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Toxic Effects of Heavy Metal (Cd, Cu, Zn) on Population Growth
Rate of the Marine Diatom (Skeletonema costatum)

Un-Ki Hwang, Hyang-Mi Ryu, Ju-Wook Lee, Seung-Min Lee and Han Seung Kang*

National Fisheries Research & Development Institute, West Sea Fisheries Research Institute,
Marine Ecological Risk Assessment Center, Incheon 400-420, Korea

Abstract - In this study, we evaluated the toxic effects of heavy metals (Cd, Cu, Zn) on the popula-
tion growth rate (r) of the marine diatom, Skelefonema costatum. S. costatum. The population growth
rate (r) of the species was determined after 96 hrs. of exposure to Cd (0, 0.63, 1.25, 2.50, 5.00, 10.00
ppm), Cu (0, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50 ppm) and Zn (0, 0.31, 0.63, 1.25, 2.00, 2.50, 5.00 ppm).
It was observed that ‘r’ in the control (absence of Cd, Cu and Zn) were greater than 0.05, however
suddenly decreased with increased heavy metal concentrations. Cd, Cu and Zn reduced ‘r’ in a
dose-dependent manner and a significant reduction were occurred at concentration of greater
than 1.25, 1.25 and 2.50 ppm, respectively. Based on the toxicity, the heavy metal were ranked as
Cu>Zn>Cd, with ECs values of 1.11, 2.13 and 6.84 ppm, respectively. The lowest-observed-
effective-concentration (LOEC) of ‘r’ in exposed to Cd, Cu and Zn were 1.25, 1.00, 2.00 ppm,
respectively. Precisely, a concentration of greater than 1.25 ppm of Cd, 1.00 ppm of Cu and 2.00
ppm of Zn in marine ecosystems induced toxic effect on the ‘r’ of 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 in marine ecosystems.

Key words : Skeletonema costatum, heavy metal, population growth rate (r), toxicity

h=4
& FHoz HPPeAe
AL P Aoz U

* Corresponding author: Han Seung Kang, Tel. 032-745-0684,
Fax. 032-745-0686, E-mail. hanseungkang66@gmail.com
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Hwang et al. 2009; Hwang et al. 2012a). 72} (Cu)&} o}<
(Zn)2- 35 A Al AH7F F450 2 o]4HY Cux ¢
73 9 A=A WA el el A 2 Ak &7]ell
o] AlLE o] X1 gjom, w3l AMule] o)X 1wl JEw
o] ¥z WA =sox de] AR $lo (Lundebye
et al. 1999; McGeer et al. 2000). °o]E F Z=F&& AB A
el AHEse A7) 9§ 24 nkdaz 2 o
oA sleh A% A o} gew Aze] T4
st AL S5 Pl A AT BIHe
ehd AEAA G edas v Ae (Viarengo 1985;
Maage et al. 1989).

Seuets &) kel wE LdA = o
g AL 2AFE Aol AAERa glom, AL
R ol W BB FI4 T cuel 9
A gD AN F34 Tl B 2 Baa)
A8 = 31 glo} (Hwang et al. 2012a, b). o]23+ =<3 &)
A WA FF42] fside Frsh) Sl AW
AR B A%l AeAE TRl Y FREe)
Agze} vEe] egdEAde] 546 A3 A=A
Az 7b FE3] AAIF e oF gt FZo| SuEtE o
sk 2ayel B nes] ekl Fa4 5
Z+o o ABA o] =AS AEHSS EA] o3FS A}
ated sl FA Al AA s Tkt AEel A v
ke pekke) w3 PR Aoz Yeht 4
FE Ev)z2 FJ3F=% (No Observed Effective Concen-
tration, NOEC)$} % 4-¢33F*=x (Lowest Observed Effec-
tive Concentration, LOEC)Z A A|sle] FF4 50y
o s Frppyel AEAR AesaAd e 47
7} sl A] AP = 2 2ok (Hwang er al. 2012a, b).

AL TFZ5F (Skeletonema costatum)= 3l %F A €] 4] 2]
AL &b AE SR EEeR SAEE| T
(ISO 1995)ell 4] Al AE=Z QA sl Zo|d}. alF7} )
Shzye gaAshs 4 darre s o

ANA] AmA} J#7E D AT o] 5 Aw|ate] |
e Peksha FR4 2 falEAe] 244 3
71 vi7] 55 a8 o S. costatum e B F
G AT P AL AR 2k 2L
& Aoz IAdFh B dAFE= S costatum®)

Agel v|A= F54(Cd, Cu, ZH)-/] Jefe ts}

r.&: 0

}m

, 1 AFZS o] g3dle] ALAMENA] el A S. costatum

al
o 2o NeEGaEe] U FR52) A HEE A

Mz 2 die

LAYAE
Al o8 A U%‘%ﬁ%‘” A AFEF-Q S. costa-
tum2- 3| o) A 2523 (
Culture Center, KMCC)ol| 4] H-ofdtol 3}-2Alo)|A] 370
ol Ad wheFatmEA Agel AHg3tlet

ﬂl

Korean Marine Microalgae

2.8

Aol A}8-8t 342 Cd(Cadmium Chloride, Sigma),
Cu (Copper Nitrate Hydrate, Sigma) W Zn (Zinc Oxide,
Sigma) o]t} S. costatum®] NAZ AARAF n|H= =
F4e) Agte A slelel WEH ADAN4E ol
£-3}e] stock solution (1000 ppm)S FH|gF F, 5] 3}o]

A 24 = AW sEE dnde B
ko] Cd (0, 0.63, 1.25, 2.50, 5.00, 10.00 ppm), Cu (0, 0.25,
0.50, 0.75, 1.00, 1.25, 1.50 ppm), Zn (0, 0.31, 0.63, 1.25,

2.00, 2.50, 5.00 ppm) H=7-2 A=A hedch

3wz

o

50 mL Al tel] Aol 7t g2 30mLA
Fatom, Adsee da7s st 673ten,
7F AT 3k AAskaleh A4 A719] S costa-
ume Zk7+e] A ggdel] Mz o 150,000 cell mL™!
Axs AF F 2 9% iAE HolFda 22
3,000~ 10,000 Lux, ¥ }-&=3 20£1°CE H-2|5pHA]

Table 1. Experimental culture condition using the population
growth rate in the diatom, S. costatum

Test parameter Condition

Culture type Static non-renwal 96 h toxicity test

Photoperiod Ambient light condition and 8L : 16D

period
Light intensity 3000~ 10000 Lux
Temperature 20+1.0°C
Salinity 30+1.0psu
pH 8.0+0.2

50 mL test tube
Filter (0.45 wm) and sterilized

Chamber volume

Solution
seawater
Solution change None
Test solution volume 30 mL
Culture medium /2
Initial cell density 150,000 cells mL™"
Experiment period 96 h
.- L > (.04 population growth rate by
Acceptability criterion the hour
Test materials Cd, Cu, Zn
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APE AAEen, 1 o8] A 2712 Table 10} At 23} shodoh B AFNA Cde 96417 =ZA]
e et 24417F Ao 7 A == AEZEUEE o Cd 3=7} 271842 dzTol Hlste] Azdwr}
ZAslgon, Ad471Q 2] AQBLe shwel Ha 2 FAs) Fasks Aow veldeFig ).

3] o] EEeo] FHA AEL AAs AFAIE 96
A7 & AFS Fasy HE S costatum®] FEE =

435k

4.MAL ARE 3

S. costatum®] NA L A5 =32 fluorometer (Tuner
Designs Model 10-AU, USA)Z o] 43lo] PS54 S =
At AEEgaEe NAZAAE (specific popula-
tion growth rate)-& 333eE 0] 43 F22Y 52 3
A (FBR=A D) S olgolo] AxRez 3
At & r=(InN,—InNo)/t r =7 A 24 A&, N=A 8 Z5
Zo] M zEx, Ne=27|H 2 %, t=u] FA|7hHe] Aoz
NAZ AAEE Ao =3 924 =9 A=z
dxzke] IFAUAAE 7] fste] (R A3
simple linear regression) A 2 == Log 022, 3 34af|

93} =4 %% double square root 3 o7 8=

5. AR 24

Al& 2o §-2)A] 7AA-L Student’s r-test= &} om P
7} 005 olakel Ae o8 Aoz Berelich 544
Holl R FBHL probit BAME o] g3he] =72
WA ZHAEA Aulste] 50%el ol 2= AR E (50
% population growth inhibition concentration, ECso)3} 95%
212 37+ (95% Confidence Limit, 95% Cl)S 2As}9it}.
NOEC$¢} LOEC: Dunnett’sE o]-g3}o] £A3}9it).
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Fig. 1. Cell density of marine diatom, S. costatum in exposure to Cd for 96 h. a: control, b: 0.63 ppm, c: 1.25 ppm, d: 2.50 ppm, e: 5.00 ppm,

f: 10.00 ppm
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Fig. 2. Change of population growth rates in the S. costatum exposed to Cd. Vertical bars represent the means = SD for three times. *P<0.05

and **P<0.01 for control (not include Cd).
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Fig. 3. Change of population growth rates in the S. costatum exposed to Cu. Vertical bars represent the means+ SD for three times. **P<
0.01 for control (not include Cu).
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Fig. 4. Change of population growth rates in the S. costatum exposed to Zn. Vertical bars represent the means+SD for three times. **P<
0.01 for control (not include Zn).

de 7 wuz 33 0 ANselen Cd¥Est 2 Znol S cosanme] AAE ARl vIAE JFe
N5 AEdsst g48 gaste ez vepdt AR (Fig 4). Zng H718HA e gz TelA r 3t
(Fig. 1). Cd A 7}8HA] &2 gl x=F-2] A7k WA= AR 2 0.057+0.004-2 Yeh o, r 32 Zn = 1.25ppm

F (12 0.063+£0.0032 viepll on, 245 =2l 0.63ppm 7pA 2 W3 vebA ket s Zn B2 2.50
oA r ZES 0.063+0.001 2 th2F-2} Z x}o]= ehY ppmell A 1 ZE2 0.004+0.0030.2 F43] 348 =z
2l ksrovt Cd =7t F7F5 r 3tel s 7 Toll B3 95% A om FHis=<l 5.00 ppmel A&

& vehioleh 125ppme] Cd BN 214 A rkel WA Ik} Fie. 4)
o]2 Yeh) FHaxx=<l 10.00 ppmell A 1 2 0.022+

0.005=2 tjzFol Bvlsl 65% 7439} (Fig. 2). 2. HATFEE NATE ARE ()L o] 83 2229

CuZ} S. costatum®] MNA|Z A v|R= 3 =497}
Fig. 3¢ vehfi it r 32 1.00 ppm7HA] = o 27l ¥
o 2 Aol ehlA ghgkerk 125ppme] Cumel S costanme] & FF4 BE TALRE B2
Me freHez F43] Fas] dz7ol vls 90%2] FA3] 7P v = 9EA s JeRlT(Fig. 5).
B4E ehleh Hurwel 1S0ppmelds rgtel # yEwe BANS wFE SANos I wd

)
~— &)
257 shaleh (Fig. 3). Sigmoid He}E viehi 3 glont, Cusl A9 s
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Fig. 5. Concentration-response by Cd, Cu and Zn treatment using the population growth rate of marine diatom, S. costatum.

Table 2. Toxicity evaluation using population growth rate in the S.
costatum exposed to Cd, Cu and Zn

Items Cd (ppm) Cu (ppm) Zn (ppm)
ECso 6.84 1.11 2.13
95% CI 4.10~22.95 1.06~1.17 2.03~2.37
NOEC 0.625 0.75 1.25
LOEC 1.25 1.00 2.00

ECso: 50% Effective conentration, 95% CI: 95% Confidence limit, NOEC:
No observed effective concentration, LOEC: Lowest observed effective
concentration.

FA 7} Cd Znel wls| FA3] Frls)
ot (Fig. 5).

ZZ4:(Cd, Cu, Zn)©] S. costatum®] rol| ®|X|= Az}
£ utEez SAZS AAEEE ECsot 95% Cl
probit EA W& o] 43}e] AFE3}9] 3, NOEC 2 LOEC
%k Dunnett’sE o]43le] AlEdlgion, o] FHES
Table 20 “}elt}.

Cdol] 93t S. costatum®] re] ECsp= 6.84 ppme e}
W ECsooll 38k 95% CI:= 4.10~22.95 ppm& vFeR)
t}. NOEC¢} LOEC: 747} 0.63, 1.25 ppme Llepi T}
Cusl 93 ECsoe 1.11 ppme vFeb) o™ 95% CI= 1.06
~1.17 ppm& eI T NOEC® LOECY: z+zt 0.75,
1.00 ppm< “eRJ}. Znell & ECso> 2.13 ppme 1}
el on 95% CI:= 2.03~2.37 ppme el 22 NOEC
9} LOECE: 27} 1.25,2.00 ppme YR T

rlr
N,

Qo= el

Fastt SHA =S Hrbshr] fste] ¥ rpA] 24t
vhH o] JrE 3 glo}(Bidwell er al. 1998). 717 3 $]
SHAl ol &¥= W o - 3y wlez B4 &

EAL At 71EA S vlwste W et o7
ZAE W2 okl EAske el N ARE
Alggee AelAs F&stet. 2=y s FAE A A
Aehs BB pAE S AR Koz ddslr] o

kel e chepat 49

2AE o) et 4
Fakgol o8 WA 7153 BAJe] A (synergism), B
7} (addition) % 73} (antagonism) ZH&-of djsjr]= A5
3] & 4 gluk= whAe] gl (AhIf er al. 2002; Chu and
Chow 2002). o]2]&t o] - 3}3}%] wpwje] =S M ghslr]
f3ted w37 B 53 (USEPA) Soll A= <At Joz
$-AE = ALY H 49} TA)E)4e) i 3F whole effluent test
(WED)E AlA3l7] 9138te] A5 Aol st
o] &5 1 oot fEutete] AS-= Ao Sl E
Hrksl7) flste] @Al B 5 (Daphnia magna)s o
43 A5 Aol Al=doz F8HT o 1
Yo dctqoz {4EE fellEAel g AE2 A
ukg-S o] 83 549 Hrhe Tl istA 219
=32 9Ju}(Lee et al. 2008).

S. costatum2- $-2 e} A HAgl Hol| Rx3l= Fo
syl =4 F7h Al sk AL AAAE H 23]
A3 A B Zo]t} (Rand and Petrocelli 1985; Burton 1992).
Aol Al A5 Aduliofo] 7hsstel ARAES A F
F& 5 v S 7 A e, Al o] wra
A dolut 96A17F WA ZAZAE WE A7 2t v

fr o
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AEA7IA] B 4 lvk= A o] g1t} (Rao and Mohan-
chand 1990; ISO 1995; APHA et al. 1995; Weideborg et al.
1997). 2 A= S. costatum®] NAZAAAES =
2 o} 271852 A 2xoEA e 7)EH
vehygton = THle FAAle] mFE EBAuL = 2+ o
kil Slngld—G:]EHE ey T34 A=A F7HE 9
@ 90T AR AHgo] s Ao A7
2 J7AFgA AlA EAAwE Hrlslr] 9E)
AFL-8F ECso 3HS o) 83l FF& 3F0| S. costatum®]
MAE AAEA PR S AFHEH Cu>Zn>Cd
o] o= A ogfe] et AL o 4 9ot Cugl
Zn®| 7= I A 2 dHR FEYoz A
Moz AEANA BHa3 Cde] A4 e] 7H 74 Ao
2 Aot £ AFAFedME Cust Zno] 7
ebdo}. QX (Paralichthys olivaceus) 53 2+e] H3}-&&
o] &3 Atz & AFAFHAe} FAFSH Cugt Zne] Cd
Box =Ao] & 7oz el (Hwang et al. 2012a).
ECs®] A5 wigtoz el gt DEA 7 (Hemi-
centrotus pulcherrimus)®] Z7| wjj o} Ao U] A= =4
9 93 AxX Cu>As>Zn>Pb>Cr>Co>Cd &A=
ebdo (Hwang et al. 2013). o} 22 B7}ALE] (Asterias
amurensis)®] 73-$= Hg>Cu>Zn>Cd>Ni A2 54
9] oJaks el ow, HE7}ALE] (Asterias pectinifera)
X Cu>Hg>Zn>Cr>Ni £A4 2 549 A=E B s
ATH(Yu 1998). EC502] A5 Fdll =AM 3459 &
4 Awe AEE de Nwel A 54 e
Felh e Aow BUA w AP JEEA TG
w319 2w AYPEE e ¢ A
ook ® AFATS AR el AFAeNA
WA B4 Pl 3 elA) Cush Znol A
Yoz w48 Jurt 2 ehbs deee Cush
Zn 2% Do vlgae AW S8A7k BAHA Cdi
e F4del w8 Aow 47Rn 2o} 25 Cust
zne) ARG FHIG A2E PR F o 7
A9 97 229 e A

. S’J— 2.00 ppm
& 7ol At A el *—‘.-‘1% FZEQ
S. costatum®) MNAZ AAEL JA2 Aoz AI=ch
B dFAAE AEAEHA delA A J3e +
I e AEEHIES dAtes o] Foxl A=A
3l

ATe FF

5 2

A2 Skeletonema cosatatum®] WA ZAAE (1)
< AH83l FF4 3% (Cd, Cu, Zn)9] EA43%F J7H5
$88}sde}. S. costatum= Cd (0, 0.63, 1.25, 2.50, 5.00,
10.00 ppm), Cu (0, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50 ppm)
Z8]3 Zn (0, 0.31, 0.63, 1.25, 2.00, 2.50, 5.00 ppm)el] =
%3k 96h o] Fel r e =&k 2T (Cd, Cu 1
23 Zng T FL)olA re 0.05HTH Egro
354 B PINES 2 Baodd 334 9
3] 5_4}—24__& ro] 7tAE g = 1.25,Cu ¥
.25 1283 Zn 3= 2.50 ppm 0]’\]—4 Ewoa] HE
b aE bl 3849 S49FS Cu>Zn>Cd
4A)ou], o]u] ECs 7+ 27t 1.11,2.13 78] 6.84
ppme 2 el £3F4 3% (Cd, Cu 28|31 Zn)d] =
=3 r9 FA2F3grx= 47 1.25, 1.00, 2.00 ppm o2
vebsttt o] ZA3tg vieko g, s kst S. costatum
9] r& Cd %7} 1.25ppm ©]A}, Cu 3=7} 1.00 ppm ©]
2}, Zn =7} 200 ppm o)Akl 3ol A ed S ek
o} 822 S. costatum®] r& I ANA FZE& =
Y% G A% A 83 Yo g
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