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Enhanced Nutrient Removal and Mlcroblal Commumty Structure in a Step feed

A*/0 Process Treating Low-C/ N‘ ‘Municipal Wastewater , U

RONG Yi' LI,U XrldO -chai' , HE Yin- xuan ,}HAN‘G Wu-shou® , JIN Peng kang ) ~ 4
(1. School of Env-i‘ronmental and Municipal Englneaing, Xi’an University of Archltecture and Technology, Xi’an 710055 Chlna- d
2. Shaanxi Langzheng Env1r0nmental Protection Technology Co , Lid. , Xi’an 710065 ,-IH China) = '
Abstract ; To resolve the issue of insufficient mﬂuent c rbon sources in existing mumupdl wastewater treatment plants (WWTP&) in
Chln{a,,, a Pﬂot scale step feed A>/0 prodess was ybed o treay’ low-C/N (C/N<5) munlclpal sewage with five different inflow
distiitution tatios: g In| this/'study, the effects of inflgent flow Lbﬂ.‘tnbutlon on the removal efficiencies of chemical oxygen demand
(COD )y, ammonium nitrogen (NH, -N) , total nitrogen (N, dnd total phosphorus (TP) were investigated. The results showed that
optimal r.efnoval efficiencies of 89.41% for COD, 95.30% for NH, -N, 83.00% for TN, and 90.09% for TP were obtained at an
inflow Q,,: Q,y: Q, distribution ratio of 0. 1: 0. 2: 0. 3. The activated sludge exhibited excellent settleability characteristics, showing a
sludge volume index (SVI) <120 mL-g~" with an average volatile suspended solids (VSS) total suspended solids (TSS) ratio of 0. 84
(Phase 5), and no filamentous bacteria bulking occurred during the 120-day experiment. Moreover, the microbial community structure
in the oxic zone was detected by high-throughput sequencing. The results demonstrated that excellent nutrient removal and sludge
settling performance of the system were closely related to the enrichment of six types of heterotrophic bacteria, four types of denitrifying
bacteria, five types of polyphosphate-accumulating organisms (PAOs) , and two types of zoogloea and the elimination of three types of
filamentous bacteria.

Key words: A*/0 process; flow distribution; low-C/N municipal wastewater; nutrient removal ; microbial community structure

% 55 1) A= W Wi & 5% % 4% R ( biological nutrient WH R IR

removal, BNR) YEM M H &) 32 TG K AR B F R 2 TADNT HE A B IR AN J2 AR IR) R, /£ 58 BNR 31175
—, R —EH AR, SR, K C/N T FRAB PR 38 A B SRR AN Bk U5, W 4 TR
TR R LS BNR R BE A AU AL A B 00 BN AR R s (B, E AR
BRIET R, Wi S8 A Y I R EREME LI — SRS AIT 5K R K& 5l
SARTE TIE AALB T KR IE A R S SR HAMINL Bk A 257 A T 2 B R TE U8, BRI
A SR B RCR A XE R — R AL 48 BNR MELL 2% 1Y X AR SR B A2 B T R A PR A
W bRk, MEEZKARRY  —————

HEME | SRIITTS KA S I A PR 0K AL s oo (20160 RC0400701 ) PSR
KRR, L R A R T E R, B, %O TR F (2016T2C-5-19-3) 3 kP

Fl4 A8 A1 A3 H (2013KCT-13)

S L THES BNR B SR B RCR G EERA S5(1990 ~) | 5 M EBOE . BB kR
. g . . - e 1 BEIKBIIRBEAL B EE A, E-mail : rongyi@ xauat. edu. cn
jj‘/i‘ ) j‘j%fm{géﬁj BNR I i gﬁ /ﬂsﬂﬁ Z\ I}/%@@%KE}E * MEVEE , E-mail ; pkjin@ hotmail. com



4114 o

oo 40

g

BRib=z o, WF & Re R R 75 K B B T2 (a2
A S AL . DR AR 2 AL ) o v 7K A 3 figp e ik
IKBRIEA L B 95— Sk Az o7 sk, T4 A s
DRI BRI, S0fogr 2 T 257 B 3k T 5 K AL BT
JUF- A B ) 22467,

B T LR PR TSR LASE, TR V5 7K AR PR
PEARBRUEAS R B[], ELA B 1 ol s . AL B
HI5KAL PR Z5 R A T 2R 3 S i V5 /K A BT
R A BRI RE A 2GR 1R, HARX T & BN,
PREZ. HUN Cao 25" 7 FH ol B PO BER 20 Be gk T2
ALHIE C/N 3RTTTE K, HAFE R Y 4 Br A/0 11
WA LR 202 35:35: 10 BF, RS IACR A
FfefE, BB RSFH 1K COD, NH, -N, TN FlI
TP #4351k 33. 05, 0. 58 . 9. 26 #10. 46 mg-L";
Peng 250 HE = By M BEWE K T2 b R RE 52 0 T 3%
EMABRBE H 1. KREMR R, FESE XA
W A R P A 2 B AR L AR, T
R et A E S 2 2 6 I A 0 8 L
5. HTFI, ASCUME C/N(C/N <5) SZRRbi i A4

SRR, e fhe g DR Bt K ]

IR, S Bt A B A0 T Z TR
RIS VRTURRIERRI I BRICZ AP /5T A

SRR RIS A A B

SIE P i O s 256y A B R )

1,

= Onise O Ou

e | 1B

R AP, DU S Ay Bl K IR A%/0 T2
WL B 55 IO AS ) B AL S HR.

1 #MRE7FE

11 s st )il

i N # B T s AN 1 BTR. AY/0
o7 45 FH IR 24 10 mm F9 05 T2 BOARAR Fe il ), LA 1A R
SFREK 37 m, 1.5 m, 52.0m, ARAERRK
7.8 m’; SN PIERIE BT AR, RSN
BB 11T PR A X5, RUCH TR EX | IR
BRAR DR A I, PRFRLE S 10 1222 3 38 % AR
R IRLEY I, PRAIE T RN % N ER TG K B T A
SN AN ] DX 2 7K it k2 ek i 1) 5 L i T
Tl v e R S O T .

HR R B A SE AT 120 d, FE5r BLET 54
BrBE BB T (0 ~23 ), fRgiat R Atk aed B T
(24 ~47 d) | Tk AL X R BT BEE K, Q)
0y =0.3: 0.5y WBLIL(48 ~71 d) , FEBLAIX | 1K
FIX S HAEK 3 BEEK, Qs O Qg =0. 2502
0.2; BrBLIN(72"~ 95%) W Qe Ot Qe =0.420,2:
0.3 BBV (96~ 119)d)4" Qs Ot Qe =0.1:0.47
10.4. YIRS KO S T 4 076
m’+h ™", (GG R A AR A 1 25°C + 16, SN
AT I SR 1 PR,

SMEIHIR = 100%) |
i

E1 HilkEHFFEETE
Fig. 1 Schematic diagram of the step-feed A2/0 process
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Table 1 ~ Operational conditions for this study

KrEe  mfal/d it 43 e L i SRT/d HRT/h A (B 9/ % AN % MLSS/mg-L"!
I 0-~23 fE5e IR Ak 25 £2 13 200 100 4235 200
I 24 ~47 Qg Qe =0.3:0.3 25 +2 13 200 100 4235 £200
m 48~71 Qpige’ O’ Qe =0.2:0.2:0.2 25 +2 13 200 100 4235 +£200
N 72-95 Qs Qs Qe =0.1:0.2:0.3 25 +2 13 200 100 4235 +£200
Vo 96~119 Q' O’ Qg =0.1:0.1:0.4 25 +2 13 200 100 4235 £200

1.2 K Rempis e
S N s AR K O 74 2 T R T KA BT IR S

TUARM A 7K, 2T 15 K Ab B T 1 b BRARAS A 20
Fm®-d™", R KA T 2 8ES% A0 T
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Table 2 Influent characteristics of the pilot-scale step-feed A2/0 plant

SyE| pH COD/mg-1.~! TN/mg-1L~! TP/mg-1~! NH, -N/mg-L~" NO; -N/mg-1,~!
Ji 7.2~7.6 209.4 ~402.8 38.7~67.5 3.6~9.3 31.2 ~57.6 0.17 ~3.30
FEH 7.5 254.9 51.0 6.3 38.8 1.10
1.3 REFE bR S Ty ik T, REAMB K COD 23 BE 43 5y 31. 74
SIRIKFRIE R (SVI) . IR G ETFBEAM)E  30.97. 30.21, 30.10 #130.49 mg-L~", FH¥ Lk
(MLSS) | TR A W% & P B 77 R 7 (MLVSS) | RO 88.78% . 89.38% . 89.06% . 89.41% Fl
COD, NH, -N, NO; -N. TN, m3Pﬂumfm 89.08% , HiMAT WA [R] 7K it & LB 49 X% & 48 COD

e 7L R bR E D 227, DO pH K I Wi
BIRHGAA R WTW Z 3168 am@mu.mﬁa
HEIREAR COD 4043 (Ss) Fig 3 n] A= ¥ [ COD 2
I3 (Xs) B2 536 WL SCHR (13 ], AT A= %A% COD
(BCOD) BIYHy Ss 15 Xs 2. AR GEHCA I 15 I
S AL A I 7k UL SCRik [ 14 ] mmmmm
PRI 2 7 i DL SRR [ 2]

IR BB 1075 TR REHIH L i B RIS d 1Y
LTSRN
) *%GMB&&Eﬁ%H#ﬁ@%E@
DNA | 17 329 ZFﬂmﬁ%%ﬁh%mhw
]WA%%V%WE,WLE%#mTﬁbﬁT i
Fﬁﬂﬁ-ﬂﬁﬁﬁﬁﬁmil ng-ulL ™"

Barcode fY F 5 51%), New England Blolabs Vol EI/J
Phusioff ® High-Fidelity PCR Master Mix with GC
Buffer A1 =24 i PR ICARZEAT PCR, B RO RCR AN
HERPE. 5190 B X 16S V4 X 5] 4 (515F Al
806R ); 16S V3-V4/16S V4-V5 [X. ffi M
Thermofisher 2 F] Y Ton Plus Fragment Library Kit 48
rxns HE PRI A EAT SCPEROAG L, R LR A0 SO 22
1 Qubit & & FHUSCEERTIN A4 IS, #H Thermofisher
¥y Life lon S5TM 5§ lon SSTMXL #E47 ML . ff
FH Cutadapt JEX reads HEATARTUEER 70 57 U1, FEAR
#i& Barcode A5 EIAY reads HH¥fr ot A 4F i Bl , A
2 Barcode Fl75 |47 91100 20 o % 15 3 5 46 Bl , 48
DL FANFRS 1S B reads 75 2 AT L BR i A IR
BIIALHE | veads JF¥51 38 i3 5 808 % (gold database )
HEAT HEXT, Rl SR 3, Jf e Ze B H b i i
BT, 193 B2 A RO

2 HFR5ITiE

2.1 ARG T 5 R0 £ R TERE
ANFHEAR FEG T R GE0HT5 G 14 25 BRACR A &
2 s, M 2(a) Rl LUA G, 5 Bl &0 FiC L)

%LM%@%%L@mFE%hm%ﬁﬂ

(AR IR
DNATH LR, ﬁﬁﬂ%tﬁ%ﬁh,ﬁmﬁf79%%\

M EBRBOR ALK, REAE S DU BOIA KA
COD ERRACR, X 58 245 B0 o8 i R AT
M 2(b) AT LR H, R G445 B BEH K NH, NI
BEASAL R A, 2 K o BE 43 0 116 1,15,
118, 1.85 FI'1.23 mg- L™, F 492 R A0y
97.14% . 97.32% . 97.23% . 95. 30@@11196 82%..
SR PR RGO B s (A, x5
RGN K EA TR I B (5,25 W) Rl
SRR (2 3 mg - ™ WELHEARC A2 ()
F12(d) PRLELA ﬁ&ﬁ;%%%%ﬂ%%TN
%MPm£ﬁﬁﬁ%ﬁﬁﬁm%ﬁ %%&mTN¥
fﬁmﬁf“é%ﬂUj§14-49 13.48 . 11.74 . 9. 41 9:05
SE S 5 % R 73.63% | 76.17% |
83.00% F183. 68% ; ZL:F-HHIK TP #
FE4r5140.86,0.57,0.72,0.71 F11.10 mg-L™",
45 2 R A ) K 88.04% | 91.97% . 89.58% .
90.09% #181.97% . MLLEEAEFTLIEH, fE R
A0 TEHEFMHAZMELT, SEEKAKX
PRER R K AR A HE, TR AR R S B R T G5
L DR B8 = Brtb K A =X mT IR i R G A
FrufrybEne; SR, HF— 20 AR IR S Btk K it i 25
fif PAOs JREREME e R IREE =, TR R 80
Brmiethfe. ik, BYBE T ~ V., TN LBRRE BT
kags, TP LBRF R LIHERAIRI . 254
BF, RREEINV (Quu: Qp: Qp =0.1:0.2:
0. 3) X5 e L BRABCRIA B R AR, BURt 1K
COD, NH, -N_ TN FI TP 253 B 43 314 30. 10,
1.85. 9.41 F1 0.71 mg-L™', £ K55 K
89.41% . 95.30% . 83.00% H190. 09% .
2.2 AN EBRBLE KA C TR Ja AT B AR AL
AFIHEK BT COD 78 52 I i P9 1 R A Ak
WME 3 s, aTLVEH, REIRY BT RN 5 45
DIREX X COD M L BRIE L AELAK, COD FEAE
AU R E B X Fe B, i T YR 5 M el 45
BBYBCR R A A XX COD Al 25 B 143 1) o

mgLI
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Table 3 Relative abundance of heterotrophic bacteria at genus level in each stage

. & HEXT B %
KBt 1 BB 11 B Be I B Be IV KBV

Proteobacteria Thauera 0.29 0.36 0.45 0.46 0.51
Proteobacteria Dechloromonas 0.53 0.75 0.63 0.71 0. 64
Proteobacteria Candidatus_Accumulibacter 0.84 1. 44 1. 10 1.01 1.02
Proteobacteria Denitratisoma 1.52 1.55 1.78 1.94 2.17
Bacteroidetes Flavobacterium 0.28 0.31 0.36 0.35 0.41
Firmicutes Bacillus 0.02 0.03 0.07 0.08 0.14
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Table 4  Relative abundance of denitrification bacteria at genus level in each stage

. - AT B %
BBt 1 B I BBz I MBIV BB V
Proteobacteria Pseudomonas 0.17 0.35 0. 54 0. 68 0. 82
Proteobacteria Thauera 0.29 0. 36 0.45 0. 46 0.51
Proteobacteria Denitratisoma 1.52 1.55 1.78 1.94 2.17
Proteobacteria Thermomonas 0. 54 0.58 0.71 0.78 0.91
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Table 5 Relative abundance of PAOs at genus level in each stage
. & AL/ %
BB 1 izl B B I BB IV BV
Proteobacteria Dechloromonas 0.53 0.75 0.63 0.71 0. 64
Proteobacteria Candidatus_Accumulibacter 0. 84 1.44 1. 10 1.01 1.02
Proteobacteria Acinetobacter 0.12 0.21 0.22 0.18 0.16
Actinobacteria Tetrasphaera 0.79 0.87 0. 86 0.53 0. 68
Proteobacteria Aeromonas 0.05 0.16 0.14 0.15 0. 14
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