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AR -= SiAt FEF(Skeletonema cosatatum)@| HHZEEE(HE AHESI0] 524 35
(As Cr, Ph)2| S HILE ’éklﬁr&’itb S Costaz‘um— As (0, 032, 0.63, 1.25, 250 % 5.00
mg L, Cr (0, 0.16, 0.32, 063, 1.25 % 2,50 mg L") & Pb (0, 1.25, 2,50, 5.00, 10.00 % 20.00
mg L0l 96A|ZE E:%@ O|Z0]| rgte FYSIRUCL HETOIM r2 00420 EACH As &
& 063 Crs% 063 X Pb &= 1000 mg L O|&0|A] O] CHZET CHH| Fo[s}A Zastn
a5 st ISR sk OENLE Zakls Zws LIEMHLL ECso(H*A%%%E)E
0|83t 5352 S4M7IE Cr>As>Pb &=ME LIEIHOH, ECs 242 0.80, 257 X 13.88 mg
L'o2 LIEIon, | AHSsE(0EQE 242t 063, 063 X 1000 mg L'22 LIEFGCH LOEC
£ 7|1ZEo2 SN Cr As, Pb 5=7} 063, 063 L 1000 mg L' O|A0| ZIHS M, S

costatumrP|IAl S FEh0| LIEtE = US HO = TCtEICt £t 2 ARE 5djf § costaz‘um
Of r2 SHAMENA LHOIN AKX} AetS SHe W0l Tt Fa452 SHH7IE fl5t0f &
SHA AFEE £ US AL R WEHEICE

In this study, we evaluated the toxic effects of heavy metals (As, Cr and Pb) on the
population growth rate (r) of the marine diatom, Skeletonema costatum. The r of the
species was determined after 96 h (4 days) exposure to As (0, 0.31, 0.63, 1.25, 2.50 and
5.00 mg L), Cr (0, 0.16, 0.31, 0.63, 1.25 and 2.50 mg L") and Pb (0, 1.25, 2.50, 5.00,
10.00 and 20.00 mg L7). It was observed that rin the control (absence of As, Cr and
Pb) were greater than 0.04, however suddenly decreased with increased heavy metal
concentrations. As, Cr and Pb reduced rin a dose-dependent manner and a significant
reduction were occurred at concentration of greater than 0.31, 0.31 and 5.00 mg L”,
respectively. Based on the toxicity, the heavy metal were ranked as Cr>As>Pb, with ECs
(50% effective concentration) values of 0.80, 2.57 and 13.88 mg L, respectively. The lowest-
observed-effective-concentration (LOEC) of r in exposed to As, Cr and Pb were 0.63,
0.63 and 10.00 mg L™, respectively. Precisely, a concentration of greater than 0.63 mg L
of As, 0.63 mg L of Cr and 10.00 mg L' of Pb in marine ecosystems induced toxic effect
on the rof S costatum. Based on our results, we suggested that the r of S costatum
might be a useful bio-indicator for the toxicity assessment of heavy metals on the producer
in marine ecosystems.

Keywords: Skeletonema costatum(@i 2t 2 /), Heavy metal(E3 <), Population growth
rate(PH M2 HEE), Toxicity(54)
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Ao 0|8 MEEYIAES SMARF Skeletonema cos-
tatumO| O, S L0 M| ZF 28 (Korean Marine Microalgae Cul-
ture Center, KMMCOO| Al 22top 22 M0 A 6702 O]t A
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A0 AIESH 5235 EEEH2 As (Arsenic standard solution
1,000 mg L, JUNSEI), Cr (Chromium standard solution 1,000 mg
L7, JUNSEI) % Pb (Lead standard solution 1,000 mg L, JUNSE)=
O|83tRALt. S costatuml| 7HHZ STEO OXl= 5852 &
gg HmEY| 2510, 3% BEFEEUS oftE XAs|+E
M3t0] AFESIRICE S35 AdEsLe oH H3E S510] Ase
0, 031, 063, 1.25, 250 3! 500 mg L', Cr2 0, 0.16, 0.31, 063, 1.25

% 250 mg LY, Pb2 0, 1.25, 250, 500, 10.00 & 2000 mg L&

lot

ML

3. H{Y=x=A

50 ml Ao A|lHEUS 2 s=HE 30 m¥ ZFSIRULY
NEsEe ETE ZE6HY 677210|H, Z A[-TE 3HES

HAISHALE AZEEAES Y 242 fI8hM SR chambergE
0|-83}0] Inverted microscope (Olympus IX70)2.2 A5t 2,
Alg8Hof £7| MEsZ7F 9 150,000 cell mi'0| E=& HE
3t 2 /2 HiX|E ERACE REE 3000~4000 Lux, H{YREE 200
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Table 1. Experimental culture condition of S. costatum

Test parameter Condition

Culture type Static non-renewal 96 h toxicity test

. Ambient light condition and
Photoperiod 10L: 14D period

Light intensity 3000~4000 Lux

Temperature 20.0+1.0C
Salinity 30.0+1.0
pH 8.0+0.2

Chamber volume 50 ml test tube

Filter (0.45 um) and

Solution sterilized seawater
Solution change None

Test solution volume 30 ml

Culture medium f/2

150,000 cells ml!
96 h

Initial cell density
Experiment period

>0.04 population growth rate by

Acceptability criterion the hour

4 =20
Ch 24A12H ZHAC 2 2 Aol HaEhs FHHSIAL, HeAE
%AIZt = M2 BRI AT HEFYS FHIIAL
4. JHHZ 4EE £H
S costatum®| r& F45t7| U8 Fluorometer (Tuner Designs
Model 10-AU, USA)E O|&3t0] HaEke FESIACL Al=583
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Fig. 1. Change of population growth rates in the S costatum
exposed to As. Vertical bars represent the means + SD for three
times. *p<0.05 and **p<0.01 for control.

g 20| it end-points= CHET2| M2 & CHH| 50%

o p7k 005 O[5t2l AE RoPt Ao=E HESIRLE 5235 =
3]
AAt= 520 ECyodt 95% A 2|77H95% Confidence Limit, 95%

C)2 probit SH B2 0|83t0 SMSIYUCE £, Bt+HYs
(NOEQ)Q} %|AYEHs = (LOEC)= Dunnett's testS AM2310] 24
SHRALY,

2 1

1. Z340| S costatum WHIZ HEE0| O|X|=

=32 3E(As, Cr, Pb)O| S costatum®| 74H

T SEENO 0K
Y2 Fig. 1~30f LIEFHOH, CHEFO| /2 A dE2 dE
AT JEE &2stY| 25t IHEES 7| F(1S0)0 217Hst
04 O] = Alof HSsSHRACE.
As 27t BIESE S costatum] r & QEHoZ UL
g2 LIEFHCHFig. 1). 245292 031 mg L'0IAM 0047
+00012 CHETQF H| WS RO[X QI XtO|= LIEILIX| %2
f, 063 mg L0 A 00454000322 R2|H(p<005)22 43}
0 |1 5=2 500 mg L'0IA 0.007£00022 Az SEHEO|
549 Y5 ATHFig. 1). Cre| B2E 063 mg L'0A= 0042+
00012 CHETQL RO (p<0.01)2! ZAE LIEFH 2D, 125 mg
L0 ME 0.008+00022, 250 mg L' M= r2 Eolst 4 gfolct
(Fig. 2). Pbo| HRE /0 AlEEE 1.25 250 & 500 mg LMKl
ol gl= A2 E LIEHG2LYE, 1000 mg LA 0.050+00022
FOYH(p<005) 22 LASIAT 2000 mg L-'0| A= 0.009+0.003
22 g43| ZAa5tUCKp<0.071) (Fig. 3).
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Fig. 2. Change of population growth rates in the S costatum
exposed to Cr. Vertical bars represent the means + SD for three
times. **p<0.01 for control.
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Fig. 3. Change of population growth rates in the S costatum
exposed to Pb. Vertical bars represent the means + SD for three
times. *p<0.05 and **p<0.01 for control.
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Fig. 4. Concentration-response by As, Cr, Pb treatment using the population growth rate of marine diatom, S. costatum.
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o HAFSSZ(OEQE 22 031, 063 mg L, B+ AEsE
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031, 063 mg L, ECx2 0.80 mg LS LIEFHOD 95% Cle=

0.65~1.03 mg LS LtEFXICE. PbO| CHEH NOECSF LOECE 24zt
500, 1000 mg L7, ECs2 13.88 mg L-'E LIEIHOH 95% Cle
1158~16.81 mg L& LIEFALCE ECoO 2 B340 54 ¥ H
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Table 2. Toxicity evaluation using population growth rate in the
S. costatum exposed to 3 heavy metals (As, Cr and Pb)

[tems As (mg L) Cr (mg L™ Pb (mg L)
NOEC 0.31 0.31 5.00
LOEC 0.63 0.63 10.00
ECso 2.57 0.80 13.88
95% Cl 1.69~4.05 0.65~1.03 11.58~16.81

NOEC: No observed effective concentration, LOEC: Lowest ob-
served effective concentration, ECso: 50% Effective concentration,
95% Cl: 95% Confidence limit
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