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- . Abstract | .

To assess the impact of molinate on freshwater aquatic organisms, acute and chronic toxicity studies for
waterfleas were conducted. In acute toxicity studies for Daphnia magna, and Moina macrocopa, the 48-h ECso
values were 11.4 and 8.3 mg/L respectively. And in reproduction toxicity studies for the same species, the
NOEC’s were 2.5 and 2.0 mg/L respectively. These results suggest that waterfleas have simillar sensitivity to
molinate. On the other hand, the NOEC for 3-generation toxicity of moina macrocopa, 0.16 mg/L, was much
lower than those of acute values. This studies concludes that molinate has minimal risk to waterfleas in river.
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Fig. 1. Experimental design for the multi-generation toxicity test of molinate to Moina macrocopa.
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Table 1. Acute toxicity of molinate to Daphnia magna and Moina macrocopa

Organism Exposed period ECs, mg/L (95% C.LY NOEC” {(mg/L)
Daphnia magna 24 h 33.0 (27.8~39.2) 12.5
48 h 11.4 (9.2~14.1) 3.1
Moina macrocopa 24 h 14.1 (12.3~16.2) 6.25
48 h 83 (72~9.5) 3.1

* Confidence interval.

® No observed effect concentration: the highest concentration of test chemical that did not cause adverse effects.



218

8.3 mg/LE ViEl} 244|7t0]] Hlg) 48417 @Al of H40]
1.78) =4 JEh} molinate= 24/\]7‘} E2HTH 4847 2
oAl =4do] AAE] ZollE & 4 UGtk ol fEuElellA
AREE= molinate A& 8- ‘?-F molinate £3}0| 713
o wyo]E- oA EEQUARIEAERTHT], 2007)9]
=& & molinate |t AFF &5l 4.2 mg/LRET} 2

Hold 2 FERA =0 AEF molinate T &2l
A gAACE S vAA & AR AZH. 5
A5k 24 X174} 48A17b] A7) AR 2ol Kol 3
o7 Hol 47|71t AA 1ekr k3d B E¥E
of ¥FE & 7hsAol Qe Ao= wdHoh
Molinate2| EHE0]| LT HAZH

Table 2= D. magnaZ molinateo]| 2147t L EA3S
o AEE, A 2 ARl mA= YFE vErd Aol

10 mg/L Azjo)A 2197¢ %‘5—%8 0%°] 1L, 5 mg/L

A2 A = 30%, 2.5~0.31 mg/L Aefoll K= 90~100%
o] yrgo Bort BF4E-S 031 mg/LojA 2.5 mg/L
AT A e 2] 2193} 27 AlolE HolA| gte
U 5 mg/l AoAs 1359, 10 mgLoAL 4692
T35 AAE HAFAh AES ofn|ZiA Y] A A
APl A7 5 mg/Lof A 10292 gz 7.8Y3} 49
3 ApolE HYa SAleR 47 5.23]9F 2.53]2 {3t

4 sk
Table 32 molinate®] M. macrocopa®)] tigt HA=A
U2 9=d M macrocopas molinateo] 1047+
A 0 8 my/L AZFOA] 1087 HELE 20%e]
4 mg/LAZZNE 60%, 2.0~025 mg/l HelFoA
80~90%2] AE8L HHh

Bt 0.25 mg/LofA 2.0 mg/L AL B2
9] 1093} 23k ZolE ®o|A] ot 4 mg/LojAe

o, 10 mg/LojHE 6342 F3 AAE HojFyh

AES on A7t A AR Al AR 2E
A 3.8~4.0U2 893t Xpol7} glglod, AR 3.8~
433]2 SARRIT 1047 &A1 A7IEHEY o= tiz
Zo| 57.0mte] 9oLt 1% TS 8 mg/L 50l H& 44.50)
g2 Fo3t 2fo|E Boirt. 2y B3I tighe
S| mE2 QS BEY 5 Y-

HAEAA | Ao = D. magnas molinated] 21
F 2% A7, AR 54 A% 2 A
25 NOECE 2.5 mg/Lojgl1 LOECE 5 mg/Lo|Rit.
M. macrocopaZ molinateol] 1047} E3AHE O Y ¢
Al NOEC: 2 mg/Lo|9l1 LOECE 4 mg/Lo|%itt. 3
g Blpo A FErt SR tet 57 B Aachs 9
&g AT £ ¢lglth webA molinaters IE=oA D.
magna2) B3of= YFE F4] ga 4% 2 Wdle sk

=
pe!

i koo ale

L5

20|12 BT} 217 28 Q7| EHE Y] 2l o Aoz AotEy o8 F¥: LeBlank®} McLachlan(1999)
88.31}g]0]9 ot 5 mg/l $:ZoAL 16,5012 & {28 2} o] 4283} cyproteron acetateo] T3t A|E A}l FUs|r.
o)F HAth Iy BESipoME ARE AolE B
Table 2. Survival, reproduction, and growth of Daphnia magna exposed to molinate during a 21-day period
Nominal concentration (mg/L)
Parameter Control
0.31 0.63 1.25 25 5 10
Survival rate, % 100 100 100 90 100 30 0
Longevity(day) 21.0 21.0 19.4 20.9 21.0 13.5% 4.6*
Reproduction
Day to first brood 7.8 7.4 7.1 7.7 75 10.2* -
Total offspring/adult 88.3 83.5 83.6 843 81.3 16.5* -
No. produced brood 52 5.0 5.0 49 51 2.5% -
Brood size 17.0 16.7 16.6 17.3 15.9 6.7% -
Growth
Length, mm 4.0 3.6 3.7 3.8 3.7 3.1% -
Molting time (day) 9.2 94 9.1 9.5 9.1 9.3 -
Abnormal symptom none none none none none none none

* Significantly different from control (P<0.05, t-test).
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Table 3. Survival, reproduction, and growth of Moina macrocopa exposed to molinate during a 10-day period
Nominal concentration (mg/L)
Parameter Control
0.25 0.5 1.0 2.0 40 8.0
Survival rate, % 90 80 90 80 80 60 20
Longevity (day) 9.9 9.5 9.9 9.4 9.3 8.4% 6.3*
Reproduction
Day to first brood 39 3.9 4.0 39 38 38 39
Total offspring/adult 57.0 62.0 59.0 535 55.5 51.8 44.5*
No. produced brood 39 4.0 4.0 39 3.8 43 4.0
Brood size 14.7 15.5 14.8 13.9 14.9 12.2* 11.1*
Growth
Length, mm 1.7 1.7 1.7 1.7 1.6 1.6 1.4%
Molting time (day) 59 6.0 6.0 59 5.6 6.0 6.0
Abnormal symptom none none none none none none none

* Significantly different from control (P<0.05, t-test).
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Table 4. Size and fecundity of Moina macrocopa-Fy generation exposed to molinate in multigeneration toxicity test

Nominal concentration (mg/L)

Parameter Control

0.016 0.16 1.6

Adult survival, % 100 100 100 100
Days to first reproduction 51207 4.9+0.7 5.1:0.6 4.9+0.7
Total offspring/adult 346439 34.0£2.5 344454 35.9+3.1
No. of 1st brood R.0+0.9 7.8+0.6 8.0+0.8 8.0+£0.9
No. of 2nd brood 15.8£2.9 16.2£2.0 15.8£2.8 15.7£2.9
No. of 3rd brood 8.0+0.9 10.0+3.5 10.6+3.2 122423
Brood size 11.5+1.3 11.5+1.3 11.5+1.3 11.5+1.3

Sex ratio®, % 100 100 100 98.2

* Significantly different from control (P<0.03, t-test).
* Sex ratio (%) = (female young/total offspring) x 100.
® Values were mean + SD.
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Table 5. Size and fecundity of Moina macrocopa-F, generation exposed to molinate in multigeneration toxicity test

Nominal concentration (mg/L)

Parameter Control

0.016 0.16 1.6

Adult survival, % 90 100 100 100
Days to first reproduction 4.0+0.0° 4.0£0.0 4.0£0.6 4.1+0.3
Total offspring/adult 52.5¢6.4 53.4+7.1 54.449.1 52.2+5.8
No. of Ist brood 19.8+1.6 18.6x1.4 18.7+4.1 18.3+1.8
No. of 2nd brood 16.0+4.2 18.3+4.4 18.4+£3.8 17.1+4.9
No. of 3rd brood 16.8+4.1 16.5+3.1 17.3+3.7 16.8+1.5
Brood size 11.5+1.3 11.5+1.3 11.5£1.3 11.5¢1.3

Sex ratio®, % 85.7 100 92.2 100

* Sex ratio (%) = (female young/total offspring) x 100.
® Values were mean + SD.

Table 6. Size and fecundity of Moina macrocopa-F, generation exposed to molinate in multigeneration toxicity test

Nominal concentration (mg/L)

Parameter Control
0.016 0.16 1.6
Adult survival, % 100 100 80 70
Days to first reproduction 4.0+0.0° 42404 4.3+0.5 4.3+0.5
Total offspring/adult 44.7£8.1 43.3+6.0 35.145.6* 33.1£5.5%
No. of 1st brood 12.9+4.0 127433 9.4+4.5 10.6+4.0
No. of 2nd brood 17.4+3.9 16.7+2.5 13.5+4.7 11.3+3.4*
No. of 3rd brood 14.4+2.3 13.9+3.1 12.3+£3.2 11.3+4,7%
Brood size 11.5+1.3 11.5+1.3 11.5+1.3 11.5+1.3
Sex ratio®, % 100 90 100 95.2

* Significantly different from control (P<0.05, t-test).
? Sex ratio (%) = (female young/total offspring) x 100.

Table 7. Acute toxicity of molinate to young Moina macrocopa produced from F2-generation exposed to molinate

Concentration (mg/L) 48h ECsp, mg/L (95% C.17%) 48h NOEC", mg/L
Control 6.7 (5.6~38.2) 3.1
0.016 6.0 (4.9~74) 3.1
0.16 6.0 (49~74) 3.1
1.6 7.8 (5.5~10.8) 3.1

* Confidence interval.
® No observed effect concentration: the highest concentration of test chemical that did not cause adverse effects.
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