAANGLS weEdo] HotE Ald
FHAM AFZED EHFY 24N EE 484
FF FEHH A AHEE ok £ A
Pl A 484719 AEe A

=d ARY HAF
Testing of Chemicals

< OECD Guideline for
2028 7Bz g3 7

s o)

a4 54

z:;l.

A7

e

g 2uelg AgHet? 231 stdrh

FAAENTL B¢ ASA 2xE 20+2TE &
AP wjgde] wE 9 HolFFL FHIA
. AP A B9 pHE 76~78 £Z44(Dissolved
Oxygen)E 604, ¥ Z7& 16A3 light/8A 3t
dark® FA3Hd 4 A F=vit 100mL #2
B 7]o] 34 AdAS e T HF 2443 ol
ofd EHES 5AY wol 484 F9f F9A
HrHAAETHE BF 7128

2 A8 A A5 JNHAEE A AFE W
FEF vt} 38 o) AlEE AASY 1 B

AN EANARARE o faisc

2.3.2. A% (heartbeat test)S o3 A
3 (ICs)

IC52 Inhibitor Concentration 50¢] %A 24 o]
ek Zdo] thd APAHAI} 50% AEE Ve
go] Agsed B3tk 24 g FEvY 100mL
FEH A gA AFAE W T AT 24AI7E o
e oel BWEg 5AY Yelen, $94 &
Ag Y 24A17F o] H 9 AHEBFES slide glass
of £¥ E8EY FHUE V] 98 &A%
of dwt 371 1 du]A(Axiolab, Zeiss)ol FzE
) A g7 2HDSC-F717, Sony)E Al&sle] %
4 #9E vk 44 O E 579 sEd E¥E
=EAA 1A17E, 6A17F, 24A17F, 48A17F F9) A
JereHigtE oty HEl FH9EH FIGE
Adrenalin(Z23%) 02¥l&oz #FeP o
9 Ay 7L FAFAIANANG =A% 543t
Al AR SA T

233 Agdef Az

FoFe giFEo] Zo g &A= @] WE
o f7]gue] o] AlRE= F4r 2ok B o
A e 2mLY FHES £ujE FFE B9 T A
A Aoz sA3te ALEEH T o]
o &u]R A}&& ol Eo] B E M= 9F
& 2] A3ty 2ml HAES AFIoz 3
Asta, BA $EE 20ug/L7F S EE 3435t o}
HEY ggo] A8 glv NEEH LA £9 |
35 A2 . 2 23 D magnad A4 dE

I uaPs w 5E AL AF FHR Fgon,
S. mixtus9 A5 AF@A A3 200k F 197Hg

o

-4

FU Lk

Table 3. Physical and chemical characters of agricultural chemicals

Agricultural chemicals Classification

Chemical formula

LDso Rats(mg/kg) Solubility in water

Carbaryl insecticide Ci2HiNO; >9590 0.04g/L at 30C
Benomyl germicide Ci4HieN:O3 850 0.004g/L. at 25C
Amitrole herbicide C2HaNg 1100-24600 260g/L at 25T

o7



of # -
b AARES & F 9tk A B AT E
£} Apgoz Ad JFgFS FAY § §lo] 100%
E& A g5t 25T 2 30T XA 48413 &
o} magnetic stirrer® AHEdt WMAA L35
t}. carbaryl® ¢ 30C Eo] Wd LIt

0.04g/L olx, 25CAMEo N3 L3 =7} be-
nomyl 0.004g/L, amitrole 280g/L ]2 2 carbaryl
2 002g& TFFE AHESHS 1L 5320, be-
nomyl2 0.002gA. %, amitrole2 20g/LE %9 t&
AY A9 FALe AgGdor g

234. 2¥5x9 A
3454 A9 BE AHL Yoto] v AYL

=

A

=

k..

Es
25

i, Ao Z2A3e 100% S8 = A7t
2, HAA Tz A7t A8 #FFHA EF=
ZAolE B Ady FEHYAR AF 4. 4
AYe B3 4 =99 E D magnad 7
% carbaryl 10~100¢g/L, benomyl 30~130gg/L,
amitrole 1~10mg/L ¢] 3, S. mixtus®] 7% carbar-
yl 0.1~4gg/L, benomyl 0.1 ~4pg/L, amitrole 4~70
pe/L olth A" ZF Fxo HMYE A 584 =
o] B A8S Arslgoen, 548 49S 33
AX st FFgo 2 ECx E ICx AR 3 th

v

L ool i oz
tlo O

3. A% 9 3%

31 BRFIANEE 45

3.1.1. Carbaryl

Carbaryl& D. magna (10~100ug/L)%} S. mix-
tus (0.1~4pg/L)Y Z F= TA9 Ad Ao
D. magna®l 739 50ug/l ©l4e] FEAAE EE
EWZo] A daFE Yol AYY ¥ F
< 10~100pg/LAA 10~50pg/Le2 ZH3td F
AfdAsdds AAd92 2 ZFE Table 4
5o YJepdigich.

D. magna ¥ 7% 10ue/L AT 17%7F A E
kol 31 40ug/L oAl A E 100% A& w9kt
S. mixtus?] A% 0lug/L AAXE 21%7F AAE
wrotom Aug/l ol ME 100% A& Eokoh =i
29 S mixtus7}t carbaryl® SAo] w7E AL
& 4 Utk

3.1.2. Benomyl

Benomyl$ D. magna (30~130mg/L)S} S. mix-
tus (0.1~4pg/1)8) & 5= TN 479 A 30
Ade & AZE Table 6, 791 JEFHS D

D. magna 9 7% 30ug/L A= 13%7F A&
wrobar 130ug/L oAl M E 90% A& T
S. mixtus® %% 0.1pg/L A E 20%7F A&
woton 4ug/l A AE 83% ARE Lokoh G4

58
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Table 4. Acute immobilization test of carbaryl in D.
magna
Concentration(pg/L)
Contents
01]10120|301]40]|50
unaffected average individuals| 30 |25 [18{ 5| 0 | 0
Rate of immobilization(%6) | 0 | 17| 40 | 83 (100|100

Table 5. Acute immobilization test of carbaryl in S.

mixtus .
Concentration(gg/L)
Contents
01(01|04(071 11| 4
unaffected average individuals 30 (22 16| 9 {4 | 0
Rate of immobilization(%) | 0 | 27 | 47 | 70 | 87 | 100

Table 6. Acute immobilization test of benomyl in D.

magna
o Concentration(ug/L)
Contents
0130|501} 801100(130
unaffected average individuals| 30 [ 262211410 3
Rate of immobilization(%) | 0 | 13|27 |53 |67 |90

Table 7. Acute immobilization test of benomyl in S

mixtus
Concentration(ug/L)
Contents
01{04(07(1 | 4
unaffected average individuals| 3012412014 |11 | 5
Rate of immobilization(%) | 0 {20]30|53|63 |83

carbaryl® ntA7R 2 FWEQA S mixtus?t be-

S.
nomyl®] Ao 0AF AL &

3.1.3. Amitrole

Amitrole® D. magna (1~10mg/L)$}+ S. mixtus
A~T0ug/L)S 2+ B2 TN SAFAANAE
g AE Table 8 99 Felidch.
D. magna 9 A% lng/L IAXE 10%7F A&
wobw 10mg/L ol el ME 77% A &t S
mixtus®] 7% 4dug/L AAE 23%7F AME 2k
om 70ug/L AMXE 77% A& Yt carbaryl,
benomyl® wRF7IAZ ZUFA S mixtus7t
amitrole?] EA°] WA A& & F Uk

3.1.4. =l g ECs

B 39 ECxe Microsoft Excel 54 ZZ1
o Fatgdoen 7 Foo Uit D magnat
mixtus®] ECs2 Table 1001 WERNA T} ECso
23 Jehd B E) vAe g% 542 ol

32

=

L
f

]
=

S
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Table 8 Acute immobilization test of amitrole in D.

magna
Concentration(mg/L)
Contents
0]1]3i5]|8]10
unaffected average individuals| 30)27(23)19|13| 7
Rate of immobilization(%) | 0 | 10|23 |37 |57 |77

Table 9. Acute immobilization test of amitrole in S

mixtus
Concentration(ug/L)
Contents
014711014070
unaffected average individuals| 30 | 23|19 |15|11| 7
Rate of immobilization(%) | 0 |23 {3650 (63|77

Table 10. ECs values for agricultural chemicals using
D. magna and S. mixtus

Agricuttural D. magna S. mixtus
chemicals ECso (u/L) ECs (ug/L)
Carbaryl 1881 0.39
Benomyl 68.97 0.71
Amitrole 581 (mg/L) 1547

ZAGlel carbarylel 71 Zdti 1 thgo] be-
nomyl, amitrole 0139, D. magna®t S. mixtus
9] ECx& vl g W FWFEA S mixtus?t D.
magnaX Tt I ghol EAEA Wtk

3.2, AAutE(Heartbeat test)g ©§3 Aa]add

A
3.2.1. Carbaryl
Carbaryl® D. magna (10~100pg/L)% S. mix-

tus (0.1~4ug/1)Y 2 5% FIHAA A7t W&
Ag akge WEE 4% A0S Fig 1, 29 Y

g Wit

D. magnave % 1N $o AgdEssrt =
F F7bsla oot 6417 o] $RH TAde BIE
Baow S mixtusE =F ¥ 1EI i
BEE RAT.

D. magna= carbaryl® FE7F Oug/L Al A&
iyt A Zaste 4847k AR Fof
10%7F Zastded o] 359 FHoz A%
e it BdEd. carbaryld HE7F 104

/L A Az HE AFUT) WHE PR
g o) & 3o]E HolA ko =7t 30
pg/L ©]iL 3

fu.
-
.

Z F A7l A7 89S o uE
sE 27|18t 5% Fastgh carbaryle] FE7}

%)
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s 3
& Al

e}

—6— Oug/ L
Tl B 10/
@
© —— 309/ L
g = S0/ L
Ee
@ —S— 80up/L
Q
= —&— 1004/

0 1 6
tirne (hr}

24

Fig. 1. D. magna heartbeat change by time and con-
centration exposure to carbaryl.

1.2
—%~ Oup/ L
1 ]
P - 0.19/L
=08 S —A— 0.4up/L
g 0.6 e 0. TaglL
E 04 ~= 1ug/L
— o dug/L
0.2 - .
0 — -
0 1 [ 24 48

time (hr)

Fig. 2. S. mixtus heartbeat change by time and con-
centration exposure to carbaryl.

50ug/L ©1’d o we Abated
g AN

S mixtus®] Hol ¥F THLE
Fo BAeE 9% AT carbaryld F%7t
ol F&F T 48A7te] FH A W)
27180 19% Z43R 1, 04pe/l. 4 o 27% 7+

3+

i

A, 07ug/L 4 W 40% 74, lpg/L 4 W 47%
Aasgen Tuy/l 4 W Algste] A4ets &

A 4 A

3.2.2. Benomyl

Benomyl& D. magna (30~130pg/L)$+ S. mix-
tus (0.1~4ug/1)9 ZF & FIHo A Algbd &
A7 ekEo WalE £33 A3 Fig. 3, 49 W
BRI
Benomyldll =&d T &7/ EHE2 carbaryl
o x&d® ALY Hg A
magnas benomylol =%
W FE 100pg/LelAM A3
o 130pg/L 4 "W
& £ g

S. mixtus® =% % 48A17ro] 7 Y
benomyl % 10pg/LoAA AZerEs7F 39%
At oy 40ug/L ¥ WE 44% ZAsEY.

A

(e}
A

7
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1.4

—%— Oug/ L
@ ~—t— 30ug/L.
= e ~A— S0up/L
§ e e B0/ L
g ~6— 100/
< 0.4
\ |~ 190/
0.2
0 . N L : \e
0 1 6 24 48
time (hr)

Fig. 3. D. magna heartbeat change by time and con-
centration exposure to benomyl.

1.2
—
, o 01/
- —a— 0.4u/L
[
3 0.7/
Los
3 ~6— 1L
= ~—— 45/l
0.6
0.4 — -
0 1 6 24 48
time (hr)

Fig. 4. S. mixtus heartbeat change by time and con-
centration exposure to benomyl.

3.2.3. Amitrole

Amitrole2 D. magna (1~10mg/L)$} S. mixtus
A~T0pg/L)e Zr 5% F7lA Algtel @& A%
uhE o WslE =3¢ A3 E Fig 5, 69 Ueriiich

utA7FA 2 carbaryl® benomyle] =%F A
nisgt Aoz Uelwtt. D magnat amitrole
of =& % 48A)7te] AR }HE W 80mg/lL F
TolA wrE7l 33% Zadtdod, 100mg/L
g Algste) AZduass &4 5 itk

S. mixtus© amitroled] =% ¥ 48A17to] A=
ARe W F= Aug/LoAM 2FFTt 43% ZAad
Aov, T0ueg/L Y 54% #Z23EHl

3.24. &k g ICs

Table 12014 Hiulel Zo] FF&o &%
EYE AANEe Frd wil &3ry Aole
BEQA T AA 2 £7F gadtd W ol do®
Zoloy: AFLY Hoj: W, Fig. 1~614 B

kRol Fekd] w=Z2d BHF2 AUy A7A
ghE 4T W ol FojEE F¥E HolR7] 9
£t 2#H 0w B dvdMe 24D 1Co
48N ICo& RESA TFate AL FEUT
ICx°] AFE3t7] ojde] oj| EZo] uxE As)
AFE FARy] T Holg B AFAN 73

60

—&— Omg/ L
@ Tmg/ L

= 3mg/ L.

e Smgf L

—&— Bmg/ L

heartbeat rate

~8—10mg/L

time (hr)

Fig. 5. D. magna heartbeat change by time and con-
centration exposure to amitrole.

—%— Oug/ L.
8 /L

—a— T/t

e 10l L

~S— 40up/ L.

heartbeat rate

—8— 709/

0 1 6
time (hr)

24 48

Fig. 6. S. mixtus heartbeat change by time and con-
centration exposure to amitrole.

4BA7 ICxe & V& Fd9sr] FEH 23]
A gl AL 7i7kE ghold BuETh

Table 11014 BiErleh 2ol 1C2 53 Uehd
EYFo vAE st 542 Fo TARl ECx
3 e Ao & carbaryle] 74 #Aetn, 2 e
¢] benomyl, amitrole &=°]%ith. D. magna$t S.
mixtus¥ ICx& ¥R WYEHE ECo Z2 AT
o7 FHEA S mixtus?7t D. magnaitt 54 5
Aol th3t ZpAdo]l Wsl

FE%d =2 HULuE dAsA LEFF)
228 Boltr) ok w& HYL wi gid
= Aol e AL 4 EAo] A 71#o] v
¥t 9] 27 gEojgtn dud,

4. ECso, 1C509] Bl

ZF4 9 3% T D magna®l ECs3 ICx
H]a= Tables 13, 1494 Heupe} 72t} 2+
FEEY sGYATE ECxol 1Cx9)
A7 4Ed] Hode RS 4 5 Ao

Fojet gt}
2o dig ga=st @] o
ALgste] A7k sHARE &
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Table 11. Heartbeat test ICso values for agricultural
chemicals using D. magna and S. mixtus

Acricultural ICso (pg/L)
gricultur: .
chemicals D. magna, S. mixtus
24hr 48hr 24hr 48hr
Carbaryl - 30~50 - 1~4
Benomyl - 100~130 _ S4
Amitrole - [8~10(mg/L)| - >4

Table 12. Heartbeat test ICso values for heavy metal
using D. magna and S. mixtus”

u ICso (pg/L)
eavy ;
metal D. magna, S. mixtus
24hr 48hr 24hr 48hr
Cu 43 33 10 7
Cd - 48 3 245 -3
7n >1000 471 350 155
152 % ARG BAT £ 9ol T #7]
Gojol &A1 7)A ek 100% =9 LA H 7
gZol £ AT ECxooly ICx dtol B a9

]
CHo s ARAE

34 E4d BF AT
& 5o 2AUE ol%a A

SgES fYo2 Asiol gl s,
Aska @tetE AEe AAYse B 9
Ev J5ate) FogE & & 9] @ B A7

ohd As$EOZH ECos
Aok SR AFHES g
A ‘H?%Ol obd A A}
| HH o2 v &7
Srpsh o] AHAES o158
G el AdAdew TR
©Z ECxol ICx B0+ 5483
3 w4 AL 5 gk 4%
oz O Be AT Ba
ol 24 Fo] T4 HoF

Table 1
2H 29
) &-of

of o =3

29

CRcd
2
7

%;“J»

d
ks

sel, £9 AUy

& Aol

ECso0l W} ICs0& E31 TWEL S mixtus?}t D.
magnaB.tF SAEZY 3 Z5Adol WisithE
RE gkt FFAel 1 '3}‘4“ A EAAY

o 9o o R TEAE A7 7}“6}E}“ A&
oujstnz @A 407 FFdA AHE th
& D. magnas FHES S mixtusE u_Zﬂﬂ £
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Table 13. ECs and ICso values for heavy metal using D. magna

48hr ECs (ng/L) 48hr ICso (ng/L)
Ij:;‘;i Jae-Won Jeong"™ Schﬁﬁielg :res’ L. Twagilimanaﬁ) Sang-1l Lee” Chan-Won Lee"”
(2000) (2005) (1998) (1998) (2005)

Cd 54 33~140° 4,660(24hr) 41~1,900 3

Cu 30 66.8, (6~53°) 10(24hr) 20~93 33

Zn - 330, (1,833~2,909%) 12,500(24hr) 27~29,000 471
cr” 120 - - 100~1,800 -

Ph 740 - 4,8900(24hr) 3,600 -

Hg - - 8(24hr) 52~210 -

a : Ute Mark' (1998), b : Bart T.A Muyssen® (2005),

¢ : Bart T.A Bossuyt” (2005)

Table 14. ECsx and ICs values for agricultural chemicals using D. magna

) 48hr ECs (ug/L) 48hr 1Cso (1g/L)
Agncu}tural Jae-Won Jeongm) Mikio Kikuch'” Sang-11 Lee”
chemicals | this study (2000) (2000) this study (1998)
Carbaryl 1881 031 - 30~50 -
Benomyl 68.97 - - 100~130 -
Amitrole 58,100 3 - 8000~10,000 -
Aldrin - 1 - - -
Parathion - 095 2.2°(24hr) - 79
Malathion - '1 18 - -
Diazinon - 0.87 - -

a : Ute Mark' (1998), b : L. Twagilimana® (1998)
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