%42 54 6 4 AR5 AR FROP E D Vol. 42 No. 6
2020 % 12 A Journal of Civil and Environmental Engineering Dec. 2020

doi:10. 11835/j. issn. 2096-6717. 2020. 070 T At 5 (R4 47124 (OSID) 3 :

PRIt AR N T3 Ak BIL A 38 35 K A B F 8

BIR,F5
(ERKF 2R ERASFAERTHELERE, TR 400045)

B OB AGRATRMMARLREFLIK T NP FALEN LR EFR ARG, HHFALT
— IR A G A RAA LR A E S K C N A P i E, @ik BIRA 3 (ALK
BAERBALBEHTHAMNZALBHAIEAEFTRKEARE, F@I T EMBLRAARILEHAL
B COD. TP RBEA R EFTEWERAGTRLRE N, SREAN, HBRLALRTHNRE
W xf A E TR IERR, A AR H 0219 & £ 421,920 30 R %35 K 1 45 COD A= TP #9 %
B 2 4 RN Z 80 Y Am 60 %642 & 8] 29 93 % Aw 79%, 2 3: 18F TN 4 2 ik ik 3] % 5K -F75%, 4%
BT R GIR R R A K, COD & TN X E R BART 49 7% 8%, BT EMRE LR
WARAR A, 5 RH KT RERL A LS 2 BIAK,

KGRI A LI s BRI A5 AR s R TE K R AL

HE 53 S : TU992. 3;X703. 1 XHARERG A XEHS:2096-6717(2020)06-0178-07

The effects of domestic wastewater treatment by
micro-aerated hybrid constructed wetland

Zhai Jun, Li Yue
(Key Laboratory of Three Gorges Reservoir Region’s Eco-Environment, Chongqing University, Chongging 400045, P. R. China)

Abstract: The traditional constructed wetland is considered to have a low natural oxygen enrichment rate
and low removal efficiency of N and P nutrients. Therefore, a micro-aerated constructed wetland was
designed and developed to enhance the removal of C, N and P from domestic sewage in constructed
wetlands. By changing the aeration amount (gas-water ratio) and detecting the effect of the constructed
wetland on domestic sewage treatment under different temperature conditions, the COD, TP and various
nitrogen pollutants along the system in the artificial wetland enhanced by the micro-aeration system were
analyzed in detail. The results show that the micro-aeration system can significantly enhance the treatment
effect of wetland on domestic sewage. With the gas-water ratio rising from 0:1 to 4:1, the COD and TP
removal rate in the wetland increased from80% and 60% to 93%and 79%. TN removal rate decreased after
reaching the top of 75% at gas-water ratio of 3:1 condition. The low temperature also shows a great impact
on the removal of carbon and nitrogen. Compared with high temperature, the remove rate of COD and TN

decreased by 7% and8% in the low temperature. The change of pollutantconcentration along the wetland
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shows that the removal process of pollutants mainly occurs in the second wetland system.

Keywords: constructed wetland; micro-aeration; gas-water ratio; domestic sewage; sewage treatment
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Table 1 The influent water quality of constructed wetland

UNIECEZR FLeAi P fE
COD/(mg » L™H 195~248 215.4
TN/(mg+L~1) 60.92~71.35 66. 06
TP/(mg+ L™1) 5.16~6. 46 5. 90
NH{—N/(mg+ L™ 50. 32~58. 42 54. 96
NOs —N/(mg« L1 0.69~1.01 0. 84
NOz —N/(mg+ L™1) 0.01~0.21 0.014
DO/(mg« L1 0.20~4. 76 0. 64
pH 6.54~8.10 7.24

K/ C 8.0~28.8
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Fig. 1 The micro-aerated hybrid constructed wetland
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Fig. 2 The physical map of micro-aerated hybrid

constructed wetland
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Fig. 3 The effects of different gas-water ratios on

COD removal
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Fig. 5 The effects of different gas-water ratios on nitrogen removal
R W25 2 e A e SR R AR A L Bl X
KT s N TR K SRR RS T B, 24X
KB 3+ 1S, K AALA 1. 85 mg/L(A 4H) Fl
1.32 mg/L (B 41) , 1M 76 A B U i 7K 2 % i ik
35.5 mg/L(A £0) Fl 29. 2 mg/L(B 4)., Ouellet-
Planmondon ZE BF 98 & X, 76 %5 AKCE 3 i A TR
b B BT Ak A T T RO IR CR B

SO0 MEHL R SRS A Y SR R A R E LS.
T30 N T3 b A B A5 10 T 30 4 v i A S
BT T RGH TN E£RRER,

5 Quellet-Planmondon 4 BT 28 A [6] B S » 26
IR aok i BV R S 2 T R S e N T S
WAL R T, B R 5 T I, Rl MRS R A
S K A R A SO A S R R AR BB, RIRA
I E 7 SV A R O B SRR BE Y 10 A5
SRR 45 18F IR 70% . (EGET5 KA AL FE 1Y
RE LRI AT e fE . Wik R
PR A S, UK L 4 TR, 55 3 T M 3
K DO @ik 2. 0 mg/L, J*EREIR T HIR A IR B,
T ) B 2 40 2 i A ) el A T (45 H KT i
SRR R,

PRI 36 9 K HE 2 T e SN 0 R
BORFBRE TS Y, i A% T 2% 38 3 2 BR 9
7, T 3 e SRR R G 0 A AR AR BB LUK T
3+ UWE N ML AF AT IR 2l 5
2.2 BREMEERALRMERSLEAZNE

RIRBFEE R BT, K HE A 3 T, 8 i X e
P R BRacR e . EBURAESUK I 32 145 2t
FEAAE. TR AT A T R Gt g
i Ab s i 5 B 0 W L3R T RN TR b 7E 6
HGRIE 22~25 “CHMN 12 A GRE 9~11 ‘COMHAK
BT, HARIE 6 i

b7
Y 1 AL £ BT L
AR mm BAAKIR

B6 BREXMMEBESAIEAZI

Fig. 6 The effects of temperature on micro-aerated

hybrid constructed wetland
HE 6 AT LUE B X R 48 B i5 Ge sl %
BB UL A BRI B . S e
AR LG, AR K COD #1 TN ¥ B2 43 ) T 1
15 mg/L(A 4 COD). 23 mg/L (B 21 COD) #



182 I RE5xE e

FROF E O

% 42 %

3. 84 mg/L(A 4 TN).5. 54 mg/L(B 4 TN) . A
EBRTHET 6.37% (A 4 COD).9. 99% (B 4
COD) 1 6. 20% (A 24 TN) .8. 99% (B 41 TN) , B8R
IRiR TP Hi/K B SR TR T 4.9 mg/L(A 4D,
4.5 mg/L(B 240 fHH L FRBAFEIL T 1. 752 (A
DO 1. 94% (B 4D RINREEXS TP i, i
E3 1 ID GRS ST E LI IPOREE L7/PN 7 Vi
SO DA IR R v Tk A 7K S Uk B 11 25 5 DA I
il R B AR T DA S U X S AU s o
EMHAL I AR . 6k TS [ A ) A 150 o XU e 4 )
JEE P S I VA A 15 R A B I E A T ) Y i
JIEE R — 2 Rt AR b X N T ] D) 2
PR AR
2.3 BEIAZGTHESEERALEMSS
BREEBRAE

R T IRGEEAESOK AR T 15 R i R R B
B PSSR HG (3 D RIS W T 200 s v
IG5 PR

Pl 7 Ca) R A e A SUK R R COD
AL, A1/B1 & A3/B3 BURE N5 118, Ad/
B4 2 A6/B6 BUFE SN ES 2 B4, A7/B7 & A9/B9
BURESONEE 3 18, AT AT, COD Ve B 1 72 54
FEAR.COD MR ETESE 1 555 2 10 Hb 1) B i o S 4%
P, 6 S HUHE s COD ABRR T IAH] 73. 200 (A 4D
79. 6% (B 41, 5 B COD £ 80% LA b, i %6 3
TRHIXT B COD RBRAXTTHE T 20%6, £ SOFI SN T
BT A ELI N T MR RS i B SRS R S 1
FXF COD 1 LBRIEHL, £ COD W) EBRFEh kA4
TR EABER AR DRES, B 5 AR AHLL, COD 78
NS IEEBI R BRRE T T 17 %, (1R,
RIS PR R G LR T 2 Wi, 20 & DO 4 F
1.5~3 mg/L ZIa], Mi%f 1 {24 DO /NF0. 5 mg/L.
AbTFERAECIRAS , R A HLTS Y e 55 1 18 f9 K bR
FEUSEFR AR . M 2 Wb b TR
VERT AT 1. 2 mg/L, I . A ML 7E 4 S 40
R PRI R B DR o it . T 2495 K 2SS 3 1 st
COD ¥ IR, ZLBRACEA

MR AE SR AR SUK L2514 I TP 1 AR S B
WME 7 PR . ATLAE H, TP I FR IR 20 7 AR
HAEEH 2 Wb N R o W L 24 4090 ~ 4506 1Y

TP ¥TE5 2 W KRR M58 1.3 Wb x) TP () KBk
YEREUN . 5K AR R GErh oo 28 1 5B 25 i
SR AR W AN I A W A B . Wang 255
FER I, TP 23 o 2 Bl 2 7K It 7 1) 422 IR IR 1)
P HAEBE S O L TP B9 25 bR H A B 208 5 .
AU AT UE ), TP 2000 i R i e 2 Wb i 4r
SRS S S B T A B e BR AL 5 1.3 MR T
= s f SR, TP 2058 R AR AL T B, 2 BRaK
SR A O G AN B4 TP £BRAY 200424 .

2001y

~ N

Zisa] °§g

g § 7IN7!

< ¢§’/
YN B
A
NN

U

¥ S AZICODIEIE | Z2BHICODYKEE
(a) S KEH3: 10 CODIHTFEARAL

TP/ (mg-L)
(=] — ~N w -~ W = ~

K AL/BI AZ/B2 A3/B3 A4/B4 AS/BS A6/B6 AT/BT A8/BS AY/BY
I

¥ : S AZTPYK " BAITPYK BF
(b ) S/KH3: 1B TPH YRR AR

B 7 SKbt 3:18F COD #1 TP KB/
Fig. 7 The variation of COD and TP along the wetland

in gas-water ratio of 3: 1

Wb R IC R B U R A3 A K L BRAE O I & 8 T
Ne AELBRSBEE I, BIERE, TN WEHR
BWFEAR. 55 1 IR H TN 2o 32 5 DAL R 0
FEIW A TR 3 TR, TN 25 BRACR AR 12
7Y 1096 ~ 14 %6, F B 1 b AE 9 S [8] 1111 5% 201
55 2 0 Hb 2 R AR SRS WA DO 4T 1. 5~3
mg/L Z [0 S 2Bk A BRI, 3R 0 i
PR 7 8 F2 M AE . — R UL, DO 2390 i) 52 i
TR A TR I AR A TN L BRR (0 7E
AEFUFAA A T ROEE 2 ISR 3] T8 i TN 22
B, TN 3Bk 7 SR B9 75 96 ~83 %4 , HLAKRE
MYAFRMAR, AR EER TS T TN
FppRITI IR ARG TN B B, 5 a0 f



%6 BAR S R AR LIRS IE A 75 KRBT R 183

RER UBEIRGALT T ZEE, TN BRI AL
FrEMm LR . RN R, B E R
TR TN EBRTEEHE 20 cm AbSEE 225585, K
B RS R G T )2 PRI, 3 AT REAE R
Gih R TR B A BTN TR
BEJ5T DL KA AEAE AR R AR B A% 1 A
DO 43 A3, 7] fig H B8 2 ik 4 IX 38 K AR i Ak
JIE AT TN A8/, 25 3 18 b i 7K Ay AU A
Wb AR RS A R B R T COD A TN kB
{42, 0 mg/L(A 41 COD).31. 0 mg/L(B 41 COD)
14,9 mg/L(A 20 TND . 16. 9 mg/L(B 4 TN) . &
AL F iR st Z RS, FBOE AR MR, L TN
FBRAL G B LR R 7% ~12%, BEIRHAE P A
[l 7 9% 2

2 22
K AU/BL A2/B2 A3/B3 A4/B4 AS/BS AG/B6 A7/BT AS/BS AY/BY
a2

T3
1: ZA4INH,*-N sAZ4INO,—N IA4INO, -N
= AZAHIE =B4INO,~N SB4INO,-N
CIBZINO, -N =BALHLE
B8 Skib3:1MARREMNGEEWL

Fig. 8 The variation of nitrogen concentration along

the wetland in gas-water ratio of 3: 1
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