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(50 nm 190 nm) ) ZnO NPs AHH., 15 nm [ ZnO NPs Xl 1k B (o ) 5 ok (. 25
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Size-dependent Effects of Zinc Oxide Nanoparticleé on Perforlitl;l-f]be; and
Microbial Community Structure.of a Constructed Wetland ol
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e

WANG Sen', REN Ling', LIU Lin-lin®, LI Ying', ZHANG Zhen', KONG Fandong'* & Ay
(1. School of Environmental Science and Engineefing, Qingdao University, Qingdao 266071, China; 2. Affiliated Hospital'":)f (:jingdao
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Abstract: Naﬁf)p;ﬂicles (NPs) have incrgésiqg1;)ﬂée;_g.-€fi)plied in consumer and inaust’r-ial pr(}lucis“})ecause of their magne_tic , optical ,
electronic, ‘semsifivé;, antibacterial, disinféction, and; UV, shielding properties. The wide production and application of NPS"TlaS
inevitably resulted in their release into the ecosysterrI through various channéls “gﬁd acctimulation in organisms. “NBs have a' small
particle size (1- 100 nm), which is closely’ corrglated with biotoxicity. To investigate the size-dependent effects of zinc oxide
‘ Vnanopa.rticles (ZnO NPs) on microbial community structure and ‘diversity, as well as‘the nitrogen removal performance of a biological
“ti‘fgatn}ént system: laboratory scale horizontal subsurface flow c;gnstructed wetlands were operated for 28 days under the conditions of
COD 200. 0 g-L") NH;-N 12.5 mg#L ™", “and tBtal “dissolved phosphorus 4.0 mg-L~'. The relationship between microbial
comml‘ﬁlity structure and its performance were discussed. The results indicated that three sized ZnO NPs (15, 50, and 90 nm) had no
significant effect on COD removal at the concentration of 10 mg-L~" but showed obvious particle size effects on nitrogen removal. High
throughput sequencing indicated that the abundance of nitrifying bacteria in constructed wetland system was significantly lower than that
of denitrifying bacteria, suggesting that the nitrification process was the key factor restricting the denitrification performance of
wetlands. After exposure to ZnO NPs, the structure of microbial communities in constructed wetlands changed, and 15 nm ZnO NPs
had a stronger inhibitory effect on nitrifying bacteria than those of 50 nm and 90 nm ZnO NPs.

Key words: zinc oxide nanoparticles; size-dependent effect; constructed wetland; nitrogen removal ; microbial community
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YIRER S5 R ZREVERY S, RIFES 6 CW AU

RERYZSML, R0 CW U E WV 450 5 A B
RERYAH B.OC AR,

1 #MR5F*

1.1 SEEeAPR

15 nm Y ZnO NPs, HEHAK, 41 99.9% , It
T 110 m* g™, W4 AR IR B9 KA R B
2375 50 nm 190 nm [ ZnO NPs, 3% #5 (03] [ (0 4}
K, ifEHR R 99.8% , bR BBk 15 ~ 30
m’ g~ R 10 ~20 m?-g ™", W[ FATMIT SORT A R
A B2 .

Zn0O NPs E I FREL 0.5 ¢ NPs ILA 1 L #B 4l
K, WESIPERE R, 30 min J5, $ER EAR I
i, 7625°C . 500 W 140 kHz F#HS 1 W' 764
WCAERIAT, Sk NPs B0 1 h. 7

T BRI 30 om ZoA, R RORBUIE A —
A TR R A AR e TSR Fﬁﬁm@*
WIS AR 1/4 . gt g
SRR, 25T FHMLSFR 100 Fiy 7
g 2 %ﬁﬁﬂaﬁi;@ﬁﬁm ' A2’

'%ﬁ%ﬁﬂ(wkilﬂl‘ujﬁiﬁlﬂ Jlb?%/)%'ﬁz
2@%%*/5/}% dEe A %E'Wit*ﬁ ,
£ @Wgym}cm%u&yk Muu;@m
k@&w&#ﬁ@wﬁm — R R R
W{E i K PRI TE 21 mlLeL " ,E\leiﬁizéw
F1. A1 mol- L' MR S A LA pH £ 7. 4
et dEK AL $E COD (200.0 +10.2) mg-L~" |
NH, -N(12.5 +0.6)mg-L™" . NO; -N(0.05 +0.01)

,_]‘\
s

mg-L™" TN (13.0 +2.5) mg-L~" FI % i P 5w
(4.0 +0.5)mg-L™". RAEZSHKITR, KIE8
]2 3 d.
FR1 METREAK
Table 1 ~ Microelement composition

415 wE

KI/mg-L~! 0.83

AR/ mg-L ! 6.20

MnSO,/mg-L~" 22.30

ZnS0,/mg-1.7! 8. 60

CuSO,/mg-L~! 0.025

CoCl, /mg-L""! 0.025

FeSO, -7H,0/g-L " 5. 56

EDTA/g-1~! 7. 46

1.3 Sy E
SN #s A PP AF B, # 37.0 em, K 26.5 cm,
F526.5 cm, A2 L(WE 1 fE2). A

I, 2.0 ecm 4070,
8.0 cm 47>

17.0 cm BRkAr, 422™ (80 H),

370

B1 XBEREMETE
Fig. 1 Schematic of CW

S W) T Tuemmy P "
a ) . ! =
Fig. 2 Plcture of CWs i

| v i

TRATHE AR 2 B AT HE S, TR 1.2 SR A3
PEVSVRAE RIS e, B AR ERA 1) 40 L 25484
(WEBERRAT ), Jolllg 3 d, SRS HEfT I BRI, LA
TR AKVE K, 845K 10 d JGHE R
H— )2 O Y B R B s g v, T
75 8.0 cm MANTY, BAS RN ARFIHE 9 AR, FK
B —xE E’J]\I{’:UJ( PRESLBIT R 10 d J5,
FHAME COD . &AM TN 4845, COD | & &1 TN
HIRPRIREIRE 7 d 5, IMAAIERAR ZnO NPs.

WEEH ZnO NPs ¥ B I, PRI ARAE 1
mg-L ™' o4, % EH] Zn0O NPs (i i B4R &2 K H:
ANTT A 0 JE M, A2 PR SR B AN T K
RIA LB 5T E W E ZnO NPs 1] GEF= A= 19 51
BN ARSZEG R E 2 AN BR AL (AN Jin ZnO NPs, Xt
HEY) ) 3 AS2ER4H (ZnO NPs ¥R EEH R 10 mg-L7",
ZnO NPs Rif243 %12 15 . 50 190 nm). #0115 50
F190 nm ZnO NPs [ )2 I % 4 5 53 51l B CW-15 .
CW-50 F1 CW-90. $5FRIRIE 22 ~25°C, JGI/ B
JEI#AM 16 h/8 h.

1.4 FEtRIE SOTiE
1.4.1 HHIER

COD ., & A . NO, -NFI NO; -N {3l 5 2 B8 Sk
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[20].
L.4.2 EYRRERAE

BRI BB T AR RiAR ZnO NPs 28 d
MBS BON i A R AERRAT 3L 300 g, A 3 L i

b 2% th S W (10 mmol L' NazHPO4, 8.5 g-L™!

NaCl), ZEREAME 3 h(100 r-min~", 30°C) ", #&
JE B IR, WEERTOEI R A YIIR. EAT IR Z
FEH A IRFE S - 20°CPRAT.
1.4.3  DNA $2HUHI PCR 973

K MO BIO 7 7] B PowerSoil DNA isolation
Kit #2 5L DNA, F£Xf DNA #1738 b5 vk, 363
DNA e B 5 5 B k. LA BE IS (1 DNA S B4
{fi ¥ Barcode ) 16S rDNA V4 [X 455 5|4 515F
(5'-GTGCCAGCAGCCGCGGTAA- 3") #1 806R (5'-
GGACTACCAGGGTATCTAAT-3") 17 PCR.
L.4.4 i)y L as R pr

PCR 73 2% Vi HE R BN RE I A 3k, 37 1
GeneJET i [ Y it %] £ ( Thermo Scientific) 7] i 7
). ff FH Thermofisher 2% ﬁ‘l E’J'Ton Plﬁ-s Fragment
lerary Kit 48 fins A jCE:FE/jT/J% sk
{ﬂ]JAﬂ‘ﬁ}: 1§FH Thermoflsher EI’J Ion SSTMXL ﬂf//ﬁji
m{WJf?(lﬁﬁﬂ?i%fn uﬂﬁﬁﬁﬁ N~ Op

{DTJJ?“EEEF wAeEH Cutadapt(V19l
) http /¥ cutadapt: readthedocs. 10/ én/ stable/ ) Barcode
fﬂ%l%fﬁﬁ%‘ci‘l f \ﬂAﬁfE(Raw reads) E j&_ﬁa‘“ﬂ’*
ﬁir?ﬁﬂfi Ef?UFQﬂEﬁﬁleﬁfE( Clean Reads)™ *'JJEH
Uparse A4 (Uparse v7. 0. 1001, http ://driveS. com/
uparse/ ) X T A FEA 4B Clean Reads #4728,

85

¥ 97% FALLPE R 7 51 SR 2 WLl OTUs ( Operational
Taxonomic Units). F] Mothur J75¥5%5 SILVA (http.//
www. arb-silva. de/) ] SSUIRNA %04 FE k474 Fp
W (BEE R 0.8 ~1), RGN IFEFR
I BITER A 732K
i F Qiime 4 ( Version 1. 9. 1) 115 Observed-
OTUs, Chaol , Shannon, Simpson, ACE FI R
S0, T R # (Version 2. 15. 3) #H1T o ZFEME
R 18] 22 5 73 A

2 ZER5itie

2.1 7ZnO NPs KX} 2 GeVERE R 520
2.1.1 7ZnO NPs Fif2 K/hX R4 %
=AU

e 3 proR, sk COD ¥ ¥ fi 205, ~ 220
mg-L™", B GW-15. CW-50 1 GW-90' %I COD
E’ﬂziﬁjj&l‘fﬁﬁtﬂﬁ 76.7% . 75.9% . 75.5% F
74.2% . FageiE A} WA, BEACRBEOIA0 mgil !
Zn0 NPs. HJLZ00 NPs J5, CW-15, CW-50 7 CW-
90 *f ¢OD é’ffﬂ%ﬁﬁﬁlﬂﬁf“i&ﬂﬁ G BB T
28 d J& Xfﬁﬁﬁfﬁﬁx}? CoD Eﬁzél%fﬁ%m& 70%
Aeidr, i CW=15 . CW 50 1 CW-90 XT COD (i
B Wé% 9%\ 64, 5% 1 68.3% . Lft gk
W], ZnQ NP COD IR T4, FLRA2 /0N
A P S S . TELP AT R, A% NPs e
BYAE/IN, R AREOE I, 3K T 5HEY 4
FRLAGEE 72 DA B SR TS A A SRR A
SEA Y LBRECR A EA.

4% COD PEABEMY

80 |

1
i —— i
|
|

75 | 3N

70 +

EERY%

65 |

60 -

FEMZnO NPs
55 L

~a—CW-15

—%—CW-50 ——CW-90

0 5 10 15

20 25 30 35

BT KB

B3 7ARE#iZ ZnO NPs Xf CWs X COD ZRHIF M
Fig. 3 Effects of different sized ZnO NPs on removal efficiency of COD in CWs

2.1.2  ZnO NPs RifEXF 2 48 AU RE A 52

MK 4 fros, #FKEAWRELE 12.2 ~13.4
mg-L~", XA A4S . CW-15, CW-50 Al CW-90 X}
FANPE R R 90 61.8% | 62.4% . 61.5%

f61.4%. N ZnO NPs J5, CW-15, CW-50 FlI
CW-90 X} Z A1 B AT AN [l R B M AR, i i
728 d J5, CW-15, CW-50 F1 CW-90 X2 & 1Y 2=
B AR A AN [a) B2 B M R AR, 40 3 % = 36.8%
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70

—a—

65

60

55 F

LREEY%

45

40
EHZnO NPs

—&— CW-I15

—%— CW-50 —e— CW-90

35 1 1 L
0 5 10 15

20 25 30 35

BT K%

E4 AFREHI{R ZnO NPs Xf CWs EB SRR B0

Fig. 4 Effects of different sized ZnO NPs on removal effluency of ammonja nitrogen in CWs e T

48.49% F154.2% . Fie it R eh, X RN ARAS 4

() 2B R R AE 60% A4y, ks %%%JMAM
nm HJ ZnO NPs X‘J’? T2 BR & Eﬂg?ﬂ]ﬂﬁﬂzﬂqﬂiﬁ
50 nm {j\Z 90 nmn HE /). “ =
e :%#?‘Xﬂ%i %%0W45cwsoﬁ
cwoo¢d m¥ﬂ¢mmfﬁ%ﬁsgli%
5.75 Fi5. 60 mg-L™' (5). %Um ZnOJNPsf:,
'wa CW-50 F1 CW-90 J & 22 i Jeb5 4 U] e

iﬁngSdF‘CWISCWSOﬂCW90*"

&mu SUHCE Ay B N E 10,7, 8.27R 7.3
mg‘-:L_l. J:J?E«n%%éﬂﬂ, s VREAE (15 nm) BY
ZnO NPs X 5Z& 1 2 B 40 i /R F KR4S ZnO
NPs 50 2. JE AT RE 2, ZnO NPs X A A6 TR
A E R, N A R T A
B, O K AR BERG I, RS Rk AR R 1
RAFRE P H 7K S R B3 R

-,_.r !

222@N&ﬁéﬁﬁ$%ﬁ%$ﬁﬂ§#@m
A | & | # .;

FIH IonS5TMXL WFF & 7&(&"]7 Hfﬁ ZnO
N&T%Wt%%ﬁﬁ# 5 4. 4A#mﬂﬁ L5 )
wmwﬁmﬁgﬁﬂﬁM%Aama?m%mm
Ufﬂﬁ)4A%m¢M¢%ﬁ%m$*Fﬁy
#@%ﬁn%z%w BT BES2E 5gr 5, 4
AHEAT R B HAEL 182 ~ 1 240 2 ). 7EAH R
9 97% (9 S AF T, RE S 6 IR BE 4 KR S T
0.998, VLA 7k 25 T FF 48 R M R,
REAS B v b S Rl 2B 0 1 2 3 BE A2 R PE. ACE
Ml Chaol F8 # A 1 4= Wy BE V& 09 £ & &, 1
Shannon F1 Simpson $8§ ¥ 1 3% o 2 ¥ 1) £ B .
Chaol FI ACE $5 %0k K, Ui BB 7% =F & Bl 5.
Shannon F1 Simpson 8§ #U{E#E K, i B #E 7% 2 HEPE
. ATLIEH, ACE. Chaol . Shannon 1 Simpson

—— —a—(CW-15

—*—CW-50

——CW-90

0 5 10 15

20 25 30 35

BT R

El5 TEHZ ZnO NPs X CWs KB BRI RHZM
Fig. 5 Effects of different sized ZnO NPs on removal efficiency of total nitrogen in CWs
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BECE Bt BB, RN ZnO NPs B, FE 5
ACE . Chaol , Shannon F1 Simpson $§ £ /)N, # 0

REVR ZREPEA 2 & B BROR, 50 nm BORESIRZ, T
90 nm AYREAIEING Fe/lh. XIHN T /NRIAR Y ZnO

ZnO NPs J&, ZnO NPs F5UkL i (i 504 90 %) 41 AL 52 i)

NPs HATH R LR AR, 5 a5 A4 3 i 1 DL SR

fF—ﬂﬁB{J OTﬁs X . CW-15, CWE50 il CW- 99- 4
ﬁnm\mmnﬁm&&,ﬁm%Aﬁm%
A7 8 OTUS 19 68. 5% ) | 3K UL HISELL 00 4y R R
BB T AFRAR ZnO NPs FiiJ5 — BEAETE. X 936
AN OTUs A, Fe BV T 1JE Proteobacteria( i &
OTUs 1) 29. 2% ) , Bacteroidetes IR Z (24.4% ). Xt
I CW-15, CW-50 A1 CW-90 4 4~ 5 A 1Y
OTUs 7391124 25 4~ 18 4~ 6 125 4>, B3k &
& OTUs 5. 26% . CW-50 F1 CW-90 fY 2 A~ fh 1]

et N, R AR AR A5 B AN, M OR AR O AT T
i’@i‘j( KHERE AR EMERS SBR th SRAGEEMETS IR MRS R A R
PCEYIREE BRI BTSSR — 8, HORARBUNE K, REERIRENMEE , IS 2R S MA Y
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