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Abstract : In this study, toxicities of seven metals (Cu, Cd, Cr, As(III), As(V), Zn, Ni) and five metal oxide nanoparticles (NPs:
CuO, ZnO, NiO, TiO,, Fe;0O3) were evaluated based on the growth of Chlorella vulgaris. Effect on algae growth was evaluated by
integrating the results of absorption, chlorophyll content, and cell count. The toxicity rankings of metals was observed as Cr (0.7
mgL)>Cu(1.7mgL")>Cd(3.2mgL")>Zn (3.9 mg L") >Ni (13.2 mg L") > As(Ill) (17.8 mg L") > As(V) (> 1000 mg
L™). Slightly different orders and sensitivities of metal toxicity were examined depending on endpoints of algal growth. In case of
NPs, regardless of endpoints, similar toxicity rankings of NPs (TECso) were observed, showing ZnO (2.4 mg L™) > NiO (21.1 mg
L") > CuO (36.6 mg L") > TiO, (62.5 mg L) > Fe,0; (82.7 mg L™). These results indicate that an integrating results of
endpoints might be an effective strategy for the assessment of contaminants.
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weba] 2 Ao A= m A 2R7Ql Chiorella vulgariss ©|

£3lo] Z2F<4 72(Cu, Cd, Cr, As(ll), As(V), Zn, Ni) ¥ Ui

Q1x} 5%&(Cu0, ZnO, NiO, TiO,, Fe,0s)°] et Mej=AH 7}

Fstanth SA4E7e S8 s, S22, Aol et
s

o

A ot

Hls2et 27] 59 vl ShEe SASS 7HAAL At BT SHAYE vasta st Frsknh
2Lt ohofet E-8-Fofol| A o) T AR ARG 9l g
Azl gt BA7L ol oA A ek AHolrh E 0. Al
gk Aol eEH YkEdS S e bt s A
=, Bostera SAMste 1 A% oFo] 44 gon o 21 2R S H I
A 9 BAA ) A% w720 sjtE AT o2 B4 2 AR S270) DE Chiorella vulgarisE T
o e, A AT LKCTC, No AG10002)0] 4] Beprol A1g-a}3ich.

Ui Qlzbe] 7)o o149 a5 Y By, 4 A= 27 Yo 483t Holgle= BG-11 AAEA =
Ao S920] IR0 AL of7|3F 2= 9lA Hr}l Eokst AHgsERl e m vi x| o] 24 thgat Th(Table 1). A 25
AL teglde] A M50l Ea, SAEAS Age B AR 1110 (v e R ERste] 275 SR 249
2 BEE[6] YeEA AL =71, 2E AlZ] 3(0OD730 = 0.6 ~0.7) (optical density, 34 %) BG-11 Y
BeBdEe] B 5L 3718 AR A7te B4 o) AMAR ODm = 0308 545 98 waAA Y
SHe WAL E3) shAol Aere] Azte] njH =4 ko) < WY FF BHE Hs 248 27 19 mLof| eHE
mjo = Aoz YzrETHT] I mL (&% 20 mL)E &35}, 30 C, 150 rpm, 5,000 luxof

s B7he] dgho.m AR ARA A Wboassay) e A 72 h =F BT
ogdgo] AeA tAkL gelae AH) AR Faw
Rg Apac QRN SR oet AE e 22 AU S34 W LI= ARt 24
W chabe wshE PASIL 1 Adte] Al CUAES Aol A8E F34 U UheddAe BT 2tk CuCly
H7lste Ao=2 skekA wWieof v|g =34 9 B9 HEA, 2H,0 (Yakuri Chemical Co., Ltd., Japan), CdCl,H,O (Junsei
B4 AI7He T 9 v]8-o AYPA, FoEOE 5o g4 Chemical Co., Ltd., Japan), Na;HAsO; (Sigma, USA), Na,HAsO;4
Table 1. Compositions of the media used for algal growth

Trace minerals (1 L) BG-FPC(1L) BG11-broth (1 L)

H;BO3;2.86 g
MnCl, * 4H,0 1.81 g
ZnSOy * TH,0 0.222 g
Na,MoOs - 2H>0 0.39 g
CuS040.079 g
Co(NO3); * 6H,0 0.0494 g

MgSO; -

CaCl, - 2H0 036 g

0.25 M Na-EDTA (pH 3.0) 0.112 mL
Trace minerals 10 mL

BG-FPC 10 mL
NaNO;I?g %87%‘9 Ferric ammonium cirtrate 0.006 g
o4 TR TR Na,CO; 0.02 g
Citric acid 0.06 g K-HPO; 0.0305 g
2 4 0.

1 M Tes-KOH (pH 8.2) 2.8 g
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(Wako, Japan), KoCrO4 (Kanto Chemical Co. Inc., Japan), ZnCl,
NiCl, (Daejung chemical Co., Ltd., Korea), CuO (30-50 nm),
NiO (30 nm), TiO, (30-50 nm), ZnO (40-100 nm) (Alfa Aesar,
USA), Fe,O3 (20-40 nm) (Nanostructured & Amorphous Ma-
terials Inc., USA).

A Z3}= US. EPA’s Center for Exposure Assessment
Modeling (CEAM)o]| 4] A|&3}+= Trimmed Spearman Karber
method& ©]-8-3}¢] ECso 22 UENSITE ECs> L EE0]
25 A VAL G vt HEE Ry
7A+E SPEARMAN 2 739 ARg5lo] A3 TtH13]. 2
B oJgp2 Ao 33 "t Za)stgich

23 ZPBUY 24 Yy
2% Bl FEE0] AL GFS () BYE @ 2=
238 9% () Aol 2Aste] lwstLt. 2L UVVis

33’5}01 *}‘lo}“‘ OE# 7HEW e o
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Y& 5to] 4 CollA] oF4 Hst oL, 20 min 5¢F G422
(500 )3t 5N s &7t 445 UV/Vis
0]-8-3]] 630 nm, 645 nm, 663 nm, 750 nm T}+7-of A]
ST & SR2Z o A2 ot A8 Al

Chlorophyll (mg m's) =

Y x AN (mL) / o3} Al ZEHL) (1)
Y = 11.64(ODgs; — ODsso) - 2.16(0Dgss — ODys0)
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(Figure 1): (1) As(V) (%
() Cr, Cu, Cd, Zn (2 tg qR l&EOﬂ/H—OJ A7k
A Z3FTA gt E4 4k ,2mg CuL"o|
A 46.8 ~67.0%, 1 mg CrL° oﬂ 1 64.3~82.7%, Cd, Zn29] 7
© 5 mg Lo A Z40] 7} 60.4 ~ 82.4%, 47.6 ~ 90.8% = =
ALE[ QL) o] 5ol ]l Ni, As(ll)= Fid oz W =42
e 9o ™, 20 mg NiL'oA] 67.5 ~94.8%, 30 mg As(IIl)
Lo A 30.1 ~80.6%2] E4Jo] ZALEQth. 2ALGH th2 &
Zof| H|Ff o EAS Hol As(V)= SHZ T o wet ot
S W99 54 erglok 200 mg LMo A 9.7~ 33.0%,
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Figure 1. Effects of heavy metals on algal growth: (a) absorbances,
(b) chlorophyll content, (c) cell count.
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Figure 2. Comparisons of the effects of metals on absorbances,
chlorophyll content, and cell count of algal growth at 5
mg L' (no effect with As(V) at this concentration).
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Kong and Lee [15]9] 49t wolol 48y 54 3712
FE4 BCool 2AT 2AIA F348 B B4 of

g9} 7o ATE H Yk As(lll) 1.05 mg L', As(V) 2.55 mg
L', Cr(VI) 257 mg L, Cu 42 mg L, Cd 2.0 mg L. As(1ll)
£ 105 mg L2 7MY 58 BA4S Bo] 275 0|83 54
kel wj- Aol ABE Yetldith 275 o83 54
B A HlaA e 24& Hol= As(Il) (ECso 10.8 ~
30.7 mg L= 2ok dro} 1.02 mg L', AE9H4 1.10 mg L™
ol A 50% FFHECso)= HEFH AT Ao Wofol| A As(V)<]
79 ECx0] 3.0 mg L] Wl 2HZ o] &3 Frlors=
ECso > 100022 2308} o|4 =& WA =E Yetyaich

3.2, thd Lt 24X FaF Hot

ezt 550 digh RA=(EDE F 7MY S35
Aol 2229 K2 Fd 24,010 mg m™)T} A4
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Fwol gt W2 gAY Mzbo] Fagwof njz=
oF ol Alestrt. e dAte] tiet 54 S22
MAG 574 mFolAM FEHom YA w57t 25
E 25 Ao A sHH th(Figure 3). Fex05, TiO 7} 71 W
=4S B9 0w ZnO, NiO, Cu0 402 %o =42 1ol
A AR =AY 5 S A EH, ZnO
79 3 mg Lo 4] 53.7~549%% 7} =2 =4S Hg
o} CuO= 50 mg Lo A] 52.5 ~ 60.0%, NiOx= 30 mg Lo
54.1~69.8%9] =442 Uetlch TiO:9f Fe,0s= ML A
o =42 Yehyglon 90 mg L'oA] ZF 56.7 ~ 63.7%,
5~592%9] H/44& UeEh it
=AF0dE e zto] didh ECso 9= 2222 (2.6 ~
89.5 mg L), 7HAI(2.1 ~75.9 mg L2 RAME o, 24

S AE Hg Aot AdolstA ST wel fARRE
278 A4 FFHED S UEdS AT 5 A Y
g2 S5 U] gt ZF ECso B CuO, NiO9] 7
& FjAG=ell RZFELaL, TiOs, Zn0, Fe,0s= S22 ¢ 1l

A}
ot A2 & 5 ek F 2AFTHN ek ECxoll 2
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Table 2. Effects of heavy metals on the absorbances, chlorophyll content, and cell count of algal growth

) ECso (mgL™")
End points
Cu cd Cr As(I1) As(V) Zn Ni
2.1 43 0.9 30.7 5.6 16.0
Absorbances | ;905 400 | (370~5.06) | (0.78~1.05) | (26.4~35.7) > 1000 (4.51~6.84) | (13.3~19.2)
Chlorophyll 1.5 27 0.5 10.8 - 1000 1.7 7.8
contents (134~176) | (241~3.12) | (0.44~0.63) | (8.08~14.3) (147~1.95) | (6.98~8.66)
1.6 2.6 0.8 12.1 46 15.8
Cell counts (143~1.81) | (220~3.08) | (0.66~1.90) | (10.4~14.1) > 1000 (3.95-5.26) | (13.7~18.3)
TECso” 1.7+0.32 3.2+0.95 0.7+0.21 17.8+ 11.13 1000 + 0 3.9+2.03 13.2+4.68

“Value is the range of the 95% confidence level (low limit~high limit)

®TECs (total ECs) is the average of three ECsos
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Figure 3. Effect of the NPs on algal growth: (a) chlorophyll content
and (b) cell count.
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Figure 4. Comparisons of the effects of NPs on chlorophyll content
and cell count of algal growth at 30 mg L'

Azto] Yepd £4 <A+ o33 2tk ZnO (2.1 ~2.6 mg
L") > NiO (17.6~252 mg L") > CuO (33.1 ~402 mg L") >
TiO, (45.1 ~79.9 mg L") > Fe,03 (75.9 ~ 89.5 mg L) (Table
3). Gu and Kong [16]9] Lactuca®) St wrolof gt v} JA}2]
H7lo| A= CuO (0.46 mg L") > ZnO (10.8 mg L") > NiO
(17.2 mg L") > TiO,, Fe;05 (> 1000 mg L™)2] <=4 & Ao|at
54 oA 9 U Es el ok 2704+ CuOe= oF 36
mg L', A3 #]Sk Wrobol A= 0.46 mg Lo A 50%2] g3
(ECs0)S YERHQITE E3F Aok drol ZAbof A 1000 mg L
TiO»9} Fe,05 H ) R AFs E oAl FaFo] THE R e
u, 270 diaiAe videt As vehg ok weba] A st

U ARG B Gl 2AT TS L thel 54 24 31

Table 3. Effects of NPs on the chlorophyll content and cell count of
algal growth

ECso (mg L)
Chlorophyll
CuO | 33.1(19.4~56.4)"
NiO 17.6 (14.3~21.6)
TiO, 79.9 (69.1~92.4)
ZnO 2.6 (1.78~3.89)
Fe,0; | 89.5(81.2~98.7)

TECs”
21
Cell count (mgL™)

40.2 (23.9~67.6) 36.6
25.2 (16.6~38.4) 21.1
45.1 (34.4~59.2) 62.5
2.1 (1.59~2.69) 24
75.9 (68.5~84.2) 82.7

NP

“Value is the range of the 95% confidence level (low limit~high limit)
YTECso (total ECs) is the average of two ECss
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