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A review of modified A*/O process application for nitrogen and

phosphorus removal from low C/N wastewater
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Abstract: At present, the carbon to nitrogen ratio( C/N) of urban wastewater in China is generally low, and there ex-
ists many problems in traditional A’/O process applied in treatment of low C/N wastewater. The improved A*/O pro-
cess can dissolve the defects of the traditional A*/O process in the operation process, and improve its nitrogen and
phosphorus removal effect. Based on the theory of biological nitrogen and phosphorus removal, the problems in the
operation of the traditional A*/O process were summarized, and the characteristics and advantages of several im-
proved processes(inverted A*/O,UCT,MUCT, JHB, Bardenpho) were outlined. Furthermore , the operation optimiza-
tion methods and principles of segmental feed, supplementary carbon source and additional filler were analyzed.
Compared with the traditional A*/O process, the advantages of the modified A’/O process were mainly reflected in
the following: optimizing the position of the mixed liquor return and sludge return, reducing the problem of nitrate
limitation and sludge age contradiction, optimizing layout of the structure, and alleviating the competition for car-
bon source, adjusting feed water ratio to improve the utilization rate of the system carbon source and reduce the cost
of additional carbon source, using additional filler to reduce the influence of mud discharge on the nitrification rate
and improve the impact resistance of the system. Finally, future research directions for the improved A*/O process
were proposed: combining different processes to achieve complementary advantages, researching new liquid and
solid carbon sources to balance economic costs and environmental benefits, and enhancing microbial culture to fur-
ther strengthen the system nitrogen and phosphorus removal capacity.

Key words: A*/O process improvement; low C/N wastewater; nitrogen and phosphorus removal; suspension filler;
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Fig. 1 A%/O process flow
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Fig. 2 Inverted A*/O process flow
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Fig. 3 UCT process flow
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Fig. 4 MUCT process flow
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Table 1  Functional characteristics of different
modified A*/O processes

7 IR AE TR
THER T RIMRER e $ s T B 7
'8 A%/0 Wﬁgfgj\] éﬁ%Tﬁfﬁéﬁ Z@fﬂfnﬁm' 143 (15-17)
{ iRl
P 191 37 FE R A R BRARA R
eGP (R 3 PR }u.anTHE [EV:]IEML%X AN
’*;JIK WR(E T DE LB R B 52 4 0 B I 3t (21-23)
R, TR FHIK C/N 119 DO X PR RE W
75 K B 2 1) 5% Wi
G TP [l 9 52 Ui R P DO
SRR BRI , 32 TR BRSO B 2k
MUCT A3 s N DR A S e ol it o 30 5 7 B9
SEFE ], P TS e [l R G
W 7 )G )
AR T [ 75 V8 P AN IR SR & MR 25 BRAUR R
JHB el @R Feor R N AR T SRS
WU, B T AR A 70 Bk T

AbFRA C/N 75 7K
5{ %Tﬁ“ﬁmﬂé’]? W5 B B AN N (35)
TN A TR R DL AR
TN ZRR %

T LA 2% 3k

ucT

Bardenpho

3 BITRKE
MR T2 bk R ARS8 AY/O T 20 A% Wl 42 &
R G BRI (A2 BRI 2 R R R, ok RS



ik b 5aR

Tl K Ab 3 2022-10,42(10)

T A FERCRAT R BB 3k B B A, H A gE £
b b AR R Tt A 8 5 SR RN 43 B K 09 05 24k
BAT , HE—2 nsE X S Y A R
3.1 #hFEERIE

A= ) 58 RS W o R S RE B AT AL 1T 43R 2R e R
FAMIMBIE o T R G IR AE 5 K i B AR, HLB
A LZ2RFSr R NTENH 305 75 SN0 ik J5 ok 44
RGN B AR BERCR . XU ISR AYO T2 Ak
FRAIK C/N A 16 157K, ZEAD BT A h g | T MU P K, 24
WP % K B9 044 70 me/L( LA COD ) i), TN F1 TP
FBR Rk 2 82.39% F194.95% . HNHESE ST R
A’/O+BCO (A=W fi S A ) A1 & T 240 B C/N S 4.3 /2
A B K IR FE I FRAN AN 2 BR BRBR IR XS TP (1 2 BRACR
SR RTINSO LT /RN, H PO, -P LBR%
FRAETE 94% o FESHMRAE S LIRS FF & B Ry SN eIt ,
AFF 58 HXHT5 K RS AR I RV BE L 2 i AR B L oK A
FF R T WOT2E+5 R 58 CINTE 6 ZE A7 I, A= ) B 0% o
AT 355 80.1% .97.3% .
3.2 HZEIFER

B EURL R K BT UIE AT, B SRS AR R AT LAZE
B - A R AR TEURE I 717 2R Ml 181 RIS A A TR D DA B P AR
BARK BRG] e [ S 0810 0 75 Ve i, 15
TR HE O S A R A2 o 5 7K A B R v e PRI 2
P SEURE RN 28 35 IR R T A= 0, AT A3 v 2R 96 1 Ak 33
RABL P AE . T ML LATSE YR 58 74 4 47 4 i
FHECPE A0 T 2R BT 5 K RS AN A 20
KA B RVE R LB, 45 R B R
AL REE /D 7K T 45 A IS [, 38 T 412 w2 35 e 1) R R R
X LT 45O 1R i ] 2246 MBBR T. 2 4b PEE i e 2B 6 15
IS AT 2 Fogn 8 AR W R} 4EHF R GE ) COD 51
FFAE 1.5 kg/(m’-d) 247 ,3517 20 d 5 ,COD FINH,'-N
LB A 5] 82.0% F197.0% . H 24558 T
Tl 48 i ORI 98 SR ) AYO+MBBR 414 T 2 S A AL
T 1) 52 W), FE DRI 78 58 109% B, SRS A bR il 5
SRR Y 46.3%
3.3 SRk

a3 B it K 32BN T IR AR B N i S BB, A A B
Ik C/N TG K BT 5 RAFIRCR . RGEMABRBEHUR
1) O SHEAE T il A0S s A A FH R R SR A T AR A0
JE K K 5 A B R Y DR SR BRI Bl S B 1 1E K 43 T L
611, 2R Bt VAT R 2 i Ak TR B AR FH 304 0T s D, A T 2%

fiff B D T A 1) AL, 4 i R G AUBR BERE ) o PR IE
ST T A BE H X B R K A0 T2 R R BR B Y
RO A5 R MUK b (R B B B ) 306,
Bl 4 BT R TR 1 5.2% TF & 13.0% , i E AT
Bk 5 BT Mk 2R 94.8% PR R = 87.0% . 1 22 ik 45 3l
it BB K5 T B B AYO-BAF (B S A9 ik
th ) T2 i K C Eb X S A A o 9 0 281 s, 24 2 K
F (3 a4 B - i 460 BE ) i 72 3 B, COD \NH,=N . TN,
TP 25 B% 2R 43 51 4 82.1% .92.7% . 75.4% .91.2% ., &
Ui 33 3 o BE R K X Bl B AP+OSA (47 S8/ BE /IR
A) T ZBRBELHI AT TS, M RS K (R
B4 ) Ky 121 BF, COD  NH,*~N . TN . TP *F- ¥ %
B 5 5 49 92.7% .92.2% .90.1% .96.8% .,

4 HESRZ

K BCR A0 T2 b FRAR C/N K, BE Pk
o i A% Gt A0 T 2 Ak A7 3 e v B e e, LA 3
FEERBAE  CORAL TR A W8 B AT P 1 A
B D T R R PR B3 e I o i ) (2) Ak
TGS AT R G 1 e IS 5 (3) 3 ik 8 2 ik K
[RSA S S - DR SN R 1R /39
A5 (4) 38 2o 1 B SEORE AR T R U8 00 Al 1 T R B 5
Wi, P T RGP e

SR AYO T ZREHR F R G B RBRBERCR
BAEAL AR C/N K I, BRIEAS R ATS e BRI 2 R
R AR N R ZBRACH , i T AR T3 TS «

(DAY T2 ARIGIEAOK BT ATE 38 2420
BANE T2 LASE B AN, 32 2R GEa R AR

(2)BFFE R IR . 51 AR K ZE WA I, Fe it
PRI 8% A A 22 55 R s W S0 R O R AR E L2 BF Y
I A 22 o e

(3)sRALGAE YR . M TR B SR
B A R BB, BTG C/N K AR BRASCR

S & 3k

[1] SUN Shengpeng, NACHER C P I, MERKEY B, et al. Effective
biological nitrogen removal treatment processes for domestic waste-
waters with low C/N ratios: A review [J]. Environmental Engineer-
ing Science,2010,27(2) : 111-126.

[2] ZHANG Ting, WANG Bo, LI Xiyao, et al. Achieving partial nitrifi-
cation in a continuous post-denitrification reactor treating low C/N
sewage[ J]. Chemical Engineering Journal ,2018,335:330-337.

[3] GB 18918—2002 M A1i5 KAL) 5 Y My HE bR ML S ].

GB 18918—2002 Discharge standard of pollutants for municipal



Tk /KA B 2022-10,42(10)

T LK B AYO T F XK C/N JE AR & sk vy 5 A 45 %

[

[

[

[}

—

[t}

[

wastewater treatment plant[ SJ.

FAN Jie, TAO Tao,ZHANG Jing, et al. Performance evaluation of a
modified anaerobic/anoxic/oxic (A*/0) process treating low strength
wastewater[ J|. Desalination,2009,249(2) : 822-827.

Sy W GRS TS K A R B L2 (0], @Al B o il
2014,34(8):142-146.

YI Hui, WU Zhili. Research of the process of nitrogen and phospho-
rus removal from polluted water[J]. Journal of Suihua University,
2014,34(8):142-146.

BAEZA J A, GABRIEL D, LAFUENTE J. Effect of internal recycle on
the nitrogen removal efficiency of an anaerobic/anoxic/oxic (A*/0)
wastewater treatment plant( WWTP) [J]. Process Biochemistry, 2004,
39(11):1615-1624.

MULKERRINS D, JORDAN C,MCMAHON 8, et al. Evaluation of the
parameters affecting nitrogen and phosphorus removal in anaerobic/
anoxic/oxic (A/A/O) biological nutrient removal systemS[Jl Journal
of Chemical Technology and Biotechnology,2000, 75(4):261-268.
A5 W35 8 A gk R e A A AR B 2 (D] vy
o PR URL R, 2017,

YU Honggang. Effect of anoxic treatment on nitrogen and phospho-
rus removal in sludge reflux process[D]. Xi’ an: Xi’ an University
of Architecture and Technology,2017.

YOO H,AHN K H,LEE H J, et al. Nitrogen removal from synthetic
wastewater by simultaneous nitrification and denitrification (SND)
via nitrite in an intermittently-aerated reactor[ J . Water Research,

1999,33(1):145-154.

[10] Heg 75 SRR 7, e g e . 35 7K Az W o3 i Dt 0 OFG A= A I oz AL

AW L] 77 5 BT RS2 244, 2006, 27(2) :9-13.

BI Xuejun,ZHAO Guiqin, BI Haifeng. Principle and progress of bio-
chemical mechanism for biological removal of phosphorus from
wastewater[ J]. Journal of Qingdao Technological University,2006,
27(2):9-13.

AW, TR . T T K A W BRI AT R BT R R R
He[J]. 47k HEK ,2000,26(12) : 1-4.

HUA Guanghui, ZHANG Bo. Contradiction and measures in bio-
logical N and P removal of municipal wastewater treatment [J].
Water & Wastewater Engineering,2000,26(12) : 1-4.

ZEar L. BRI AAO T2 Ab BEAE 3% 15 K LR BR B RO F 52 (D]
TR HER R, 2019,

LI Qier. Modified AAO process for denitrification of domestic sewage
phosphorus removal research[ D ]. Chongqing: Chongqing University,
2019.

TR, 2 K, AL L, 45 . AYO T TG KA H T T+ 92k
IR FMER ST ], 4K HEK ,2017,33(21) - 18-24.

HAO Xiaodi, LI Tianyu, WU Yuanyuan, et al. Discussion on suit-
ability of A%/O process for upgrading of wastewater treatment plant[J].
China Water & Wastewater,2017,33(21):18-24.

WHLLR) KA TR TS KT AYO T A B A R
Pefbail[J]. = 4K HEK ,2021,37(6) : 102-106.

FENG Hongli, ZHAO Mengyue, DING Shuzhe. Optimal control of

[}

—

biological nitrogen removal in A*/O process of WWTP[J]. China
Water & Wastewater,2021,37(6):102-106.

Bk, AR . B A0 T SR S R R[] P 4K
HEK ,2000,16(7) : 11-15.

ZHANG Bo, GAO Tingyao. Principle and characteristics of reversed
A?/0 process[ J]. China Water & Wastewater,2000,16(7):11-15.
BT BRI I A0 T AR A R R B H A R )]
I T ,2006,24(3) :29-30.

BI Xuejun, ZHANG Bo. The principle and full-scale application of
reversed A%/O process for removing nitrogen and phosphorus [J].
Environmental Engineering,2006,24(3) :29-30.
ZELRE AR M ZEAN AR B E A0 T LB AT Rtk
Wil e[ J]. 88 T ,2020,38(3) : 76-81.

LI Yihuan, XI Leilei, ZHONG Yijie, et al. Operation effect and
control scheme optimization of an inverted AY0O procesS[J]‘ Envi-
ronmental Engineering, 2020, 38(3):76-81.

QI Rong, YU Tao, LI Zheng, et al. Comparison of conventional
and inverted A*/O processes: Phosphorus release and uptake be-
haviors[J]. Journal of Environmental Sciences, 2012, 24 (4) :
571-578.

B G (R A%/ T2 AR FRAR C/N V57K S AN i A AL i 52 [ D ].
A LB SR 2016.

ZENG Qifeng. Study on low C/N wastewater treatment and external
carbon source optimization by inverted A*/O process[D]. Hefei:
Anhui Jianzhu University,2016.

ZENG Xiaolan, DING Wenchuan, ZHANG Zhi, et al. Effect of the
mixing ratio during co-treatment of landfill leachate and sewage
with a combined stripping and reversed A*O process[J]. Environ-
mental Technology,2015, 36(20) :2668-2673.

T, X0 X R UCT T2 A bR s R (1], 3L 7 T2
HOARK A2 FARPFA R, 2009,28(52) 1 140-142.

WANG Sitan, LIU Xing, LIU Zhibin. Effect of nitrogen and
phosphorus removal of UCT process[ J]. Journal of Liaoning Technical
University : Natural Science,2009,28(52) : 140-142.

B AN, S ARt S B A0 T2 UCT T2 B A Bk
BB LR (1], KA B AR ,2015,41(12) - 118-121.

QIAO Hongru, SUN Liping, WU Zhenhua, et al. The comparison of
nitrogen and phosphorus removal between inverted A%/O process and
UCT process[J]. Technology of Water Treatment, 2015,41(12) .
118-121.

X5 B AL SERE A Vs K AR IR A R B TS L)) R
HBIHT 510 71 ,2020(22) : 47-48.

LIU Wangqi, QU Hong, AT Shengshu, et al. Study of biological ni-
trogen and phosphorus removal process for wastewater [J]. Tech-
nology Innovation and Application,2020(22) :47-48.

HAO Xiaodi, LOOSDRECHT M C M V, MEIJER S C F, et al.
Model-based evaluation of two BNR processes: UCT and A,N [1].
Water Research,2001,35(12):2851-2860.

PSTGAARD K, CHRISTENSSON M, LIE E, et al. Anoxic biological

phosphorus removal in a full-scale UCT process| J ]. Water Research,



ik b 5aR

Tl K Ab 3 2022-10,42(10)

[}

[

1997,31(11):2719-2726.

VAIOPOULOU E, AIVASIDIS A. A modified UCT method for
biological nutrient removal: Configuration and performance [J].
Chemosphere, 2008, 72(7):1062-1068.

DI TRAPANI D, CAPODICI M, COSENZA A, et al. Evaluation of
biomass activity and wastewater characterization in a UCT-MBR
pilot plant by means of respirometric techniques[J]. Desalination,
2011,269(1/2/3):190-197.

NG S SR AT, A, % UCT T2 b 3 AR 3% 15 7K B4 52 56
FEL]. B FIAET.,2020,49(3) :641-644.

SUN Pengzhan, WU Junqi, WANG Zhenjie, et al. Experimental study
on treatment of domestic sewage by UCT process [J]. Applied
Chemical Industry,2020,49(3 ) :641-644.

XA . BT MUCT T2 Y B30 I8 R 5 T 8075 7K IR & Ab 3
WEFELD ] M )7 A 2020,

LIU Huaguang. Study on the co-treatment of landfill leachate and
municipal sewage based on MUCT process [D]. Guangzhou:
Guangzhou University , 2020.

ZENG Wei, WANG Xiangdong, LI Boxiao, et al. Nitritation and
denitrifying phosphorus removal via nitrite pathway from domestic
wastewater in a continuous MUCT process[J]. Bioresource Tech-
nology,2013,143:187-195.

SONG Yuanyuan, LI Haibo, YI Han, et al. Landfill leachate as an
additional substance in the Johannesburg—Sulfur autotrophic
denitrification system in the treatment of municipal wastewater
with low strength and low COD/TN ratio[ J]. Bioresource Technol-
0gy,2020,295:122287.

ZENG Wei, BAI Xinlong, ZHANG Limin, et al. Population dynamics
of nitrifying bacteria for nitritation achieved in Johannesburg (JHB)
process treating municipal wastewater[ ] ]. Bioresource Technology,
2014,162:30-37.

WA, M AR, 5K KA . 2R Bardenpho T 2040 34X BOD /TN
A TR TRBG . E %K 4K, 2018,34(14) : 67-70.
YAO Weitao, XTAO Sheming, ZHANG Yongxiang. Project design of
modified bardenpho process for treatment of low BOD/TN mixed
wastewater[ J]. China Water & Wastewater,2018,34(14) :67-70.
LI Jin, HE Chao, TIAN Tian, et al. UASB-modified Bardenpho
process for enhancing bio-treatment efficiency of leachate from a
municipal solid waste incineration plant[J]. Waste Management,
2020,102:97-105.

DEMIR N, YILDIRIM A, COSKUN T, et al. Carbon and nutrient
removal from domestic wastewaters in a modified 5-stage Barden-
pho process via fuzzy modeling approach[J]. Environment Protec-

tion Engineering,2019,45(1):5-16.

[}

[t}

[t}

[

JBE SRR B B (X S i [, fE T %4 ,2018,69(8) : 3626-3634.
SUN Yawen, ZHANG Jianhua, PENG Yongzhen, et al. Effect of
additional carbon sources on nitrogen and phosphorus removal
characteristics in A%0-BCO process [J]. CIESC Journal, 2018,
69(8):3626-3634.

BB AT SR RS R R I WA ¥ K R A A B A I sk
TR RERTIELI ). Tk 4b 0, 2019,39(5) :42-45.

HUANG Hulin, FU Xinmei, ZHOU Zheng. Potential study on the
nitrogen removal by denitrification in wastewater by adding the an-
aerobic fermentation liquid of the straw as an external carbon
sourcel J . Industrial Water Treatment,2019,39(5) :42-45.
LAIT M,DANG H V,NGUYEN D D, et al. Wastewater treatment
using a modified A%0 process based on fiber polypropylene medial J].
Journal of Environmental Science and Health, Part A,2011,46(10) :
1068-1074.

XKLL, AW it n , 55 OB BLEOR &2 G 2 90 MBBR T2 it
RGP R SELT]. Tk AR 3, 2020,40(3) : 102-106.

LIU Yonghong, LI Miaojie, YANG Jinru, et al. Study on nitrogen
removal and sludge reduction in a new type of filler composite mul-
tistage MBBR pmcess{]] . Industrial Water Treatment ,2020,40(3) :
102-106.

B 4 AR S ORI LT A%/O-MBR T 25 )% 6 1k Bk
BEAYEZ R[], PRBE TR 54,2011, 5(3) : 579-583.

LU Jiang, ZHOU Shaoqi. Effect of adding ratio of carrier into anoxic
tank on denitrifying phosphorus removal in A*O-MBR process[J].
Chinese Journal of Environmental Engineering,2011,5(3) :579-583.
W, Tk, B IS 5 AN H X o B K A0 T B AU BR
WEEYSZIR (). WYL R 2424 . T 24T, 2018,52(4) 1 761-768.
XU Yufeng, WANG Rang, TANG Fengbing, et al. Affection of dis-
tribution ratio of influent on nitrogen and phosphorus removal of
step feed-A%/O process [J]. Journal of Zhejiang University: Engi-
neering Science, 2018, 52(4):761-768.

M, KR WL R L Y B R BUR AYO-BAF X5
e 2 48 i AL R B LA B2 [0 ). B AL 24, 2018,39(4)
1704-1712.

NAN Yanbin, PENG Yongzhen, ZENG Liyun, et al. Effect of step
feed on denitrifying phosphorus and nitrate removal in a modifica-
tion of the two sludge A’/ O-BAF system [J]. Environmental Sci-
ence,2018,39(4):1704-1712.

. R AP+OSA 3 Bl /K T2 BR @ LI AFFT (D ], HE#S - ]
JE TR R, 2016.

HUANG Shuai. Study on phosphorus removal mechanism of modi-
fied A>+OSA segmented influent process[ D ]. Handan: Hebei Uni-
versity of Engineering,2016.

XTI K A SMINBRIE X AP0 T2 AU BR B s [D ).
W IR AR AU MOl R, 2014,
LIU Fangjing. Study on nitrogen and phosphorus removal in A*/O

—
(%)
N

—

[MEE®N] $IE(1996— ), Wi+, HiF: 13135690861, E-mail:
1796726493@qq.com, EIRAEE X LI, B2z, E-mail:
albertiliu@163.com.

[YrFs HHEI] 2022-06-29(f& B fin)

process using brewage wastewater as external carbon source [D].
Harbin: Northeast Forestry University,2014.
[37] PMHESE Sk a6 B2 ER 45 L AMINBR IE 25 B3 A%/0-BCO R %



