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W B RHEsis TR A Y A B o -6k R E 2 [ B &R 4 (biofilm bio-nutrient removal carbon source regulated
phosphorus removal, BBNR-CPR) 4k B[k C/N ¥ (3.4~6.9) B UL A= 36 75 7K o 38 33 S i 8 PN AR W IRk B R K F Y
W, R s R P R S0 A 800 v ok B 1 S In el 75 SRR AR W R PR AR Wl ELX L BEAT [, PR RERS 1,
B B A B, R RTBSINAr A A IE IR I L B v T A B B kb e e R vk B 4 7 =X, i {k BBNR-CPR R4 1Yig
17, DIHSEIURE T (<15 °C) RGP WA & s/l s iy HAr . 2558 RW, EMMR FIIAREREE, Ty
B 27% R AREAE, I REAE 4R X 25 M A bR B PERE M AR 8 ko F F K NHI-N. TP ¥k ¥ 43 % 24 50 mg'L™'.
15mg L' AT, ZAGXNH;-N. TN 1 TP (973 L5 R 0 KB T 89.12% ., 82.14% 1 89.24%, 1 H./ME
Yy & wh-w MU A (7 d) A, BEE R Geis 17 I ] A IE I (3 3~6 K), A= W IR DA A 1 2R B T 1A PA B PHA A A BB
THAE, RGBS B EHOR A AT R RS, 58 3 R 6 K43k 7.51 mg:(L-hy ' #17.83 mg-(L-h) "), 7Ei%iS 17
T, RGJ5E B R BR 1.00 mg NO;-N Al 4 % 0.76 mg TP;  FL1Z B B FIR il 52 A 4k I s 1) 35 2 R 38 2 koK
A ALES AR TS A S (RTH AL TR s L 32 48 A VR EE . 3 X AR W B RE AR 4T 16S tRNA 5738 2 P 40 47
KB R G B P ¥ W BE N Candidatus Competibacter. Candidatus Nitrotoga. Phaeodactylibacter. Thiothrix Fl

Dechloromonas
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oA Pyt DR R o Mt reg B0 R T el G 56 A T I T A R R R AR (F R R 2%
BR) BB S S B Bl geAh, i TR BN R BBl , A iR AR BT A R Kl AT R =
10 °C DAl A 0 A 30 B A o il BE RO, [, R BR 5T T 445 K A Ay Ak B
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RRHE R TR A

5 7K A BB E LA A DLTE BB AN HE, X BR TS YL IREE R 9 T BRI . BT M o —Fh
AR EAR, HAARC AW TAEY, Nk, E A8 A0 6T 5T 506 Tt k47 mlR A, L
30 S B 0 U %) T AR A SO 3 T N RUR CRIZIEBER . PHA) (1) 2 iH AL 2R W5 7 (DPAOSs)
FIBFFE I T AT 1z 302, DPAOSs 7E Sl 4 Br UL PHA /E M HL T it 4K, PAINO;-N/NO,-N " Hi
T3 AR B, DA SE B — i PR 11 DPAOSs BB 5 76 IR /B AR 3 B 48 47 10 R L 4 (A/A) ) K 5
WA, TEBE FRES h DPAOs i 480 % B 7 % (L) NO;-N/NOS-N Ay B, 752 440) A G 1 40 W il 3kt o6
(LA O, NHLFZ ), 38 F #5r DPAOs ] 78 IR S /41 48 28 5 11 |2 I 2 (A/O) N K i & 4E . WONG
AUV BIEgE R B, BV RN 8% Y B9 DO e B8, DPAOs LAl F FH 75 7K 55 AR MBS (2 1A) 1Y 480k 5 1Y
225, WRPET B A O, BINO;-N/NOS-N E hy i 132 (KW il o 13 4l i — M 0T & 19 S s Ak
B Wl (DPR) 5% A BB 22 fif 15 7K B U5 1% 1 AN J T 2l ok A M T, s il A6 SR 1 (DPAOs) 1. 25 W] AR
30% (1 RE IR T3 >R Al 50% (75 Je 5=, Ik 5 B DPR T. 2 5IR A/ A (A/0) T LB A, FFEH
B G BRI PN TR B (PHA) 3R 5l DPR 3 B2, 1 S 808 220 Bk %) ] FsF 1742 &I sk 05 A 88 4

T IS A5 4R MR T B R 4 - L W T2 R 48 (BBNR-CPR),- & 30 FI FH P T ik ik % ok 35 22 40 1 T
R, AT DL LA b, 5 A G B R AR M A0 B A A/O/A(R A/ AR T
2, RHERAF A NIRRT SF B 1700, IS LA N 3 S H R . — & K59 5 & 4 DPAOs, i
LR G A A BRBEPERE 5 R AR PR IE R G B AU SR s RO A B il E RN R GEReAE s — R b iE
VI RESS M, ¥RU] DPAOs T8 #F 194 .
1 #MR5RE*%
11 XBERE

W 1(a) fi7n, BBNR-CPR % 4t /2t kit =0 R U/ S/ 480 (A/O/A) ARkl . PRIk 46 L g
AR UL KB AR ) R R AR O e S R () K L PRI L B Bk A o nT g AR
B[l g s il o WA 1(a) s, ASF 58 TP SR 3 R N 1) TAE AR 8 L(R 1.6 m. N4E 100 mm),
K KL B AT SRR g LR WA As AT A ROK AL 1.1 m, K Zead ik 8 25 B /N E B IR S A
PEIH A Bhi . B L(b) R, R GRASAT B SR T AR W W B B/l LIS B B A . RN
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Fig. 1 Operation mechanism of BBNR-CPR reactor
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W S R 7 do IR 1(b) FToR s EAEWE BB B (RREERT K 6 d), AW L A/O(/A)
WX E T, BAETE N 8h, WIGIREAIZTT 3 hGEL M K, HoKIEAREKEE), dFAE
Lk . 7K 5 h(A/O/A BT O 3) GEZRHF K, K A TEIKAR, REREFNIGIRRE), 6
1247 2 hGEEZEHE oK) BRI B (1 d) e ditakk, PR&EHEK R 0.5h, # BN 2 he

7£ BBNR-CPR [ E B B, #4~ A/O o A/O/A JE ] (8 hy) Al ZbBE 10 L BTG K, S8 A &
BB B A B AR T TG 7K 180 Ly AEAE Wl IS B B, TC EE 20 L ey Vi B2 b i Y5 % 7K I [A] Bk
FENEYEM FIARN, RAEFE 205, HEBUS A P S B, I 8 70 i i DL i S i e 1Y
T3 XM T J5 S s it 5%
1.2 #HKKRR RN EITHRE

S I K R N T HE i B AU K o 7E A2 1 75 0l o B K 5T AR 43 O NaH,PO, 58 mg'L™',
NH;-N 50~75mg-L™", Z %4200 mg-L™' (LA COD it), MgSO, 7H;0 70 mg-L™!, KC140mg-L™"', NaHCO;
200 mg'L™'. CaCl, 20 mg-L™" Fl FeCl, 2 mg-L™"; 7E8E U B s AR B (b se i 5 ) 19 v B R 800/
1 750 mg-L™'(LA COD i1).

SR T LU A S 4 BT B, FER BRSBTS E R 1 R .

%1 BBNR-CPR RZMEITHE
Table 1 Operational configuration of BBNR-CPR system

mE mEC ey TN SRIEOL MR KIRIINOSNT
(mgL)  (mgL) (LhY  (BLCODit)/(mgL™) (mgL™)
I 20~25 45 70 70 3.87 333 800 &k A/O
1] 25~30 48 70 75~80 3.44 3.33 800 5~10 A/O
Il 15~25 40 65 65 4.07 3.33 800 ¥ A/O
v 8~15 68 55 55 6.91 5.00 1750 ot A/O+A/O/A

s aR N Ciit P AR TR ST 1) b e 5 R 8 B I BEREADUZE K K B IR PRI AL bR I R (B Bl K i i A8 k), i PR 4By
ﬂ7k/nu§ﬁéiﬂﬁ?#h3 33Lh7

1.3 BNSHEGE

ARG AOKEERE 2d & T, A M RT3 2858 0.45 um AL & . pH (PHS-2F, H1[E) 1 ORP
(WTW, 18 $cds i F 3 W 3R A% . seah, SR A0 T M2 00 COD, Bt ik ik 79 4 V1S ik 45 4 o0
TG RE R E TN, 2 B B 40 1 ik 4 R B 0 6 58 A0 6O YR e TP, SR 40 EQ I3 20 6 ' B 2
FENH]-N, [iNO;-N FINO;-N M 4351 5K FH 48 A8 43606 B2 325 i R A 0 66 BE 15
1.4 16S rRNA EBER L 7

B BN IECRL RS, ] B.ZN.A.®DNA ZHUR ] G420 DNA. R 514 338F(5+ACTCC
TACGGGAGGCAGCA-3'), 806R(5-GGACTACHVGGGTWTCTAAT-3") % ¥k 24 1y 1 7 11 a8 9 38 A i 57
XI5 16S rDNA (1) V3 Fll V4 X 4T PCR 9" . DNA £ 4ifb b ab )5, 4t Bl wRH
A PR E] SEAT A T BT A R R 2R AR AL, B BLR R VR A S 0L DU R Y,
Jo o ok J2 E ST AE YRGBl (NCBL) B8 R B I, 00 B 45 R s ol e A, SRR P
%115 A SRR12574466, SRR12574468.

2 #ER5Wi

21 AEMERGIRABRBESRAITEE
1) BBNR-CPR R A E AR BBz fr il B A (@A . SR AR, mE2mH, 5
0~45 K M E B B (BB 1), %ﬁﬁﬁ%ﬂtﬁk%ﬁ%ﬁ&“%ﬁm70.13mg~L*1%no.ssmgrl, FANEE
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Fig. 2 Long-term ammonia nitrogen removal in the system

FOR R34 2 BR300 N 99.45% 1 66.91% . 45 46~93 KRBT BT, DA #E /K o in ANO;-N A5 41
K R 51 BINOS-N, - DUFR 53 i & i 4200 28 40 1 280 R B B 2 R A 5 ) . 7 i2F JK NOS-N Ik oy
50 mg LI, TNFE2EBREH 66.91% J+ 2 76.45%(HHKF EINO-N #k J# 4 17.80 mg-L ™), X —45
TR SR A A 3 o gy AR K ] X — 5 BUEENO;-N AT R 3 4R T R G 0 I A ROR X — 4
W —g, A, FERAEBHKFIMANON G, REMARBERIFER OB ARCR, X155 T
WIvERE M B . SR, M4 PEKNOS-N 9 10.0 mg- L' B, RS TN ERBIFARRAL, FHEBRER
FEAK 2 72.57%. X 0] fig e BRUOMAE N AGE IS S AT, SRR 38 4515 5 DPAOs #E 17 5 il 16
W, 53 A A A0 P e e YR T R T S B 1 [R) A5 Ak R i Ak

B, N #e s 7 IR B Wikt EE K DL ZIR &, R AL
REAS AT AR 55 . A B s AT 9T 30 d N, R 400 2 R FLEV R T3 5Bk 23253 1 R 99.28% Fil
77.04%. SR, M RGEATEI 124 KEF, FREIRE R AETRNE, BOA i A 7E K i i R B RS
TEAFBE SR, ROV aF NI IR K, o R 0 T8, RN AR s 17 5 T i A7
B, M 134 KL, REMETTH X H A0 T 2R 0 A/JO+A/O/ATRE T2, MEEHSREMET2d
PLA/O T. 21T, J54dLLAO/A T T, 175 AJO/A Wizt iU, i E B Bt Kt A/O T.Z
M) 5h4isiz 3 he W iZE T, FBERIMN RS WA 1 27% MBS, 4 7R EBEAEE
Fe; [FBT, U BRI IE IR L 67% HEFFZE 150%, PG FR Lb B 389 0, 2% g T A U % i 1 /R R Ak
TEPER R o FESUBE AT AR, R A A AN BRI E , X ULWIRIE Mz 1T
ZRAER RSS2 T RGN R A R L B OB AR T R s T, RGN A A B AR LR
AW EFEI X RN a8 NIR G A K B AR Y R BB S N TR s T . R LA E
W/ T E TN, R LRI 5 82.24%, BALBRFEN 77.98%, M Bk AREIETE, R4
NP AR A B L BRFR A WA F) 89.12% F 82.14%., LIN 25U MR IR ((12+2) °C) F AR5 N Bk IR
B, TN LB N 71.08%, #8120 F] J] A’0-BAF T. 2 {E KR (11~14 °C) Fisfr, TN £
FIRF] 78.3%, X UL T 51 AJG B R AR TE T 22248 M TN LB R AR A 3 F B

Jo AT (8~15 C) T HUEW M A BRBERCR . B IV, 4 2R Goml [l i B b 70 10 ik 5 vk
JE i 800 mg L $2TFE 1 750 mg L', {3 RGE I KT ONRTFT 2.8, XA KIFRE REMNE
BRI AR PHA & i, BRI B By RIS A SO i Ak /R FHPY . ol AT e B B, Al
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A0 3R Wl TR A P DA S SR B Ak S R AR RO AL BR B E T, AR RS S A L BRACR I B . T
R T, RGN MEEBRSCRAT 64.74%, 3% 18] BBNR-CPR £ 48 % i B B8 HA — & 1)
fiif 52 M o

2) AR Bt RE PR BESCR XS . aniEl 3 frn, fEIRE B S AR R EL G (B ), &
GEXT W) T35 KBRS h 84.56% [% & 60.23%. HJFEHTTRESE, H T 51 A 5~10 mg L™ (INO-N, fE4
Vg wEa ), PR B B i 420 i T I R

w SBEIEK e SBEHIK x BERFE = AN BOR B K
B4, DPAOs &7EAY)E W fa WL e i e it 7k 80 120
PR . SO PAOS 7 4L B fig R ol i O G
RICHID THBL, ERRGIIAHRR e, o Al b
W T W, TERTBLN, ABIIEMEAKNOSN LA 2 ol FF e S 1 «
WARGHTOEA, (IR B S wl M T e
MINOTN, THTGIS PAGS, FAMBARIZ 2 wleerel 7 e 2T | S
WA B . AESS 106 R, R 2% A R R 20;;;?&%5%% = et
ik 98.51%, #£ 116~132d N TP T prF ik 3 10f : o : 2
T 9019%(%?%@1@1?5@%& I )O EW‘E’%N O0 20 40 60 80 100 120 I14O 160 180 200O
PRI, TP KBR AN 65.06%. FlE A=Y sEfintiald
BWE N, BIE1T (AJO+A/O/A B A E1T) B4 B3 REHARBTIRENBRERYTR
IR RZE ST, AN RGRAEIZfT Fig. 3 Total phosphorus removal at different
B . RGN TP VLB RES T 89.75%, stages in the system

22 EH-BEUE SRR EERRBEEREN

TE A ZBE-0E ML I, PHA Bl [A] A SEZE A BT 8 M #6 . 0 T i PHA & A2 fLxf R S8
FUBRBEVERE A2 R, X RISOS RS 10 3.0 8 KKK BUE M IEAT TR0, 5] 4) AT 0L, B
[T Wi B BE2E W B PN 1) PHA ik S0, (0495 35 0 i 300 3K B g Al T v e v, ARBSRE R, AR RN
(R LE ) REAE 47 SR B BLE A T DR TR I il A S A AL, 4 SR B HH K NOS-N AU 3.54 mg- L' EAk, W
(] g v A 0 5 P 8 W 0 RO A IR S SR SRR v JEE 1 R I, BTE B W AT, AR el K vk i i
G RFFEAR A, RGEB IR A R M BR B ROCR B4 o TR EBE I, BB 2 B A A 073
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Fig. 4 Efficiency of denitrifying phosphorus removal in a phosphorus recovery cycle of AOA mode
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T, AR PR P ) B R, R A DA B R et B 0 s LR AR MR AR
PHA JHFE &= 3N, G S B[R] i A A SRS AL 50O T B, 1 Al 7K NOS-N ¥R B2 38 i (NOS-NHR 2 v T
25mgL™"), MJEsit BRI T R R T2k, v DURIERR 2 BRI (380 93%)

UGB AN L hugb it | KBRS, THE T S 5 R (DSRS0 P Il R 4 R
WE 4b) . HIE 4b) o7 WL, 25 3 RFNES 5 KA Bl S8 B SR AL, X UL A - B SR TE & 1 ) 40
PR G4 ) B PHA IF it Bl s i) S W7 20, (X T (D)PAOs W B 1T H = 7 AL A . ke, FR
il A e A T R 1 = D PRIATS R K R R R P 22 AR (NOS-N) TR 2

mE 4 prR, RREEME T REEI B, &2k 1.00 mg NO;-N FEHHEA £ BR 0.76 mg PO; -
P, HAWHFSY T 27 S i Ak bR f b /B T FE L an 46 2 firn . T2 R R 28 . PHA & & 1
JR A B B R M W B SR RN K, Hdh, DI BIRA A (A/0) s tT, ERVESAE
FZAR, 72 A B[R] /R s Ak TR 3 %6 07 v T DA R AR A S HE T 2 AR A g gl ol 1224 g AR
S/BEZERE (AVA) 7 G AT T RS8R SRS A W il R Yk s e Ak, B v R O B R
HOR P OCHE, R PR S R R IR R B Y VRA B ARG, SRR R IL VFA iR 2,
AR I 22 0 480/ SR I B B Wl R R K o DRE, R R e T AR AR o AR A T 198 G SR A
3 T AR ST B 45 R (3 2).

x2 TEBITEHTRERABIHELE

Table 2 Comparison of nitrogen and phosphorus consumption ratio at anoxic stage in different studies

B Bk HEIK TP/ W Tl ik 6 (-4 AP/AN

BT TZ C:N:P TEASAMEE (mg' L) (mg'L™) IR HAR)/(mg-(L-h) ™) (BREBTBY) Hi
AO/AOA 25:3.7:1 14.4 14.9~16.5 8~15 19.93/7.67* 0.76 AR5
AO/AA 20.0:1.5:1 40.0 20,0 25~29  13.87~16.32/6.30~11.38  0.29/0.43 [15]
AAO 26.7:42:1 50.0 10:0~15.0 25 8.40/8.00 1.00 [26]
AAO 36.6:10.3:1 30.0 3.6~9.3 19~21 — 125 [27]
AO/AA 253:2.5:1 355 12.0~17.0 21~R23 15.59/13.11 0.23 [28]

AO 20.8:4.8:1 44.2 9.0~12.0 — 14.17/12.85° 0.80 [29]

e afORATTRA/O/AREH, SRR B2 hiG IR BREE A bR 3 hEBRERAIIE; IR BRI .

AR AT . SRR EANE R b s8I (1 750 mg-L™, DL COD it) MBHLE K ,
SN NAS, R A IR R T B AE R R A E RN E L, JFLIPO; P
(% 2 o S R IO N B BT SR PN o 3 YR AN AT L TR S 7 i P8 A 0 A A ) 5l ) 0 N e B
FIBERR Eh T AENS e AR W TN & 42 R HEAY PHARY, BRI, A WF9E 29 W], DPAOs n 76 ALK
ATl 47 AL ER . H DGAOs/DPAOs Jifi (N PHA & 7K F- & B, PHA 58 H F I 1k 25 B
NO;-No FEAMFFE Y, YIRS PHA & 5 EL AT 76 55 0% S5 01 9 I 2 25 9% T () 398 o v 528 380 S e 1 o e
DA, B 75 4480 B B 7K NOS-N ¥k B2 Fifi 25 25 i Jo] 401 ) S A iy AN e g hn . Rt 7EARIR S, T
Pz H RG K — s T, ERGRA A/OBf73Ea b, ik 5 & ik 4 B 7o o Al H 45 0 B ok
NOFNACE O, fE HHL F A2 4K, ANALREHE 17 LY Mg i, W AR08 78 43 R FH B 0L #5% 28 W JBE 79 5k B8 1Y
PHA IV {740, JLIE 5280 S A Ah B i ok 2 9 — B WU
2.3 MEMBESEHDWN

WE S s, 47 T2 0 28 e K i 3 A8 A 5 350 0 #5 IN IR I BE VR 45/ kAR B i A8 fb .
h, A0 T2 ARG BB W0 3 & A Candidatus Competibacter (53.34%) . Defluviicoccus (12.65%) .
Run-SP154 (6.79%). Dechloromonas (6.14%). Thiothrix (5.29%). i %5 ik B (0 F& A% DL K iz 47 T 2 i 7
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., RS W8I H W #E 2 N Candidatus >
Competibacter (20.09%). Candidatus Nitrotoga 504 X
(8.82%). Phaeodactylibacter (8.75%). Thiothrix ol VeIV
(3.30%). Dechloromonas (2.71%), H B ExIV b
. s . . it
REMHE SR EFEE . Candidatus =
Competibacter (Ca. Competibacter) 1£ 2 F 5514 F ot
FE¥ R TUE IR EN, BRERS
O R AR iR T 200 mge LT BF L, GAOs fi %, . \ 0.8 8 §
JH VFA & i PHA, LA T 3 ) 52 4 1 A0 SR T R R
35 . 4L, Ca. Competibacter H— 25 1 & WCOQQ\OQO 00@06 PME e ¥
N o ’ . = (O Q\@ 00'

it 3 ke iz Eh il BB S B2
@ﬁﬁ%ﬁﬁ%%%&mm% (R B 5 A/OF I MA/O+A/O/A TZ (M EN) £15%
W™, Candidatus Nitrotoga VE >R — i K il 79 FELE R (B 7K F) XTH

b )E, HEEO R ERS . AR Fig. 5. Relative abundances of dominant communities at genus
14 Phaeodactylibacter £ 1F 115 /K ib 38 2 5t 1 11% level in the biomass of BBNR-CPR system in the A/O process
BB . b T A B R K G B B, (stage M) and the A/O + A/O/A process (stage IV)
R, X 2 MRS RETE A A B RE AR R R B TN RERFE MG, HHE BN, REME
A/O J5 32 17 ' Phaeodactylibacter M\ & i, i BBNR-CPR & 4t ) L & #f . [W B, NCBI %4 5 ¢ b
(Genome ID & 83475 Fil 88035) T 4 & L Phaeodactylibacter Jg& H1 1Y i £ %4 #% T PPK1 (polyphosphate
kinase) FE[A , 1Ml PPK1 — el iA by 1% G0 Sl 1A 1Y R S8 K B ARICSE N ™20 A, JRATHEN] , ABF5E
W' Phaeodactylibacter V] RETE i 48 B Bt 1] S i A6 W st 19 7 1 -

SR, TEARBFR P AE M BB H . Candidatus Accumulibacter(Ca. Accumulibacter) B A X =F FE AL Ry
1.36%. AW RW], Ca. Accumulibacter NXRER ] O, 1 0 T2 AW, 36 BEFI HINOS-N 524
HLF 2 (R 4k PHA SE4T SCAH PRI . AEARTFR T, Ca. Accumulibacter W FE 1 SR AT W 45 )5
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Effect of post-denitrifying setup on nitrogen and phosphorus removal in the
biofilm bio-nutrients removal-carbon source regulated phosphorus recovery
process (BBNR-CPR) at low temperature

LIN Huan'?, JIAO Pengbo'?, TIAN Qing'*", JIANG Tao'?, DONG Xuetong'?, ZHU Yanbin'?, LI Fang'?,
YANG Bo'?

1. State Environmental Protection Engineering Center for Pollution Treatment and Control in Textile Industry, Shanghai 201620,
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Abstract A continuous biofilm bio-nutrient removal-carbon source regulated phosphorus removal (BBNR-
CPR) process was used as the alternative anaerobic/aerobic and alternative anaerobic/aerobic/anoxic biofilter to
treat the simulated municipal wastewater with low C/N ratio (influent C/N ratio from 3.44 to 6.91). Phosphorus
(P) in the wastewater was accumulated in the biomass, and at the same time, a high concentration of external
carbon source was periodically introduced to release the accumulated P in the biofilm for further recovery. On
this basis, the BBNR-CPR system was enhanced to achieve the goal of simultaneous P storage/ removal at low
temperature during aerobic and post-denitrification phase, which was achieved by the post-anoxic phase setup,
the increase of the internal circulation during aerobic phase and the supplementary carbon source amount during
periodical P-harvesting phase under anaerobic conditions. The results showed that the system could save 27% of
energy supply by introducing a post anoxic phase, and maintain a stable nitrogen and phosphorous removal
performance at low temperatures (<15 °C). Meanwhile, the average removal rates of NH;-N, TN and TP reached
89.12%, 82.14% and 89.24%, respectively, at the influent NH;-N of 50 mg-L™" and TP of 15 mg-L™". During a P
accumulation/recovery cycle (7 days), the PHA storage amount in the biomass of denitrification phosphorous
accumulation organisms (DPAOs) was continuously consumed with the extension of the biofilter operating time
(day 3 - day 6), while the rate of denitrifying P uptake maintained stable (7.51 mg (L-h)" on the 3rd day,
7.83 mg (L-h)"' on the 5th day). The post-denitrifying phase could removal 0.76 mg TP when it removed 1.00
mg NO;-N. The main limiting factor of denitrifying phosphorus removal at this stage was the availability of
nitrate nitrogen (as the electron acceptor for denitrifying phosphorus uptake) produced during ammonia nitrogen
transformation. 16S'TRNA high-throughput sequencing analysis of biofilm samples showed that the dominate
functional communities in the reactor were the genus of Candidatus Competibacter, Candidatus Nitrotoga,
Phaeodactylibacter; Thiothrix, and Dechloromonas.

Keywords  low  temperature; low C/N ratio; simultaneous nitrogen and phosphorus removal; post-
denitrifying phosphorus removal; biofilm
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