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Abstract: It is known that ZnO nanopartices (ZnO NPs) are toxic to the sludge in the membrane
bioreactor ( MBR ). However, the protective mechanism of extracellular polymeric substances ( EPS)
during this process is not clear. Therefore, the protective mechanism of EPS with different molecular
weight under exposure of ZnO NPs was investigated. The results showed that the activity of enzymes
capable of eliminating the reactive oxygen in the sludge containing EPS was higher than that of sludge
containing no EPS, which indicated that EPS had the function of protecting sludge and reducing the
production of reactive oxygen. It might be concluded that EPS changed the Zeta potential of ZnO NPs
from positive to negative, which reduced the contact between ZnO NPs and sludge cells. EPS was divided
into two groups, namely high molecular weight EPS and low molecular weight EPS. Further study showed
that the Zeta potential of ZnO NPs mixed with low molecular weight EPS was lower than that of ZnO NPs
mixed with high molecular weight EPS. Correspondingly, the adsorption capacity of the former mixture on
cells was lower than that of the later mixture according to quartz crystal microbalance with dissipation
(QCMD) test, which indicated that the protection effect of low molecular weight EPS was higher than
that of high molecular weight EPS.
Key words: 7nO nanoparticle;  activated sludge;  extracellular polymeric substance;

membrane bioreactor; protective mechanism; adsorption

< 40 -



K

www. cnwwl1985. com

M, % . Zn0 S K Bk & T EPS 3475 .4 Bt 1% 47 V8 A

#3545 H11#H

Bl 25 KRB AR (AR T R, 4 oK R AR 21 T
S )Yz B o (ER, A K Uk ] g i S (R
IR AHE RIS T3 T V5 7K A BT, DT % A= 4 b 28
ARG TEHIS A —E MEEEEN . Zn0 gk
UKL (ZnO NPs) J& BT 52 61 1 48 Ak 9ok
Wikiz—., AR R, 2 Zn0 NPs K JE & T 10
mg/L 5], AT P4 =52 B #% (SBR) HriE PR TS5 e i)
fisfk Pk BE, JF 5 20O A Ak B A X T R R e O
AN BEAR, ZnO NPs Xt SBR A 1 35 U UL
Al T IRGH R A HILAY R A T R S I A B AR R
M, AH AR GG PETG IR I A SBR T2, B AE W) s g
# (MBR) AT L s JE A B 1A 380 O s 19 400 oK ks 2
BRAICR , (E A R bt 25 5 35075 T8 IR B 22 1 4ok
WOk, X RGBT — XU . 7E MBR 1, Jifg
SANREY(EPS) — i S5 e G EHEVI LR, 7
— 5 T LA 5 VR 40 BT ERSE E O o
XF MBR B A58 87, ZnO NPs AU FECE LY
ORI A 25 SR A, 1T HL & & 15 U8 = A K
(R E EPS FIBRE 8 EPS, T 5| & 7™ 5 /4 515
YelaliE Y A5 iR e, EPS Hp (6 R 2 W) TR
DAR T FREE RIS T DL oK 0k R AR
R ek s e AR, DA RS 2 S YR 4
F AR AT o AR TR TT fl 5 M) I %, S
fitf , 1 B S A 10 1 480 (ROS) i R T, A
TSRS IS+, 2B 1 e %48 T EPS Xt
ROS V5 BrM , B it Uk 20 ( CAT) Fin i S e 4k
fiff (SOD) P-4 VE . Huk, EPS A4 F I i A 1
EIBUESM A, 43 F Bt > 10 ku Fl <10 ku (19253
F2005 50% . R IE ST B 440 T REELA A )
(AL 2E T, B AT TG SO OCTE#E ZnO NPs 5
TG e il #2 b AN ] 43 B i EPS p9 OR3P E
Mo B, 83— R H R0 A4 98 SRR
- (QCMD ) i T AN [A] 43 5 £ EPS X ZnO NPs [
Wz BREVE RS, DT 4 T B 6 1T EPS X 75 U8 41 Bt i R 4
YEHIALEE
1 MHE 7%
1.1 Rt

15 IR RE S LA I 5 KA A BEK K is 1y
f) MBR 47480 X, B0 2B VS WS DR 2 IR o
Zn0 NPs Il H Sigma — Aldrich 22 &), &R E N
1.7 g/ L, fff S A A6 25 i 0 e J3E L P 0B

TE%%¢ Zn0O NPs Fl EPS %} MBR 3 ¥4 75 g I

WA G Z R A RE TS PR AG MLVSS W 2= 9 ¢/L,
BE AL ~ A4 24, Al 40N AR TS TR ER AL A2 475
PEHIA ZnO NPs ffi v i % 10 mg/L; A3 41757
£ EPS J5HIA ZnO NPs ffi Hoyfe i 2 10 mg/L; A4
Y5 IR K EPS 5,6 EPS 5 10 mg/L f#) ZnO NPs
RA IFEFIMATILBRT EPS Bi50e . 430
i AL ~ A4 B0 Y CAT i1 SOD 15

TEHZ SR 4 F B EPS XF 15 U8 40 il 9 {5 47
VEFART, ¥ ZnO NPs ¥ BE 8 & 10 mg/L, % & Bl ~
B4 4., Hi Bl 41/ ZnO NPs; B2 41} ZnO NPs 5
TOC Y&/ 40 mg/L [ EPS {4 ;B3 41} ZnO NPs
5 TOC ¥R H 40 mg/L 4T Fit > 10 ku ) EPS
R4 ;B4 410 ZnO NPs 5 TOC ¥ 5 g 40 mg/L 4y
T <10 ku iy EPS IR Ao 2055k B1 ~ B4 41
(1) Zeta H1L{57 F1 QCMD W BHABE
1.2 EPS HIREANAES FREAIHNHSBEHE

EPS SR LL0. 5% 1) NaCl by 28 vhifs il (AR T %
P T AR, TEILSCHR (6], $RIUG B EPS %A
BT HE N 10 ku FBENTAE B IT48IE A
0. 5% () NaCl I H e 24 h, 48N 00 T i >
10 ku B2 53, 4850 R 53 F i < 10 ku (255, i
FH0.5% i) NaCl % 0f ik 3 Fpde iy TOC k&
P52 40 mg/L £ H].
1.3 Wik AiE
1.3.1  SOD FI CAT 3& M

Al ~ A4 475 YR RE b A0 25 v 1) RO 7 R
Jei , A B R SOD & A CAT i £ (F 5t HE AL
BHEABRZA D) Ml SOD #1 CAT 36 1 .
1.3.2  QCMD jjizt

R Q - sense E4 K QCMD, 75 H. ik 3h
PN 22T e R A B A AES 3 e R S iR
SR AL (AF) FFERLH 7481k (AD) 7] LITHE.
HH U T A B2 o R S S . FE AN
e, LB K LA 150 wl/min 1 37 33 A Bt
A IS A 0. 5% Y NaCl i3 10 min, 2R )5
AR T EPS 5 IR 41 20 min VE AW L2,
P A 0. 5% (1) NaCl %5 20 min L2 B oA 0% B [
SERIZAE, SR 543 938 A B1 ~ B4 KE 5 LI H A
15 U 4 L 2 1 W B BB ), B e PR UGE A 0. 5%
(1) NaCl ¥ 0F 25 B 7oK, e sk i R 1% Af T AD
B ATHFFEEAE N 3 A5 45 5L, HoAA A 5%
iR B MG A TS

<41 -



#3545 H11#H

O 4 oK HE K

www. cnwwl1985. com

1.3.3  HAbM I

LY Zeta HLAS i Zetasizer Nano ZS 90 {Y %%
HEATINAE ; EPS #£ 5 19 TOC ¥ B2 fdi Fif TOC - LCPH
AT
2 ZR5#%
2.1 EPS 3t MBR HiF 145 iR MR 1ER
2.1.1 ROS (/= HLHE

HR G 2 M fAE DA B  FELF SR T A
LA R 03 o = RGP A AL R AL 2 1
WrBe. 7e % Ao R 1k B B, = R R 1E 28 10 7 ¥
NADH 3 o 525 11 45 1 A58 R L 156 45
0, , [Al I B i 1 =B IR IR (ATP) Sy 4l fit e
mE 1 PR R R BRI R RN B O, B —
AR HBERAT 1 A, k24 - OH H,0, i
FA (0, ) S rha) =4y, i L6 i 2 A AR
SR EARTG T, N B G FRo ROS!YT R IE & Y/
WALy, SOD nl LITEER 0, ™ AR H,0,, T CAT
1 H,0, #E—2L73fi H,0 F1 O, , TTIE FC 200 i P
ROS BB HLE . 29K UKL n] BE B IR 31X — Bl A AL
il , 38 N ROS 3o & BN, A TTRS IR I A 20 43 52

M) £ L A D e
o e2l e H e 1
0, 0 H,0, -OH; H,0
"""" sop T
lCAT
H,0,0,
E1 ROS £MFIFERMNERE

Fig. 1 Diagram of ROS production and mitigation process
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Fig.2  SOD activity of the samples of A1, A2, A3 and A4
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Fig.3 CAT activity of the samples of A1, A2, A3 and A4
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Fig.4  Changing trend of Af and AD in the QCMD test
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Fig.5 AD/Af value of B2, B3 and B4 samples
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