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Abstract

The micro-nanometer aerated constructed wetland is a new type of constructed wetland system.
Because of its small size, Micro-Nano bubbles can exhibit characteristics different from ordinary
bubbles, which can greatly increase oxygenation efficiency, improve water supply, provide favor-
able conditions for microorganisms, and accelerate the decomposition of microorganisms; the mem-
brane-attachment device in the artificial membrane constructed wetland provides an environment
for microorganisms to attach. In this study, on the basis of constructing constructed wetlands,
domestic wastewater from Huayuwolongfu was used as simulated influent water, and the Micro-
Nano aeration and membrane-construction constructed wetland simulation system was studied
for nitrogen in domestic wastewater through continuous water intake. Phosphorus treatment ef-
fect explores the feasibility of exploring efficient treatment of domestic sewage. The results showed
that 1) Micro-nanometer aerated constructed wetland systems have a good removal effect on TN,
NH;-N, TP, and POj‘ in wastewater, and average removal rates of TN, NH}-N, TP, and Poi‘
in wastewater are respectively: 62.1%, 75.1%, 38.2%, 56.6%; 2) Micro-Nano aeration and mem-
brane-construction constructed wetland systems have a good removal effect on nitrogen in waste-
water, especially for the removal of ammonia nitrogen, micro-nanometer aeration. The removal
rate of ammonia nitrogen in constructed wetlands reached 75.1%, and the removal rate of ammo-
nia nitrogen in artificially constructed wetlands reached 65.8%. 3) The removal efficiency of N and
P in the domestic sewage in the Micro-Nano aeration and film-formation constructed wetland sys-
tem is higher than that in the ecological packing artificial wetland system. The research results can
be applied to the treatment of domestic sewage.
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Figure 1. Device layout flow chart
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Figure 2. Ecological fill constructed wetland plant
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Figure 3. Micro nanometer aeration artificial wetland plant
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Figure 4. Device for treatment of constructed wetland by hanging membrane
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20.0 pg~ 40.0 pg~ 60.0 pg~ 80.0 pg 1 100 pg, MK ZEFRZE. I 1.0 mL WA FREENA, 25, i
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Hde A BRI PR KRR 2 RDNE (K 22{E, [RINRF Excel2010, X ilie Bt 1T o th AL . 5
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= M %x100% (8)
CV,
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V1:V2 [35]0

3. MRERS S
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3.1.1. A A LR SKP BRI ERSR ST
5. & 6 2 HIAMAIKESN TR, FEIE N TR A vE 75 7K A s S0 22 B 3 o

—— i —a ke

TN (mg/L)
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Figure 5. Removal effect of TN by micro nanometer aeration constructed wetland

B 5. MAKBES ALERXT TN KBHR

i1 5 Al Sl kiR SN T TN #E/K K EEE 0.8920~41.5179 mg/L 2 [a], ~F-¥33k /K FE Ay 19.7704
mg/L; /KK ETE 0.2217~29.6448 mg/L 2 [8], P35 H /KR E )9 7.9186 mg/L. KRS N TIRHXTT5
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JKH TN LR AE 24.3%~95.9%2 8], T FEBHEFEN 62.1%.

H & 6 A3 N\ i TN 3K IR BE#E 0.8920~41.5179 mg/L 2 Ja], -3 #E /KKy 19.7704 mg/L;
HZKIR BETE 0.1786~30.8348 mg/L 2 [1], “F¥JHI/KIKE N 9.1817 mg/L. A TIgHx 5K TN £Bx
RAE 20.3%~93.9% 2 7], V35 2:FrFN 56.8%.
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Figure 6. Removal effect of TN in constructed wetland with hanging film

& 6. $EBE AT TN XRER

WFCRT AT SRR SN IR 5 K S BN P 2 BR 3 N 62.1%, 7E DLAEZSIEORL 9 58 5T ) BL il
SN T RN R E, Vs K AR IR AL T B A VA SRR AN TS P S A R R A E
S R AR IR SN IR = 75K R SR B R HEEE N TR G K s P R R
56.8%, FEMKL T TR MR A — AN IR, SCI0R TR N TR R i 75 K RS A e bR . SEIG A
PR KR SN TR P2 KR A 7.9186 mg/L, R A Ty 72 /KK BN 9.1817 mgl/L,
HH P ] A A oK B SN T 5 7K e 0 25 B ORI e TR N IR, 3 B FL R R R oK R =
ARG IS MEIAEE, TEY LR R IE AR, ARG R, ) DUIMAR XS G i) [
AN = 2 R e

3.1.2. AFA LRI SKAPAEENEBRERSHT
K 7. &8 BN KR SN L . A TR A S V5 7K e B B BUR
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Figure 7. Removal effect of NH;-N by micro nanometer aeration constructed wetland
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B 7 A3, FRgKEE SN TIRH NH -N KR BETE 0.0527~0.1696 mg/L 2 [1], “F¥if/KIKEE N
0.0233 mg/L; 7K EE7E 0.0003~0.0657 mg/L . [8], P33 H7KIKE N 0.0233 mg/L. FgAKBR <N TR
X5 K H NH; -N £ BR3RAE 38.9%~99.6% 2 1], P23 N 75.1%.

F 8 nf, BN TR NH;-N KR EETE 0.0527~0.1696 mg/L 2 I8, “FHik/Kik A 0.1055
mg/L; H 7K B 7E 0.0045~0.0680 mg/L 2 [H], “F- 35 Hi 7K J& 24 0.0351 mg/L o HEfE N T Hi X5 7K 1 NH -N
EBREAE 19.9%~95.3% [H], “FIJLFRFEN 65.7%.
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Figure 8. Removal effect of NH;-N in constructed wetland with hanging film

[E 8. R AR NH,-N EFRZR

WFICAT AT SRR SN IR 5 K B P 2 BR 3N 75.1%, 7E DLAEZSIEORL 9 58 5T ) BL il
EIEINT GKBR R E, T K IR R TOE B R AR A IR, AT S R A P B A I R A E
S R AR IR SN IR & T V5K R A B HEEE N TR X5 K R E AP B R R
65.7%. SEG S5 FRIHTUGIKIRSN TIB P35 /KR EE A 0.0233 mg/L, AR TR T3 /KK EE N
0.0351 mg/L, FHILFTIS AN KR SN T HIXE KR R B LR PR s TR T, 24 3 R R il
GORBR SN IRE TR IR AL, IR R G AR FE R 08 SR I S AL T AR KR, I R G S
W NH, -N AL NO;-N , B TV5 K P BRI RRGH 708 NH, N, B 380 L5 KRR &
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Figure 9. Removal effect of TP by micro nanometer aeration constructed wetland
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H 9 A7, Ak iR SN T TP #E/KIKEAE 0.0191~0.0390 mg/L 2 [8], Pk /K i 5 A 0.0290
mg/L; HI7KIKFELE 0.0099~0.0282 mg/L Z [A], P34 H /KRB N 0.0178 mg/L. A KRN TR x5 K
o TP LBRFAE 21.5%~63.46% 2 1], P EERHE N 38.2%.

i 10 W45, N T TP #E/KIK EE7E 0.0191~0.0390 mg/L 2 [a], “F-#4ik K Kk iy 0.0290 mg/L ;
HIZK IR FELE 0.0145~0.0300 mg/L Z (8], “F¥JHIKEKEEN 0.0213 mg/L. HEEN TIN5 K TP
7 13.1%~54.4%2 [7], “F355BREN 27.4%.
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Figure 10. Removal effect of TP in constructed wetland with hanging film
10. #HEALEHT TP XRRER

WEFEAT AL AR N IR OG5 K s BT B 5 BR300 38.2%, £ DLAE A HURE 2 Jo 1 J: i
XN T AR TR, s K TR IR SR O T OE B R A, N TR K R B
I L BREEN 27.4%. LIS 25 TR IR RSN TIR P2 KKy 0.0178 mg/L, M5 Tigih
PJHKIRIEDY 0.0213 m/L,  HI AT AR K B SN T 075 7K v BB A 25 B ROR W v T RN T3
b, o3 A R DR AE N T3 2R Gt v 10 25 B B B A Rl A 0 L 0 R R R e/ P S SR it
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Figure 11. Removal effect of PO? by micro nanometer aeration constructed wetland
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B 11 "I1S, TAPKER SN LRk POS #E/KIREELE 0.0155~0.0476 mo/L ZIH], “F-¥it/KIKFEN
0.0273 mg/L; Hi/KHJZAE 0.0015~0.0291 mg/L 2 [&], P 7Kik Dy 0.0117 mg/L. MPIKIE SN TR
XHGKH POY ZBRRAE 22.3%~87.4% 2 7], “F-H % %Z N 56.6%.

FH P 12 143, N TR Hh PO i3E /K I FEAE 0.0155~0.0476 mg/L 2 [H], “F- ¥t /K ¥ >4 0.0273 mg/L;
HZK IR FELE 0.0015~0.0251 mg/L 2 [A], ~“FH5H/KIKREE Dy 0.0140 mg/L. HEN TIN5 KH POT £k
HAE 20.3~80.5% 2 1], P34 LFREH 46.7%.
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Figure 12. Removal effect of PO? in constructed wetland with hanging film

B 12. #HEATEMRT PO KMRBIR

WEFCAT A K SN TR 5 7K B BR 6 1 P38 PR3N 56.6%, 1 LAA: 25 JURL A 36 i (1 3%
fili B3N T AR IS E, AT K P IR R A T OE B VA MR EOR BT, RN TR XS K P R
TR BRRN 46.7%. SLI6 45 FR BARIANKIR SN TR T35 /KA 0.0117 mg/L, HEREA T
Hb~F 35 H KU 2 0.0140 mg/L, EH AT N R RSN TR b X5 7K A BT 6 11 25 B s R s i e A
TR, TR PR B AR N T3 2R G5 0 2 6k S B ALHR MA  TE R R AL R S T L SR
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Figure 13. Removal effect of TN from artificial wetland with ecological packing
13, E7SEPALIE#ST TN KRR
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PP 13 A5 AE SR LHgsth TN 3E/KIRFEAE 0.8920~41.5179 mg/L 2 1], “F-¥Jit /KA 19.7704
mg/L; /KK ZAE 0.3090~32.6300 mg/L 7], ~FI4 7KKy 10.1086 mg/L. AEAIUE A TIRHIN 57K
H TN LFREAE 18.6%~81.0%2 8], P31 EFRFE A 51.4%.

HE 14 a71, AR TR NH; -N #F/KR AL 0.0527~0.1696 mg/L 8], ~F¥JiE/KHKEE N
0.1055 mg/L; HH/K#JZ7E 0.0018~0.0986 mg/L 2 [&], 347Kk [y 0.0355 mg/L. ARSIV IR}
757K NH; -N £ BRRAE 34.5%~98.2% 2 [], P32 535N 63.1%.
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Figure 14. Removal effect of NH,-N from artificial wetland with ecological packing
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Figure 15. Removal effect of TP from artificial wetland with ecological packing
15, ESEM A TR TP KRRHR

m 15 718, ARSI TR TP /KR B 7E 0.0191~0.0390 mg/L 2 [a], “FHik/KikE N 0.0290
mg/L; tH/KIKFEFE 0.0074~0.0309 mg/L Z [8], P33 7Kk 9 0.0208 mg/L. AEAIR A TIBHIR 57K
TP MR AE 11.9%~67.9%2 8], “FIEBRF N 26.7%.

H I 16 W13, AEZSHOR A TR PO #E/KIREETE 0.0155~0.0476 mg/L Z [, Pt KRk FE  0.0273
mg/L: tH/KIKFELE 0.0025~0.0367 mg/L Z [8], T3 7KK EJy 0.0148 mg/L. AR TIBHRT57K
PO~ ZBRFAE 21.0%~88.5% 2 ], T LFRHA 44.7%,
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Figure 16. Removal of PO} from artificial wetland with ecological packing
16. EAER A LB PO} KRR

3.3.3. BMALRESEAEN A TR AR R
F 2. F 3. E A E5NBNAFABEEMNETIGKE TP POY . TN. NH;-N ZRFMFHME
BAAE. H/ME.

Table 2. Removal rate of TN by different devices (%)
2. FRIFEX TN BIERRE(%)

HH P SN} /M
AR 51.4 81 18.6
TR IES, 62.1 96.0 243
AL 56.8 94.0 20.3

Table 3. Removal rate of NH;-N by different devices (%)
3. FRIZEEST NH;-N ERE(%)

HH P SN} /M
SRR 63.1 98.2 345
TR IES, 75.1 99.6 38.9
AL 65.8 95.3 19.9

HIE 20 4 3 13 MUK N TG AR 575 K rh RUN R R ACR = T A SR N TR, 7870 R 8L
TGRSR, AR R TR, ERIR A TR A5 15K th R L BR ORI = 1 A 25 30
N, U IR AL B AV 1 /K B R BR A — B RO HEXT B2 #7 7T 45 R i oK g < B N T3
MO ARG K PR L BRRCR T ARSI N TR, $Rm TR A AT

Table 4. Removal rate of TP by different devices (%)
F 4. TEREX TP BIERE %)

E T SN H/MA
AR 26.7 67.9 11.9
TRARIRS, 38.2 63.5 215
AL 27.4 54.4 13.1
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Table 5. Removal rate of PO? by different devices (%)
#5 TRIEEX PO} HIEMRE(%)

RE T SN H/MA
A SR 44.7 88.5 21.0
TR, 56.6 87.4 22.3
AL 46.7 80.5 20.3

HI 4. 4% 5 A3 MGKIE N IO B 5 TS K P B0 5 B RCR T A S SOR N TR, 7870 AL
T AR SEN, AR T LB, HERIRA TR A5 15 7K rh B A L BR ORI & T A2 A5 30
N TR, R AR B A 5 K B 5 BT — € RCR e X LE A M T A5 B oK R AR R N T
TR AR TR K TR BRI 22 BRSO TAE S RN TR, B TR T AT

4. e 5N
41. &5ig

AT FERG K g N T3t 2 St S 6 75 2068 32 1 1 46 2 BRI /N DX 03 A 15 7K AT
AbEE, WA EAR TR AR BU T R M AR BRI R S N AT R, ORI U TR
o R GG KR R R BRBCR BT, JEH R R R BB, R BRI N TR = R Bk
HIEF] 75.1%, FEMLN W 2 A £ bR A5 3 65.8%. LA S, HAKIE SN TR R0 A £
R R T TR R 5.

4.2. #Y

1) BRI RS AEYREAT I I, DSOS A, DURGE S E I B A .
2) LR R HEAT SR SEIRAT TT, A BT RE AR IO P P RE . DA R SRR TR (R FE BC EE A1 o
3) MIAEABLUHIEA EINATRIAEY), FE M BRI G R BRI ROCR -
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