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Abstract: An ecological replenishment recycling plant with capacity of 2x10* m*/d is constructed

taking a multi-stage aerobic enhanced phosphorus removal technology (A,O/M) as the primary process,
according to the water quality requirements of ecological replenishment for rain-source rivers in Shenzhen.
The engineering practice shows that the advanced treatment of sewage with the primary process of A,0/M
technology presents a prominent effect, and the removal rates of COD, NH,=N, TP, and SS achieved more
than 90%, which meet level quasi-Ill (except total nitrogen) in Environmental Quality Standard for
Surface Water(GB 3838-2002). The effluent of the process can be used for river ecological replenishment
with the technical advantages of low investment and operation cost, compact and small footprint, stability

and impact load resistance. The synchronous study illustrates that the special deoxygenation section in the
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A,O/M process realizes the coordination of the A, tank, O tank, and M tank, which reaches the target
requirements of ecological water replenishment. The addition of deoxygenation section (HRT=1 h)

effectively achieved the dissolved oxygen gradient of A, tank and O tank, and reduced the total residence

time of A, tank and O tank.
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Tab.1 Design influent and effluent quality of the
WWTP
SH | pH COD/ | BOD,/ | SS/ |NH,-N/| TP/
(mg-L7")| (mg- L") |(mg-L7")| (mg- L") |(mg- L")
HEAKOKE | 6~9 | 200 120 200 30 5
HKARHE| 6~9 | <20 <4 <6 <1 <0.2

T XA TG TG K B TS G A LY LSS,
NH,—N 1 TP, Al AR AR PR AT, 36 AR AR A 3L
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Fig.1 Flow chart of wastewater treatment process
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37.8 mx11.0 mx7. 7 m, Fi & 25 P M 1:3.67. A,
MR E AEFETE 0. 5 mg/L, (5 BEEHAI A 1.5 he Ot

WA YRR 2. 0 mg/L 2 A, IR TFLIE RS 155 &,
KR (5~6) 11, MLSS 24 6 000~8 000 mg/L, A
T A 1809%0~250% , 15 Je i #5231 30 d. Itk
A ROKIK 6~8 m, 45 B BF ]2 5.5 b, Horb i A Befs
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BETT B . 238 5 15. 43 L/(m?-h) , BEA 8 5
18.35 L/(m’+h) 5 B4 AU £ < 160 000 m*/h (FR#fEAR
EF), RHBEEERES,, 1317 8. 5 min J515 1. 5 min,
PRFESK R (7~8) 1 1o B35 Y 1] 3 b 250%~
350% , 7K 115 B INFIE] 2y 0. 98 ho X R G 4 b 1k Vs
Ve SR £ 500 me/L, B J8 — K 5 ISR B 3 000
mg/L, 7 3 H — U AR (5t it 43 80k 0. 8% ) N
PG OLITAE o BRERGE B4 Uk - AR 3 000 mg/L,
FrPRE IR i 0 BN 1% ~ 2% , B8Pk 1 7R/(12 ~ 24) h,
FRYE11X/(2 ~4) h

© V5l . AR 170 m*, 53 ik,
15 8 Hh 2R 35 AMCHE FEJEHLIRE /K , 23 8 TR R 150 m?,
PAM FEh& 0 TR 0. 19%~0. 2%, 35 W m i &
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PR R K5 28 AT i K G Mz |, Q=12 m*/h, H=600
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TE AWK T, Iy — B ZRAEM MK A G, WG
WA W A K 3 R 2 by, W 98 bR AL 35 TSS ., pH .
COD \NH,—N F1 TP & ([a] 55 £ %F BODs#E 47— & A A
TORFEHT) LW Z5 5 B 5

@ JKFEATWW ., A THEEAOMM =4
Ab I TS e K BRI, o3 iR R AE AT
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ARFE R (Coy) s MILHEIK 1T (EA Cyyy ) Mt BT 35
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FH LGRS, 32 AT g 5 AR XS R 15 o T oA fig o0 42 7 75
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7K COD \NH,=N A1 TP 43514 (120. 53+28. 10)

(15.67+6.57) F1(2. 42+2. 02) mg/L, i A 7 HH 7K $&
B 43 5l R (12.56+2.39) | (0. 33+0.20) 1 (0. 14+
0. 10) mg/L, R BRI LF] 90% L I, H 430 2
(b K IR AR vE ) (GB 3838—2002) i T 257K
C et RS R g A =R T

[ B 7 S 7K 8 A ) IR KU 3, 4 NH,-N ik %]
40 mg/L FI TP 352 10 mg/L 72471, K K T4 9K %8¢
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Tab.2 Actual influent and effluent quality of A,O/M
WWTP

COD/ | BODy/ | SS/ |NH,-N/| TP/

i H pH
(mg-L™")|(mg:L™")|(mg-L™")|(mg-L™")|(mg- L")
6.9+ |120.53+| 58.4+ | 64.7+ | 15.67+ | 2.42+
KK
0.2 28.10 12.4 29.1 6.57 2.02
7.2+ | 12.56+ 094+ | 0.33+ | 0.14=+
HIK K BT 3.1+1.4
0.17 2.39 0.17 0.20 0.10
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Fig.2 COD in influent and effluent of A,O/M WWTP
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Fig.4 TP in influent and effluent of A, O/M WWTP
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Fig.5 Material balance model between water quality and

water volume of A,O/M technology
A MRS Qe 1 =C, 3y XQ+C, 1y X20-C, 1 X30,
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Fig.6 Pollution reduction effect of different treatment

units of A,O/M technology
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FH 2 - SE am AL B i A, O/M F ARy AR T 2,
T T AL BRI Ry 2x 10 m/d 475 K A BRI G
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0T RIEA ) O AR SR SR E AT 420 o

SE 3Lk
(1] SBSuH, A B, TER e, 55 . 30T e B A i DX 1 A
B KIG T RHFE[I]. NRKIT,2020,51(4)
75-80.
SHI Guijun, TONG Xiaohui, WANG Yinlong, et al.
Study on ecological compensation scheme of rivers in
urban built up area (1] Yangtze River, 2020, 51 (4) .
75-80(in Chinese).
FNHT, A T A XK A £ TR BT R
eI ] PIEUKA,2020(10) : 1-6.
WANG Lixin, WANG Jian.
treatment methods and practices in highly urbanized
areas [J]. China Water Conservancy, 2020(10) : 1-6(in
Chinese).
2z AR B BN, 55 [ N AR JROK A B AR A 5
PERELT ] PRBE TAEEOR 4, 2021, 11(5) :935-941.
LI Yun, HE Zhiqin, XIA Xunfeng, et al.

Comprehensive water

Research
progress of greywater treatment technology at home and
abroad [J].
Technology, 2021,11(5): 935-941 (in Chinese).

X BE3% , RECTC, IME S, A5 T AR SRR R AR K
g A AT HAREE (], e SR,
2015,15(1):203-207.

LIU Yaoyao, WU Qianyuan, SUN Yingxue, et al. On

Journal of Environmental Engineering

(5]

[6]

[7]

(8]

(9]

[10]

(1]

+ 106 -

the ammonia-control demand of the reclaimed water from
the urban river augmentation on the basis of the
ecological toxicity evaluation [J]. Journal of Safety and
Environment, 2015, 15(1): 203-207(in Chinese).

X ZEJF RBEL, o . H )RR AR SR IR R R
HLRE ) R R R SR AT S L] KR 27 4, 2004.(5)
94-98.

LIU Lanfen, HAO Hong, LU Guangsi. Experiment
study on attenuation law of residual chlorine in cooling
water discharged from thermal power plants [J]. Journal
of Hydraulic Engineering, 2004 (5) : 94-98 (in
Chinese).

PR AT R M EOR r m [T]. gKEHEK
2014, 40(10):1-3.

WANG Hongchen. Innovation direction of century old
activated sludge process [J]. Water & Wastewater
Engineering, 2014, 40 (10): 1-3(in Chinese).

. 2T RFERENEYIESTEEGRE S T2
RERBEVERERIBESELD ], 3%  RIEH TR, 2016.
BAI  Yang. Nitrogen and Phosphorus Removal
Performances in Integrated Fixed-film and Activated
Sludge Process with Suspended Carriers [D]. Dalian:
Dalian University of Technology,2016(in Chinese ).
PR, HEA, B, A vhas 2F YRR A RS g
W MECERRE IR ()], R S HOR, 2018,
38(1): 114-121.

MU Situ, FAN Huiju, HAN Bingjun, et al. Review of
membrane fouling stages and mathematical models for
hollow fiber membrane [J]. Membrane Science and
Technology, 2018, 38(1): 114-121(in Chinese).
VPRI, R, BE . RS RO A% 5 KA PR AL
AREIWFFEBR S KRR ], RS EOR, 2016,
36(4): 139-149.

XU Ying, XIA Junlin, HUANG Xia. State-of-the-arts/

anaerobic membrane reactor for wastewater treatment
and its future development [J]. Membrane Science and
Technology, 2016, 36(4): 139-149(in Chinese).
FRSR, M, BE. RETLAMLIERIE a9k
Hi s Qe g A5 R SR AT RS LT ]. e 5 OEE T,
2019, 39(2): 421-427.

LI Mengchen, XIAO Kang, HUANG Xia. Tracking the
dynamic evolution of NF membrane fouling through
clustering analysis based on ATR-FTIR spectra [J].
Spectroscopy and Spectral Analysis, 2019, 39(2): 421-
427(in Chinese).

Z0U H, WANG Y. Phosphorus removal and recovery



WWWw.

cnww1985. com x

i, 55 R T T A A ANK A T ELT K ALO/M T B

#39K FH4H

[12]

[13]

[14]

[15]

[16]

from domestic wastewater in a novel process of enhanced

biological ~ phosphorus  removal  coupled  with
crysta]lization[J]. Bioresource Technology, 2016, 211:
87-92.

GE H, BATSTONE D J, KELLER J. Biological
phosphorus removal from abattoir wastewater at very
short sludge ages mediated by novel PAO clade
Comamonadaceae [J]. Water Research, 2015, 69:
173-182.

PR, 75, MUK, 45 AL ERRBES BN 1L
LB IR LT ], KA, 2018, 44(4) : 50-56.
CHENG Xiaojie, LI Jun, BAI Yongsheng, et al.
Optimization of electrochemical phosphorus removal
parameters and its results analysis [J]. Technology of
Water Treatment, 2018, 44(4):50-56(in Chinese).
SCHINDLER D W, CARPENTER S R, CHAPRA S C,
et al. Reducing phosphorus to Curb Lake eutrophication
is a success [J]. Environment Science Technology,
2016, 50(17) : 8923-8929.

VITOUSEK P M, PORDER S P, HOULTON B Z, et al.
Terrestrial ~ phosphorus  limitation: ~ mechanisms,
implications, and nitrogen-phosphorus interactions [J].
Ecological Apply, 2010, 20: 5-15.

BRI BRI, Blk L . RIS J S TN TP AEEAE
i A A AL R S ()], SR BT RLSA, 2014, 35(11) -
4111-4117.

ZHAO Chenchen, ZHANG Shiyan, MAO Xianzhong.
Variations of annual load of TN and TP in the deep bay
watershed  Shenzhen [J].

2014, 35(11): 4111-4117(in Chinese).

Environmental Science,

[17]

[18]

[19]

ThERA, SRR . KEREE P BT Y S E SR
(] 15 GEpiR R ,2013,26(1) : 28-32.

FENG Jinmei, ZHANG Hairong. and
[l
Pollution Control Technology, 2013, 26 (1) : 28-32(in
Chinese).

MR, 22 /INTT, 20 4 L Peadtys K b BB A (RPIR)
MFHIRF IR B L], F E LK HEK 2020, 36
(12):117-120,137.

LIN Peibin, LI Xiaojiang, LI Hui, et al. Application of

Phosphorus

eutrophication control of water environment

rapid wastewater treatment technology (RPIR) in water
environment improvement in Shenzhen [J]. China
Water & Wastewater, 2020, 36(12) :117-120, 137 (in
Chinese).

M RA N R, 5 IR RE IR SE BAF T. 275
KAk B LY. IR TIT & 5 B AR, 2019(7) -
61,66.

XIAO Jun, ZHU Youguang, CHEN Dashuang, et al.
Analysis on the application of super magnetic
coagulation in BAF wastewater treatment [J]. Resources
Economization & Environmental Protection, 2019 (7) :

61,66(in Chinese).

EHE B : BEE(1969- ), B VT E A AF5
A IE R R TR, BTN R A HOK TS
W98 TAE

E-mail : wangj@swpdi.com

Y75 H#A:2022-02-25

&2l B #§:2022-03-25

(Z 4 A0

+ 107 -



