RN IRIER 2224 2012,31(2):299-305

Journal of Agro-Environment Science

oK — A s XT R E MR R S 3T

A B, M, BEEL, K WA T, EwE, R OMA, R W, REE
(It E BE RS S G Y2 E SR E , BRI a0, I 430079)

& ST GOk ZE AR (CeOn) X AHEMBE MBS . 5RE/R, YYPOR ZE A E N 5.10 mg- L B, X} Rl A s

By A KA e HEVE R (P<0.01) , LA i 1 F Bl 25 Ve B 3 R T 9l /1N; ZE MR Bl 50 mg - Lt B, FF AR AR S350 5 24 ¥k B 15 3] 100,200

mg- L B, R 2 B HIFE T (P<0.01) , ELIMHIME FABEE VR BEE R TS K. SeBdn Al B AR 0L R I , s A Fvk

FERIER, HHAA /NEME RS, AbFE 7 d )5, 4ok A AR XS PR A SOD & B s ma RN 5 25 B B9 S e — 3K, TiXT MDA & &
RIS AR R, Ui B AR & A T R R B A N i R A S i

REEIR : Gk A  RHEMEE L6 AR ALY L EF(SOD ) ; 7§ —#E (MDA )

FESES X172 XEIFEE:A  XEHS:1672-2043(2012)02-0299-07

Toxicities of Nanoparticulate CeO, on Scenedesmus Obliquus Kiitz

ZHONG Qiu, HE Zhen, DAI An-qi, ZHANG Can,YANG Xue, HU Xiao—jing, GUO Jia, XIONG Li", LIU De-li

(Hubei Key Laboratory of Genetic Regulation and Integrative Biology, College of Life Sciences, Huazhong Normal University, Wuhan 430079,
China)

Abstract: China contains the most rare earth resources in the world. Thus, it may provide a reliable basis for the use of rare earth materials.

The nanoparticulate CeO; is widely used in numerous areas such as fuel batteries and gas sensors due to its good electrical and optical prop—

erties. However, the potential for the release of CeO, nanoparticles into the environment is also increasing. The possibility of water resources
and soils being contaminated by the discharge of CeO, nanoparticles arouses more and more concern. This study was designed to test the CeO,
nanoparticle’s toxicity effects on aquatic ecosystems. S. obliquus was exposed to a series of CeQ, concentrations(0, 5, 10, 50, 100, 200 mg-

L). Five parameters were measured after 7 days of exposure which were growth rate, cell diameter, superoxide dismutase(SOD ), photosyn—
thetic pigments and free malondialdehyde( MDA ). Tt was shown that nanoparticulate CeO, concentrations of 5 mg+L ™ and 10 mg- L™ caused a
significant increase in growth, while 50 mg+L™ of nanoparticles started to inhibit the growth and high concentrations of 100 mg-L" and 200

mg- L significantly inhibited the growth. As the concentration increased, the stimulative effect was reduced and the inhibition effect was en—

hanced. The influence on the chlorophyll and SOD contents was consistent with that of cell growth, while the influence on the MDA contents

was opposite with that of SOD indicating that varying degrees of lipid peroxidation occurred in the cell membrane. Optical microscopy images

and changes in the diameter of the S.0bliquus cells illustrated that with the increase of the concentration of the Cerium( IV ) oxide nanoparti—
cles, there was a tendency of miniaturization of the cells. This study contributes to the research on the toxicological effects of nanomaterials

and can provide references for the risk assessments on issues concerning nanomaterial research.

Keywords: cerium( IV )oxide nanoparticle; Scenedesmus obliquus; photosynthesis pigments; SOD; MDA

FTEEM LI RERFENER, HLEENTE  LWEERRMH. 9ok R R AR — R
PSR E AL, B RGO TR BT, PR TR PREEFDE SRR RIS, IR A T
SOFCS Hifk JEHEILT | BB = AL IERAS SRR

e 49 2011-08-01 \ LM B R T , 2 AR T IE 4K b

e e BRRREAR . BB A

IR 6 AK(1988—), %, LRI A FERBIL DS, BRST BN H 25T 72, BB AN AT R Gt i A PR A e s
FOPRRERSE. Fh DRI T A S 2O T I 4 — 48 A 2 4 L

*BWIEE B8 W  E-mail:xionglily@mail.ccnu.edu.cn



300 B BKEE  GOR R A RN R TR BT

201242 H
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FHEARZ L I ERI T R IR, — Al K ORI
/NIRRT S ME A% B A AR BE R84 , BBkl
T 3k PR 2205 B T, 5 A A S (RRK ) Y
(MDA)JHF o BREESEPIIFE K BLGK — b in e
/NERRRT VSR AL O IR — B R FEEAE T o 53 SRt
GERRESE Ce( IV ) AT 03 7K 25 S0 A (Paracentro
tus Lividus ) R RR 20 B 7 A AR BRI , 52 R H 52K LT
R, EZHESBURAMEAIET,

BN AR EES RGP E , R
MR R T R E KA S RGN G
ThReE , BRI BCAASHI P 7K P05 o R 1) B B4R AR
He Wt (Scenedesmus obliquus ) % B MU AN/ |
R SRS, A RKROTE— R F R Bk
KB &, IF HAERR Bt (Rl Y , AT 45 2 4 Ak &
Yy R AR R EEKE BT, B — s f
FRIEAY) . HET, 99K SRR e R
TARGE . PRI, e D0 i R I S A M A Sy 52
WY, MK S R O A TS, R
PR A LIRS

1 T %

1.1 LI 5EE

SIS AL - gk — Ak 4 (Cerium ( IV )oxide, <25
nm Sigma ) ; & 4= M B (Scenedesmus obliquus ) B ' [
b2 Be 2 DU K A A W B 5 BT BE R R 4R 2 (No.
FACHB39), & ZENY KRIEFH TR RHEME
HIEEFEEE R HB-4 353589, B i8R ¥ R 43 Hr 4k

SIS :5415R & e R B L AL (Eppendorf)
fifghRi (BIO-TEC) , Y& M55 48 (I B AR U AR A%
B RR /A F HP300GS-C %), ki BFTH40{X (BACK
MAN) , H S iU RS (KQ-250B Y, B 11 i dl A (N e
BRRATE]), 5t BiME%E(LEICA, DM400B ) ,
12 KWH=*E
1.2.1 YifkREsE

¥R MBS T 254 T B 2 HB-4 A T35
FWH, TORREFRA P IIESR 1A, ZEXEER
W — Y RIEFR. BHREMR RE(2520.5)C,
pH 7~8; BHIE FHA EL 12 h:12 h, Y65% 3 000 Ix, F & 5%
7%, H e AN T3 3 k0,
1.2.2 HIEYK _E AR IR W

KK CeO, AR KR A HB-4 FE =W, B
i 5 000 mg- L™ (B, ST A BRI & T (L

RS ALFE 15 min, (HERMBRREI S
1.2.3 42K CeO, X RIAMREA: K AR

W 4b T X B A B0 R A B R A T KR Y
HB-4 N\ TSR, EIEEE EHH 1.1x10°4, %
B 5K CeO, W ERAE(5.10,50,100,200 mg- L)
F—XF R, R 3 AT, 4568 24 h B
R 2 AN B 25 B AR o
1.2.4 SeEaERMNE

ALFEES 7 d B, B 20 mL 3% ,5 000 remin? N &
> 10 min WAEBANM, 2] 10 mL fIKE H, A
5 mL 80% A B , 7E B AL Hh4R 24 h J5 , SRR ST,
Ll 8 000 remin~' B.0>15 min, B F K B T HR 96
ik, LA 80%ANEI A2, FABEARINE ODge.
ODgis . ODusy B, oA BRIEGEITE AR TY:

C-a=12.21x0Dg5;—2.81x ODgs

C-b=20.13% ODgs—5.03x ODg;

C%k=(1 000x0D,5—3.27xC-a~104xC-b )/229

C-a HMH5EK a;C-b HMHERE b;Ck HRP
ME.

FELL 80% BN ERAE A2 L, W %E 300~800 nm I
KA AR R TSR BOETE
1.2.5 AR RS2

B 100 mL B T PR HLLE 4 °C.5 000 1
min” FELL 15 min CEEFRANML, 730 FIBERRZE i
#% (0.1 mol-L™, pH 7.8 )MHYE BN 3 X, BA T MA
VA BB RR 2% HhS K 0.8 mL(0.1 mol - L, pH 7.8) F1/1>
B A SEAER AR T FE IR K S WA 4 °C
TF 8 500 remin~' B.0> 15 min, B EFWIFICT Bk
B, B URRAE A& TE 4 A A
1.2.6 SOD fllE

% Fi Beachchamp®# 37 ) Bewley "2 B #) & &
UMk (NBT )64 550 SR RN vk » BRI ) B 28 A RE
5[ R N A B )4 il B A Bl = TR
B B R B AR ™, DL/ I 2 E AR
i
1.2.7 MDA il &

Z: B8 Heath FIARAE J5 0 17 1, R AL E
FCZ R (TBA)EMIE o
1.3 LI HRALIE

BT 3 AT, LREEEA R A
Origin 6.1 F1 SPSS Statistics 13.0 G104, #H4T
R AN e B TR ] . DU A& o+ il e
A3 FRR AN IR AR e P<0.05( 257 8 % ) Al P<0.01
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Bl 1 Fon AN R MR B oK R Al o st A A Y
ARKEM, HE 1 FH, 2 3% R SCI62H A 4
BIEPL S RUAE K R  AEAR IS SR AT 2 d, &R
ALK A A Bl T R R B R A AR KA R
B RS IVE . 55 5 d B, vk 4 (100,200 mg- L)
FREAXT A A KRB B B A I VEH (P<0.01), B
HIVE RS VR B R, 258 7 d B A0 gk
ST BAME A TET 6.4%M 15.1%; Tk E
ZH(5.10 mg-L™) W RI B A2 H (P<0.01), H AR
YEFIBEE Y KM, 258 7 d B 53 A AH
H A0 MRS BB T 9.8%F1 5.9% , AbFRHK EEH 50
mg- L7 B}, HA K52 O HERTPE, KA B
B S SR R B A E A o

P& 2 FeoR AN [ Mk BE 4 oA — R A i b A A 9 )
M BRAZ N, I 2 B, A A FR B I , Wk
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Figure 1 Effects of CeO, nanoparticles on growth of S.obliquus
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W TE B AR AL o UEBH A m R B g ok — S fhdA i 40
J/NEIAR  RE
22 XSS EMEA SR ESENRIT
B’ 3 R RS [R) Mk B 0 oK — S A0 5 X 4} A A o
W3 7d 5, R ERSEZIINEN . AE 3[4,
FEYOR AT R B A IRHREE 5.10.50 mg- L™ B+, 4%
Fhfa R A& B 5% B4 AE HL ARG Prs i (P<0.01) , 3
TR FEVE PR E MR B SR TI8/)N  M90Kk — ALV B
e BE 100,200 mg- L B, HOGHEE A AR AR i
YEF , HLREE b BRIV B A3 0, 310 IR F B 25388 (P<
0.01), FIHMHEY K _Esife it aRm
AR, T R E SR A B RN, RIHFIE-
BN KR FEX 3 FpaFE T, YR A shxf 4%
a IR K, 7EE YR B 100,200 mg- L7 B, 4% a
AEXTF Xt B ZE 43 5 R T 23.0%(P<0.01) F1 67.4%
(P<0.01),

50r
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Figure 2 Effects of CeO, nanoparticles on the cell diameter
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Figure 3 Effects of CeO, nanoparticles on the photosynthetic pigment content of S.obliquus
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Figure 4 Effects of CeO, nanoparticles on the absorption spectrum of S.obliguus
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Figure 5 Effects of CeO, nanoparticles on the SOD and MDA contents of S.obliguus
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6 PFBEERRIESR 7d BEHMEMEMAE(A:0 mg L B:200 mg-L™")
Figure 6 Scanning electron microscopy(SEM) images of S.obliguus cells after 7 days exposure (A:0 mg-L"' B:200 mg-L™)

.

a.b.c.d B ZEAbENMREE 2512 0.5.50.200 mg- L™, H3R : 10 pm
CeO0; nanoparticles concentrations of a, b, ¢, d are 0, 5, 50, 200 mg- L™, respectively. bar: 10 pm

7 REMEIES 7 d FHSEMESMR
Figure 7 Light microscopy images of S.obliquus cells after 7 days exposure
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K EFEE; (5)G5K CeO, [N I T Jk
BIYEE N o XX 5 /M5, Karen Van Hoecke 45
Gy RE RN B SEB I LASRHIE, 85 5REE T ik (1)
(2)(4) B (5) By FE RN L AT 20, T (3) ]
LB BRI Z—

TEARSZI P, IRV B A AR Z S A X R A
FeA AR BEVE F AT RE R B T HAR B H D & Ce® Rt
AR A T AT AER (L) ESEEA , B B A%
TR B E A A KBS TR ERIEER, 5
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eE BRI AW A FE IR B ) i) — 28
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BRI ST B IR B O B 2R A [ B R R 6
HRETERE AV ARERE AR K
B BB R, A SE R R RERDE S A
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SR TN A, B R AR K RS R P v
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B RETRER MR a fE MR E SR EZESA
By, TR E RS PSRN 0 ME R A
FAEBEERHETHUE, SHADEE ARMIL, BEAS
Z BRI AR,

WIEMHAT , Y AN 2R BRER ROS, X4
P LG, T SOD AR A 1 BRI P AU SC BB, H
PER AL AT DL S e AR ) 32 B AR B . MDA 7E4H
JH PR ) R 2R 388 B R A'E Dy A B TE 52 B 3 B IR o
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