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{b¥WE N RBICHER SN, TORBTHEE TED
EIEE D BN REEIICHEAR L TE . UL ULIEFEY
BOHIZIE, ANEOREICHEZ KT 7210 Tr<H
EEMICEREESZ 550650, TOEENKE
INTVDS, KEREICBWTIE, AEILFEHEDRK
HIZ K 2011 R 7K S D5 R R B MR T2 KRR
HRNE L REZIN TS (Teal and Howarth,
1984). HRrICPEEFEREMUILIGE N SIREKICE £
F2EEENE)INCHAL 1 et al., 2001 ; Nicholson
et al., 2003), L/KEFE/KDESBHEREIZLD AM
DREEDKEEMNDOEENKRETIN TNV D
(Dallinger et al., 1987 ; Jarup, 2003).
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NTHN TS A (Jou and Liao, 2006 ; Millington
and Walker, 1983 ; Slooff et al., 1983), ZHT®
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Movement [M]

9 s

Detachment and Cessation of
muscular activity [DC]

Fig. 1.

Adhesion and Cessation of
muscular activity [AC]

mg/L THo /.

Y E Ot (I) (CuSO, ; #Mif98% L k)
BIOHEIEH RI L (CACLy s #EI8% LL L) 130
e T M A (R, HA) XDBALK.
100mg/L O¥EEICHEE U izl BrERI, BiEFHKE
KIZE ORI TREWEE OB & MEfi U 7=, Bl
() OFFTEEREIZO0, 0.1, 1 BEXU10mg/L IZ7%
FEL, HLATRITLIZ0, 0.01, 0.1, 1 BXU10mg
JLIZERE L.

el BR121.50L (10X 10X 15cm) DOH T A H DR
Bk ZEAWTIEK T 572, KRB0, $91.2L
DFBIRMN A > 7277 Z KK 2 fEic /17 = F 8 k=
4{EEKT D5 TAN, 4 HMBEL, HUZFOfF
BEAREBIRLU 2. BRI 1 HIC I E2ER
il 7=, MEBHIZ 12850 © 1205 R O BHIRE B Ty, 7k
HOKIRIZ20E 1 CTHEFF L, WAFE#137.0£0.4mg
/L THo7.

BHBELIZAT S OITENL S DITHEL = (Fig.
D). KEEOEEME DR Z N S M ICE < HKEE (M), /K

Detachment and Muscular
activity [DM]

Withdrawal of the body into the
shell [W]

Five behaviors of snail observed during the exposure test.
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DEEHREICATE L TS, EikLzIREE (AC),
KEOEERDEICAFE T, EOMFEE2HNLTNDS
wKig (DM), /KAl QEER KIS, BoMF %
BIEADTHEEIFZEAEHAD TS IRE (DO), =L
TREIZHEZHU THWIRE (W) I20T, £
BT IN S DITEERL TWD T ZF Offik
¥aEiikl =, LT HEIX Watton and Hwakes
(1984) DFEITHEW, iDLy ZE >y FTH
&, KIea<, £ WATEZRL TW 25513
WHRAGEKIZAN, 103HBIERL TRIGDENWD D%
L EHE L. IaB, MDD, EHNH 5
TEM, ACBXU DM OMEEF LD (HFEIREE,
A), FIEEMEILL 2REETH S DCBIU W AT
HOMEEZELDL (FEIREE, S). MRX QX
LOBICBNTINGD 2 DDITH/INY — > DHED
WAt #maE EZ (p<0.05) % Fisher @ IF i HE 2Rk
TEICK OB Uiz, £, BRBREE WITHONE
E DRI BV 2 MBI 2 Spearman @ JIEATAH B &
ZHWTH Nz, LT SPSS 11.0J (SPSS
Inc., Chicago, IL, USA) ZHW\WTiro7=.

i R & FH

4 HE O () RFEICK>THYZFDf7H)
B ez Tz Fig. 2). MEXOHT=F1F, 6@
IS MATE 2R L, 2fEEOAN W ITE 2R L 2.
WTNDORERICBNT O CIIBR I Nsh o 7203,
BAKRE D0.lmg/L K TIX 2@k W 7812~ L, 1
mg/L KIZBWTIE 8 it 7 @ ikH W T8 2R L,
1EENSMITHZ/RLUZ. E51210mg/L X TIX5
fE@fn Wt 2R, 3EAEN DCITEIZRL . 7
B, TS OITEEIETIREE S 42 HIREED 2 DITH
F72 ABXUS OBEIZ DN THEK & il U 7= #s
£, 0.1, 1 BEU10mg/L RIZBNWTHEX EDOMT
BRI RE SN2 (p<0.05).

b BRI U L% 4 HESRGE LR, 1 BXT10
mg/L KIZBWTITENDEZENFHE N Fig.
3). Wil () BRERBOMREMEC <, RREK
ICBWTHLTIIMHEI NN 5720, 0.0lmg/L I2H
WT 6 ik MATEh 2R L, 2 E{&D AC T8 2R
U7z, ¥£7, 0.lmg/L X TiZ 8 fll &k 5 @AY M 17
Fzml, 2 KN ACTTEIZRLUZ. RO O 1@k
OBNW HFBERLE. —F, 1 mg/LKIZBOTI,
MATEhE 1 ER DA TEE SN, 2 @) ACTTE), 4
AR W 178, 1 AN DCITEIZRLEZ. I 5ITHK
FEEO10mg/L KIZBWT 8 fiiikdT XTOhY =)

Number of snails

0 0.1 1 10

Concentrations (mg/L)

Fig. 2. Behavior of snail exposed to CuSO.
(0, 0.1, 1 or 10mg/L) for 4 days.
*p <0.05 compared with control.

Number of snails

0 0.01 0.1 1 10

Concentrations (mg/L)

Fig. 3. Behavior of snail exposed to CdCl.
0, 0.01, 0.1, 1 or 10mg/L) for 4
days. *p <0.05 compared with con-
trol.

MWITE 2R L7z, £/, DM {7EIIMEER (1)
P RITLAONTNORBKICBNTHERS
Nixnoiz. ABXULSITOWTHIRX &g U 7= %4
B, 1 BLU10mg/L KIZBWTHBXEDOMTHE
=nmtiEns (p<0.05).

AHFEORER, 4 HREI OB (1) BIOERS
RITLABENN T ZFOFTENCEERZ KT T I &N
otz MBI ACITENITH R LMD RS
® 10,015 &£ T0.Img/L KIz BN TH< B E /e
N, TOMDEFERXTIEIDC W W 2N O,
ERHMIHI N, HEEEHCATENGIEREIINE.
Watton and Hawkes (1984) 1, #iiz3€FH TV
R (Potamopyrgus jenkinsi) 1Z96FFRE L, 178
12515 % 96RO 2 BB BB %0.072mg /L & s
LTHY, AEBRTHEN (1) 0.1mg/L ICREL
AT ZF T NT W ITE 2R LR &FE 3%
LTW5,

WEgsA (1) &3k h RS T LDORZEICL > TTE)
NDOFBINE S NI, BZEITEND > 7. bR
(1) 0.17510mg/L £ TOF A TOREER THBE



122 -

B

7 5

BINEREINZD, HIEHTRITLORETII1IBX
U10mg/L KOS TEENA SN, il (I) 2
b R LAXVENEEEZ DD I ENHEE SN
ZD XD BEMIEITHIEICBNTHHREIN TN S.
Cheung et al. (2002) 1%, HELEHY L0
(Nassarius festivus) \ZBF2HFBLIHT RITA
DIGRFRTEEBICIRE (LCsx) 7%, TNTH0.365 %
UF182mg/L Thome@ELTWVWS., Fiz,
Okamoto et al. (1999) 1A% 7 (Oryzias latipes)
T3, HLE D A8KER LC 5,131,100 ug/L TH D, 1
A R L D48KERH] LC 5 £322,000 ng/L TH > 7=
EHE L. Ko T, HUZFOFENCHL THHEMN
ARITAKVBWEEZET D EEA 5N

BWALH BRI AD0.Img/L A EORFEX (0.1, 1,
10mg/L) iIzBWTENZN LEEK, 4k, 8 k)
W iTEZm L, WATE OB EIRERFIHEML
7= (r?=10.985 p<0.05). L2 UtESEZTIZ W
T DBE IS RAREE X D0.1mg/L KIZHWT 8 f@#
hERBH2<, 1mg/L10me/L KT 7 k& 5
fRTH O, BEERGEEZ RN rP=0.2). #HD
1 BELU10mg/L X T, 0.lmg/L KIZEEXT W 178
TR g EERN DR < Tao HR E U THO#EMEICEX D
MAOMENRL D, HBEAL DI ENTERL< 12>
TERIREMENYE Z 5Nz, 5% 5 ITIRIRE O il 2
BCEKDNT T DITEHNDE B, RBRE L
DB Z MRS 50BN H 5.

sl (0 SHEEAT RITLOREICKD, AT
SO EICEEE KT T I ENH SN R0 L
MU, HTZFITHT MBI I L OB
IS N TRV, &EOPITIZ AW E > THEER
WCRDEBRVDHDBHEL L, KNIZHIT 2 ZDRENR
ZOMREsGE, BENBENS. #ETY -2 h)
IREEMgFREERL, ¥ ONIEEEESIED &
MHAILGNTWD, E/z, T REITALRERNICERDAE
NdE, NRITL-AZOAFF XA OB TEHERS
N, Hhxigddicg e MITEanTnsd. Zhs
NEERERD AT ZFOITBRE NSRRI SNz L
EZH5N.

HAQBREHIZHIT 2/KEEYEMIT, #7271 mg/L
LFTHD, HEIYAH00lmg/LUFTHS (&
G, 2009). AHFEOFER, i (1) Oh7
ZF T B EEZ0.1mg/L SRS N0,
REHEEEZE RRIZDRETHY ZFNBEINGE
TH, [THNOEENMRRIND. I 51T, HAEN
TREERORINZB W TH2.5mg/L LA EOEE

T EIN=HNHE SN TS (Shinomura et al.,
2005). NS OREIIAHAETH T ZF OITHICH
ENR SN MBI ORKEE 0.1mg/L) %15
M EESTED, AV ZFOfTBRENSER X
N, KEBEES O N T = OREEEE TS Al HE
WnHdEEZEND. —F, N OITE & 5L
TN, B EDEREHFEREIDEIBIITES
EEZLND. LL, WRIULRBICLKDZHTZ
FITEINOR/NZERE (LOEC) 13X 1mg/L THho
e, 1R I YL QEIE[EDST 5 TN 2 /K
BT 2N ZF DITENDEEIE ZIT< .
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Summary

We elucidated the behavioral changes of freshwater snail (Semisulcospira libertina) exposed

to heavy metals for biological monitoring of water quality. Freshwater snails were exposed
to copper sulfate (CuSO,;0, 0.1, 1 or 10mg/L), or cadmium chloride (CdCl,;0, 0.01, 0.1, 1 or
10mg/L) for 4 days. The behavior of snails were observed at the end of exposure test and

classified with five behaviors (movement, M; adhesion and cessation of muscular activity, AC;

detachment and muscular activity, DM; detachment and cessation of muscular activity, DC;

withdrawal of the body into the shell, W).

As a result, exposure of CuSO, and CdCl, induced significant change of behaviors in snails,

respectively (p <0.05). In the 0.1 CuSO,-mg/L treatment group, all snails showed W behav-

ior after the exposure. And 7 out of 8 snails showed W behavior in the 1lmg/L group. Ad-

ditionally, in the 10mg/L group, W and DC behavior were observed from 5 and 3 snails,

respectively. However, no death was observed in all CuSO, treatments, and 6 out of 8 snails

in the control showed M behavior. In CdCl, exposure, M behavior was observed in the

0.0lmg/L group, and 5 out of 8 snails showed M behavior in the 0.lmg/L treatment. On the

other hand, M behavior was observed from only 1 out of 8 snails, in the 1 mg/L treatment,

and 4 out of 8 snails showed W behavior.

In addition, all test organism showed W behavior

in the 10mg/L group. However, the death was not observed in all CdCl, treatments. Addi-

tionally, we compared the observed effect concentration determined from this study with the

recorded concentrations of Cu and Cd in the environment. And we concluded that the behav-

ior of freshwater snails could be affected by high recorded Cu concentration.





