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 E N EEE Zn0 NPs R AR &L 0 X N T8 # 3z 17 PEBE Ry &2 i, 76 /K COD 29 2 216.00 mg-L"' . BA 21K
11.10 mg L™ A B 29K 3.84 mg L™ 1Y 55 T 4L 54T 126.d, %52 T A Ak 42 ZnO NPs(10.00 mg-L™") B9 A T.1%
o A BB RE . ERIBE R, WANR S Y (extracellular polymeric substances, EPS) y= & FlEEM: LI M il 4= W) B
TR RN ZREVE AR AR AT T 0P 58 . 45 R M o S0 IR 4L RN ZnO NPs) M LE, 7K d 4% Hm 15, 50 AT 90 nm
ZnO NPs J& , A T.i8Hi X%} COD fEBR L5 F BT 8.73%. 7.55% 1 6.97%; &AM B AR ERESHTHET
21.96% F1 10.95% . 17.75% F1 10.00% L &% 15.34% F1 3.78% . 7258 20 5 45 S K B, ZnO NPs RiAzitl/N, Xk
J& Thauera (AN HI/EFTER BT & o $000 ZaO'NPs J5 , BN Zn> 4 5K h BE MR Eh 45 & A4 U R BE S AV, Rl
SIS FERI AL R Acinetobacter BIANXYHELE , WU 5 BB 19 5 bR Z L X B2 755 T 42.49%~56.38%, ILAL, 5
X M ZH (97.18 mg-g ) A L,/ B M-15. 50 F1 90 nm Y ZnO NPs J5 EPS [ 7= & 43 Bl 8 Jm 2 212.97. 156.30 I
128.53 mg-g™'s EPS /MM K, FEUEENE B RECHEAL, £i81783dEa0 FIET 71.17%. 67.83% Fl
37.50%.

KR YOKEAEE RSN ; AT, $3E; MUEYREE

A S BE (ZnO nanoparticles, ZnO NPs) HAMEALTE M . sR AL RS RS EvE, 2 72k
S Gk SRR . Aot i ARV 2GRN, 7E ZnO NPs R Al Y A i R, JHOR AT SRE A
Mo AEBRGY, HHELI R EYZAMERE, LR TEEMNNTZEY, Tk, £+
e B KRG R TR K BT ZnO NPs (A7 4E . GOTTSCHALK 45 3 o A AR IOUA5 Y, WM AN 5
JKEREE Y ZnO NPs [ 52 4 B2 4 514 0.432 mg-L™' A1 0.3 mg-L™', Bk F W EKEAY I BRE. 3By
HEAIREE H1 11 ZnO NPs S 3 i A BTG KA B R b D K, A 262 T fi% ZnO NPs X5 7K 4= kb
P AT ORI 52

N L H (constructed wetlands, CWs) BAIZ4T AL . T Wis g . SORME S HFLA, 2
JUZ TG AR E R O SR, FEHAR s T R rh KRR AR I 2 ME AR OK = % ME R A A DL AN
i HER: 2021-09-04; FHAHEHEA: 2021-10-25
EEWH: ILEAES ARFEE4S (ZR2020MD006, ZR2019MD042); 111448 i 25 2 R BHE 15 H (J18KA108)
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Tl A W 43 W ) I 70 3R B9 (extracellular polymeric substances, EPS), [f] s EPS 23 0 [ JCAIL R A1 A5 #L
YO IE B 22, W CWs IR ED, A58 R B], ZnO NPs % 7= 4£ 1) Zn> L I NPs i 4
e, HHR AR N, AR AR R, S i A o = AR T £ 4 BEPSIPL.CEPS SR K
4 43 1] 38 5 W B ZnO NPs,  FEARILXT A= Py i A= s 121, SR, K3 Y EPS ARG FR 3mSR imi
A fiE 23 W A1 35 5 )2 FL B R U1 AT R AR CWs B9 A7 . B AT, 43 ¢ ZnO NPs FkE 42 %500y Xt
CWs PEfE B35 22/ 5200 i B = RGOS, I H ZnO NPs BRI 5 302 WA X = B8 1 56 2 1 oK WA
Bt B ml B, AR LT 3 MM ASFEIRAE (15 nm, 50 nm A1 90 m) ) ZnO NPs X} CWs 14
A& BB REL EPS =i FURRME M52, T T I Ak W B T 45 4 R 22 BE M AN TR B2 2 ZnO NPs 11
MR, LAIh CWs ffa s (iRt % .
1 MB5ER*®
1.1 ZnO NPs 28 & B #
FRUL 0.5 g ZnO NPs( 1) T 1 L84k, M iR AL 30 min J5, AR A5
o FE25C T, #7517, 43 ZnO NPs Bl . I AT, i T A 1hQS ¢, 500 W,
40 kHz), Bjj 1k ZnO NPs A % .

#1 ZnONPs XS
Table 1 Basic parameters of ZnO NPs

Bif%/mm i, R 4ifE% HRmAYmM> g™ PR
15 FIEmAR 99.9 110 LR E AR R PR
50 REE/AEHAE 998 15~30 BN TT SRR B2 )
90 WO/ AOHA  99.8 10~20 BUN T FBR BR 2

12 SKWRE

P 4 20 50 5 5 AR 1Y KO W i AN T Ml &R 4 (horizontal subsurface flow constructed wetland,
HSFCWs), HAAME LK 1, CWs D #58 PP A (1. 98, 433 26.5. 26.5. 37 cm) H T ifii
FAr R 2 em 4090 . 17 em AR A CRIARZY 10~30 mm), 22 % (80 H). 8 cm 407> Hl 9 ¥k = %) 30 cm
ARSI — il o W PR IE SE B0 45 R AS e nf
e, TERN AN AR AT, e FmIAN A 1/4
W T B A 22 AR ) 3 TR SR R, 7E 25
C FHFYIME10d A4
1.3 MR FEEK KR

S L SR A . BRERR A R
R S B S e R L 0V R DR TE N TS
K~ COD. 'TN F1 TP 43 5124 4 216.00., 11.10
M13.84mg L' FL/KHEM 1.00 mL-L™' {3 & JC =
., 145 083 mg' L' KI. 620 mgL™" #li i .
22.30 mg-L™" MnSO,. 8.60 mg-L™' ZnSO,. 0.025
mg-L™" CuSO,. 0.025 mg-L™" CoCl,, 5.56 g-L'
FeSO,-7H,0 1 7.46 g-L"' EDTA, i Jil 1 mol-L" -
R H AN T HEOK pHAE 7.4 K4 . R 1 SWREMEREE
FRUEACH T HE L, K B IR (HRT) 4 2 d. Fig- 1 Schematic of CWs
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FESELFE B S W A0, R R 5 T 2RI 5 K A BT 0w [ V5 YR AR b B Bl TS e N R AT R AT
HE, BERA S AISIET, RIS d, RGN TIGKME MK, Eesfr 15d A A, kR
W&, KA RN AN, AR EEANTI5K, FEidfrdfd, WE coD, TP,
NH;-N Fll TN 2548 45 o [0 2% 38 B B e 2 BRI 10 d 5, FFIRZESE K 800 ZnO NPs, ZnO NPs 1)
WEEARMEZ ] 1.00 mg L™, % EF| ZnO NPs 7353 BELE A 5 FEE R IE 5, ARSLRBN AT ZnO
NPs Jlt S &4 10.00 mg- L' e Wi #e i E& 1 XTI, B CW-XT B CR £ ZnO NPs) Fil 3 41 525641,
£45 CW-15(15 nm ZnO NPs), CW-50(50 nm ZnO NPs) £l CW-90(90 nm ZnO NPs);

1.4 FKRIEARNE 3%

SCUG ], RS 1 d X 4 BN g KR T HRORE R A R BRI E COD, 44 [R5 43
T BE VR I 5 NH-N, el o A 1 0 8 A 2 0 . TN FVER 6 Be 43 o6 0 B 0 e TR,

1.5 KAOESHMNEFE

CWs W #R LK, IR FHALIRE . RAE K LBER ALY, e CWs BRI 52 1)
B F2 A, R () #ATIH R

L
= /ﬁ (1)
K. KABBEZRE, oms'; QAR EIKBEE, mls's AHNKLBIEL, ecm, AH=H -
Hy; AR KW, om®; L RWBEREKE, cm; ¢ SRR RFLERT, s,
1.6 EPS IS GE

1) EPS $2 BRI A& . 57 S B g 58 1as 47, AN CWis T 56 3 2 e % 20.0 g S0RE,  F 100 mL Y
NaCl(0.9%) # il Mk fa , #5445 2 A i8R B A C K be EfEFE IR AE 105 C 2T, RIEFHBA
AR IFE 600 °C T HEX 3 h, Fe i A IR HD 2 0H 5 S I E B ZE YR R . EPS SR A cE A Ak
PEATHEE Y B 40 mL B9 3% ZE IR ST 4000 r-min”' 5.0 5 min, B3 FIE S A NaCl(0.05%,
70 C) B W 2 40 mL, R4 T 4000 rrmin ' B0 10 min, A5G F3E T 0.45 pm A9 58 BEDUI S 38 5
Bk @i 45 Bt 25 750 Mo Ah B8 & ¥ (loosely bound EPS, LB-EPS); Mt LB-EPS & .0 J5 BIUTIEY . A
NaCl(0.05%, 60 °C) & E 40 mL, FL/RAJ57E 100 C T A# 30 min, F 4 000 rmin~" Z.0> 10 min,
A5 EE W 0.45 pm (%) 2R Bk ARUIRE 8 308 I B Oy B8 %85 45 5 AU M AN SR G ) (tightly bound EPS, TB-EPS).
LB-EPS F1 TB-EPS ' # [ Jii (proteins, PN) £ ## (polysaccharides, PS) A% 7% & 43 i 14 Folin H {4
T2 B - TR L TR

2) =HEPEIIE T o R RGO EE T (H 57 F-4600) il iF LB-EPS Fl TB-EPS (1) = 4 7
WOk R SRR TE 3D-EBEM). DLZRIRKAE A (X IR, M S EIN T BEAKK Ex) N
200~400 nm, FAAIFE 5 nm; &SI K (Em) g 200~500 nm, FHG ] FE R 5 nm; 3R OCHNR SHEH)
PesE A 10 nmy, AT EEE N 2 400 nm-min ',

1.7 16SrRNA SR ENFRER T

EIEEHR G, R BN A5 A [F] B 0 T 29 100.00 g, TR AR A B IR £R 9% vh s W
(10 mmol'L™' Na,HPO,, 8.50 g'L™' NaCl), £ & ig Pl (KQ-500B) 4b 3 5 min, #AJ5 i 1 min,
B Y N SECR R T Ay B B . B ARSI RE RE AR IR AR A R A R
F JEAT 1llumina MiSeq/NovaSeq =7 i 2l ¥
1.8 HiESH

S BE Geit o B R F SPSS 23.0 AR AT 22 S A S AR R O 22 0 0 CRIHAEE 2 R
Ko, P<0.05 0 BA B & M225%); K H Canoco 5 k{4 #E 47 TUAY 43 BT (redundancy analysis, RDA)
WESE A D RE TS MRS [ 1 22 () B9 ¢ 28 5 2R JH Matlab 2018a 42 i 3D-EEM Y6 &, £ S il
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S ES A, I T — 4L Ab 3 SR OriginLab 2021 1 R 18 5 (4.0.4) 2 & K EE 4347
2 #HR512
2.1 ZnO NPs R fZ%F CWs QT2 14 B8 B9 521

RAGFEE BT 45d 5, FEHEK O 10.00 mg- L™ 7 [R]K 48 B ZnO NPs & il ik o 2114 2(a) Fir
7N, FEHIN 10.00 mg- L™ A [EARAZ ) ZnO NPs /f, CW-XFHR | CW-15, CW-50 Fil CW-90 X} COD ) %
BR 2 53 5 R 88.70% . 91.40% . 92.47% F195.01%; & ZnONPs 39 d J&, 5 1'ZnO NPs 4 25 [ %
MRZHAH L, CW-15. CW-50 F1 CW-90 X} COD I~V 15 2 Bk R 4 AR B B9 T RE, 53510 8.73% .
7.55% 1 6.97%., % /NRIAE ) ZnO NPs XF COD Ay 2= 55 7= A4 8¢ W S eV i . R I AT BE A
Z5F AT 2 4. ZnO NPs(10.00 mg-L™") Bl 19 Zn> B8 F EHLAG A W . S 8RF:00E W% coD /Yy
FBRFTRER; /INVRLAR ZnO NPs 5 (A= 4 40 W 5 AT B8 K 0 42 fl g AR 0, S5 3% A 9 19 26 0 A3
P, A TREAR COD 1 25 BR % .

WE 2(b) B, ZEHEHN ZnONPs 28 d 5, CW-15. CW-50 F1 CW-90 Xf NH;-N F 25 [ % 5 A%
B S AXTBAME, CW-15, CW-50 il CW-90 %f NH;-N 11§ 2 B % 73 5 T B T 21.96% .
17.75% F1 15.34%., CWs X NH;-N i 2B F L2 76 A MR IBOH A LS =Y bt 2 b, BiE R
Giidk ASEFERT B, WA IR 2 W (3% 2EJ5 DO £ 0.08~0.21 mg-L™"), Al AL 4B (135 PEFEAL, AFF
NH;-N (1) £

WE 2(c) s, A ZnONPs J&, CW-XFHE | CW=15. CW-50 F1 CW-90 X% TN () 25 i R 5 8 5
B G AR R, Xl e R R RO T ZnO NPs B0 095 e S Y Zn® 2 32 v IR B | AL
(anaerobic-oxidizing bacteria, AOB) HACI TG TE, I I #E S B #0410 W AH R &8, FRAK T TN (1

500 100 12 : 100
400 E of i 10 W«O 80
= I — iff7kCOD < e —o—HER BRI .
= | e EBECWAS) S E B[ o EBRECW-I5) 5
300 R R (CW-90 60 3
L ' e EBRAR(CW-90) 60§ g ol —E® (CW-90) %
2 200 o7 7000007 T No00”"9%0%0005%0 00000 o B ‘40 z
g e LBRRCW-50) S o
100 1 —— EERA(CW-90) 40 = 20 Z
l Z 2p o= LIRFE(CW-H )
0 R S S Y . —— EBRFECW-50)
0 15 30 45 60 75 90 105 120 07715 30 45 60 75 90 105 120
BT/ BT/
(a) CWsX[CODHyE Rk (b) CWsXfNH, -N{ L5 1k
1 1 1 1
- : ’ SR R 0
g ——LBRA(CW-15)

12 wa 8 8 o (CW-90) 3
Lo Y A S | -
5 L EBRECW-15) & o "
g . L EBRAECW-90) = . .
= W - £ F 2

V 2 v —-— 2 S ogi] 2

: LBR(CW-RE) ? T hEowAD

FEERFH(CW-50) 0 . %
% 15 30 45 60 75 9 105 120 %015 30 45 60 75 90 105 120
BATIE)/d iBf 7 a)/d
(c) CWsXITNIY L BREfL (d) CWsXI TP 251k

&2 AREHER ZnO NPs FEHIR E X CWs COD. NH;-N. TN 1 TP ERBR RSN
Fig. 2 Effect of short-term exposure of ZnO NPs with different particle sizes on COD, NH;-N, TN, and TP removal by CWs
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e ELS SR, AEFIN ZnONPs 24 d J5, H25 AN IBA M, CW-15. CW-50 Fll CW-90 %} TN #y %
B 9 FFET 10.95% ., 10.00% F1 3.78%

WE 2(d) frn, ZEH ZnONPs 18 d J5, CW-15. CW-50 F1 CW-90 Xt TP B 2 [ 2 45 A [7] 2 B
HIHEIN, 430k 42.49% . 52.34% Fl1 56.38% . TILIHEN, Bl IEFER) KA, B rh L B0 EPSAE N
G BNy, BIAT KEABEW ML . LA, ZnO NPs B A Zn 5 B R £k 52 I A 1 i 1
PESRLE AW, WAPIHIBERRER MR, MM HE S T CWs (W BRI fE
2.2 ZnO NPs Rl {23t CWs 5 ZE R M

1) CWs 815 R BN AR . dEK F &S24 %2 TEHZH ZnONPs [GHI R E X CWs
RIARI 4% 1) ZnO NPs, #Eiz17 83 dJE, 44 BB AR R

Table 2  Effect of short-term exposure of ZnO NPs with
different particle sizes on permeability coefficient of CWs

CWs K4 T ANFFEEMIEZE, k2w,
CW-XI FE 2] 1438 155 R B AE R AE 1.20x107° emes ™,

N o RIS 558 R AUK (em's™
M CW-15. CW-50 #l CW-90 LR Z B 5% R 4K ZnO NPs $if%/nm = (em's )

11783 d i£1786 d i£1789 d
BRI, S CW-XHIERER T 71.17% . 67.83% < ety il

25 1.20x1073 1.20x107 1.20x1073
1 37.50%. B ZnO NPs £ CWs H [ 2 1, 2
N s e e A 3.50x107* 3.44x107* 3.43x107
S RGKGI A, B . IRIR S "
. - 0 3.88x107* 3.85x107* 3.85x107*
% . W45 HRT. R, CWs dbFIVEREm T 3
90 7.52x107* 7.50x107* 7.48x107*

R ECE R R AWRALR, FHINLE ZnO NPs #

PR W 7= A2 1) EPS ARG £, finJal 1 3 SE R R

2) EPS Fl PN 1 PS /=i () 484k . A WFEET R, U4 Y % 8% T ZnO NPs A 5 i T &7~
Az I R AR 2 BPS (143 o 15 U6 ZUARAR T 9 EPS 1] LAWE B ZnO NPs $5Ukr M 1 BH 1k He 4™ 18 £k
AR nE 3() s, SXTER4L (97.18 mg g ) AL, CW-15, CW-50 Fil CW-90 H 1) EPS 437l
W% 212.97. 156.30 F1 128.53 mgg . 15 nm ffY) ZnO NPs 1] il #4 £ 2 ) 4 W EPS (i e 2, X &2
R A/NRARR ZnO NPs [ R K, T5 T HHMAEYZEM. AUFR™ £Y, 8nm 1Y ZnO
NPs Xf 4> 8 {0, % 75 3K 1 2 K 0940 P38 T 50~70 nm ZnO NPs. e Ah, % 689 Zn® 23 450 47 40 i 15 Fn
DNA %5#), W] iE— 175 00k Yy e 243 i EPSPY,

EPS 2y PN, PS LA K /Dm A% AR B 4 i M, 4 0 2 8 T AN [RLA2 1Y ZnO NPs J5, LB-
EPS([5] 3(b)) #1 TB-EPS(/#] 3(c)) H* PN F1 PS & & & Fh iy, JULL CW-15 e B3 . X FEZEH /N
RiAR 1Y) ZnO NPs B Ui, By AR 1) 4 A S 2 1 EPS. bk, ZnO NPs Y47 ] B 58 FI BB B T
R A ) S N R A I 2400, AT PN PS 5 & K@ 34 m .

280 40 150

o aLB-EPS e TB-EPS sEPS 35 am PS sPN R
200 30 a 120

160 25

W
{e]

—_
S W O

e T
(2222227772222222222222 5077778 -
7////////////////////////////)//}////////2

I DT

VZZ22222220222727 225773

UG ~

N
g NN\

AN
NN

EPS, LB-EPS, TB-EPS & ft/(mg - g)

PNAIPS{ELB-EPSH & ft/(mg - g ™)
[y)
(=)
PNAIPSTETB-EPSHY & ft/(mg - g)

0 15

15 50 90 0 15 50 90
ZnO NPs }if2/nm ZnO NPs }if2/nm ZnO NPs fiif%/nm
(a) EPSHyF=H=7E 1L (b) LB-EPSH'PSHIPN (7= 454k (c) TB-EPSHPSHIPN iy i A5 4k

T ARYEXSE 2 AR ARICA R TR AR A .35 22 53 (P<0.05).,

3 AEIKI{ZH) ZnONPs FEHIRE T EPS. PNAMIPSHIZEXL
Fig.3 Changes in EPS, PN, and PS content of ZnO NPs with different particle sizes after short-term exposure
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3) LB-EPS 1 TB-EPS £ Z 443/ #r. tE 4 nf LIA i, #%1 ZnO NPs i 5 LB-EPS F1 TB-EPS
R I 4 SRR g (6 A~D), Hhig A200 nm/290~300 nm) h % FH IR KB AW, 16 B(220~230
nm/300~330 nm) 4 2 4 & B W 5, I C(270~280 nm/300~330 nm) Ay 2 1 %k AR M R L g
D(270 nm/420 nm) A 2§ R ) T 2. CW-Xt BRI CW-15 19 LB-EPS == 2L 4 55 77 % 28 85 A 2R 1 4
fR¥Y 5, CW-50 F1 CW-90 ) LB-EPS H1I& D #f i C Bt , XUl i THRUEY /e, s st
YRR = i S B . [, CW-50 Ayl C I BRAT RS, RSO REIA (nsi 3t | R, A
FRE) &R L. TB-EPS FE N FHWHAEN . KOMRY ML FEREED R 7Y, If
KRR Y i . TB-EPS AU AL N/ & & 4 B 484k, mTREJE oA Hof TN )2, 7€ LB-EPS
BT RZ BRI . kit — U0, EPS 19 E B4 4332 3] T ZnO NPs K| 3500 F 520

500 500 [ 500 6 000
g 450 g 450 g 450 15000
= £ 5 4000
2 400 400 2 400 o
= 350 = 350 S 350 i 2000
4 300 4 300 4 300 i 1000
250 250 250
200 250 300 350 400 200 250 300 350 400 200 250~ 300350 400 200 250 300 350 400
WO nm WK /mm TR /mm BRI mm
(a) CW-XJ Bt LB-EPSY) (b) CW-15H1LB-EPSty (¢c) CW-50FFLB-EPS[fj (d) CW-90H1LB-EPS(ty
X 3 ov i o 3 ov i B v =T
500 [ 500 500 6 000
g 450 £ 450 £ 450 5000
£ £ 4000
W, 400 2 400 2 400
= oY = ; 3000
350 2350 = 350 2000
42300 4 300 4 300 1000
250 250 250
200 250 300 350 400 200 250 ~300 350 400 200 250 300 350 400 200 250 300 350 400
PR K /mm WK mm PR K /mm BOZ UK mm
(e) CW-XJ IR TB-EPSF) (f) CW-15-1TB-EPS|1j (g) CW-50H1TB-EPSJty (h) CW-90H TB-EPSIty
X P v i =TSR =TS ¥ (/% o il

4 ARERAZH) ZnO NPs 52 H1 R % LB-EPS 1 TB-EPS = #3551
Fig. 4 3D-EEM of LB-EPS and TB-EPS after short-term exposure of ZnO NPs with different particle sizes

2.3 ZnO NPs R EMEEFEE MMM

V) A VS R 2R 5 54007 o 38 2 Illumina MiSeq “F- &%, #F— %48 T R [Ak AR
1Y) ZnO NPs XJ G0 25 VI BF 7% S5 /) AN Z A PRS2 e o A 3 iR, 4 AL A A TR B A 8 1R B2 )7 9 3t 2R
95% [ 4T, I R P 46 B0k 5E 7E 0.995~0.998, 15 BH I J5 £ 46 I 266 K 2 5 Fh . 3@ 3 Chaol il
YRR BOF N UE W R E B, L R/NUT S CW-15>CW-50>CW-%f it >CW-90,  Simpson Fil
Shannon $& 35U T PEAG AR W 2 REHERY $E0M ZnO NPs J5 7T B30 i 28 By 7 26 I R g, DA T AR 3
A Wy £ R A Y, AE 4 DN 2R, CW-15 ' Simpson 1 Shannon #5534 eI o 33 108 B /)N ki
12 1) ZnONPs 23X A= ) 7= AL SR 1Pk, IR WA T 4540 Z2 A DY), DATIT S22 1) 28 48 ) A e e o

&3 TEREZEMZnONPs FHHARE TREVRENFTFEEMISIFEY
Table 3 Richness and diversity index of the microbial community after short-term exposure of
ZnO NPs with different particle sizes

#ifg/mm  Chaoltf%k YrFh AL Simpsonf& %k Shannonf& %% TR B R AR

pajiist 4359.01 4280.9 0.992 9.326 0.996
15 4740.83 4707.9 0.980 9.183 0.998
50 4488.43 4357.2 0.995 9.434 0.995

90 4302.15 4253.5 0.996 9.750 0.997
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wE 5@ Wi, 44859 R OTUs iy 12 085 />, Hir gy 787 4>, i &L OTUs 19 6.51%. 4N
[’ 5(b) s, 4 ARG A/ OTUs i E Y S AR E i 11 AR JE R 1] (Proteobacteria) A XT 4 B
AW B R 51.50%, YR 2 AT B 1] (Bacteroidetes). 43 25 KT B 1] (Chloroflexiy. 1% %% Wi 1]
(Planctomycetes) FNJLZ 1 ] (Acidobacteria), i (=% 5 & ) HE AR IR R 15.15% ., 11.46% , 4.66% FI
4.19%. CW-Xf . CW-15, CW-50, CW-90 Hfi47 i) OTUs 73 %1 2 006, 2063, 2973 Fil1 997 14+,
Ut B AN [ R 42 19 ZnO NPs X UZE W #EVE 7= A2 T 2 S MW . A RCIERB, Proteobacteria .
Bacteroidetes . Chloroflexi 1 Acidobacteria & CWs JIGUe LT Bl . Proteobacteria W R 2 524 %
FIE G, AafetEsl L IR AR, 2 5IRAHE RN A GRS, Bacteroidetes LR IR ., T LA
Fefrerde R . Wk . EARAERER S TAIY, 3125 AKRWAY S AL, Proteobacteria
H Bacteroidetes He W 73 WG Z2 M, A B T 18C2E WOk B 21 A= W a8 AR T 000 DRt e D) 2 BR 1O (AR
12 1) ZnO NPs 43 5% W Proteobacteria. Bacteroidetes 1) F-J& , X L& FE CWs 1 COD, NH;-N 1 TN
1) 2 B R B A EPS Frim sl iy F LR RZ —.

PCoA J& 4% T* Unweighted UniFrac 1 2 115 b5 K 25 % W) Ff 18] b 40 B B M2 R PR AR 53 2 00, (R
ANHEARRE B RN 22 RN . AR 6(a) BT, AT 1A ERGR 2 40 ] A A MRV A5 R AR R 42.10%
130.10% . CW-50 Fl CW-90 Z [H] i) Z2 FE 1 22 S M die /N, 8 S0l 5 CW-15 F CW-XTIRAR L, 4%
PEAEAE IR 22 57, B[RRI A2 19 ZnO NPs T 20U W HE V6 22 FEME 2 RIAF7E — 8 22 571

R T M T AN [RDRLAR (1) ZnO NPs Xf CWs RS0 N Tl A W E Vs 25 M s i, %F 4 D AEAS 3R 47
T B0 581 (K] 6(b))e J@ 7K 5 A= W A % =E B H Thauera . Burkholderiaceae . Acinetobacter Fl
Nitrosomonas N EIE . CWs RGEMA R E @ AIER . RS Ae/E R s A0 /e F S5 P ) s Bty
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Abstract ZnO nanoparticles (ZnO NPs) have catalytic activity, strong oxidability and high stability, which are
widely used in semiconductors, dyes, plastic additives, cosmetics and many-other fields. The life cycle of the
ZnO NPs series of products, will inevitably cause damage to the environment, thus affect the sewage disposal
system. laboratory scale horizontal subsurface flow constructed wetlands were operated for 126 days when
influent chemical oxygen demand (COD), total nitrogen (TN) and total phosphorus (TP) were about 216.00
mg-L™, 11.10 mg-L™" and 3.84 mg-L™', respectively. To investigate the size-dependent effects of ZnO NPs on
the operational performance of constructed wetlands, the nitrogen, and phosphorus removal performance, the
permeability coefficient of fillers, the content and characteristics of extracellular polymeric substances (EPS), as
well as the change in microbial community structure and diversity after exposure to different particle sizes of
ZnO NPs (10.00 mg-L™") were studied. The results indicated that compared with the control group, the removal
efficiencies of COD in the constructed wetlands exposed to 15 nm, 50 nm, and 90 nm of ZnO NPs decreased by
8.73%, 7.55%, and 6.97%, respectively, meanwhile the removal efficiencies of NH,-N and TN decreased by
21.96% and 10.95%, 17.75% and 10.00%, and 15.34%, and 3.78%, respectively. High throughput sequencing
indicated that the smaller ZnO NPs size, the more significant inhibitory effect on nitrification bacterium (e.g.
Thauera). After adding ZnO NPs, the released Zn”>' could combine with phosphate in water to form insoluble
substances such as zinc phosphate precipitation, and the relative abundance of the heterotrophic nitrifying
bacterium (e.g. Acinetobacter) also increased, which resulted in the increase of TP removal efficiencies by
42.49%~56.38% in comparison with  the control group. In addition, compared with the control group (97.18
mg-g "), the EPS contents when exposing to 15 nm, 50 nm, and 90 nm of ZnO NPs increased to 212.97 mg-g ™",
156.30 mg-g', and 128.53 mg-g ', respectively. The increasing EPS contents led to a rapid decrease of the
permeability coefficient of fillers by 71.17%, 67.83%, and 37.50% at 83 days, respectively.

Keywords ZnO nanoparticles; size-dependent effect; constructed wetlands; clogging; microbial community
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