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Abstract : In the present study, the effects of 4 agricultural chemicals commonly used in this conuntry
were experimentally assessed on Lymnaea viridis the intermediate host of Fasciole hepatica, which in non-
target organism of these chemicals. The major habitat of the snail is rice paddies in Korea and many agni-
cultural chemicals are used for weed, fungi or insect control in rice paddies and there is a general concern
that certain levels of these chemicals could reach the aquatic ecosystem and possible alter the snail life.
Agricultural chemicals used in this study included two herbicides, an insecticide and a fungicide. The
tenth generation of laboratory reared snails were selected and exposed to the varying concentrations(0-100
ppm) of these chemicals. As concentrations and time of exposure increase, the per cent mortality in-
creases(p < 0.01). LCsolethal concentration for 50% mortality) values of these chemicals on snail after
96-hour exposure were variable ; iprobenfos showed the highest acute toxicity(12.6 ppm), while carbofur-
an showed the lowest acute toxicity(74.5 ppm). Sublethal concentrations of chemicals after 96-hour expo-
sure were also variable : bentazone showed the highest chronic toxicity(0.81 ppm), while carbofuran
showed the lowest chronic toxicity(5.04 ppm).
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Eol Jalshe g@ole] nXE GEe APHog =
Aal7] oaf Al Selvtekeld de A s m e ¥
7R A 2A S AEA QD AFAS AR o5 5
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ME 3 Yy

OH7 12Ol : AE A A0 ) A& & A7) &
go|F AE7}E0.6~0.8 cm? ATHS FE AHo) A}
3en, ¥ 11,2000k o 90| & A18-3t%it)

S HD sevetel A B e Aufo] de] AHgsn
A= F%F A 2A 287 A3 15 2 434 15 5
459 ks AAsP T Yol AR § wore B
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Rom A8 " Tk et Y 2 H & Table 19
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=00l T Aol AHEE T FREE fU18
o 2] acetoneoll 10,000 ppm®] =2 &3 A A o] F st-
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Table 1. List of the chemicals used in the experiment

g 7t 529 stock solution® THA] ZFH 2 84 5o
1 ppmell A 100 ppm7HA] 10 ppmZtH o 2 FE & 283}
Act. Aol ARF kS iprobenfos ol vl A g 9
A3 g3 o]E0] 20 ppm o]F oA 244 3F ool k5
Ababab iz, 10 ppm o) sl A& 9641 AR Fwtel 9]
Gajolvto] Abahateh, LA o] fA Y] 964 TR
MHLBEES 7317 A5t 5% =& ALvR
10 ppmol A 5% 20 ppm7HA 1 ppm3tA o2 24
3l B A9E AAH

ATHAIE © Zbzte) Bk g s EEE A A 6 emed
100m¢ b2 R 7HE e g o710 &
ol sute)¥ &7 Wtk dHolrt Fofntoie vlo}
o= Ag BR8] stel B%E 7X7 cmi Fet
gy 9o] &g a Ao] Fofol ek i Wt
7 gy qtog Yol Wk xwe T e

T 242 ASEYY RE 438 o A
st ov, 96A] THEQY 12417 ZHA o7 st FH
Heo) $212 7)&5tach Al guolel R 2 1 F
oJukg uby) 9]5te) Abubg dufolvt AW A F
wo| A A AsAch Ag7)FolE Hol g st
A gpgrom Hoke Hxo) FEE A F 96 tE
ob Al A2l & 3hA gt M7 TF FL&E 2.7~

25.2C At

EAXE| st FE L =FA el upe gl
K| A}g & software package PCSASE ©]4 3+ analysis
of variance(ANOVA) 2 ¥l mstgct =& 96413 §
{iz. ¥ 3¢ # 1 (lethal concentration for 50% mortality :
LCx) 9 1% A A& = (lethal concentration for 1% mor-
tality : LC))¥ Finney#koll 1% probit #7122 18t
o], #FEIEREE LG 1/28 Asstdch Y

Common name Chemical name Purity Classification

Bentazone 3-isopropyl-1H-2,1.3- 95.3% Benzothiazinone
benzothiadiazin-4(3H)- Herbicide
one 2,2-dioxide

Mefenacet 2-(1,3-benzothiazol-2- 98.0% Anilide
yloxy)-N-methylacetani Herbicide
lide

Carbofuran 23-dihydro-2 2-dimethy 90% UP Carbamate
benzofuran-7-yl methylca Insecticide
rbamate

Iprobenfos S-benzyl 0.0-di-isopropyl 96.0% Organophosphorus

Fungicide

phosphorothioate
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Fr71 8 2 A& 3 acetone©] @ ole] A Eo) A
& "X E7HE ZANS) Y8t AAIE Gl A 8 (0-100
ppm) el A7} o] oAl go]o] Aol ke njx)x
2% 3keh. Al =40 Q) bentazonedl| of 7| EE Yol E A
71 3 96A1 77 A A7Ee] Ao mE e 9Holy
X AH&-& Table 20 YERA T} bentazone® % 1 ppm
A M 71 EDH ol e e F 9641 ZHA] BE A EFHL
#, 100 ppmoll A =2 12A]7F o]l & @5 o]7} A}
43199}l Bentazoned] & ¥ @30l AAIELE =&
A)7to] 723l bentazoned] FE7F HolH ol wel F
Vet oH{p<0. 01).

A Z 4| 21 mefenacetol]l =& ¥ 7| E2E W0l nZA
e g ok e B ole] XAL8-& Table 39
UeRdt}h mefenacet®] &% 80 ppmoll A = F 1241700l

Table 2. Mortality rate of Lymnaea viridis exposed to bentazone

23 FE 1 ppmoll A 2 964t B3 ol 7t Abat
7] A EH e, 100 ppmol A =& 96417t B E B
o7} Alga At Mefenacetoll =& 8 @3 ol2 x4}
& HA] =& A|7e] H #3L mefenacetd] Fx 7} Eo}
el ot} F7patA o p<0.01).

A2 A Q] carbofuranell SH71 ESH ol & =FAZ F
9611 7t A A17k] Ao mE ofA) T Yol ¢
A Al-2 & Table 491 e}t o] FAle A9 Yol
AN BE FEANAM =3 124 ol = Al g B o
7F e v, 100 ppmoll A 24A17Fe) 1] 3 10 ppmeoll
Al 9641 Ztoll @ o] 7} Abg3l7) Al &t Th. 100 ppmell
A =% 96A17H7HA] 88% 2] @ ol vho] AtEEt{Th. o]
Ao M= G o] o] XALEL mEAZto] FHsta F
=7} Fotel et FrHkoh{p<0.01).

A A 2l iprobenfosell =& € }71EE Mol =&
Al b a2t n ofA] s 9ol 9] AJALEE Table 5

Concentration

Mortality rate after exposure(%)

(ppm) 12 hour 24 hour 36 hour 48 hour 60 hour 72 hour 84 hour 96 hour

Contorl 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0

10 0 0 0 0 4 24 36 40

20 0 0 0 4 12 24 40 44

30 0 0 0 4 16 28 32 52

40 4 8 8 24 28 36 40 68

50 32 52 52 68 8 84 3 LY

60 52 76 100 100 100 100 100 100

70 52 76 100 100 100 100 100 100

80 76 84 100 100 100 100 100 100

90 90 92 100 100 100 100 100 100

100 100 100 100 100 100 100 100 100
Significance p<0.01

Table 3. Mortality rate of Lymnaea wwidis expose to mefenacet
Concentration Mortality rate after exposure(%)

(ppm) 12 hour 24 hour 36 hour 48 hour 60 hour 72 hour 84 hour 96 hour

Contorl 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 1

10 0 0 0 0 0 0 0 4

20 0 0 0 0 0 0 0 8

30 0 0 0 0 0 0 8 8

40 0 0 0 0 0 0 12 12

50 0 0 0 0 12 28 32

60 0 0 20 28 32 44 56 64

70 0 0 20 28 40 44 56 64

80 4 12 28 40 60 72 76 80

90 12 20 28 40 60 72 76 80

100 20 32 48 52 60 & 84 100
Significance p<0.01
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Table 4. Mortality rate of Lymnaea viridis exposed to carbofuran

Concentration Mortality rate after exposure(%)

(ppm) 12 hour 24 hour 36 hour 48 hour 60 hour 72 hour 84 hour 96 hour

Contor! 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0 8

20 0 0 0 0 0 4 4 8

30 0 0 0 0 0 8 12 i2

40 0 0 0 0 0 8 12 12

50 0 0 0 0 0 12 12 16

60 0 Q0 0 0 0 12 12 36

70 0 0 0 0 0 12 16 36

80 0 0 0 0 4 20 40 60

90 0 0 4 8 32 44 56 60

100 0 8 32 25 52 72 80 88
Significance p<0.01

Table 5. Mortality rate of Lymnaea viridis exposed to iprobenfos
Concentration Mortality rate after exposure(%)

(ppm) 12 hour 24 hour 36 hour 48 hour 60 hour 72 hour 84 hour 96 hour

Contorl 0 0 0 0 0 0 0 0

10 0 0 0 4 4 8 8 8

11 0 0 4 4 8 8 12 12

12 0 4 12 20 20 20 24 36

13 0 8 16 20 28 40 40 44

14 8 28 32 44 44 52 68 68

15 36 44 68 88 88 92 92 92

16 44 56 76 100 100 100 100 100

17 52 68 88 100 100 100 100 100

18 52 76 88 100 100 100 100 100

19 56 84 100 100 100 100 100 100

20 76 100 100 100 100 100 100 100
Significance p<0.01

Table 6. Lethal concentration for 50% mortality(L.Cx)
values of each chemical for Lymnaea viridis after
96-hour exposure

Chemicals L.Cso values 95% confidence limits
(ppm) of LCxf{ppm)
Bentazone 16.3 14.0~18.6
Mefenacet 53.3 49.2~57.4
Carbofuran 74.5 68.0~81.0
Iprobenfos 12.6 12.4~12.8

Table 7. Sublethal concentrations of chemicals for Lymnaea
viridss after 96-hour exposure

Chemicals LCi(ppm)  Sublethal concentration(ppm)
Bentazone 1.62 0.81
Mefenacet 6.92 3.46
Carbofuran 10.04 5.02
Iprobenfos 9.17 4.59

LCi : Lethal concentration for 1% mortality.

o e}lvblich iprobenfos®] &% 14 ppmell Al & 124
7ol 28] F 5 10 ppmol A =% 4841 3ol 2 o] 7}
A7) A1 &slg o, 20 ppmol A & = 244 ZHo)
1213 16 ppmoll M= 48417kl 2 E @9 o] 7} AL 3}
Art. iprobenfoso) A= 2 o) o] AALG & & A b0
Aetal g o] okAl o] F vt wol Ao uket Fols vt
(p<0.01).

o 7] 2ol i Feke) K49 ol & v
A% 7} Fokol 96412 LCw {8 Table 6 vehwch.
LCwell 28t =4 9] #o]= oo FHol et @A st
A vebded &A1 < iprobenfos7t 12. 6 ppm o & 47}
A FAF AT g2 54 1o 4FA A carbofuran
vk ok g7} 12 11 Al 2 A Q) mefenacet BT 9F 4
W7t & 5A4& el

=& 96412 F cl7IBEEolol izt wke] LG
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o} EHFTLME S Table 79 A AEAH. EAALEE
= A 242 bentazone©| 0.8] ppmS 2 7} ko,
A& 4 ¢ carbofuran©] 5.04 ppm 2 2 7} ¥} benta-
zone®| carbofuran®l] 13} <k 67t & A A E T
E Bid.

LI

A7l g@Pole F2 ol MAstn Qojx*t 0]
g ol ol XS ZF w4l B IFS LS
Aoz AAdth " Watanabe®® U 2ol A A A &
A Zo Bg QoM AZA 7} =oll M A s L ok
%) £& 74N HEAnE 288, 4572
&3 Fe selveldl M NG of 71 B g ol ofg
Yeol] A APl A Foke] RARDAN B A9
HaAdg AABI e stk 284 & EFddMe d
4 feletel A Hel Aufol] de] AHgH 1 Qe Tk
& HAste oj7]EGHolo H o] SHAHNE
APl A FAsHUT. Aol A 7 Fofoll e
N7 Edgolo] T4 APA o] @¥o|] AALEL
4712 Aol N 2T FEFe Tt wotFol net F
7tatQa, wokol k&8 Ate] B #Hgtel we} 713t
A p<0.01)(Table 2~5). ol8j& A= Al A
fluometuron®} diuron®] Lymnaea spp. ol 3 548 &
4% Christian# Tate®'9] 2@ 2 29} fApshich

2 Aol AHEE 471HA] Foe] Bl g vasly
Azt o) 71 S G ol & F ool =FEAZ 96AI7E F 2}
Foko] PUBMEREE &3t B AR FHAEE
= oY Fhol wet EAE Aol E H Yt (Table
6). metA FoFe) dalFd e oo FHol wet
o7t & oz veryh oy A#E 337 F
71845k e] Aol 5% st e uf A s 3¢t
29| £5#d wel st doin Rad Bate 59 A
g R s Flolth

N7 EG Bl FoF =&AL %A F 24 5
9 FAANEEE A&t B AW FAAERE FA F
oFo] Z Holl wtg} 3ol B tHTable 7). EXAIEE
=gl Aejoll Fgg v H 4 Ye A=A AY
d)# 2 dgol A4 FF3F bentazone©] 0.8]1 ppm O
2 carbofuran ¥} iprobenfosoll ¥]3ll °F 6v) “12] 1L mefe-
nacetoll ¥l & of 4v] 9] & A XA A E Eb
Ack. o] ol Ao} go] F3olo] Heje W 3
29 Fofol M L Be 5 Aed 53] 5
& guolg] Yool 2H9 YA JFE vAe A
o2 ‘Fotol o guo] MM 2FL Yol 4
Fo E AR PG v A Aoz AT 1

g diojo] g Foko QL T4 FF L FE
o osl A= Fo|nm HA ofdo A FFol
old] M Ae FYE &5 AfME MAAHAA 5
oo} Ehl zb5i ot Mkl BN o] e ¥
R 3te] 2 24Y9 d3s} vludtoof el Ats
e

2 £

Fzo Aol e} AR U TS AR AN
2ot 7] $15te] RASiREEE REFTHAA +F L
& 4% 5o 0%01d REE)S 44 s=EE 34
81 (0-100 ppm) °H7] B2 o]l =2 A ¥ 96417
7R 12A3F A oz Dol o XALE S ZAMS AW
v} 3 ofol] o] g duo] o] XALEE 47FA] FA A B
5 ¥ofo] =&E ¥ ANzto] A ngtd wat Frhskg e
v, %9 F=rt F71 maM e @l AALS
o] 718t AHp<0.01). =% %62 F 4 FoFol b
RIETEMAE (LCo) = 52kl T/l wet @A 2tol &
B 5=l iprobenfos7} 12. 6 ppm 2 2 47}A] kA F 7+
=2 548 JE on, carbofuran®] 74.5 ppmo.& 7}t
A e 54 el =& 96417 F o7&
oo thg 7} F oo} HEHIEME S bentazone©] 0. 81
ppm e 7HE & VA SANE de Aoz e
o1, carbofuran©] 5.04 ppm2 2 7}F F-& I 5 A
g Bdrh
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