5508 £ 8 B H =~ ¥ # Vol.28,No. 8
2008 4 8 H ACTA ECOLOGICA SINICA Aug. ,2008

ZHERRULYRRKBARKESEN

1 1, = 2 > 1 1
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(1. BHRERBR S THEERE, ARG ASESEER T PE S LS, K 300071 ;
2. RERE REBETF MRS ESEMRNE, Kt 300222)

BE:SEEREGEES RRAS (OECD) {2 5 A BTN 1, DL (Scenedesmus oblignus ) #1 K I % ( Daphnia
magna) ALY IR T 3 Frd B SRR (PR EALEE nZn0 Gk ZE L4 nTiO, HIKE LR nAL O, ) KB R
KRBT, SREW, AR TRLEA A F HFEHE :nZn0 nTi0, 1 nAl, O, % BHEMEE K ) 96 h RHNIRE (ECy, )&
43813 1. 049.15.262 . >1000 mg-L ™", TiX AT F 5S040 48 h EC, M4 0.622.35.306 mg-L ™~ §1114. 357 mg-L~', 2
A8 3 #a B S AR BRI B IR IR/ MR E X :0Zn0 > nTi0, > nAl0,, A, RFEHIAEYT&B E/W KT
B BUR R, BR nTi0, ISk, KBUERT 741 2 BhPORIUR I BUSE IR TAEMEE . TREAERKRH, ALY R AT
MR EBNA BB, SLERIRADF R MG IR AR LA mE T, D EREX TR AR B,

KR JORMBL; 48 ; REE £ BT M TiO, ;Zn0; AL O, EC,,
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Aquatic ecotoxicities of nanoscale TiO,, ZnO and Al,O, water suspensions
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Abstract; The ecotoxicity of nanoscale Ti0,, ZnQ and Al, O, water suspensions was examined using a method developed
based on the standard OECD Guidelines for the Testing of Chemicals (i. e. OECD 201,202). The green algae
( Scenedesmus obliquus) and the water-flea ( Daphnia magna) were used as the testing organisms. The results showed that
different nanoparticles exhibited different toxicities to the testing organisms. The 96 h EC,, of nZnO, nTiO, and nAl,O,0n
the growth of Scenedesmus obliquus were 1.049, 15.262 mg-L ™" and >1000 mg-L™", respectively. The 48 h immobilization
ECy, of nZnQ, nTiO, and nAl,Q, on Daphnia magna were 0.622, 35.306 mg-L™" and 114. 357 mg-L™", respectively.
Based on the results, their toxicity rank as nZnQ > nTiO, > nAlL, O,. The toxicity results indicate that such nanoparticles
might pose potential environmental impact. Further research on the ecotoxicological mechanisms of such nanoparticles is

warranted in order to minimize the adverse ecological effects and human health risk of nanotechnology development.
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AT 45644 #H Manufactured Nanomaterials( MNMs) |, 238 2/ —AJUAH _E B 68 R ~HETF 100nm,
HRA RS R R, R RS LA B R T 8 R 7 0, A1 R UL KB YR
HEE RS R AR . BT MNMs RAMR/DN, SH855k, BItBEAFL 0B A Rr Y
Ao, AN/ RSTR0RE  B RH 2 T ARURE 55 T AR R 8 A SR B 1 B TR 4 . X e {8 MNMs
B Tk B Atk S AFRE L RAEARETR , Fiit 3] 2008 SE44K T 453 7000 {23& 7T, T
3] 2015 4FLBUERHEIT | TTA23E501 o BR, BIE E RN, ATHE.0 s B kA% 4y AL 2 M R 9 MINMs
TR Al LA R BRI A SR AR B IR Y . BB R, 24 M1k, X MNMs A= 8% BT 8 R
HE"',

JKIRFE T BB B 7= i 7= 85 TH B AL B AR b s g MNMs 75 3%, JRFRH) MNMs 275 3L St v
BT B MNMs JHRFEAKFFHEH ", Oberdorster LT 0.5 mg-L™" Y BB K B (nCop/ THF, R i THF
o BhEE)) 258 48h J5 BEAEKWE BB ( Largemouth Bass, Micropterus salmoides ) 411 £ fRi2H 437 = " B i g Jo i
FAL™ XA % MNMs KA A BB BB RIRE, BIJE Adams AN R E T 2 Fé& B ELmakE
RL(TiO,, ZnO) A1 1 Fp TLHLEAL W) K UKL ( SiO0, ) 7K & FE W X 4 B AT B ( Bacillus subtilis ) A1 K B ¥ &
( Escherichia coli) WASTE . K Zn0 /K BERBNF R, RE WM, V3R Z H 3¢ MNMs 1) 288 F5)
-0 R , T EEA B E KA Rt IR RIS B T AR R ECE ), R T E BT X A
TFREXT KA 5 3 S MURBSEA ' o B, ARSI 3 FHE R R 4L Y MNMs ( 44k — 48 4k 4k nTiO, 4%
KEALHE nZnO YK EAEE nAL O,) HXTER, KA EREH S1F5 & RHALR (OECD) b f A RF AR
TR Pl Rk ( Scenedesmus oblignus ) F1—Fp T HELE ¥ ( Daphnia magna ) 3 4 Y), BF55 MNMs
HEAKBFERRESEERN. FENENET: (1) BERANERALYHAMBHEREA KRG,
RABRIAN BFERKERTME; (2) LEA R BHaAESE ﬁlﬁ‘ﬁt&h%ﬁﬁ (3) TRV A A S
Wiy ek , —E BN A T RA MR EALHE R AR B A ST E . RS REF BT A THARM B
A S XU, ke B BIE A TYORARHES B HMIR EREH, &Tﬁﬁ%ﬂﬁ%ﬂjﬁﬁﬂﬁﬁJE%{ LECAE
1 HEE5FZE
1.1 #8

#k TiO, (nTiO, , ZiF >99.5% , 8Lk B ) . 44K ZnO(nZnO, 4 >99.9% ) . 44K AL,0,(nAl, O, , 4
>99.5% ) ¥ B B RYUKRARPE BRA R, HRFORILER 1o HARENH 8B IR A sk a4l

BOEGE  FrA B ES A E R0 M 10% W ERRIE 48 h, JERIEZE F AW B TS, ARARERE
(120°C ,15min) KB G H,

YIKADRL B R (&8 B YR A B K B ) : nTiO, \nZnO F1 nAl, 0, 53 5 i A 2 ¥ 7% & (OECD
201 5, OECD 202 test medium) , ¥ 48h J5 , HIF B GRS BOK B IR RIS 2, B TAR OIS, /A
1.2 BERA KRR

KB OECD 201" (iRl tk AT, 3F4KHE OECD no. 23" HEAT TSI EM, LA MG EATE
W ( Scenedesmus oblignus) R4 Y], LEEt, Bl—&E BIEATXWEAEKAN L FRE, A8 IE
OECD 201 3555 BAMBERL 2 x 10* cell-ml ™", B N F 5 BRI W
1.2.1 ZEHAE

Gk phXIe W - T8 THE OECD 201 R M BEGUKA BHE 2R 2] — RIPRE R, Hik
By it B Wk B E 2 £

@ Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR). The appropriateness of existing methodologies to assess the potential
risks associated with engineered and adventitious products of nanotechnologies. 2005. http.//ec. europa. eu/ comm/ health/ph_risk/committees/04 _

scenihr/04 _scenihr_en. htm
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£1 FXRAHATLHRAH
Table1 Metal oxide nanoparticles used in experiments and their general properties
] n HERER
aimy  mrme gaem TR am gmes Rz R
Nanoparticles ~ Published size  Crystal types 2 Purity( % ) Relevant data Reactivity Source
area (m®/g)
BERE, KB BRERHAK
N N
ki e PR g PHATRD
20 nm ] =90 >99.6 White powder, e Nanjing High
Nanoscale ZnO Single crystal Photosensitivity
mass-produce, Technology
wide application Nano Co. , Lid
BERE, KB BRERHAK
— i) HRAE R A A
ke =L oz et AR
Nanoscale TiO, <20 nm 4k Anatase =90 >99.5 White powder, Photosensitivity Nanjing High
mass-produce, Technology
wide application Nano Co. , Lid
2 2
RS Tl et P
kAL FOERA  pROn N ARAT
Nanoscale 80 nm o 18 o phase =12 >99.9 White powder, ) ’ Nanjing High
high strength,
Al 0, mass-produce,, heat resista. Technology
wide application eal resistance, Nano Co. , Lid

erosion resistance

RAESR  SeE SRR TN =AM (AT 250 ml) FiIA 30 ml_ERERBR RGN 30
ml 7[R ¥ B B 4 K kBRI, IR A AR AN 60 ml, R AW WP BB IEEL R 1 x 10*
cell-ml ™" | nZnO f¥k BE#E B % 10.0.5.0.1.0.0.50.0. 10.0. 05.0. 01 mg-L™" nTiO, i3k BEREEE 4 500. 0,100.
0.50.0.10.0,5.0.,1.0.0.5 mg°L_1,nA1203B(J¥{EJ§1%J§j§ 1000,500.0,100.0.,50.0,10.0.5.0.1.0 mgoL‘l,ﬁ
AR 3 ANFAT, BAMEEA 3 MEAMBCEER, BRAKME) . REBEEARSBEBRN=AHET
B b TR R A TR

BEFRAME AR B SRR IR (25 £2)CMY AR, A RE R BO0RTR, RAT 4 R
HOET A T RS (B 16em) , A& 1 48 B GATVE 58 B I8, 40 1B A0 7 WO 1 6 38 180 pE/
(m*s) ( >OECD Guideline 201 HrX IR TR .60 ~ 120 pE/(m’s) ), Y6HE L h 14h: 10h; B BB B 2B
#,60 ml MRS YEIAE 250 ml =AM HBZ B R ORRIIRE &) S04 1. 2em, B— S HESEE S
YERIXH G IR, W RS R B S s R A TR TR L3555, BB E ol (120 £5) o/min, AMUE
TR RS S BRI TE R A , BT B 532t
1.2.2  BUREAMT

S BIEYLTE 51 24,48, 72h 71 96h WIEEAMEMIEE B4 ORI, MBS IR A AR, g 4R A
BRI T B (KRBT AT, BA) TEEI B LB SHEMETE 96 h 4= Kig e vh A K ph& fr
AR (A) R B SRR KB TR B K L IR S ECy o R MK FrammmmER
WHIEE 4> R H OECD R rikitE™
1.3 REIETESHGNRE

LHB % OECD 202" AR ¥k #5177, F4KHE OECD no. 231 ¥E47 T Y% . KH % (Daphnia
magna ) ALK E HESEES 3 U BRI RTINS R, #HIE OECD 202 KRl kuEfT35% . KR ES
PRE R KR R UR: , 2 24 h EC5, 05 0.65 mg-L™"  fF AR TOR . IAB0 46 100 ml BE3/NGEAR, B 1E
BB ARSI B, 43 IZE SRR R I AT R BRI YA MR 24 b TR RIS A K 3 R B At K B B
YK, BHKEH L OECD 202, BHAKPFAASMISBURBELE 2,
1.3.1 ZEA4H

AKAHRRRIE R - I B KR RGBS SRS — ARSI E R W
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2 1000 ml ERKHEESHESBNER
Table 2 The loading of compositions in 1000 ml reconstituted water and the hardness of this solution

ERE (1L CaCO;, 71)
Hardness ( calculated as CaCO,)

MgSO, -7H,0 CaCl, -2H,0 KCl NaHCO,

123 mg 294 mg 5.8 mg 64.8 mg 250 +25 mg-L!

BARESR SRR TN 100 ml ZEE/NEAR T 53 A 30 ml A [F¥EE B 99K 45 BHAL K , nZn0
BV B H B B 4 10. 0.5.0.1. 0.0. 50.0. 10.0. 05.0. 01 mg-L~"  nTiO, /) ¥ B 4% BF >4 500. 0.,100. 0.50. 0,
10.0.5.0.1.0.0. 50 mg-L™~" nAL O, ¥k B4R ¥k R 1000,500.0,100.0.50.0.10.0.5.0.1.0 mg-L™", [FlA}i% 3
AE AN REEE MR BARRE6 ~24 h 4% 10 B, AREES O LI REK, Fa7EREE
EFE 56 NMMURIERBEESNFE, BEARABRNENE THIK LiEF.

B &t R ERERNREA (22 £1)C,pH AT ETE 7. 84 £0.46, TRE W HAL R, RIBETRE
R, AR HRRR R (145 £5) o/min, 7£ 3 T BB — B RIEQURA BHE T R RS B 280K
o EHEHET REABLEKER,

1.3.2 BUEESHE

FATEGE G 24,48 h WD F KRB EW AR, PAREETE 3132400 Hl FFE T/ A WS 4o
REHIABEEA,15 s WRBEFR KGR, A KB EESZRH . B EfAAEESHREE,
WYCHRZIH M, KRB FHFET A0 B T W) £ 1k Bksh vind. HBnERE”, A
LY B R RABHY LCy BR ECs B 3 95% BAE X H],

1.4 ¥Eabs

BHRBRNER 3 R, ZRERUEHE « inEERR, SREIERA SPSS 13.0 Gl k#1724
H7 (one way ANOVA) ,ILA Tukey’ s test FAT R ZE I ,p <0.05 KRG BEHZER,p <0.01 TR
ERBEES
2 GBR5E
2.1 R[E RSB RAE A B 2R R 3 s

B KI5 R W] LA T 5 B2 0 S A B R , RS2 i A AR R A 7= 8
FEEW . ALEERMR T & /B EAWYPRFRTRAEWEER 96 h A KMBIRN, AR WE 1, HE1
AR YR AT BDOK B R R P AHE M EN A K Z —EREH, T2 B H - HERXRXR,
nZnO 7K B TR BT M B8 ,0. 5 mg-L ™" BRI S Adb A A A 4 7= Ak B 931 (p < 0. 05) 5T Al O, /KB IR
AR 5, W B3 100 mg-L ™' i, RMEMISEZE b po A K 530 IR ot B2 F (p >0.05) . 44#7
A [EHe BE B9 KA B R R 5 X BR A EEX AR E 96 h AR il B9 2= 7, 7T 3R48 nZnO \nTiO, f1 nAl, O, Hy 5
KA YR B (ECL,) (p <0. 05 Y RAKIEEE) 435124 :0.50.5.0 mg-L™"$1500.0 mg-L~', #irEH ", H—
RN S IR E 2B T — e EH (B 2) , W3 B R 95K 0B K B B W A A A K B )
-8B EC, 8 (3K 3) . Git4rirR M, nZn0 [ EC, B 5 HAL 2 Mgk bE L BA BEHER (p <
0.01) ,nAlL O, FEB B ¥k ¥ (1000 mg-L~") it ot e MR By A= K AR B 50% (181 2) , LT 5.3 3 Fpgick
PBLK BB BT AHE AR K BB R/MRF 4 :nZnO > nTiO, > nAl,0s,

AREIGERATBOK BB RHE M A K R A FE B, 7R 5 A RMBHE L 2E s iR RS
1 R R R 2 B FECEA F VA 32, B4 nZn0 1 nTi0, R AFHGEE T BB R H ECy,
B BT (FHHT)nALO, l—MRE (3 1,2 3) . Hund-Rinke 25 A" FIBELLEH 9 OECD FR¥ETT i
B9 T nTiO, %} 433 ( Desmodesmus subspicatus ) B BRI , 1B BRI IR ECs» 8 (14 mg-L™") IR W HEHE
BB TR BR AT MR . nZn0 RILH BRI, BR T H TR EIMEZ S, B W] BB FI HAE K
Wb s T X1 T nTio, Fl nAL O, 3 A BR7E K I P B TR S BB 71 . BB T M

hitp : //www. ecologica. cn
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PEXTIR AR, ZEAH R B F YR E T, nZn0 W (ECy, =
1.0499 mg-L7") lLeF B FAR BB FH M (EC,, = 13. 803
mg-L™) EARB LD, #/RA X nZn0 KIFH ML
PR #tE— B BABIR . nAL O, W FHIR /N, B E N
100 mg-L ™" it B Xt SR EEA: K B I, 2R AT RIA
4 nAL O %K A= T F Y, X T BEAT nAlL O, B 7
EREwAR(FE L), Bk, nAl 0,5k BT LIER A
S HIBA PR HR

HE 1 T RHR,3 F&BE Pk Bk SRR
TRk R, Bxg R E M A KRR HER, HIRE
AT RESE T B0 RSO Bk AR . HL
T RE- 5 9K B Y 2 58 I , 3 e ik Py R L 4 7S
P e BB KA K,
2.2 RNREKGRT KRB EN 2

FBR(REE) BB OIZHETE, BBIBRKS
BB, i LR AR RRER, B EAESR
GHAETOIRETE (ER) MESRHERE (WNEK
) ZERHFEIT ,, RXHET 3 Fh&)E 9K BUR
BEAKH X KRB E TR, R IEK 4. AEK
YR BT KRB 1 SRR ) & A4 [E . One way
ANOVA 5 Tukey’ s test 453 &7~ ,nZn0 ,nTiO, fInAl, O,
YREVE 48 h 1 Sl Y B BN ¥k B (LOEC) 23 5]
47:0.5.10 A1 100 mg-L~", #ARiERGHESRBAL Ty
BRI GK B K B B B R B & 15 Sl
ECso{EﬁET%IXI‘ﬁJ(%M o nZn0 HEHH K, K ECHE
{4 0.622 mg-L~", B2 /NFHAM LA KB (p <
0.05) ;nAL O, TR/, B ECy BBk 114.357 mg-L™",
R LRGSR, WR 5] 3 FgrkA K BRB T KE
G S G = K/NRF R :0Zn0 > nTiO, > nAl,
0, AFEE N TG B B BB KB & B LCSO{E
ZEEHFEREEER (RS . BES&TSTER,

250.0 -

200.0

150.0

100.0

50.0

10 5 1 0.5 0.1 0.05 0.01 control
nZnO¥R i Concentration of nZnO (mg-L™")
400.0 —

350.0 —
300.0
250.0
200.0
150.0
100.0

50.0

500 100 50 10 5 1 0.5 control
nTiO, ¥k & Concentration of nTiO; (mg-L™!)
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

1000 500 100 50 10 5 1 control
nALO; ¥k J§ Concentration of nAl,O3 (mg-L™)

Bl1 ARG REE KB RO AR 5 A R R R
Fig. 1 The inhibition effects of nanoscale TiO,, ZnO and Al, O,

water suspensions on the growth of Scenedesmus oblignus

ARFFHEME 6 h EK MR T HTGREMER A The area
under the growth curve

23 ATHRE BR3P R A KR AR - B R AKX R RS MR E
Table 3 The dose-effect correlation and 96 h ECy, of nTiO,, nZnO and nAl, O, suspensions on the growth of Scenedesmus oblignus

AR RTER EE HXRR B (meL-1)
Nanomaterial suspensions Regression equation Correlation coefficient
nZn0 y = 38.862x + 49.194 R* = 0.9542 1.049 +£0. 565a
nTiO, ¥y = 39.902x + 2.7719 R* = 0.9275 15.262 +6.968b
nAl, O, y = 14.204x - 10. 044 R* = 0.5471 >1000

y RAFERMHKE R, « TP BKBER PR 15C, ECy PP FHARERRE BEWEZR(p<0.05)  y indicates the

inhibition percent of Scenedesmus oblignus; x indicates the lgC of nanmaterial suspensions; values with different letters in ECy, vertical column are

significantly different (p <0.05)

@ Rbh. JUMATGORAREESTRETR. FAEBLEMILS, KHE, 2007.
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3 FRARRAT R B TR T BUK B FFE T 1O B 4 /DI @ 1200 KB Suspension
FE:nZn0 > 0, nALOs O AL AR Supenion

PKAPRLK BB KB BRI B B R, 7T 0
RES YRR A SRy M A 5, [l 5 A& B B/ o
AT ISR L . KB R R, BRIE K s
B IBESR , A AR R KB AYORBURL, 7Rk

20
B, KT REE SR T P ( <12 h) TR R A8 KI . % i

KA 2
Growth inhibition (%)

ke, T ELE T RE B R R Mg E, 8 KRB ERE G 25
W FiE T R B A BHERL (10 100 mg- L' nTiO, RERH ) 0 :

lgC

MIREIE,E 3) , AT S BOR B BRI L ETEFEES
MR T, REE RGO IB R SBOKADRE B2 R B R o S A
ﬁilj‘] E‘J*R%( E 3)ﬁﬁﬁ%2ﬁ*ﬁﬂ%§ij@£%§§ﬂﬂ Fig. 2 Effects of nTiO,, nZn0O and nAl, O; suspensions on the
HISBET-ROE S, BIE 3 AT IL,3 Fh4 B B gkt Evh of Seenedesmus oblignus

BHERBI BRI A A B BRR B, TR Rt TR

HIARAATBHEAE B R B PR G5 g R T R S BL M R A 22 B v Ao nAL O, 7E KB & I 97T 0 5 AR
7], BB B — Lo R B0RL ) 7 (18 3 nAL O, %R I K b 5 Sk 48 ) , FLE A AR IR ABIST, X — B tiF Al
nAL O, 44K BRI BB IR M A %o nTiO, MU FE KT R AP , T BAE RN KB, REA KL
B E Al AR nTio, Bk (18 3) , AT S B0 KB Z 15 ShRGM ] . ASCHR nTiO, 1 LCs {8 K 143. 387
mg-L ™", i Lovern 2 A" R #5550 0 ik & B0 , AR 7S WedR 5 4 B8 B B9 nTiO, (B2 100 ~ 500nm) 7k 5
PRV Bk 500 mg- L~ BRI KB B A B RO T, (R 2 1L R Y nTi0, (-4 4% 30nm) 7K
B KB R L BOEIKE (LCs) ) (AR E 5.5 mg-L ™, A LEW nTiO, BExt K I & =4 Bk, i B & W
HEWSA SR (RR%) LR E 4 %A%, Hund-Rinke 2 A% 55 Adams 25 A" 9350 % LK FH
Fes S R SRR RS nTiO, i KB B AN B0 T, 25 0t — 252 nTiO, ROZEMEER S H A B IO B A £,
AR, nZn0 GIAK AR BRI B BB RO TR MR , 3% 5 HAE KB BRI HT B2 K BIF HiAb gk
MOBHO AR — B, RS R BN AR nZn0 Bk (81T AR & 19 I3t 2 (& 3 nZnO S i
B Sk BT ) AL, FUR B W AR S HDR S T A L, T AR I AR A T e

R4 FRGEMBABEEINKBER 48 h ECo 1 LG,y
Table 4 The 48 h ECy, and LCj, of nTiO, , nZnO and nAl, O, suspensions on the Daphnia magna

GRS ECy 95% B X [F] Les 95% BIRX[H
Nanomaterials (mg-L1) 95% Confidence Limits (mg-L71) 95% Confidence Limits
nAl, O; /K2 #K Suspension 114.357a 111.232 ~191. 100 162.392a 124.325 ~214.803
nTiO, /KB Suspension 35.306b 25.627 ~48.928 143.387a 106.466 ~202. 818
nZnO /KB E W Suspension 0.622¢c 0.411 ~0.805 1.511b 1.120 ~2.108

Rl—FHFRARERRNE BEHELEF(p<0.05) values with different letters in the same vertical column are significantly different (p <0.05)

2.3 RFEGARIS RIS K A A= Yy i T b

M 1 ~ & 3 FI3% 3,32 4 WA 3 FYRABIEE ATK RS B B R WP nAl, 0551, 3 X904 A4 73 (A
) MR FeE (KBE) R B, JREE PUKABHR R B3 s v i , 3L H W 8 1950 B -0 A
KRR NRBIGERIPBIKE R XK A E YR BEZ R, I nZn0 SFRMEWREEE S nAL O, M HZE
5t 1000 5 LA B (KR 5) o RFAAAKBOKBFRXTA FEY BB HEA BRI ZR, W nAl O, % 74 Hi B
[t 96 h EC5, >1000 mg-L™" fE 2% KEIF ) 48h EC5 (U 114.357 mg-L™' , FiH MR IJLE— M RER. T
nTiO, H 50 K, Wt RHEM BRI B RT3 R B Z MR W, WH 1) ECy 43314 15. 262 mg-L™" 1 35. 306

hitp : //www. ecologica. cn
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s

nALO; (100mg-L7™) nTiO; (100mg-L™)

nZnO (5mg-L™) 48h control

B3 RETARYOKEEOKSRRT 48 h BIETHREE(2 <10 )
Fig. 3 The death Daphnia magna after 48h exposure of nTiO,, nZnO and nAl, O, suspensions (2 x 10)

mg-L7'($£5) A REN  ROCR S WA BT B RE , R4S R R BRE SR B kbt
BHEA KRB S B A S MR , LA RE 45 SR O SRR K AR AT B A G B U AP B R VBRI L T
B, BRI, BIZE ST ARG =% B B LR B B RO BB TE B, TE s R B GEA K
AEUERE, HE R0 BT ENAE R4 TR B R A KRB eSS R,

BRI S , b3t KB F RS MEE , nZn0 BE MBS Kb BK, T nAL O, B/, L ECs,
(B R F8HR , B 4R KB BB E R T A E MR B (£ 5) , REET R 54 Y A S
MR FIHEEAE . AMEWEEE T, T RB B8 T304, BB 7E A WA S  DIR S B L F T
TERRESR
2.4 REGKA B KA LSRRV E N

H T, BT E A E SR AR & & . BRBIENTIFEEY,nZn0 fl oTi0, 5 5 7EK 4>
B gk i BRSBTS E BRI . X B R BRI Gk AR E RAR KR b B 43 R E T BB i
A NBRARBIORE, IFAEF=E MK R S . ARSCHSERIER, 1R LR 9k BHE A K 3R
b S SR KA TR R E (R 5) . Bk, BB ER A AT A TR 75 e R 75 Yerd
&, E R GRS Yt R i 15 YRR , SRS AR R AR R 09 75 e R S R B A0 4, AT I A T g2k
FOEHORLE AR T E S AR AR KR . REASR MR BLE B RESREREN TE, AL
AR A S R RTIN AT IR, B BBl B TR 2T . RGN BISE . BHIlt, #838 OECD 4k
EYRAR S AN EREMTEER S A AN KRE" U RKEES67/548 /EEC— fE R MR i
SRS FH NIRRT EEEIR, F5 B B KA R X AL I AE I B TR,
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XHARLI T E 3 FRAORAPBIEEST T RS Z 2P, HER KRS, W, nAL O, B4 XK AEAY TR R
2 nTiO MK A YA B EE M nZn0 WEKAR, N RBER T ERRNEERAMEE, B LXKESE

£S5 TR Z RN FEMES LR

Table 5 The compare toxicities of nanomaterial suspensions to Scenedesmus oblignus and Daphnia magna

EE R KRR Suspension
Toxicological effects nAl, O, nTiO, nZn0
A K 96h ECs, on algae growth >1000 mg-L~! 15.262 mg-L~! 1.049 mg-L"!
AEIZEA3) 48h ECy, on daphnia immobilization 114.357 mg-L! 35.306 mg-L! 0.622 mg-L~!
J A K 96h LOEC on algae growth 500 mg-L~! 5 mg-L™" 0.5 mg-L!
KA F A3 48h LOEC on daphnia immobilization 100 mg-L"! 10 mg-L ! 0.5 mg-L!
. B4 B EE B3 REE B2 AR

S JSRFAE Toxicity on algae Chronic IV/innocuity Chronic I/ nocuousness Chronic II/ venomousness

) L . B4 B EE B3 REE B 1 GRE
FRBEFAE Toxicity on daphnia Chronic IV/innocuity Chronic I/ nocuousness Chronic I/virulence

3 ERER/ABIZFINHREEATFHAFTRESTSERINERERE

BT KA B — R R Y o, R T LB A & R 2 (W0 BYIS )  EHE VB R U 55 ) K 9K ARt
SRR, B M BR HE A KRS R TR B TR A S HI/E A T 0 8, HB AR F SRR BRI/ ME
PR REE ERE R B SHE RY . 2T ERIAR, 4303 ] OECD 201 “ FsE KM HHREK "™ ,OECD 202
“ B % A METE S EIREE” ) F1 OECD Series on Testing and Assessment, no.23. “455k#1RFRE S YN
KA A AT R N O TR RS SR Bl R

(D) XFEEM T, ATYRABIT BRI ROE , SRR R bR TREMmMMPRERNAEK, THED
MR R BARY R 2T R R R LR AR TERRSSEMMUFR, B OECD no. 23"
B NS A AR R I :250ml 9 =P H 3 60ml BRI ER, B (2 1.2 om) ; FRBKIR
F—EREEERLTERRS, BIELR=AMERA LN E TREBEEHSZL BECLES
16cm ) BRJRH G AN ET 4R , (W E EIRFRETE 180 pE/ (m™s) 245, TEUMLARMF T RES BB W EB IS5 R
Baun 25 A1k, ZERBGE I MR AR R FIR A SR BRAMS IG5 , 3R K 5 230 v o Tk
JE <10g/L 175 5+ BB A TR

(2) KBRS I R P T BB G BT AT, B, BRIEZEAEYIEFERKKETRT, MR
T RERRAR LI R R R TR B E B IRBRSIRE R TERRS. HATEENE, RENEE
ARLAAR , A G oK UL 528 Y A 3, S ER R XK B R M =l o RE7E IE SR B Ay I
Pk, ER HEE MR A RS, Hund-Rinke 88 AN BME B FNGURATBLA 4 —E R I ULRE, Bi &
TR B B A S B M R R A

BB B A K/ R B 2 1 Sl 40 sl 30 B T 94 KA A 2 3 M T A5 4R 7 7E — S ) B 6 A =X
Bk

Oinfal A AT SIS R AR SR AR B B M (A e B SR E S SR ) Bl

QiR AR ERRERE , BB B R REREABEEM E BRI LEER RE R
L F TG E HEE?

ORB BT BB , AR RRRIF UM BHE IR Bk R N 5 32 A Y 7820 4 i s R 7T BB AR B S
BIBP R TR A , B0 45 SR AR B IR JE i S B Kb B H T A K IR IR 3K A AE S R AR

LB ARREMAE , PR R A ST I B K2 T RERY , BB A I T B E 9 KA BHE RS T
2 N BT B R0 R XURS o
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4 4Hig
FLEERBE T 3 FeB AU HRRBRITE Y —RVEREAN AR AT, RS
RNTF:

@ 0ZnO.nTiO, M nAL O, /KB F B REIN TR MEA K, MBI KRB TES), FFFBARBERLT,

@ nZnO.nTiO, Fl nAL O, X} R M A1 96 h EC, B35 % 1. 049,15.262 mg-L™'f1 >1000 mg-L™";
St A EFE S 48 h EC, B 4314 0.622.35.306 mg-L ™" 1 114. 357 mg-L ™" ; X KB F ) 48 h LC, (&4
B4 1.511.143. 387 mg-L "1 162. 392 mg-L~", HEMH:HK/NFEF H:nZn0 > nTiO, > nALO,, nZnO M
MXTER, X EEA T, X AREE BEIE; T nALO, &/, T A REATE BIKE.

EIREREN, YO TR AESBHEANR RSN ARZR, BB EH— B HEARN TGRS B 75 5
BRMBRNS, FE G R AEREE , AR RIEAR NG LAEREEH#TEEIR, ZRL LI ALY K
PBHERLE AR T FE LB, DMRIEGRBARTE R B F 6, BRREW R LW HE, WA A TREREN
JEN,
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