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Abstract

To develop the continuous water quality monitoring system using the daphnid Daphnia sp., the growth of test animal,
sensitivity, and behaviour response of toxicants were observed. Growth of test animal significantly increased with increasing
the food density under the 90 ~105 mg/L (CaCOs3) hardness, except the concentration of food (Chrollela sp.) was exceeded
than optimal food supply. Behaviour responses of test animals were continuously analyzed by changes of fractal dimension
value (FDV). The FDV sharply decreased after exposure to the concentrations of 0.13 mg/L copper, 0.06 mg/L lead, and 0.38
mg/L cadmium. In these concentrations, mortality and abnormal behaviour of daphnids exhibited within ca. 1.0-h after
exposure. Comparison of 24-h LCs, values with other zooplankton species indicated that sensitivity of the Daphnia sp. was
higher than most zooplankton for lead, and brain shrimp, rotifer, and water flea (Ceriodaphnia dubia, D. magna) for copper,
and brain shrimp, water flea (D. lumholzi), and amphipod for cadmium. Based on the above experimental results, significant
relationship between toxicity and behaviour response of Daphnia sp. was supported the high potential of water quality
monitoring system. Consequently, behavioural monitoring method in this study suggests a good estimation tool for detection
of the discharged toxicants in water body and for ecotoxicological assessment aquatic organisms.

keywords :

1.ME
A5y SEEAY IAHA F4& Frhshr] g AE
87 md dAFE "ol 5 AEETIAE 9 AFE
dez #g=%eH, F2 "3‘_25, 23 9 g 5
< Z%71E(endpoin) o2 I ABEIEgF 7T ALl A

E]%‘lﬁ}(Bodar et al., 1990; Codina et al., 1993; Forget et

. 1998). 2 4F AFAES HEY AY 2 4YH
EH H3E FFst= Wyo] 7|&£9 AEZFHQ FHy/PpER
oS4 s AEY UHAETE w7] W2 MER 54
B7te] A H(indicato) 24 AMEE & ASS AASHATH
(Hurst et al., 2007; Vijayavel et al., 2004). A=, A2H
EX Wale HE ¥ E(Fernandez-Casalderrey et al.,
1994; Preston et al., 1999; Saglio et al., 2001; Szulkin et
al., 2006)oltt oiAtzHE o] WSKKim et al., 1996, 2004;
Vijayavel et al., 2004)& &3 #&T F 7] H&Fd o]t

"To whom correspondence should be addressed.
sjyon@Kkitox.re.kr

2X LN sIRSaH S K| MuA X1S, 2008

Behavioural monitoring, Daphinia sp., Ecotoxicological assessment, Toxicant

#HE oIS A7t FPHAT dE E¥, Fernandez-
Casalderrey 5(1994)2 59| ofXAt & =€ EH
= Daphina magnad 435 HsE A43192H, Cha-
roy (1995)2 =4Ed =&" &3FF Vrachionus
calyciflorus®] +93% WstE #FEst FHEY WS}
7F ZAAARL ofAAL BEHAIFY RN AT LS
AAstETh o9k HEo] Kim $(2004)F Vijayavel 5
(2004)2 Z+Z+ wlxA]Z(Ruditapes philippinarum)3} Al (Scylla
serrata) S ©]-&3te #7120 &< chlorpyrifos$} naphthalene
o tiet B A SHY ofXAL BY FFE FIFsH T
SHH, FAAES ol&d ALHA F3FMIEY F8
2 oln] U - A E dE A EHIA U= BT

g

A FUdAE gEFERE o1& SHHASEA AEEA
S ¥ oF, sEEFIE 2 MAES o1& HUH Ve
HEE FAAFA et ok £ PSS R
SHEol obd AP Fel7] Wi T st FYH
AejA S Wsks 2P vt len, VAR AR
B BE Y, AR 2 fAH 8] §45] S7HE Ae=w
dFdh old dF ATAES AP xdow EF



ZLHAF BB S Daphnia sp.& 0|28t

o
[ E=rSTel]

SRR FX Y 37

g Adog FFstn YtHAEA 5, 2004, 20063,
2006b; ¥4+, 2004; Wood and Stark, 2002). Wt =4
EZd o NgE 9 HEARr] FUAFRT HAUA
U & Aozt 1g FF, T Mdste AEEs 0§
FEEYEY ZA7 Agdnd A d fasE Al
79 Mge AW AT F U Aotk

SAB7I) AGAE BUE BAAU TP o2
B 23 2l ojFel o=
HH(Eriksson Wiklund et al., 2006; Stark and Vargas,
2003; Villarroel et al., 1999; Wester et al., 1990). °o|& %
AF SEZFIAES T2 d 9F=7 53, 4F
A WA gA I F den, FH474 wold gsf of
718 ¢ e 4334 2FE 25N F de FHol
R 5% FEEES TIS OGS FoEd 2 AYgHST
of dig S4H7F YEEHN g o] &HAL UK AT &
2004, 2005; 3t¥% &, 1995; Bodar et al., 1990; Fraysse
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—=-- Direction of water flow

1. Computer for test animal observation
and data storage

2. Temperature contorller

3. Peristaltic pump

4. Temperature sensor

5. CCTV camera

6. Experimental chamber

7. Light emitting diode (LED)

8. Air supply system

9. Water storage vessel

10. Enlarged figure of experimental
chamber

Outflow Inflow

Fig. 1. Schematic (not to scale) of apparatus used to observe
behavior pattern in the water flea Daphnia sp.

H(recirculating system)< AM&SIETHFig. 1). EH S
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FEAEE 20 mLY AT F
33 2@ 54 350 0
MS(ELAN 9000, PerkinElmer Inc., USA)S Ab&3le] 24
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Chrollela sp.& 1 mL¥ IFF3 AFFNA 1.73+
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mLy  FEe A, AT 2 AZES F4FG 2242008,
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Fig. 2. Growth patterns of the daphnid Daphnia sp. during
rearing period (96-h).
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ztol S H P THFig. 3).
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2 &8st
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Fractal dimension value
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1.2 } } t
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Runtime (h)
Fig. 3. Fractal dimension (FD) values of the daphnid Daphnia
sp. not exposed to toxicant. Four fasted daphnids were
introduced in the test chambers during 24-h.
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o] FHAFE olFtE HolXU|7tA] L~aH
8AIZFo] A th(Fig. 4a).
mg/Lel =&" EH S A<
AEFE Bk 28y Alzto]

olo

o
&
e

Rm{N'oE

i,
o
[kl
)
1 i)
fan gy

= o

a5t g

o PeAHEe FJHaA dol o FHE FIsA #R
g2 &gtthFig. 5). ¥ 0.1 mg/lLel] =&
g

o]

o}

7
5o 3 ZAG gL 164~176 FYPeH, =& F
£ 153~1752 =% AP} {FYg Aol& Holx &t
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Q1L F&3] pasgen, =dg A 2 el
A1k ool FAIsEQ] 1.50 olstE EolA L, 6
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Fractal dimension value
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A 0.1ppm

0.0 t 1
0:00:00:00 0:06:00:00 0:12:00:00 0:18:00:00

Runtime (h)
Fig. 4. Fractal dimension (FD) values of the daphnid Daphnia
sp. exposed to 0.01 and 0.1 mg/L copper concentrations.
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Fig. 5. Fractal dimension (FD) values of the daphnid, Daphnia
sp. exposed to 0.1 and 0.5 mg/L lead concentrations.
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Fig. 6. Fractal dimension (FD) values of the daphnid, Daphnia
sp. exposed to 0.05, 0.3, and 0.5 mg/L cadmium con-
centrations.
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(Hanazato, 2001; Preston et al., 1999). ¢l& &4, 7l=F
ol =9 D. magnad 7%, 2ol A 9g=7 353
o m(Michels et al., 2000), €% F2 Ho] HaPzo] 7+
225} tHFernandez-Casalderrey et al., 1994). =3+ t}&<)
EAELY =59 AE2 9527 GAFLRE FUHe
F AA9] EStEAY AbdEtd gAYl #EEHA gt
(Charoy et al., 1995). ©ZrF(Monoporeia affinis)¥] 7%,
SHEZ S 5] Astd AAAJ] HHEAA o5t
= F9x A5 thEriksson Wiklund et al., 2006). ©] &
S AYE AEY SFAHFZAXNE A HERET
PCP(pentachlorophenol)oll =%¥ &5 (Takifugu obscurus)
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Table 1. Comparison of the results of this study and 24-h LCs value (mg/L) of toxicology studies from the primary
scientific literature on the zooplankton (PAN Pesticide Database: http://www.pesticideinfo.org/Index.html)
Toxic dose (mg/L)

Copper Lead Cadmium Medium Reference
Brain shrimp
Altemia salina 0.80 3.10 SW PAN
Opossum shrimp
Americamysis bahia 0.16 SW PAN
Rotifer
Brachionus calyciflorus 0.23 4.00 1.30 SW PAN
Water flea
Ceriodaphnia dubia 0.14 0.20 0.03 FW PAN
Daphnia sp. 0.13 0.06 0.38 FW Present study
D. lumholzi 0.07 1.95 FW PAN
D. magna 0.78 FW PAN
Scud, Amphipoda
Gammarus sp. 0.13 0.14 SW PAN
G. pulex 1.45 FW PAN

SW: saltwater, FW: freshwater, PAN: PAN Pesticide Database
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