%42 % %e6m E 4 K HE K Vol. 42 No. 6
2026 43 A CHINA WATER & WASTEWATER Mar. 2026

DOI:10. 19853/j. zgjsps. 1000-4602. 2026. 06. 020

AO-MBR+ A W AFNEDETLSKAME

kpItt, ¥ o, LEFEF, EIGRS, FHRLY, Dapap?

(1. b ZARBAFE KA TRAE, b 1022065 2. Jb 7R 2 KR FRBLAE A RFTHE

A8, AR 1013995 3. R HERFE RAKRSAFRASE, b 102400; 4. bR [EEFFIRKREE
FHE ARG, dFE 101300)

i E: LR TPFEREFEM LT A SATA R ERATE 2T EATAR T R 3E, KA
32 X, AO-MBR — A& &+8 AR AA TR T H 3T 41K 26 AN 09 A 75 KT, %
A B HLAEE A 2 580 m¥/d, 2023 4 1 A —12 A # KT KA AO-MBR KK R B m 2 R &, hig
H TN 215 % (18.60% ) B4k 5h , AO-MBR A AL B B & 428 Hu % COD \NH,-N . TP & BOD, 34 B A 44F
M ERE, A% B KRR HRIT T ORT LY 50834474 ) (DB11/307—2013) #4 # (& 77 ) 75
KA FL5E T AHRIRAL, ZARBRG, TR RATERTL6T%, 5 KM A3 F K 2] 83.34%, 4
ARG X T, D535 A 12 421.17 U/, BR B R % W3R 4 4 68 739.29 7T/m*(690.07 T/m) .
7R AL PR 5k B BIEAT AR A 2.56 0/m? B E AT R A 0.213 T/m?; B M IE AT A A 1.052 70/m’(2.88
JT/m) o

Ki#E: AT4LIFAK; AO-MBRLZE; —HRiLik&; ATER; SHBXNFRLE

FESES: TU992  X#EktRiZfE: B XE4HS: 1000 -4602(2026)06 - 0121 - 08
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Abstract: Twenty-seven village-level sewage treatment stations were built in Wangxinzhuang
Town, Machangying Town and Donggaocun Town of Pinggu District, Beijing. The domestic sewage from
26 villages in the three towns was treated by buried AO-MBR integrated equipment and vertical
subsurface flow constructed wetland process, with a total treatment capacity of 2 580 m*/d. The monitoring
results of influent quantity, water quality and AO—MBR effluent quality from January to December in
2023 showed that the removal rates of COD, NH,—N, TP and BODj, in the biochemical section of AO-
MBR and the subsequent wetlands were good, except that the removal rate of TN in the wetland was low

(18.60%). The effluent quality of the system meets the discharge limit A in the new (modified, expanded)
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sewage trealment slation in the Integrated Discharge Standard of Water Pollutants(DB11/307-2013) of

Beijing. After the completion of the system, the sewage load rate is 74.67%, and the sewage collection and

treatment rate is 83.34%. In the construction investment of the whole system, the stations is 12 421.17
CNY/m’, and the supporting collection pipe network is 68 739.29 CNY/m*(690.07 CNY/m). The direct
operation cost of the sewage treatment station is 2.56 CNY/m’, the membrane renewal cost is 0.213 CNY/m’,

and the operation cost of the pipe network is 1.052 CNY/m*(2.88 CNY/m).
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Tab.1 Design influent and effluent quality
KJBE | BODS/ | COD/ | SS/ |NH,=N/| TN/ | TP/
F845 [ (mg/L)| (mg/L) [(mg/L)| (mg/L) |(mg/L)|(mg/L) pil
HEK | 135 360 300 35 55 5 16~9
ok 6 30 5 1.5(3) | 15 0.3 |6~9
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ZEBAr FR5E AN TR /K s BOD,/COD=0. 375, # & 1]
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Fig.1 Process flow chart of sewage treatment
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Fig.2 Annual water quantity change curve of Xixingyuan

sewage treatment station in 2023
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Fig.3 Monthly average water quantity change curve of
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Xixingyuan sewage treatment station in 2023
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2023 4E 1 A —12 A, 3 K COD 2k 146. 45 ~
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T v R M UK COD A 13,03 ~ 27. 12 mg/L.
AO-MBR £ %¢ COD V-3 L BR 3Ny 83. 67%, T H
T COD V34 L BR 3R N 41. 57%, & %5 COD -3
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Fig.5 Monthly NH,-N detection value and corresponding
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removal rate of each unit in 2023

20234FE1 H—12 A , K NH,-N 4 22. 35 ~44. 57
mg/L, AO-MBR 7K NH,-~N 4 1. 10 ~ 3. 35 mg/L, 3
ELWE IR b 7K NH,=N 24 0. 70 ~ 2. 45 mg/L. AO-
MBR % 4t NH,-N ¥ 34 £ B % 94. 36% , & 5 1 Ui
N M NH,-N P35 25 B %08 39. 46% , 3 48 NH,-N *F-
KR EBRR N 96. 60%. 1T LI KB, i 5 48 NH,-N
FBRRAL TN TR M 75 /K Ab B TR AR BLIE ) (HJ
2005—2010) , 7 faf A XTI . A 4F BT A H 4y ik
NH,-N 3k 2] 4t 52 i (K 15 4o 9 25 & HERChs #E)
(DB11/307—2013) i35 (2 97 ) 15 /K Zb Bk v A
T BRAAE

@ TN EBRECER

VG 75 7] 5 7K Ak L 3ty = S A B PR T TN A T &5 SR
i 6 frs . 2023451 H—12 Hi#EK TN 4 29. 8 ~

49. 6 mg/L., MBR 7K BLA( M 13. 11 ~ 18. 99 mg/L, FE
IR K TN M 8. 98 ~ 13.99 mg/L. =4k %
48 TN R £ H N 64. 46% , 38 18 I W TN - 44
LB E N 18.60%, R 5t TN 1 B LB %K
71.16%. AILARBE, ZBR TN FEAREEAEM RS )5
ZLU ML RGNS TN KBR R, RERFEHA HMh
HE 7K TN 238 2] 46 5017 KI5 G W 25 A HERUbR )
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Fig.6 Monthly TN detection value and corresponding

removal rate of each unit in 2023
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Fig.7 Monthly TP detection value and corresponding

removal rate of each unit in 2023
202341 H—12 H#E/K TP 3. 23 ~ 4. 62 mg/L,
AO-MBR 7K TP 2}y 0. 41 ~ 0. 71 mg/L, & 7 1 i 1%
Mot 7K TP 4 0. 17 ~ 0. 30 mg/L. AO-MBR & 4t TP
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35 F B R 85. 00% , T LI I I Mt TP - 34 25 B
RN 57.59%, 5 TP -2 B LR K 93. 71%., 1]
PLUE I, 1 2R 48 TP 22 BR 3R mE L T CN TR 57K
Ab 3T AR ARBLIE ) (HY 2005—2010) 146 2 A TR
o R GE05 ey 2B . T H 4 K TP 34k 2] b
i K TG Qe 254 HE bR 1 ) (DB11/307—2013)
BT (R ) 75 7 Ak Rk v A HERIBR A

® BOD,Z= R

PG 2l 755 7K Ak B 3t 5= B2 Ak #E56  BOD W
LERANE 8 iR . 20234FE 1 A—12 A, 37K BOD, Hy
49. 10 ~ 120. 90 mg/L., AO-MBR {47k BOD, } 7. 97 ~
12. 60 mg/L, M B ¥ Ji 42 Hi 7K BOD, by 2. 40 ~
5.98 mg/L. AO-MBR % % BOD, V- ¥ % & & W
88.47%, T 1 ¥ i 1 Hb BOD, F ¥ £ Br K R
60. 90% , 74t BOD, V- 34 5 2B %8 95. 52% ., T L
KBV ZR 45 H 7K BOD, I e N TV Y5 7K A #
TR ARMIEY (HY 2005—2010) 3 2 A TR M &
Gii5 e LBRRER . A H 4y 7K BOD, 23k 5
At 5t i (KI5 G W 25 A HE AR #E ) (DB11/307—
2013) BHT (B ) V5 7K Ab B o A HERBR(E

- Z4iit/k BOD,  ——MBR {17k BOD,
——RGEHIKBOD, L R LR
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Fig.8 Monthly BOD, detection value and corresponding

removal rate of each unit in 2023

4.3 BARREFHES
4.3.1  HOREHIME

1 36 2023 4F P4 A bl {5 7K A Bk 9 3 | H KoK
Jo SR B G DM A k2 B, G HR K K B A R 3k 1
1 OKI5 G W 254 HEChR i) (DB11/307—2013) Y
B () 15K A Bt b A HEBCRRAEL (R TN b, 222
FEARIA I LR IV K 25K ), R W 30 AO-MBR
— A B+ BRI TR T 2 TR A X

F B BTG K A B L BR Y b 2R Go % TN 2B %
AR A, XF T COD.NH,-N.TN. TP } BOD,, AO-
MBR A1k Bt — R Ak i & K Jm ek B 1.2
PR BT AR

4.3.2 FHEMA

VG A el 355 K Ak B S TR 9% Ol 1388 045. 26
JC, L A WAL H gk B T RR AR
o 27 V5 K A BE  EHE 5E  32 046 624. 69 TT,
PO P 12 421, 17 J0/m’, Fie 2515 7K 4R 45 I
KBE N 257 km, BEWE R 177 347 362. 78 IC , F- 34 4%
7 690. 07 T0/km, FRA K EAR BT R 68 739. 29 7T/m’,
FE /IR 23 10 DX 3 1 1 = — A fb 18 45 75 /K Ah
LI RPN ST A (G
4.3.3 BTHIAR

© gk

2 TR 2559 B HE PR B 24 70 RIR R &
BRARER ) \MBR S BE 245 77 [ R 4h (10% W A4 i
W) FHE VAR IR | o VA Bl ¥ 7K A 33 3 7K e 2R
FL 7 i, SEACR T BBk U5 . ik /AR
BT AR . 15U SR At s 1R A 2 M
BRI TG K A BT S AT B 7K P4 v Ak B T
3, PR T 75 380 3 A Ik e (PAM) 535 e i /K 24
M, R g — AR G WS K S Ak &2 .

PG A5 el 75 7K Ak B Bl 24 50 20 2. 1 ta, BR
Hr 540 JC/t, B A 1 134 I0/a; 7 IR K R iTHE,
BAS A 0. 031 0 J0/m*; 442 B S FR K BT, A N
0.038 2 JG/m*, 27 J& 37 0l A v B 5 24 ) il 4o
78.7 tla, BB 42 498 JC , 4 R K B 2
i 25 5 BUAS 4 0. 045 1 J0/m?*, 4 18 52 PRk 1 0 h
0. 060 4 JC/m’,

MBR 535 e R FHTE 4R 15 Ve Rl B I Ve 45 5 1
D52, FERIE U o I e PR VR R T Ve .
PR LR 1R, R SR M B Ol 500 mg/L; PR
PEVEVE T H 1R, IR G FR MR B2 4 2 000 mg/L; B 4%
TR VA 20K 6 27 370 1 MBR 4 2% & iz &
FF T 358 RRASE Y5 7K A B ) 4 p i v, A RS Tk 4~5
VA o BRUE R R YR TR N A TR, IR Y R R
43 000 mg/L. PR VR FHFFGIR , B i il vk 22 R 30
gL VU el ¥5 7K Ah 383k 78 08 Uk vk SRR B 12 R
0.513 t/a, 2}y 425. 8 JC/a., 27 JEI UL AR LR35
YRR E RN R 14. 78 /a, 8 12 267. 4 70/a,
27 JE 7 U B A VR AR BN B 8 2. 6 Va, K
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1% [ R 2.7 va, G R 4R 5% FH R 2 158 JC/a, #1145
2 2% FH M 12 960 JC/a. 25 S uli 1k 25 2 e 9 H .
25 b VE A el T K AL B R T RS R 100 m/d, 15 Uk
25500 WA S 0. 027 0 C/m? , 43 B8 S PR K B ) Ay
0. 033 270/m’, 27 Il BIH TR 2577 28 R 27 385. 4
I, B K B A R 0. 029 070/m?, # R SEBR
KA 0. 038 9 76/m’,

TR sl B IR AN, T BRI A R A A%
1 550 JT/t, {fi & 5. 8 t/a, 2% /11 8 990 JT/a, F&% i
KR 27 A, AR A 0. 009 55 70/m’, 4% 17
SEBRAK N R 0. 012 8 J6/m’,

g5 b AR BOT K BT, P8 A FE T 2K Ak B 24 5]
AR A 0. 058 JG/m?, 27 JHE 5 7K Ak B 3l 24 551 B AR Ky
0. 083 657C/m’. #%SLFR/K I, P8 A el 245 551 A Sy
0.071 4 JT/m*, 27 J& 5 /K ¥ 25 5 i A< R 0. 112 1
JT/m’,

@ Hh

TR B AR ARML . V8 A el ¥ 7K Ak
PG HE KR TR I %0, 75 kW, 1 1 45,24 h &8 8%
BT, RHLENER 0.4 kW, 24 h B E2E47, 77K AW
HIIFRO0. 6 kW, FaA 24 hi#E LB 1T, 84T 7 min, {5
1 min, [EIVEZE 1ZH30.75 kW, [F137 52 2 31 %K 0. 45
kW, 24 hif Zeiaty, SEBERESS 1 &, 2)%£0.37
kW, b FEAs 1 5, D138 0. 55 kW, BJ#% i 24 h
HEHa T, BT 0. 657T/(kW -h)it. P EE S
KK B 6L 9% by 46. 44 70/d, FRBEH K BT, AR K
0. 464 Jo/m* , ¥ SEFR /K 511 4 0. 570 J6/m?, 27 JiE
75 7K AR 3G 2% FH oA 559 949. 308 JC/a, 47 MR 1K
T RLAS R 0. 595 J6/m?, #5252 s K A 0. 796
JG/m’,

@ TGIRAL AL E TR

27 JRE 5 7K A B 7 A A S TR TR A R
T 4z 28 BRI 35 KRS 5 K A BT R AT AR R B K
WK G 88— iz 6 38 1 15 e Ak rp o HE AT AL
o, AbBEAL B 2% N 40 J0/mP IR G L s K 3 R 25
TP IR A o VA Bl V5 7K kb Bk AL B TR A W 308
m*/a, Zb FRAL B 2% R 12 320 €, iz 5 2% >R 7 700
JG, 71120 020 7G, # BT /K S A R 0. 548
JC/m®, $ S PR K TR 0. 674 J6/m? . 27 JRE ¥5 7K
Ak Bk Ab R A WA T 8 169 mYa, b B B N
326 760 JC/a, 12 % 3% F o0 204 225 70/a, i IR 11K
A TR SR R 0. 564 JC/m?, #2 SEBR K

0. 755 JC/m’.

@ ANTHA

27 JE 5 K AL BRE B K 3 AN IR BB T HEA 3
LR LA 2 A, T 70000C/(H - )G T
PEORRS) A0 3 . H R LR TAE R B G
KUK A &K bZe e WA b 3ok 2 X
FARFELEAE ALYNCE] 2% R 78 900 TT/a, G- 4
18 S AR 3% 2% R 3 500 Jo/4H , BRI T REAR R 593 400
TGlae 27 JEYG 7K Ak P B 21 977. 78 JG/(JHE -a) |
Fi FEBET /K BT AR A 0. 630 J6/m*, #3252 FR K &
T4 0. 844 JC/m’,

® B H R B2

27 JE 5 K A B 37 0 R % & BN B Y
J7 A TR A B AR FEL R A |, 98 A1 12 800
JC/a, BT K RIS 0. 013 6 J0/m’, # S BR
KA 0. 018 2 76/m’,

©  EEH A

— R A P MBR R R FH 25 7K 5 v 2 2 4
7 B, 5o 3 J 30 S~ A% 18 11 AR, 4% I 8
AR AR o PH A el T K Ak G SR 1 B
A%, AR 10,7 m?, B 5 B0 35 1, B T AR
S 374.5 m®, JE T4 B 120 J0/m?, BT 4 AR R
0. 154 50/m’, 27 JFEART BT 7K b 38l 5 BT AR
9961.7 m*, i MR TT/K S 115, B BLA A 0. 159
TG/ FESEBR K BT A 0. 213 J6/m? s BB A AH
X 958 e, 3 D IR 2 S G 3 R AR BT
I3 A o

@ KR 2%

KRG 56 % ] =2 AL 45 3 40 < 55 = K 2%
FH15. 8 J1 i/a FIAL B EFEM 2% H 8. 4 J1 JC/a, & 1T
24. 2 T3 70/ a FE IR T K B AR 0. 025 7J0/m’,
F L bR K BT R 0. 034 4 J6/m’,

B W B Y B

27 JAE TG A AL B UG B TR R 2 580 m/d, i
BTG KIS W 257 km, BLE AL 5 498 J3, 4E 4
BUAS A A 2 T 4 A I SRS A g e
T B R 44 45, B9 G it 739 840 JT/a, A
2. 88 JC/m, & MR /K I AAR A 0. 786 J0/m’,
FRSZPRoK # I 1. 052 78/m’

ZEA VL 2GS (R gk 5 e ab FEAL B KB
R N TRAS 4% H W GRS K RAE 7 KT
K 56 2%, 0 0 AK R, V5 K Ak B BB AT
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A 1,898 JT/m’, I HUET I AR A 0. 159 J6/m’, W)
BATHAR R 0. 786 J0/m’ . #i S BR/K it , 15 K Zb B
Ul EAEIB AT AR N 2. 56 J0/m® , I HE A M 0. 213
JUm’ B Wz AT A K 1. 052 J0/m s S5 4h, 15 K
LW 257 km B IE AR 2. 88 TT6/m.

5 #it

KA X AO-MBR — {44k 13 %5 +3F R
TR T 25, B A 1 27 JRE AT AR G 5 K Ab BE S
ST 2 580 m/d, X =4 X 26 AR 9 A T
TG KHEATAE B, S5 R, R4 KoK R i
A6 50l (KI5 Y W 25 A HE AR #E ) (DB11/307 —
2013) AT (2 37 5 K AR Bt b A HERCRRAE . 2023
AESZBR TG K AR PN 1 926. 49 m¥/d, 15 7K i fif 5 h
74. 67%, 15 KA AL BN 83, 34% ., A 15K
b B B K HE AT o 27 JAE 5 7K b 3 1 %
12 421. 17 7t/m’, Bl 5 K AR A L9 68 739. 29
JG/m*(690. 07 JG/m ) , BEARIE TEAK PG . V57K b B
Ul EAEIB T AR N 2. 56 JC/m?, JEEH A M 0. 213
JC/m’ s B Wiz 47 A N 1. 052 J8/m’ (2. 88 JT/m) , 1E
AR S A A B AL T AR K .

SRR ORI X — R b 54 T 2 Tk
BB A TR 454 X RHE - TE K #E AT Ak
RO R B . Q7FE LB RS T T
T, 15 K Ah BRS8N 4 R g i AR G P 25
AT AR B KSR B, b T RAR K, Rk
B3 FH T K PR SR A R 1 T I R LTS KR
P QA 15 7K b 5k B AKCHE AT, B% ok nin] 5
BERRM FEK IR, 7E R A BN AR DL R R 4
XK RS R B s &5 T AR
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