J. ENVIRON. TOXICOL.
Vol. 24, No. 4, 311~ 320 (2009)

72|, Jl=8, HHCHE, Moie|o}Eol
2uls ZHMS ME| ojxE At

Effects of Cu, Cd, Fenbendazole and Sulfathiazole
on the Survival of the Korean Fairy Shrimp
Branchinella kugenumaensis

Seong-Dae Moon, Chang-Hyun Cho, Inn-Sil Kwak®
and Chang-Hoon Lee*

NeoEnBiz Co., Deawoo Technopark A-1306, Dodangdong, Bucheon,
Gyeonggido 420-806, Korea

Division of Marine Technology, Chonnam National University, Yeosu 550-749, Korea

ABSTRACT

The short term (24-hr) and long term (21 days) effects of copper, cadmium, fenbendazole and sulfathiazole
on the survival of the Korean fairy shrimp Branchinella kugenumaensis were evaluated. The 24-hr median lethal
concentrations (L Cso) of copper, cadmium, fenbendazole, and sulfathiazole were 39, 512, 182, and 31,818 ug/L,
respectively. The toxicity of copper is highest among 4 chemicals used in this study, while sulfathazole the low-
est. After the long term (21 days) exposure experiment, the L Cso copper, cadmium, fenbendazole, and sulfathia-
zolewere 1.12, 2.1, 0.1, 6.6 ug/L, respectively. The long term effects of antibiotics were highly enhanced while
the short-term effects were not strong. The sensitivities of B. kugenumaensis to copper and cadmium were higher
than or comparable to those of other freshwater branchiopods (Streptocephal us spp., Thamnocephalus sp.), and
far higher than the marine species(Artemia sp.). There were significant effects on the surviva of B. kugenumaen-
sis after long term exposure to relatively lower concentrations of copper, cadmium, fenbendazole and sulfathia-
zole. Therefore, B. kugenumaensis seems quite a good candidate species for the ecotoxicological assessments

of freshwater environments.
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oA ARl e zeegs viEo
2] el A3 AHSAAAY S 7H‘”ﬁh At
st ARSelAM e z2EEl Y 2F
Aol M F4 g AlRF o, Sl SAlol A48t
e 213%0171 gzl S A EAE7kl
7R AR o F o=
AR A f22 T AHA
FA MR '] Hel o
Fd 4 5= aslof sh7] wel,

T A EA A|FE Y 2RSS

A4 vl s (2L 5, 2007),
231 A=A }\]’o‘-h:ﬂ 72 20004

ol
F{F
i

iJ{JsLHrzmﬂi
Hi oo L (o oop

¢

Zh5, BHE, A 71], W
& EFTE ez shtte] Al=E et (o]
5 2005; #4341 5, 2006; G413}
=, 2007; o] R4 %, 2008). 3}Aut
A 7S BRI e w9
=4 AEEe] AAF o]5S o] 83 A
Mz opzl 2 AAH oz A

=4 AlEoz AMgslr] 3t
oz A, AAA FoA, AH 2
ok B3k 330 SOl AFA fA H 9
4olA, LAEA gt wke vigts Seo] 9l
(ASTM, 1997). & AFeME o3 27& w5
& 4 9l Ex AE=R FJX-%(Branchinella
kugenumaensis) & A Astdom, £ A A3E 7]
z2 ] 25 54 AET N &8 7
Aoz 7|y 3}

TN AAFTER, AT, FAFEe £3h
18959 delAM FEFIH AFE Aztez odF
A A =it (Ishikawa, 1895). F-3HRE A Al A<l
oF 2000 Zo] <A <¢)laz(Schram, 1986; Dodson
and Frey, 1991) Z13¢]] B. kugenumaensis= 3t=, o
5% A5 5 opAlef AelA AAlge Aol u
1o QA E F2 5 A, B, £ 2
o] #3F AF7} 2P F o] %}U}(Yoon and Kim, 1992;
Yoon, 1993). WA S 5obe ALgaA] R 7

3 ol

off f L > £
N s}
2%
o o
z 0 lf
o s I =
N > fo
n 2
- e
rXL

N
5 8
RIS
R !

o

o
-

5 £ [o
gorlo dt B o2

e

N

J

o
o
o
N
A

Vol. 24, No. 4

g ol A F2 W, A gE A A3 ol 4
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72-14-0, Sigma®) & o] &5t} 79} Fl=Fe
3} 2Rl o] Alzsigon], AuldEd Au)
Elo}E2 ¢7]8u)ql DMSO (Dimethyl Sulfoxide,
99.8%)0l o] A|z3}elc}. Luj2 ALLE DMSO
b 0 P - R B R B R i I = S B
DMS00.10.25,0.5, 1, 2, 4%155&] T e oA
& 2447 xEe] AEARE WA 4o
) EAAS ARE G o)A e HE
wZNo] 2] DMSO 557} ©717t 2eEA] 1% 1]
w712 FA) 01% v]te] Hws sholot.

w
nil
N
H
M
okl
N

N

et al. (1993)e]| A] A
25 AREE s 917 1
TN FAE 24007 5 253

£ 34w AEEE B
ok 71 24X)7¢ oF
=ss 4
A4 +£1C= %Xlﬂ% }}%HH PE

Mo e
i)
>.
>

B B %_&n}iz
ey
|,
=

9
=
A

o f
¢

o
EO
o
oH,

R
=2
X
_[>" juii
o=
o
3% r
i
1_1.4
e
N
o
rﬂc_vl

i)
o
N
do

Ak, skl ool FAS-

Ao m|x]= o8k 313

S 10umw e
2710 Fa A i Al 3
A Gsteh 7 B BE Pl 722 7

47, 93, 186, 372ug/L, 7} =H2] 7;‘—?— 153, 306, 613,
1,225, 2,451 ug/L, Hult}Ee < 62.5, 125, 250,
500, 1,000 nug/L, A3}E]o}=2] 7§—?— 6,250, 12,500,

25,000, 50,000, 100,000 pug/L ©] 1=}
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Fig. 1. 24-hr survival of Branchinella kugenumaensis (neonates) exposed at each concentration of cadmium, copper, fenben-
dazole and sulfathiazole. Error bar represent standard deviation (n=3). Vaues with the same character showed no sig-

nificance(ANOVA, 0.=0.05).

el siot. 24 ol = (negative control)ef| A} 2] AY&
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trol)el A 2] AJE-&-2 93+6%¢°]| %t}
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-4}-2-2+4 (concentration-response relationship) 7}
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AEEL 73+6%0]g]om, ) 2T9) Bwsls]
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Yow, 93ug/l =0l A] 3+6%, 183 186ug/L
ool oM BE ML AFgEs Tk Tl=F
o] 73%- 153ug/Lo M o] HEEL 7+6%= =
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o 4 et

1} 613pglL o] sxellMs AEgo] FA8] a3t
o] 30+17%= vehgen, 1,225ug/l o]4ke] =
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gL s=ellM e AEEo] 63+6%E, 2T f
3t Apel7h SASiEH(p=0.035). 250ug/L oM = A
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Fig. 2. Survivorship curves of Branchinella kugenumaensis exposed at each concentration of (&) copper and (b) cadmium for

21 days.

ek o, 50,000ug/L el A 20+10%=2 o8- k4t
131, 100,000ug/L el A= 25 WA 7F Abgatsdeh

TS ) ed Az RE 7t 220 24471
A AP = (LC0) 2 AT 5= Slsie 729t 7}
=89 LCso 77 39, 512pugll 2 AFEE gl ow
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(Fig. 29). 72t s==2 F IS AEEo] 80% ]
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Fig. 3. Survivorship curves of Branchinella kugenumaensis exposed at each concentration of (&) fenbendazole and (b) sulfathi-

azolefor 21 days.

ME xZ 1094714 80% o] o] AEE&S Bl
U 119A o] 77+6%, 21 Aol = 65+5%71A] 7+
23l= 71E geld 4= 9lu) 0.61, 1.84, 6.13ug/L 5
=X 2194 YEgo] ZH7k 60413, 43+6, 13
+3%E JeERton Q&L 80% o]Ft HiE xE
717 747t 109, 99, 59 2 Fxr} F713tel wet
REEo] FFashs 717 2E5E S (Fig. 2b).
HAulchE=2] HA] =9 0.001ug/lolA] 219 A
&2 75+£5%=2 f7]80 HE2Tok FoF 2ol
I $1s05F (p=0.353). 0.01, 0.1, 1, 10ug/Lo| A} A=
£2 747} 47+46,43+3,28+3, 17+3%0|¢l &

N

(i

= dz27e f23 zkel7b glgltH(p=0.000, Fig.
3a). 2t =R 80% o|3le] MEge] HAH

Z7]7h2 0.001, 0.01, 0.1, 1, 10pg/Lel| A} zH2+ 20, 7,
8, 6, 5% o]}, 0.01~ 10pg/L = ol A] 5~84
Rl AYE-go] 80% °]3t2 FrAdE A2, o] A
o] mjf P FwoME FIAE AT oS

u X3 9l ofn| ek

Aule]olEe] 79 A s =<l 0.01ug/lleA 21
A AEEe] 73£6%= {78 2Tk foJF
2}o] 7} ¢leleh(p=0.497). 0.1, 1, 10, 100 pg/L | A<}
A ZEg-S 747+ 58+8, 48+ 3,38+ 8, 25+ 5%0] ),
BEF dzTe FARHR {23 ztelrt 9l
(p<0.003, Fig. 3b). 2+ === 80% o]5}e] A=
& 189 x=27]7ke 0.01pg/LelA 169, 0.1pg/L
oA 119 z= 3 1, 10, 100ug/l = Z+2 7,
5, 5 o3+

7 AR FAASE 21497 =E3E At
A EAe] g o2 vy AwidE> A}
Elo}E>Ite > 78 o2 et (Fig. 4). 3
ek} dute|obze] A AEE0] Fav) et
e v 197 vl yle v, 79 vleg
= - oz Foh 7 EAHE 50% o 312 A)
E&o] Yehd s=& slwigEe] 739 0.01ug/ll
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Aste]olEe] A lugll, 123 7|9k k=g
7S 27 112, 1.84pg/l el gie. 2 p=d AEE
A2 RE] 2197ke] LCso& AT 4= STk T+
2o AL MpAAls s >1.12ugl 2 AFEE 9]
o} 7l=F-2] LCso2 2.1ug/ll & ALE=|glom, slivl
t£3} Adsle]o}Ee] LCso2 7t 0.1, 6.6uglL =
velgel FEE AQg e Ao EA9
A ATE > 7teg > AelolE co2 e
o 219 MEE Adte} vlwEd =g |l
A=t AgtelelEra 2 Ae B 4 i+
T2, 7l=F, SHlchE, Aduje|olEe] 24A47F =
3 Al 7 B 549 s Fevt 7t
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Fig. 4. Comparison of concentration-response relationships
of Branchinella kugenumaensis among chemicals
after exposure for 21 days.

& Eokor}, 219 =2 Al M e AltEe] 71
ek TRl @2 w=olA ARl e 2

R EA

£ 24 u3) 4R Aoz AN AEHE
° ApEdr A% w29 A4S s W)
4

3. 722t FtEEo it AT H|w

=3 2)-9-3} (Family Branchiopodidae)e} 722 =}
(Family)el] 438}= &2 Artemiidae, Branchinecti-
dae, Branchipodidae, Chirocephalidae, Parartemiidae,
Polyartemiidae, Streptocephalidae, Tanymastigiidae,
Thamnocephalidae 5-¢] )} (Daday, 1910; Fryer,
1999; Braband et al., 2002). o] ==l Artemiidae, Strep-
tocephalidae, Thamnocephalidae 52 &2 o]n|
Tl o} Thegel dg AUFY AY Anst ww
Hel Qo ol & FAFeF TN RIA=EE ¥
w3 AF= Table 1ol vehisdet. 2o g ¥
Al 9-9] LCso 39ug/L 2 vl thikel 737 5
7H w2 ghelddet. Mo el g Rzt
X+ Sreptocephalus rubricaudatus, S texanus$} H|
428t $Fo|H, S proboscideus, Thamnocephalus
platyurus, Artemia salinadcl= R 2713 7o
= Yehde.

Table 1. Comparison of 24-hr LCsp of copper and cadmium among various branchiopod species used in ecotoxicol ogical

studies
Chemical Species LCso (ug/L) References

Branchinella kugenumaensis 39 This study
Artemia salina 2,050~2,554 Reeveet al., 1976
Artemia salina 3,200~ 3,800 Persoone et al., 1993

Cu Streptocephal us proboscideus 170~210 Centeno et al., 1993
Streptocephal us rubricaudatus 80 Crisinel et al., 1994
Sreptocephal us texanus 40 Crisinel et al., 1994
Thamnocephalus platyurus 310 Centeno et al., 1995
Branchinella kugenumaensis 512 This study
Artemia sp. 420,000~ 615,000 Espiritu et al., 1995
Thamnocephal us platyurus 400 Centeno et al., 1995

Cd Sreptocephal us proboscideus 460~ 510 Centeno et al., 1993
Streptocephal us rubricaudatus 390 Crisinel et al., 1994
Streptocephal us texanus 250 Crisinel et al., 1994
Thamnocephalus platyurus 400 Centeno et al., 1995
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Table 2. Selected examples of literature data on toxicity effects of commonly used animals Fenbendazole and sulfathiazole

on Vibrio fischeri and Daphnia magna

Vibrio fischeri

Daphnia magna

Element - - References
5 min ECso 15 min ECso 48 h ECso 96 h ECs
FBZ 1,571 798 16.5 9.8 Oh et al., 2006
STZ > 1,000,000 > 1,000,000 149,300 85,400 Kimet al., 2007

Unitsin pg/L; Abbreviations - FBZ: Fenbendazole, STZ: Sulfathiazole

Ft=Fell Hg FdA9-9] LCso 512ug/l 2, ©]
w3 71Ee] TAl F4F-<l S rubricaudatus, S
texanus, S proboscideus, T. platyurus 53} B]$=3t 4=
Foln Artemiasp.Rohe HA WzE Ao = el

4. HictEn MulE[ojEo ofst PZE H|lw

Aot =3} duje]olzel] djst T3k5 AEHA
ATALE7F T3] Wil fAF BRTe] vlm
= E7bs3la, e Bl 43 &9 5 (Daphnia
magna)z} wauate)|g] o} (Vibrio fischeri)e] =17k =
9} mlwslgle}(Table 2). Oh et al. (2006)s1] )5}
HAWlchEel] ofg wbautgg]ole] 158 ECsoft-2
798ug/L o] 37, B 5-2] 48A]7F ECso0] 16.5ug/L <l
7oz BuEgieh o] Ao A FdA$-9] Hullct
2ol Wit k= Wt el oo}l Bw o] F2b
A=el s & 5 Ao T gt
glglel 1l Ew S Ay {7} t=2x
EAMSE 2ARE S AlEEe] RIZts ¥
wol7] wjitel FHAS7L HsatE et e= 7
Zrsiekar & 4= 9luk

Kim et al. (2007)-2 A 5}e]o}Zol w3t isgule|
2Jo} ECsofte] 1,000,000ug/L o]4foleka 3ol om,
Eu=9] 4847+ ECs0e 149,300ug/ll 2 B 1131¢]
oh webd, F9A S ATt otz Wit wizt=
7} pate|gl ot EW SR IR FHI £ S
AUk A EA AlgFoz de] o4 BN
wgate|gjoe] wIZtERe TS "Izt=s}
o E7 ¥8E $2Fe]7] wiite & A 54
Aldgoz &g 7P ¥oa Ate sl

5. AgMEEA

oot
lo

| SHM? 0|8

el 54 A3E AERA zhFo]of & 2710z

T ARA, AR oA A F e B F
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