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Abstract - Effect of heavy metals (Cd, Cu, Zn) on the survival and population growth rates (PGR)
of marine rotifer, Brachionus plicatilis were examined. B. plicatilis were exposed to Cd, Cu and
Zn for 24 h to determine their survival and 72 h to determine their PGR. Survival rates in the
control groups were greater than 90%. They were decreased with increasing concentrations of
Cd, Cu and Zn. Survival rates were reduced in a concentration-dependent manner. Significant
reduction in survival rates after exposure to Cd, Cu and Zn at concentration greater than 40.00,
0.13 and 10.00 mg L7, respectively. PGR in the control groups were greater than 0.50. They were
decreased with increasing concentrations of heavy metals. PGR were reduced in a concentration-
dependent manner. Significant reduction in PGR after exposure to Cd, Cu and Zn occurred at
concentration greater than 12.5, 0.06 and 1.00 mg L, respectively. The order of heavy metal
toxicity based on PGR was Cu>Zn>Cd, with ECs¢ (50% Effective Concentration) values of 0.12,
6.15 and 21.41 mg L, respectively. The lowest-observed-effective-concentrations (LOEC) of PGR
after exposure to Cd, Cu and Zn were 12.50, 0.06 and 1.00 mg L7, respectively. The No-observed-
effective-concentrations (NOEC) of PGR after exposure to Cd, Cu and Zn were 6.25,0.03 and 0.01
mg L7, respectively, in marine ecosystems have toxic effects on PGR of B. plicatilis. These results
suggest that the PGR of B. plicatilis are useful tool to assess the effect of heavy metals on primary
consumers in marine natural ecosystems.
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Hgo| EobA|7] wEol FUEE= Fol nlFolT= oA}t
€& 9 AoIAE ALE 4 Urh(Martin and Whitfield
1983; Phillips and Segar 1986; Reiley 2007). ¢te.2 §¢
H Fa45 FolA SH28Y Aadd, e 2 d¥A A
z 5o AHEE 7I=ES (Ch)2 HEs S35 dx3d
EEZ (Reiley 2007), &AM E ALY Aol 2 &
£2 F5o] Azl ofdFE vA 4 gl 2AR @
AHA Ut (Yap er al. 2004). 72 (Cu)et oA (Zn)> A8t
o o 9l aEo B2 WA =g @2 AMEEHI
), Cud] A= St GHEGT Walgol §lo] A &
A £719% g AME T 9tk (Lundebye er al. 1999;
McGeer et al. 2000). T3t o] & T+ FF&2 AEA U &
FHo] A AEEFS FAISH] A3 denFdaz
2 A AR O w27 S7FsHE Al 23 o]y
I A3EH 7] G = A% Aty EwdS Yetdt
I & A ok (Viarengo 1985; Maage et al. 1989).

FHUR M= At ol it a5 S =A
st7] flsto, sl 2 HAEY 55 S HEA 2
AABES AW S5 gl dgt 24P 2EsHA 13
E) 21 Qlth(Lee and Lee 1984; Choi et al. 1992; Hwang et al.
2008, 2009, 2011, 2012a, b, 2013). o] &g+ ALAAYERA Ujo]
A S5 Adide Bk AsiAe AddEE S5
9 S5 dde=e LHEEY EdEA it A
ef

it

ol - sheha Brke] BAS Bk 95kl 334 St 2
L e AdEZoo| JAHRF (Skeletonema costatum), 782
93| (Ulva pertusa) W A A (Hemicentrotus pulcherrimus) %
I 22 JFEAA rAe FFE ek, FIFEE
(No Observed Effective Concentration, NOEC), A9
= (Lowest Observed Effective Concentration, LOEC) & 4
49385 = (50% Effective Concentration, ECso) & A A3}
AN B 71EA = ARt = AT EdstA A E
I Rtk (Han et al. 2008; Hwang et al. 2009, 2011, 2012a, b,
2013). TE38F, SETAC (Society for Environmental Toxicology
and Chemistry) XM= At S-S FEH L2 THs7] ¢
A G eHEFY 7|EA HEE Fasty, LHEE
o] FEY W BE v+ FFS I & = WET
(Whole Effluent Toxicity) test”} 74| =3 = ojofF gt A
Qbstar Qloh.

2 A7 JAYES B. plicatilis= HFYEA WA 1
Zp 282 A8 Gehal ARSI TEv 49 FA o
o] Hol¥E2 FHASHA AHEEHM, AL ol AE=

g 7kl st BHE VAR o & dFeldE F

% Cd, Cu % Zno| A3} ¥ TE2ELIEY HFEY
71&°] @ 4 9= NOEC % ECso& AAI8}o] WET testAl
SHEAY FERAL AN T4 w=o 9%
nA o Sl WA AR (reference) 2 B85} 33T
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oo

H SEEFIEQ HAZE Y (Brachionus
plicatilisy= 733t Bol¥E AT Ego} 3
2A A 370 ol Ahuiste] Adol o8&kt Bl
FA2 2AAE¢E 0.45 pm membrane filter2 o3 &
st AGSHR AL sFFof g ® Chiorella vulgarisE 53]
a3tk Al Y Al S B. plicatilis®] EZhgt
BAE gAY 22 sfjgeol Eelste] 247 o F3et
ARAA & &0 &L ABNAE Aol AHEsH

o},

2. 0899 =4

Ao AFEFE 2342 Cd (Cadmium standard solution,
Sigma), Cu (Copper standard solution, Sigma) ¥ Zn (Zinc
standard solution, Sigma)< ©]-&-3l¥th A& vjA = 4
Fe YotR7] 93 FFE5Y AldEsE+ Cd 0, 20, 30, 40,
50,60 mgL™", Cuts 0.00,0.03,0.06,0.13,0.25,0.50 mg L™,
Zn: 0,5, 10, 50, 100, 200 mg L™' 2 2A8tg 2 AR A
AE] APEEE Cd0.00, 6.25, 12.5, 25.0, 50.0, 100 mg
L™, Cu¥ 0.00,0.03,0.06,0.13,0.25,0.50mgL™", Zn 0.0,
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Table 1. Culture condition of B. plicatilis

Class Condition

Culture type Static non-renewal

Parameter Survival rate (24 h) and Population growth
rate (72 h)

Temperature 25°C+£1.0°C

Salinity 30105

pH 8.0x02

Photoperiod Darkness

Test volume I mL

Solution Filtered (0.45 um) and sterilized seawater

Feed organism Chlorella vulgaris (2,000,000 cell mL_])

Validity >90% survival rate, >0.5 population

growth rate

AAZ BRAEL 24 well plateo]] A FLAE 7t eE=
1 mLY 3o, 7 Ag1d eutEe R 4 .
F3} 24)7F o] AYTNAIE wellF STHAH Wi HolAY
B C.vulgarisS QA2 T 7} AP 1 2009 cell mL™
< 330+ 25£1.0°CollA SR 72417F F7t B sHS
T} (Table 1) (Jansen et al. 1994). 72Xt Bi¥FE B. plicatilis
£ 3@ x2gddoZ 1A, du|FoZ ZF welld] E
B. plicatilis AFE Aol FHBZES offet 2ol
AAret At

PGR = (InNg—InN)d ™

PGR=7IAIZ 4BE, Na=E4 dol| A 9] 7hA 4,
No=27] /|Al5, d=ugd

B. plicatitis®) AT 448 Y27 AN 448
o] 0.5 o4kl Ae ABE Y ABE AL AT (Table
1).

5. 5A%H 24

qz2an AP 94 FA-2 SigmaPlot software
(SigmaPlot 2001, SPSS Inc., USA)2] Student’s t-test= H| 1L
stew P7F0.05 o5k}l AL FoFt Ao wdskqith
g 4 A AGE S 935 % (50% Effect-
ive Concentration, ECs0)2} 95% 412|777} (95% Confidence
Limit, 95% Cl)= Toxicalc =213 (Toxicalc 5.0, Tidepool
scientific software, USA)2] probit FAHS o|-&3lo] 43}
Aot E3F F 985 = (No Observed Effective Concentration,
NOEC) ¥ #4935 (Lowest Observed Effective Con-
centration, LOEC)X Toxicalc ZZ13 9] Dunnett’s testS
ol-g3te] BTt

LAEE HTE

Cd, Cu @ Znol| 93t B. plicatilis®] &% HES Fig. 1
of Uetfi et $54 A7FeHA g2 dx21Y AEE
2 90% ol UEHoH, Cde AF%EE 4000 mgL™'H
E] BEL0] 66.67+10.33% (P<001)E Z43}7] A &Hste
60.00 mg L' A& 13.33£10.33% (P<0.01)E 2T o
H] 83.34% ZHAsAth Cud ALE APEE 0.13mgL™
oA 7333+1633%2 7t45}7] A2Hste] 0.50 mg L™ oA
333+8.16%2 R tiH] 9334%7} A8, Zn E3T
1000 mg L™ ol| Al 76.67+15.06%2 7+A317] Al&Fate] 200
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Fig. 1. Changes of survival rates of B. plicatilis after exposure to
Cd, Cu and Zn. Vertical bars represent the SD of the mean
of six measurement. *P <0.05, **P <0.01 compared to the
control.
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mg L_loﬂkl 1000+ 10.95% 2 86.67%7} 7+ 3| B. plicatilis
9 HEEL Fa4%5 3% da F=EH 2HE vE
Wk (Fig. 1).

2. A AZE WF

Cd, Cu @ Znol| 93t B. plicatilis®] NAZE AZE HE
< Fig. 20 et et 279 A2 4FES 257 05
ol Uehgon, Cde ¢ 125mgL™'e AdEE0]
A 0.48+0.06 (P<0.05)02 7HAst7] AZ&ste HAgsr
100.00 mg L™' ol A =2 A4E0] 0.17£0.10 (P<0.01)
2 g2 gy 70.70%7F 7AEAE. Cud ALE 0.06
mg L™ AE S =4 0.55£0.05 (P<00D)E 743817 A
Zhsto] Lt F7HESE AT AREC] dastien,
0.50mg L' 4] 0.10£0.08 (P<0.0NCZE AR HAZE
o] tj= thu] 97.18%7} 743t ch Zn EF 1.00mg L™
oA 0.46+0.03 (P<00D)CE ZHAadly] A&sle A s&
50.00 mg L™'oA] 0.14£0.07 (P<0.0D)ZE 7R HZE0
2 e 75.86%7t Aadl EETL B RS54
3% s F=JEAA 225 Yellth(Fig. 2).

3.AEE L IIAE ABES o8 54T

RHESL 334 329 5571 271842 HES (urvival
rates, SR)°] st FEYEAAE Hlon v o
AL #2F 54 9go2 44 Sigmoid FE 9 ZAS
e I (Fig. 3), 7HAl= A%E (population growth rates,
PGRE 8% 330 s=&Fer w3 54 whs
o] Sigmoid FE|E UEFTH(Fig. 4). B. plicatilis®] A&E
NOECE: Cd 30.00mgL™", Cu 006 mgL™ ¥ Zn 5.00 mg
L™'2 Yey, LOECE Cd 40.00mgL™', Cu 0.13 mgL™
2 Zn 1000 mg L™ & Vebdth. B. plicatilis®] WAZ 4
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Fig. 2. Change of population growth rates of B. plicatilis after
exposure to Cd, Cu and Zn. Vertical bars represent the SD
of the mean of six measurement. ¥P<0.05 and **P <0.01
compared to the control.
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Fig. 3. Survaival rates of B. plicatilis in response to different concentrations of Cd (A), Cu(B) and Zn (C).
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Fig. 4. Population growth rates of B. plicatilis in response to different concentrations of Cd (A), Cu(B) and Zn (C).

Table 2. Toxicity evaluation using survival rates (SR) and popu-
lation growth rates (PGR) in B. plicatilis exposed to three heavy
metals (Cd, Cu and Zn)

Toxicant NOEC1 LOEC] EC501 93% Cll
(mgL ) (mgL ) (mgL ") (mgL )
cd SR 30.00 40.00 48.35 37.66~59.02
PGR 6.25 12.50 2141 15.64~29.25
C SR 0.06 0.13 0.21 0.16~0.25
Y PGR 0.03 0.06 0.12 0.08~0.16
7n SR 5.00 10.00 57.19 8.39~180.18
PGR 0.10 1.00 6.15 1.92~12.67

NOEC: No observed effective concentration; LOEC: Lowest observed
effective concentration; ECso: 50% Effective concentration; 95% Cl: 95%
Confidence limit; SR: survival rates, PGR: population growth rates.

52 NOECE Cd 6.25mgL™", Cu0.03mgL™" @ Zn 0.10
mg L2 Uehg1, LOECE Cd 1250 mg L™, Cu 0.06 mg
L' 2 Zn 1.00mgL™'2 Yyttt B3 B. plicatilis®] B2
& 9 AAZE AFEQ ECse Cd2 4835 mg L' ¢} 21.41
mgL™", Cu®] H9%E 021mgL™'¢ 0.12mgL™", ZnL 57.19
mgL™'9 6.15mg L™ 2 212 el ARE Aol AE
£l "3 40| ¥4 UEbTH(Table 2).

LA

S FHUE fYEE S o
3 At Y edBte iR AEAY o - 3hehA 3
WS ARgsta Qlth(Bidwell er al. 1998). ©] - 3laHEA]
2 geFete] vla 7Hed Aol AR,

=
X
I
lo

AEASE &4 T £ 9= 592 3] Aol
7] W2l g nAe 9FE AHHCE BT & ¢
T} (Hwang et al. 2012b, 2013). ¥t ofyg} thokdt 0 Q&

2

Aol Fo g s T = =49 A5 (synergism), F
7} (addition) ¥ Z & (antagonism)Z-&S s ¢+ Q= o
&3t A7} AT (AhIS et al. 2002; Chu and Chow 2002).
oleiet ol - Systeal wlel BEg walels] Sfatel v
273 234 (USEPA)I} SETAC (Society for Environmental
Toxicology and Chemistry)o| A 73S A&3s1A B3]
AsiME e SAE 0183 WET (Whole Effluent Toxicity)
testZ} E7 =P = ojof ghekar A|QHsteh(Lee er al. 2016). &
A St A g ol A At El o fside B7kst
7] §i5to] @At 28 S (Daphnia magnayg ©1-83 A=
4 Aol WA Hof &8I Y3 47 LH9EE
o 9= Ei REE) dE ABITS BT
Aol ARe Brsele A7l SEaA aEn 9
T} (Han et al. 2008; Hwang et al. 2009, 2011, 2012b, 2013).
2 AFONE 27] FAolFe) Pol BB AEH Molly
and Krishnan 2010), 32 v]=olA BEFF A7l A&
E& B. plicatilise A8-3}9] (Sladecek 1983; Halbach 1984;
ASTM 1991) S84 3% (Cd, Cu & Zn)of| thet sty e
A et =l Aokd O] WET testE 9J& NOEC, LOEC ¥
ECsoe ¥d]aL4} skl
AZLAT} 254 Cd, Cu 2 Zn =& 98t B. plicatilis®)
AEEE FEYEH SR Fasts @] Uehdth(Fig. 1).
B3} B. plicatilis®] WAZ AEE AEE 22 A
A BE FEOEHOE Hadhs S HAS Y (Fig. 2),
Fa&ol AL 9 AT AFEY ECsoll PlA= ¥
T Hlustd AEEET A 4EE Y ECs0] Cde= oF
234}, Cuiz oF 1.84H, Znd oF 934 o] wIztstA Utk
t}(Table 2). Hwang et al.(2012b, 2013)2] H. pulcherrimus
Ao e $4E&T ool S0 HiFt U= X
ol HI olet o] +4E(30)T Hioh Y& (64
AIZHE =S AIZE o2 Hol = A upb7hA 2 (Wui

rthl

ox fr
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et al. 1992), B. plicatilis®] BZE& 24N7HT} NA+ XS
(72A17H 8] Zpo] EZH e EA|Tto] F7MEE F40] F7}

B WihEQ) Ao wE,

Snell and Persoone (1989a)x= Cu®l| Wgt B. plicatilis <
£9] LCsr 0.13mgL™", NOECE 0.05mgL™'& R 13}
H A1AT] ECs 021 mgL™, NOEC 0.06 mg L™ 'of| B3}
LCs9] E40] ¥%AT NOECE Ak A3HE yepiic.
Brachionus rubensE Cu®)| =23 Z-$ LCs©] 0.019 mg
L™', NOEC7} 0.00942 u¢ &2 S4o] Husgly, &
$o A B. plicatilis€} At §x] ol Q= Daphnia magna
9} D. pulexT LCs50°] 0.05mgL™' & Z40] =4 eyttt
(Mound and Norberg 1983; Snell and Persoone 1989b; Snell
and Moffat 1992). Snell and Persoone (1989b)2] Cdof tjjat
LCs2 549mgL™'2 2 A3ARe] ECs 4836 mgL™'7}
EA0] =QFAT, Snell ef al. (1991)°] W2 LCs©] 39.0
mgL ™2 EA4o] 27 &2 o|7} YEPdth EE Snell and
Moffat (1992)9] Zn A= 2 AFZA T ECso 57.19 mg
L'Ho E40] 22 >48mgL 2 UEE oL} NOECE
Z Zol7h YgiTh ol23t A= AE AAEE H F 119
4 A=Y Aolg Uetll= Aoz Fadol et ot
Fol ATEY ABATE vLsjoF T BagE wEd

oot o

L Yuet &, Al 1249 (A, B9, &
T, 5, A A, ARG, RAMES, 24F 9
) g 2 EHENA FFE LI EE AR 23
Cd7} 0.03~15.10mgL™' =2 ASEHon FYZX|
oA BF 195mgL'2 71 E9ki, Cust Zn7t 22 5~

1
2360mgL ™", 20~1940mgL” F =2 A& lon Fahd
oA Z+zF 629mg L', 788 mg L' 2 7F E=A et

(Choi et al. 2012). A+ A T} Cd, Cu L Znol Tt B. plicatilis
MATE B8] S W7] AlFshe LOEC7F 2442 1235,
006 ¥ 1.00mgL™"'2 7o T2 BT PFHT}IE
SAY 2AE B WY W ZTREHER, o] @ HAE
&of e o] 9l thefet e EEA A524-S BHIst
7] g BER B.plicatiliss 2783 34 4 U 202
webgch 3, B. plicatilis WAZ AAE 9] ECso S 0|83+
E49%F9 AI7]E Cu>Zn>Cd £22 YERth Hwang
et al.(2013)2 Hemicentrotus pulcherrimus®] v opPAiEof
2= EAGFFS Cu>As>Zn>Pb>Cr>Co>Cd &2
2 X3} Kobayashi (1994)+= Cu>Hg>Zn>Cr>Ni
ARt Y NIABEQ B. plicatilis A3t Lee et al.
(2016)¢] As, Cr ¥ Pboll tigh /hAl AFES ECsodt H]
25PH EAA7]E Cu>Zn>As>Cd>Cr>Pb 42 U

el 4= o}, B. plicatiliss= H. pulcherrimusd} 8] 3L3) A
Cu>7Zn>Cd <AZ 549 AI7I7F frAksHA YebgaL, Cu
(0.12mgL™")¢}+ Zn (6.15mg L)) ECso 3+ Cd (2141 mg
LHED A deht, £3] S40] ZsiA Uttt o4 H
Cu®l Zn Zo] AEo] YPHAS FAsH7] St D
259 F40] #2 AL, AEA Y 4T 559 84
7t EA5t7] 2ol e FE&HEt AW 4ol v
o} (Viarengo 1985; Maage et al. 1989).

2 AF9 LOECE sHFAEA 12 282 AdhE g9
st AEY geE oA SAYES ddshs ARz
AHEE|IL NOEC @2 585 &8 =4 3719 5= 44<
Aet i AAERE AHEE 4 AL ECs 32 FF o2 o9
=29 s A2 AHE4 UHE v §-85HA &8
2 5 U2 Aol

H 2

%54 Cd, Cu ¥ Zno| 3§AYZE)H (Brachionus plicatilis)

o BEE N AT BB AL FFS Fohus] Slot
of 334 3% TR SHBIE LSt FFE 24

< 1 Cd, Cu ¥ Znof| gt AEE-2 40.00,
% 1000mg L™ FEANN FAF a7t AFE] 5
EoEHo R A, Fa&ol 12A =28 AT
AHEE Cd, Cu 2 Zn®] 12.50,006 L 1.00mgL™ =
A% a7 AFE], FE4 304 BF 529
EHo= Zastgth Cd, Cu % Zno] =29 WA A%
£ ECso 3+ 27+ 2141,0.12 9 6.15mgL™'o|H, =4
o] J71& Cu>Zn>Cd2 FE2E&T AAE A5l 5Y
Sttt E3E Cd, Cu 9 Zno| thgt 7HAI A3E2 LOEC
7+7}+ 625,003 9 0.10mg L™, NOEC: 7}2+ 12,50, 0.06
2 100 mg L2 Yebtth Sg@g oA AAE ARES
LOECE 233} B %7} B. plicatiliso Al B4 93k ]2
4 Aok BE o, NOECS} ECso e E3H=4]
7] $13F WET test} sjFAYEiA W AEA 2

%34 540 U8 so|=aeloR B8F & 98 Aol

fr o

d

tlo o
i
( ré‘l‘:

A A

B AFE 2016E FY4AkaksHe 74 (R2016058)
A7H] A gon FYPSATEY AajsardTs sk
1) BAHE A et
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