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Abstract [ Objective ]  With the rapid development of China’s market economy and the acceleration of urbanization, the
aquaculture industry is gradually transitioning towards scale and intensification. The total amount water discharged from aquaculture is
large, and insufficient carbon sources inhibit denitrification, resulting in low nitrogen removal efficiency and substandard total nitrogen
removal , forming a technical bottleneck that restricts the sustainable development of the aquaculture industry. Constructed wetlands is

an effective solution to this problem, and optimizing the selection of fillers is one of the core technological paths to improve the
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efficiency of pollutant interception and conversion, which directly affects the treatment effect of sewage. Among them, iron carbon
composite materials, due to their inherent potential difference, can form a continuous primary battery effect based on iron carbon micro-
electrolysis in discharged water, thereby achieving better removal efficiency. [ Methods |  This paper first conducted experiments on
the effect of different thicknesses of iron carbon materials and wetland submergence depth on pollutant removal, achieved a reasonable
iron carbon micro-electrolysis constructed wetland structure, and then tried on different inflow method, namely different pulse
frequencies and inflow durations, to investigate the pollutant removal effect of constructed wetlands under different working conditions.
Further the mechanism of pollutant removal through physical characterization and microbial community analysis was explored.

[ Results ]
44 c¢cm (40% of the total thickness) iron carbon thickness and a submerged depth of 54 ¢cm. Under different operating conditions, the

Taking into account the removal efficiency and wetland construction cost, the optimal wetland structure in this study was a

optimal removal effect was achieved when the pulse inlet frequency was 24 times/d and the inlet time was 15 minutes. The removal
rates of COD, total nitrogen, and ammonia nitrogen were 79. 3%, 62. 5%, and 70. 2%, respectively. The removal rate of pulse inlet
was significantly higher than that of continuous inlet. [ Conclusion ]  This paper constructes an iron carbon microelectrolysis
constructed wetland, effectively solving the problems of insufficient carbon sources and high nitrogen load in aquaculture wastewater
treatment. This provides data support for the optimization of constructed wetlands in the future and offers an economically efficient
technical solution for low-carbon denitrification of aquaculture wastewater.

aquaculture wastewater —microorganism micro-electrolysis enhanced

Keywords iron-carbon micro-electrolysis ~ wetland material
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Tab.7 Removal Efficiency of Pollutants in Wetlands with Different Iron-Carbon Depth

izt e Al A2 A3 A4
COD PR R/ (mg- L") 60.0
KRS/ (mg- L") 39.0 25.2 20.6 15.5
PR 35.0% 58.0% 65. 7% 74. 2%
FEBRAM/ (gem?-d7") 22.05 36. 54 41.27 46.73
BA PR R/ (mg- L") 10.4
HK B E/ (mg- L) 8.7 6.6 4.8 3.7
PR 16.3% 36. 5% 53.8% 64. 4%
LR/ (gom™2-d7h) 1.75 3.95 5.91 7.06
HA AR/ (mg- L") 4.6
HK B E/ (mg- L) 3.78 3.52 3.50 3.43
PR 17.8% 23.5% 23.9% 25. 4%
LR/ (gom™2-d7h) 0. 86 1.13 1.15 1.23

KRR B2>B1>B3>B4 RO BOKEE RS B T A9 A B (A B R U 45 R I 5 Bir
B, BRI AR, S SRR R T, (H BT R, IS T, 4 AR ARE 22BN (o =0. 001 ) , B2
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Tab. 8 Removal Effect of Pollutants by Different Submerging Depths of Wetlands

EiEL7N miH B1(64 cm) B2(54 cm) B3(44 cm) B4(34 cm)
COD KR/ (mg- L) 60.0
KBRS/ (mg-1L7") 21.3 20. 6 17 16.2
FErHR 64. 5% 65.7% 71.7% 73. 0%
FBRATT/ (gem2-d7") 40. 67 41.27 45.15 45.99
EAR PR TR IE/ (mg-L7") 10.4
K REHRE/ (mg- L") 5.0 4.8 5.3 5.9
R 51.9% 53. 8% 49. 0% 43.3%
FBRAST/ (gom™2d7") 5.71 5.91 5.39 4.71
HA BEK BRI/ (mg-L71) 4.6
KB E/ (mg- L) 3.63 3.50 2.67 2.17
PHGES 21.1% 23.9% 42.0% 52.8%
FBRALT/ (gom™2d7") 1.02 1.15 2.03 2.63
2.3 FREETHRAIALIRHAKRKF M LKA A 24 YR/ d AT M 4 Ak B AR T
2.3.1 ARk A TIEHA AR B4R, C1 5 C4 ISR AR,
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Fikeh . hE o LE 6 vl 0, A4 T00 N BB x; S C2 felf, C2 K C3 ik B HE bR v, 5 3% S i3k
T COD ERWA B RCR, SiEsmmi, i KM, B ZAANEBREFEEERS (p<
R R E T (p<0.05) , HKHSE 35 B HEMObR 0. 05) , 7K 7 20T b 75 Y M 1 22 530 S5 1
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Tab.9 Effect of Different Influent Frequencies on COD
Removal Rate in Wetlands
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KR/ 60

(mg-L7")
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(mg-L7")

PR 74.6% 79.3% 76.8% 14.7% 65.7%
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Fig. 6  Effect of Different Pulse Frequencies on Pollutants Removal Rates in Wetlands
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Tab. 10  Effect of Different Influent Frequencies on

Ammonia Nitrogen Removal Rates in Wetlands

W[ Cl Cc2 c3 C4 S
KTk B/ 4.6

(mg-L™")

KR, 2.24 1.37 1.75 2.05 3.50
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PN 51.3% 70.2% 62.0% 55.4%  23.9%
AT/ 2.47 3.39 2.99 2.68 1.15
(grm™-d™")
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Tab. 11
Total Nitrogen Removal Rates in Wetlands

Effect of Different Influent Frequencies on

i Cl c2 c3 C4  EZW
KT VR B/ 10.4

(mg-L7")

KBk E, 4.4 3.9 4.2 4.6 4.8
(mg-L™")

P 57.7% 62.5% 59.6% 55.8% 53.8%
LR s/ 6.30 6. 81 6.56 6. 14 5.91
(grm™-d7h)

ZEA 5 R K ZE X b 25 PR R 5 ), 1
BEHEAK AR Ty 24 IR/ d VB R e AEdE A%
2.3.2  R[A]HEAK AR X T K 5 ) 5

He 12 38 13 .38 14 & 7 al AL & TO0F
T M R K 38 AT DLk B HE bR o, H COD L BRACR
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/N ARHLXT COD 23 BRASCRIE W AR 4, SR 2
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P AR R B s, BEE K I, 15K 5 5L
FEAbIS TS, COD K BRACR AL 4 xS T S A& B A
COD /0 | i IE AN 2, H PR BB WAL

T 12 RS COD 12 Bk

Tab. 12 Removal Efficiency of COD in Wetlands with
Different Influent Durations

TiH D1 D2 D3 D4
HEKIF K/ min 5 15 25 35
HEK R/ (mg- L") 60
HKRRWE/ (mg- L") 13.7 12.4 10.9 10.3
PN =S 77.2% 79.3% 81.8% 82.8%

LR/ (gom2-d ") 48.6  50.25  51.6 52.2

M6 14 & 7 Hh 48 T 00 R X & AU 25 Rk R
R[N, D2>D3>D4 =~ D1, Z A M L bk EZAKEE T s
YEF, D1 K] f e, K K, Y b s it S K 7
v ALK 7452 BE A T D4 BEAK RN PRk
6K, 757K 5 2 o A 422 fh st ) 4 Lk v (1) o ik (1]
BT A M E R DL, A% 4 AR

R 13 AFHEKI BT E R A L BRECR
Tab. 13 Removal Efficiency of Total Nitrogen in Wetlands

with Different Influent Durations

SyE| D1 D2 D3 D4
HEK I /min 5 15 25 35
HEK RS/ (mg-L7") 10. 4
HK RS/ (mg-L7") 3.8 3.9 4.0 4.2
PR 63.5% 62.5% 61.5% 59.6%

ERM/ (gem ™2 -d ) 6. 89 6. 81 6. 68 6.54

F 14 IRl K A AT X 22 R A BRAROR
Tab. 14 Removal Efficiency of Ammonia Nitrogen in
Wetlands with Different Influent Durations

WH D1 D2 D3 D4
7K EHE /min 5 15 25 35
PR R E/ (mg-L71) 4.6
KRR/ (mg- LYY 1.47 1.37 1.45 1.47
PRI 68.0% 70.2% 68.5% 68.0%

AT/ (gom2d7") 3.13 3.39 3.15 3.13

A T 00 A2 X COD L A I 2 BRBCR IR
KBTS 15 min A Fe KB
2.4 EMBEESH

FET TR T i N T R 58 (ICME) %
A WIRETE AR AN 8 PR TR 1K b AR
A8 £ W 1 ( Pseudomonadota ). J Z& B [
( Actinomycetota ) FIHLAT 1] ( Bacteroidota ) , FiH7,
Pseudomonadota FH%] 3= & A 88. 04% , Actinomycetota
HHXF = FE A 6.84%, Bacteroidota H XF F B Ry
3.20%, Pseudomonadota £ 45 [ 3% & . 5 3% & F1 4k
RERE A6 5 VF 25 S BRI B AR G 1 52 Ak 4
WL, AR COD MAE M R LB, RZiet" i
53¢ 2% , Pseudomonadota 5 Actinomycetota 7£ £k fif 5
45 AN B R T RO R G AR HLAYR BT IR
RACRESF AT RE SICH G, DL BT 18 R AE R
JEORUE TR R 5B A B R B A AR
Bacteroidota J&—F UL 1 {22 5 52 RS AL A T, B
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FXF Z RN RIS F AL EAT B (AR RE S
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RN RE I H AN 9 Fron, BB RIE R
( Thauera) J& T Pseudomonadota , 42 —JS 22 [T [P
YT, A AR 0 SOR A v RE , TR 1 R G 0 AR X
FHEEHN 10.02%, Li %2 BT R B 2Rt e
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Fig.7  Effect of Different Influent Durations on Pollutants Removal
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Fig.8 Relative Abundance at Phylum Level
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Fig.9 Relative Abundance at Genus Level
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