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mg-L™", DB BE 5 IR RG UEAT 96 hpf Z288  BF5E ZnO-NPs X BT & fa iR R 1Y st d M0 L & HA X ZnO-NPs S0 #8
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Zeta HL (o7 4 B, FRAGHK 3 1 %, X B HA W8> T ZnO-NPs (1 5 . ZnO-NPs {5 D 11 IR IR A 77 15 SR FR A, 7778 77 -
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Abstract; In our study, dynamic light scattering (DLS) was applied to investigate the effects of humic acid (HA)
on Zeta potential and hydrodynamic diameters of oxide nanoparticles (ZnO-NPs) suspension. Subsequently, the a-
cute toxicities induced by ZnO-NPs were examined via exposing zebrafish embryos to ZnO-NPs (0, 1, 5, 10, 20 mg
-L™") and the mitigation effects and mechanisms of HA on the acute toxicities were explored by the combined ex-
posure of ZnO-NPs (20 mg-L™") and HA (0, 3, 6, 12, and 24 mg-L™") during 96 hpf. Our results showed that in-
creased ZnO-NPs concentrations significantly decreased the absolute values of Zeta potential and enlarged the hy-

drodynamic diameter of ZnO-NPs, indicating that ZnO-NPs are easy to agglomerate in solution. HA can adsorb on
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the surface of ZnO-NPs. Different concentrations of HA can increase the absolute values of Zeta potential of ZnO-
NPs and reduce their hydrodynamic diameter, which indicates that HA can reduce the agglomeration of ZnO-NPs.
These results also showed that ZnO-NPs reduced the survival rate of zebrafish embryos in a dose-effect relation-
ship, while HA increased the survival rate of zebrafish embryos exposed to ZnO-NPs. Under microscopy, the adhe-
sion of ZnO-NPs on the embryonic chorionic surface was detected. So the contact probability and time between
nanoparticles and zebrafish embryos were increased. HA can reduce the adhesion of ZnO-NPs on the embryonic
chorionic surface. In addition, the activities of superoxide dismutase (SOD) and catalase (CAT) were measured, and
the results showed that ZnO-NPs induced oxidative stress in zebrafish embryos, and increased the activities of CAT
and SOD in zebrafish. The addition of HA can significantly reduce the level of free radicals in biological organisms
and gradually restore the activities of SOD and CAT against oxidative stress. The results showed that the addition

of HA mitigated the toxicity of ZnO-NPs on zebrafish embryos and its mechanism was involved in reducing the

aggregation of ZnO-NPs and the oxidative stress in the organisms.

Keywords: humic acid; ZnO-NPs; zebrafish embryo; acute toxicity; oxidative stress

4 Ja AN K URL A K St Al H ZE DU B R RR T L R
Sk HER VETERIRIYE R K SEAS NS B b g8
KAEAEE(ZnO-NPs) TETH 2 7 i fit FH 119 45 J8 40 K i
Rt HEA T 3 07, Al T A ERAE PP R AE 550 ~ 33 400 t
ZAIPY e TR A A R T 8 i A e R A AT
e BOLTEM G R, IR 5SS RGE T AEY
FEEAE ) o A5 B AR BAE T, B e A ) 5
PERN P 4R 18, ZnO-NPs Jkr 5 40 4 240 it B 55
S22 Bl I 1 22 1) 118 5 28 i 2 S B30 fo X S B
U IO & AR AR Ak, 2B B AT BT TR 240 BB 1) 37 1
A HHIE(ROS)Y, ZnO-NPs ek A KU 3% 1 3 i
JE RSN R WLPR Hh, ELT 5 R R ) ST AR AR
IfresEt b BB AR AL A0 NS, 5 H fa ik
JlEZE B E ZnO-NPs Ht | 23 it WUV Jif i A6 S8 B AR, £
SR AT, 5 | TR S A R, 30 230 3 2 e 24 L
J T JEL A 3 R P BT 2 ) 1 AR K R B A A
gl , BB SR SR H T2 ST AR
JEET X GRRALF1 B— K 2R A, R [ AR KA
A AR AR 2 KR R RS e A R A
PERGFZ I,

FIRA HL#) (natural organic matter, NOM)J& 7F
KR I AEE A HUR S, I & AR 5L R
PRI ERE AT VR N 4 JE | 9ROk A LAl A ML
YW ah A 00 08 M7 S5 1SR T VP A KR T 1 Ay
B FRREPED, KRR NOM KR 432 i i 5
fi% (humic acid, HA)AH AU, HA J& RIR KK FI{HEK
ARG A WL ) FZE R FE KA b v
JE L AR 0 B v b LA 9, nT L2 5
FPECE =T XK AR T g KR Y G RS

b A= 9 R BE RN 8 1 R B AE ™, Shang
LN T NOM Y A7 A6 (40 il 9 ROS AR il B [
i, T FEAIE MoS, NPs Xf K #1 & 19 6 5 1. Dai
ZEUSIES HA W LAWK R3] ZnO-NPs 218, M i Jai 42
ZnO-NPs Xf K AU 3% $1 A b & 5 19 41 ., Kteeba
GUIRBIMA HA AL ATREAL ZnO-NPs 75 5 11 B
T A 7 AL R LA TR 0 AR S B 800 5 1 HL & 22 A
ZnO-NPs i (1) & & 2 LY, (H H i i 2 i 58 0F
KXt HA A G, HA-ZnO-NPs 21k 91 14 9 1k 1 5
M5 K2 HA 22 ZnO-NPs BU5E 5 £ 351250 19 1
FHMLIEAS R G RE

BESh e — R A, R G BN,
B R, 5 TARBUNAEY LA S L s 56 8 5
[ AOLAL 812 Tl T 25 Ak o i) AR 25 g 2
SRR RS PR, ASBIFS 0 FH BE S IR i 1R
R, LA ZnO-NPs X HA 1 BRS04, BF5E
TBELS R IR 0 A TE AR B, IF L ZnO-NPs 5 HA-
ZnO-NPs AP A RN BE 2 6 RGP S8 Ak B AR
Ak 25 7 18] 5 1) BE ZnO-NPs Xof 35 55 8 (1 25 4 350 M
HA X ZnO-NPs 0 5 G a0 22 i LB

1 ##l57 % (Materials and methods)
1.1 B fakhaE KRGk

BUAFEBES H.CR F T AR 48 52 55 sh W ik 90 i ) 7 55
gEhlFRE L 2 AN H, APEF KR G K R 4
TEQ28+2) °C ,JEHAJEYI N 14 h/10 h, & H IR 2 WCEE
ARHER 7 BT — R A5 1 M R fa B e Ak
FCAEF=BP & 56 2 R A R BRBRAR I I JE G R
WA B RS B P BRAZ G . SRS I R RS ST
RIS Ar B 585 o 52 4G 1 €0 B J5 FH 35 352 000 vE IR
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. MR TN TR R T T
1.2 SEEe 2 i il 45 S RAE
1.2.1 W&

R FR B KC1 0.23 g, MgSO, - 7H,0 4.93 g,
CaCl, -2H,0 11.76 g Il NaHCO, 2.59 g(FK AT K&
) ey, HBAUKIEMIFmBEZR 1 L
fitie5 . Bi AR S BRSO (7104, A AT 25 mL, ]
AUKMRER 1 LAENIEIRM, S58B4
AL pHEHZE 78402,

1.2.2  ZnO-NPs 277 AL il 5 2= 1E

ZnO-NPs(_[ 1642 5a bR w2 EE 99.9%), T4
BAR  Kif2 A (30+£10) nm, FREL ZnO-NPs 0.01 g
FIA 100 mL 35350 b, 8 1E JF 7% (SB-5200, T %
B R A AT PR F1)30 min, 3845 0.1 g- L™
) ZnO-NPs B V7, BLEC B, 4% 75 /M BB 77
Wi, FH 9N K KD B N Zeta H A7 43 M7 AL (Zetasizer
NANO ZS, %t [E Malvern)illl i€ ZnO-NPs 43 HUIR I
5 Zeta HLAAH,

1.2.3 HA-ZnO-NPs Z2 b4 0490 1k 14 S5k

HA( LR iR A ), R R o AR H
1 B 27 A% 42 (Nicolet 1S50 , 3¢ [ Thermofisher)
XPHEATRAE, 0.1 g A9 HA # K% T 500 mL pH
114 W2iKep $564E 2 hy 1045 wm BRI L 50
UEMEIT UE KA pH 2 7802 , ERE 1 L 54
£ 0.1 gL' 1Y HA i #51 , HLEA LR 37 {(TOC-
L CPH, H 78 I3 H) R #5 3 HA HLBK 5% &N 60 mg -
L™, B HA #8060 mg- L~ (LAIT),

B HA £ 459 100 mL, Jill A ZnO-NPs 3 0.01
g, M7 30 min, #FE 24 h, 3 500 g .0 30 min, B
2R L 022 wm BYUEREE , g s Aok vh
TUEME AR R, ¥ VR T8, 15 3] HA 5 ZnO-NPs
1246 ¥ (HA-ZnO-NPs) , I FH i HL i 21 4h Sl 1% 4%
(FTIR)ZFAE , AN KA K Zeta HL 743 B A 72 H:
KB 1 HAR K Zeta HLAVH,

1.3 MGG M Aatn s

FEZS AL Al B IR G , R AL 20 M, RR4 3
HAT, B AW R 0 ~ 96 hpf, FHAKM &3 Bs
(SMZ-745T , J& J5%) WL 5 R Jig 11 A2 KR B0, 18 SR A7
TR bR, SCU0 BT A B 38 o B 9 M, 2 R 52
03 LA 4 59, (1)ZnO-NPs % 5% . #7540 FH 5 Y
ZnO-NPs Bk PEIHE RV BE RS Rk MR 1.5 .10 Al
20 mg- L™, FF LATC il 4 0 15 35 WA E R o) HE 4 2 R
IR 5Y ZnO-NPs X} B b il i i 75 M 2 0, (2)

ZnO-NPs Fll HA &8 : £ 20 mg- L' i ZnO-NPs
EIFWS 0.3 .6.12 F124 mg- L' (LB AY HA %t
ERGHEATEC A 72 58, A SE HA XF ZnO-NPs #PEf1
e
1.4 SR S M

R VAT B T 4 114 TV B A B 5 0L o (A4 5 3 1L
100 ARG , 4% 52 5 28 590 539 A ZnO-NPs Fil HA
IV, BN IR 3 4FFT, R 24 hq,
FEAREFRILEL 60 MCAe A HIRAG , i A Az BEER 7K ok
A1 .8 000 r-min~' B0 10 min BT, IF4% 1t
) G (R o B T AR B BT ) BT iR 1 4 125 000 2 A A
A AL i (SOD) ik 48 Ak A il (CAT) i 1k
1.5 Hdlageitatr

RSB R TSI IR & E i IRid s, it
BTG R A R A i 48 b5 . (1 SPSS 20.0 i
FFEIEEE, A5 1 LCy, ; 4L Al He AR PRI 2R 7
53 H17%:(One Way ANOVA)73 T, 31 LA Tukeys 1§ &
Heds, * IR P<0.05,* * 78 P<0.01 ;31 Origin 8.5
HATVERL,

2 45 (Results)
2.1 ZnO-NPs 5 HA (A E AR A FTIR St &l

HA B A FE 85 W EKIEA, 5 T 89Kk b sk
B, A R AR R K TP e e MRS B H v (R
HL2T ARG 3% A %) HA |, ZnO-NPs 1 HA-ZnO-NPs
()2 T B RE A TR, 25 AT 1 IR,

AT ] %0, HA 78 S [R]85 50 A A 56 i i 0
Hr13 400 em™ Ab Ry R TH AKTE 81 —OH 5 A1 i 45
PR3, 1 600 cm™ AARFEIFH I C = C B R4k
31,1380 ecm™ 4b4T K COO—3IL A il [z % ik 1 45,
1125 em™ AR FREFRILE) C—O "™ ZnO-
NPs 7£ 3 400 cm™' AbA FIL AR 346, 1 600 ~
1330 em™ ZEfikbly O—H HEH C—O Hfy 2 il 4E
BRI, FHL7E 480 cm™ Z24q HY B T A Ak B A R AIE
AP HA-ZnO-NPs [ 46 I 45 5 B 7R, 76 3 in HA
Jei | AR B R AE W A7 B T A & AR R, 3 400
em™ A1 125 ecm™ AA7 40 HA BB #2358 F s 32
FEAE ZnO-NPs 2 [ 5 T2 A BE & W0 A RRIE I
2.2 HA-ZnO-NPs % P

BN AS R 2 3 D A O R 1 AR ok
Sy BTRE SR I/ NS MR B — R R B
FHF FRAEB TR W P R ORL ) R, XA RV 1
ZnO-NPs il HA-ZnO-NPs #£17 Zeta H{ii & DLS il
K, ZE RN 2 PR,
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1 ZnO-NPs,HA #1 HA-ZnO-NPs ] FTIR Yt i% &
T : ZnO-NPs Z/R 9K ALY HA K71 B ; HA-ZnO-NPs 7R
HA 5§ ZnO-NPs 922464 .
Fig. 1 FTIR spectra of ZnO-NPs, HA and HA-ZnO-NPs
Note: ZnO-NPs stands for ZnO nanoparticles; HA stands for humic acid;
HA-ZnO-NPs stands for mixed compound of HA and ZnO-NPs.

WFFTUESE Zeta A 26 XHE AY K /N5 BIFRAY
e Moo A 2C, 24 Zeta HL A 48 5XF{EH>30 mV
FHAK B A A R 7P ZnO-NPs 1y
Zeta HEOEI A TE, 2B ZnO-NPs w7 A7 — & [ 55
g, FHE 2(a) AT, B IR Zeta L7 4 5 (E
Fi# ZnO-NPs ¥ & 38 s /b, H Zeta HLA 48 %)
I T 22 mV, X FE W ZnO-NPs £ iF i & 1
9% IWETFIH ZnO-NPs f7K 3 ) B4 ] UL, B
# ZnO-NPs ¥ & 34 K, HooK ) ) AR 3 R, & B
ZnO-NPs TEV R A SR ), 52 30— 1957 i -4%
NOCHR , BRI P B I W AR PEREAIR, 3
5 Zeta A S5 R—EL,

& 2(b) AT, 7F 20 mg-L ™' AY ZnO-NPs il

2500
50t @ —=—Zeta potential )
-v- Size 12000
5 —40F v <
> =] /// EE
E3 30 1% e
i—]?_l 5 v e
I P 11000 = &
é g 20 Y_—- _____ 57\*\* E%‘
%3 N 5
S ol 1500 T
jas)
0— 5 10 20 ¢

7ZnO-NPsif £ /(mg-L™")
Concentration of ZnO-NPs/(mg-L")

A HA J&, ZnO-NPs 3 (i 11 H fa7 38 i1, 22 7% W Zeta
FLA 4 X B IE R, HLR % HA B K Zeta HLZ
A NHERE R, 2 HA WRE>3 mg-L7' B, & 411 Zeta
HL O, 48X 4>30 mV, K31 5725 HA WE
Z RIS R AT UL Bl HA WREER K, 7 TR R )
7K B 1 EARID . RES AT, 7E ZnO-NPs 5
A HA J& , B b BRI 187D | Zeta HLAE
Y XHEIE R, ZnO-NPs 1431 R 47, 3R B HA 350
T ZnO-NPs 27 ket
2.3 ZnO-NPs Fl HA-ZnO-NPs X B & 121 It Jifs (9 1%
TR A IR

FAAR 6] ¢ )% 1Y) ZnO-NPs i1 HA-ZnO-NPs X $E
O IR G AT 285,96 hpf N EIETE R0 3 iR .

1 3(a) AT %1, ZnO-NPs X K 2 £ i i 5% 52 e
), IR TETE RBE%E ZnO-NPs AU E T
K, HLZR 8 B DB IR IGAE 6 R A AIG AR PR A e e
NS, ZnO-NPs X BE £ i) - K 80E ik
(LCy)%1 4386 mg-L™', B& 1 mg-L7"414h, 45250
2H 96 hpf B IR GFE IS AT 40% , 5 % B ZH A
A W G T RE(P<0.01), Jt H: ZnO-NPs &y
20 mg- L™ b B (W R i 96 hpf 7715 R AL 3% /2
H . HIE 3(b)Al A1, 78 ZnO-NPs T in A HA J5 , B
o R G475 2 Tt &, HAEAH [R] ZnO-NPs(20 mg-
LY B 50 i £ 05 Rl HA W B0
s, £ HAVRJE A %) 6 mg- L' UL b, & 5056
ZH 1Y) 96 hpf I B AETG 5 T 80% , 4 24 mg- L™
BF, B A0 R R A7 05 R L 5 IR A Y, X R
B HA X} ZnO-NPs 5| 2 B IR G A7 16 R 52 A —
S VE N

L (b) —m—Zeta potential 2 500
=l - v- Size +

.- T oo g

2 ey Y g s
%5 ’ 11500 = 3
ES 30t =T @ 2
S 230 g, . ¢ 5
% 3 ‘ T im g
- / 1 ~. | g
s& 200 N {' . L0 RE
J = 7 -~ R g
N g : 3 23
N ot 1500 2

0% 3 6 5 24 0

HAWJE/(mg-L")
Concentration of HA/(mg-L™")

B2 ARRBHAKNHNERSE Zeta BT
1 : (a) ZnO-NPs;(b) ZnO-NPs (20 mg-L™")+HA,

Fig.2 Hydrodynamic diameters and Zeta potential change of different exposure groups

Note: (a) ZnO-NPs; (b) ZnO-NPs (20 mg-L™")+HA.
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Suvival rate/%

FHIG %

—i—Control
—O—1 mg-L"' ZnO-NPs
20F  —A—5mg-L" ZnO-NPs
—/ 10 mg-L"!' ZnO-NPs
0fF —>—20mg-L"'ZnO-NPs

Suvival rate/%

TETH 1%

| —#—Control
—O—ZnO-NPs
| —=/"—3 mg-L-' HA+ZnO-NPs
—/6 mg-L!' HA+ZnO-NPs
——12 mg-L' HA+ZnO-NPs

| <24 mg-L! HA+ZnO-NPs
1 1

0 24 48 72 96

24 48 72 96
[ [a]/h
Time/h

3 AEKREAMDERREFER
7E () ZnO-NPs, (b) ZnO-NPs (20 mg-L™")+HA ;* F75% P<0.05,* * %75 P<0.01,
Fig. 3 Survival rate of zebrafish exposed to different concentrations of ZnO-NPs and HA
Note: (a) ZnO-NPs, (b) ZnO-NPs (20 mg-L™')+HA; * represents P<0.05, * * represents P<0.01.

2.4 HA X} ZnO-NPs BBt 5 £ il I 2 1 25 15 0
1Y) 52 i)

Xt ZnO-NPs I HA-ZnO-NPs 7 ¢ ¥ HH Bt £ i
JAR TG B R T A5 A HEA T AR LR A5 R AN 4 TR

FH R 4 ATS0, R EETE ZnO-NPs B 77 H 1Y BE
IR (E 4(a) ~ 4(c) KT E M EHIE T2 M
Wy, 3L P 3R ) it A I ] B 5 4 T A i 22 T
48 hpf FIRNIGSLE I b4 SR A LT HR & B 1 M
1 pm @Y H R Y, MAE HA-ZnO-NPs Ab 3 25
BT ZnO-NPs 4341 5] | 73 B 4o ) Jif 1)
R ATE WL 0 AR YA (B 4(d) ~4(0), 7E
48 hpf J5 MBE S IR IR R MBI E R D w5
BRT . TEXEEP R, K ZnO-NPs 76K
ANERIWMIE , JF L T RANEIR R i, 9
KGR T A= ) 1A FE T (ARG R X B M 2 8 0 T
MPEFI™ . FESED, (iR iG & & R0, IR i 2R SR
BIEEL, FEDTT AR, BT ZnO-NPs
P GRIVE R SERias = QTR SUEEIE LY/ FaRas &
R ERAE Y hn 1 G- R UL B A, 15
THEEME, 7EIA HA J5 ,ZnO-NPs 1Y Zeta HL{ 4
SHE T % 30 mV AL, HoK3h ) B2, W T 1o00pm
ARV K S IR, B BRI, T P ——
T AR N A T IR 25 E+(8) - () ZUO-NPs 10 mg-L™ 5(d) - (& HA 24 gLy
2.5 HA X} ZnO-NPs T3 IR Jif & & A AL N i ZnO-NPs (20 mg-L™").
?ﬁﬁ?ﬁf FH Fig.4 ZnO-NPs adhere on embryo surface of zebrafish

& AL A ORLE S AR R A Note: (a) ~ (¢) ZnO-NPs 10 mg-L™"; (d) ~ (f) HA (24 mg-L™')+
i E 1) ROS, RN =1 ROS A A IS bR, & 5 ZnO-NPs (20 mg-L™").
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YR E IR Y, PEHIE , ZnO-NPs [ T
DRI FE B0 1 6 1R G 25 1T SR BT 5 BU AR B2 PR 0, X A=
PR 53— B E LS 2R FECE YR ROS 11
FEARRT T AT ROS B ARG AL T 3h
S 0 48 AL T (CAT . SOD 25 % 1 B 14 9 1 1
H YERF ROS AP IS A A S Ak R ke 2 T
SLOME P R %) ZnO-NPs F1 HA-ZnO-NPs %
T 40 P D IR 1Y CAT 5 SOD i 1 47
FE L EERNE S R,

1 I8l 5(a)A] 1, 2255 T ZnO-NPs Kb A 440 BE

45—(&) —— CAT
—— SOD
40 s
—_ 5 sk
:\\%ﬂ 35” ﬂi* -
‘?505 301
=S B
2z B[ ©
=5
E f 20— - £
& 151
f=}
m
10f v,
> Comrol 1 5 10 20

ZnO-NPsi & /(mg-L™")
Concentration of ZnO NPs/(mg-L")

D fRIGIAR N CAT 1 SOD %X T, S35 T
Ea R #, CAT 5 SOD ¥7F 10 mg-L™' /Y
ZnO-NPs 41 G e de . 5 X0 BATAH [, 5,10 AN
20 mg- L™ Y ZnO-NPs 5256 4 5 9 b 2 P 22 S (P<
001), HE Sb)A %1, fEINA HA 52502, 5 20
mg-L™" ZnO-NPs XbHZHAH L, CAT Fl1 SOD i 47K
F-BE HA WeBERE N &2 T RE#a# 7F HA 2 12 mg- L™
124 mg- L™ BS540 v | CAT 5 SOD [ 7% /K 3 [7]
7% , S BRE AR L, T i 3 25 S o DA B g T A 2
R 12 mg- L7 HA b Bk s

357 by —O—CAT
. o ——S0D
30_ sk
Tb[)
~2
22 7 °
52
=z 201 .
R =} ek
ﬁ g k%
~
22 15 )
5
10F
> Control 0 3 6 12 24

HAMR R /(mg-L)
Concentration of HA/(mg-L™")

5 BPDBERERERE T ZnO-NPs(a) 1 HA-ZnO-NPs(b) )33 S\ 5B ( CAT) 5@ R ALY LB (SOD) &%
T * FIR P<0.05 % * FR P<001,
Fig. 5 Catalase (CAT) and superoxide dismutase (SOD) enzyme activities of zebrafish exposed
to ZnO-NPs (a) and HA-ZnO-NPs (b)

Note: * represents P<0.05, * * represents P<0.01.

3 1118 ( Discussion)

KR Z AR KRG WL, I HA, & F &
BRI R IE S B AR A, T 5 E A KA (1) 45 il
HRY R R, T & BAKRR T 5K kT HA
SN SN FABLEE G ANV A, i 4, A SR T A2 A
() HA XAUKRLF (R A AR AN ] Z AL
AR A F N GNP/ AR R SOE 7/ BL I e o3 i
JB, DT 5 CHD X6 K Az A= 0 100 B 5 i) & A AR
AHFFTUESE ZnO-NPs ZE7K TR AT E , 2 B R K
Wik, 7E ZnO-NPs B IEW A HA J& , 2l
IR BRI /L | Zeta HLAZ LS XHERE K K80 AR
WD BT ZnO-NPs foka e,

DI [ He B 79 ZnO-NPs Xif B 55 £ IR i HEA 7 22
# ) S G TG % 5 ZnO-NPs (¥R FEAE7E
—RE MR- e R, 41 ZnO-NPs X 5 1 61
) LCy, )4 3.86 mg-L™", 20 mg-L™' ) ZnO-NPs

AP NG 96 hpf TG AL 3% oAy, BEE ARG
7% T ZnO-NPs 1 iR E R T — RNk BB
N AN B AL M 4F | X 5 Nasrallah 25271
Suriyaprabha 5% i iff 57 45 AL, X FE B ZnO-
NPs X 5 & fa il i HoA R Bk B itk . LUK
WY HA JITA 20 mg-L™' % ZnO-NPs &5 Wi,
B HA ¥FEQO ~24 mg- L™ )THE, BED M 7S
FRIE Y HA #E>6 mg-L™', JLliE 96 hpf BUFETH
KT 80% , XKW HA 1] LAFE{K ZnO-NPs X B
D R, Kteeba 51T A AIF 58t & BR, AN [
FhZEH NOM Ht  HA X 4HK A BUOBE 5 f0 Vi 2 1
WEMER B B, ik — 5% HA /% ZnO-
NPs B 0 i )G 75 M VR A HL3EL, AR 52 3 4
TSR K ., ZnO-NPs 114 5 56 41 v B 2 A IR JiG 90 &
IEFRBIMT % T 4% ZnO-NPs (1A Ak, 44K Wi
LRGBS 23 18 A 0 MR I R Rk Bt 40, 18 &
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B FEBE 0 IR iR 2 B RS THT A FL B, (IR i P S B
BRI R, BT IR SR B I I FLIR B
H 0.7 pwm ZEA7 P X AEAEAR K ) ) AR <0.7 wm (1
ZnO-NPs 5 HA-ZnO-NPs }i 1 # 4 HL £ 1 IR G
SEREAFLBR AR NS, (HIZBE D 0 I IG Y 4%
B EA fhA S TG, o] DAY 4 g0 Kok T 2 AR
Jig 77 3BT LA g ) 5 0 R G A1 2 14 4
FHGERE . UK [ & FEMR IR 2R B IR I, 23 %0 B )
1R 88 Rt A £ , 4 T A I 20 1 ) 425 i
TP HA Z 5, BE I £ i fif 95 6 1 2 1 A
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