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Abstract: A novel intermittent aeration coupled air-water backwashing constructed wetland
system (CW,) was constructed, and the performance and microbial action of CW, and traditional
constructed wetlands (CW,) were investigated. The results showed that intermittent aeration maintained
the dissolved oxygen in CW, bed between 0.5 mg/L, and 3.5 mg/L, creating an anaerobic/anoxic—aerobic
alternating microenvironment, and the average removal efficiencies of COD, NH,'~N, TN and TP by CW,
increased by 7.2%, 13.1%, 8.4% and 6.5% respectively, compared with CW, during the stable operation
period. The combined backwashing with water intensity of 8 L/(m*+s), gas intensity of 6 L/(m’+s) and
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frequency of 5 min/6 d promoted the recovery of active sites and substrate pore structure, and enhanced
the transport capacity of nutrients/metabolites inside and outside the biofilm. Intermittent aeration
coupled with water-air backwashing increased the richness and diversity of microbial communities in
CW,, and simultaneously enriched anaerobic/anoxic and aerobic functional bacteria such as mnorank_
f__NS9_marine_group (3.9%), norank_f__Saprospiraceae (3.4%) and norank_f__norank_o__Saccharimonadales
(4.1%) at genus level, and the functional genes involved in the processes of carbohydrate metabolism and
amino acid metabolism accounted for more than 5% in CW |, accelerating organic matter degradation and

nitrogen removal metabolism mediated by these genes.
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FEAS | Reads | Sobs |Shannon|Simpson| Ace | Chao |Coverage
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Fig.5 Composition of microbial community at phylum
level in control (CW ) and experimental (CW,) constructed

wetlands
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Fig.6 Comparison of relative abundances of the common

bacteria at genus level in control (CW,) and experimental
(CW)) constructed wetlands
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Fig.7 Prediction and analysis of KEGG functional genes

LR B AL BRI RERL B R B (3. 179%) S
B & (2. 67%) 5 4 B o3 P56 % i (1. 48%) 1
CW, i PR B g, 47 17 ] g U 45 0Kk S
efe it TR AR L R S R e T RE
Fr Eh L Ro A8, B i 1 AR W IR 48 52 R B T g
I3, W RE TR OR 15 i TG v . 5340 FHECT CW
IS B AL P th 2 5 s e (2. 66%) FIfE 515
(2. 55%) (9 Dy REZE K 2 BEAE CW, B =7, 3R B[] ik
W SRR S b gt 1 BRI 3 A T R ] R 2 41 o] 2
RE TR W) 155 70 7 eSS AR T o T 400 i aod e A Bl v
5B RE I - SR AL 2R W (2. 25%~2. 33%) 41l il iz B
(0. 83%~1.01%) AN L ABET- (0. 85%~0. 90%)
AHOC A T RE B X 2 BEAE A R 48 b T ] WA AL
AN, 5 NP AH OC 14 Ty RE ik PR A0 455 J E L 40 T
YA RN DU 25 25 1R 25 EAE A RGP 1
fIK T 0. 80%, 15t HH N T3 b b JERAT 0] 490 1 g et 2
EEC 7Ry R eR - Bl ol (171 8 SN = e
3 i

@ (A BT TR N DR S/ 4R
RSN T RN L, 5 3 PR A/ S - 1 R Bl 35
SR A A, A [5) A5 it A B i P A e 4 B 195 25 2
RETR 1Y B SR QNG 726 0F , A AR i 17 U Al A4 e |
SRR 1 2 B AR 00 IR 2 24948 5 6% LA L

@ AUKIRAG B ik AE 8 g 1E ik 5T 2 T {5 g
W 3 R IR A 4 2R ) I K R RE LB, A A TR R
oL B AR PR 07, 384 5 R 0 A 0 4 £
AE 1, DA & 455 21 RE B A K AL 5 4 = BE 1R A
A A I 1 o

@ CW, AR At 4 i) A g A 95 ) A UK B

B R EIz AT Oy R I B AR B D BE T e R X
PE P A W o Sh AP A A DG, RO 4EE N TR
MR ASGEAT B A R, (R T 2 ATh T e i 22 Bk
A, ANAEAE 52 2 R A i R B 1T RERE RIS

SE -

(1] FEsprb,okar, sk, &5 B Al e SUOR L TR Y 5
G A R TG K BscRE (. T E gk HEK , 2019,
35(19):105-110.

WANG Shouzhong, ZHANG Tong, ZHANG Qi, et al.
by type
constructed wetland system with assembled packing [J].
China Water & Wastewater, 2019, 35(19) : 105-110
(in Chinese).

WU H, ZHANG J, NGO H H, et al. A review on the

Purification of domestic sewage a new

[2]
sustainability of constructed wetlands for wastewater
treatment: design and operation [J]. Bioresource
Technology, 2015, 175: 594-601.

[3] LI J, ZHENG L, YE C, et al. Evaluation of an

intermittent-aeration constructed wetland for removing

residual organics and nutrients from secondary effluent:
performance and microbial analysis [J]. Bioresource

Technology, 2021, 329: 124897.

ECA B, £, 5 CRBS S A TR

FHT b 3T s ek Ak (). P E 237K K, 2019,

35(2):100-104.

WANG Wendong, WANG Lijun, WANG Yanmei, et al.

(4]

Application of surface & subsurface constructed wetland
in treatment of urban micro-polluted water body [J].
China Water & Wastewater, 2019, 35(2) : 100-104 (in
Chinese).
[5] SUNH,XUS,WU S, et al. Enhancement of facultative
anaerobic denitrifying communities by oxygen release
from roots of the macrophyte in constructed wetlands
[J]. Journal of Environmental Management, 2019,246:
157-163.
[6] ZHUANG L L, YANG T, ZHANG J, et al. The
configuration, purification effect and mechanism of
intensified constructed wetland for wastewater treatment
from the aspect of nitrogen removal: a review [J].
Bioresoure Technology,2019,293:122086.
S, X, R, . N TR A A e X R
B3I ]. R g KHEK ,2021,37(22) : 11-17.
XIAO Haiwen, LIU Xintong, ZHAI Jun, et al. Type

(7]

selection of constructed wetlands and related design case

- 14 -



www. cnww1985. com Z=  E L EBRBRA-EF A IR A AL B A AR

%385 %19 #

[10]

[11]

[12]

[13]

analysis [J]. China Water & Wastewater, 2021, 37
(22): 11-17(in Chinese).

MENG F, FENG L, YIN H, et al. Assessment of
nutrient removal and microbial population dynamics in a
non-aerated vertical baffled flow constructed wetland for
contaminated water treatment with composite biochar
addition [J]. Journal of Environmental Management,
2019,246:355-361.

LIU H, HU Z, ZHANG J, et al.
of dissolved

1.

Optimizations on

and  distribution oxygen in

supply
constructed wetlands: a
Technology, 2016,214:797-805.

PEDESCOLL A, CORZO A, ALVAREZ E, et al. The

review Bioresource

effect of primary treatment and flow regime on clogging
development in horizontal subsurface flow constructed
wetlands : evaluation [J]. Water
Research,2011,45:3579-3589.

CUIL B, YANG Q, ZHANG Y, et al. Improving nitrogen

removal in biological aeration filter for domestic sewage

an experimental

treatment via adjusting microbial community structure
[J]. Bioresource Technology, 2019,293:122006.
BERNARDES F S, HERRERA P G, CHIQUITO G M,
et al. Relationship between microbial community and
environmental conditions in a constructed wetland
system treating greywater [J]. Ecological Engineering,
2019,139:105581.

LAl X, ZHAO Y, PAN F, et al. Enhanced optimal
removal of nitrogen and organics from intermittently

aerated vertical flow constructed wetlands: relative COD/

N ratios and microbial responses [1l. Chemosphere,

Ga

[14]

[15]

[16]

[17]

[18]

2020,244:125556.

YUAN Y, LIU J, MA B, et al. Improving municipal
wastewater nitrogen and phosphorous removal by feeding
sludge fermentation products to sequencing batch reactor
(SBR) [J]. 2016, 222:
326-334.

WANG M, XIONG W,ZOU Y, et al. Evaluating the net

Bioresource Technology,

effect of sulfadimidine on nitrogen removal in an aquatic
microcosm environment |[J]. Environmental Pollution,
2019,248:1010-1019.

YAO Q,LIU JJ, YU Z H, et al. Changes of bacterial
community compositions after three years of biochar
application in a black soil of Northeast China [J].
Applied Soil Ecology,2017,113:11-21.

CUI'Y X, BISWAL B K, VAN LOOSDRECHT M C M,
et al. Long term performance and dynamics of microbial
biofilm
autotrophic  denitrification in a moving-bed biofilm
reactor [ J]. Water Research,2019,166:115038.
WANG K, MAO H, WANG Z, et al.

communities  performing  sulfur-oxidizing

Succession of
organics metabolic function of bacterial community in

swine manure composting [J]. Journal of Hazardous

Materials,2018,360:471-480.

- 15 -

EER AN 25 (1989- ), B, mM EBEN L5

Az PRI, 32 ST D5 1) A T K Ab 5 Y
L.

E-mail:lijia@yxnu.edu.cn

Wr#s B #1:2022-04-11

f&[E B #§:2022-06-17

(28 - 18R




