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Influence of carbon source on the denitrifying phosphorus
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Abstract ; To enrich the nutrients removal pathway and investigate the influence of carbon source on denitrifying
phosphorus removal at low temperature (10 — 12 °C), a lab — scale A*O reactor was employed to study the
process of phosphorus release and denitrifying phosphorus removal with sodium acetate, sodium propionate and
their compounds as carbon source. At hydraulic retention time of 8 h, sludge recirculation ratio and inner recir-
culation ratio of 50% and 150% —-250% , the differences of specific phosphorus release rate and the subsequent
phosphorus uptake efficiency with different carbon source were obviously. The specific phosphorus release rate
and the phosphorus uptake rate was 6.3 and 2.8 mg - h ™" with sodium acetate as substrate. However, the spe-
cific phosphorus release rate of sodium propionate and the compounds was 3. 44 and 5.56 mg + h~'. The phos-
phorus uptake rate was 2.05 and 3.81 mg + h™", respectively. On the other hand, the intracellular polymers
synthesized by phosphorus accumulating organisms were varied with different carbon source. The content of
PH2MV was improved by the sodium propionate which consequently increased the utilization efficiency of nitrate
nitrogen by denitrification PAOs. The compounds of sodium acetate and sodium propionate were considered as
the more suitable carbon source for denitrifying phosphorus removal of low temperature wastewater.

Key words: denitrifying phosphorus removal; A*O process; intracellular polymers; low temperature

s B EA: 2009 — 11 -25.

e L A Tk H S /I A AR F A Al A

ERTE : (S50 AT R 53 AR T 0 008207207 - BUR FLRRBHRAE IR S/ SR RSCRRR AT WO AR A
005 —02) ; [FI5CRHE L Ha F (2006BAJ0BAGS —01). & aE RGN E A AT AH NOS AR 132 1A
TEEBA: AR (1970—) , 5, 0 W42 WPk RSB R B P PHA [ 48040 52 B B R

BT (1940—) 55, B08%, 1 A il 5
i AN(1938—) 55 kAR O, b B TR BE R



554 9]

o ], S8 R TEGHIG R A% O T2 S B AR P 5 1) 33

RZS NOy 1Yy S A AL AR A 1 i, A1 20k
VR R R AT TR AR OB AE S AL
B R AR R P BRI R T R
FEWERE 75 M NI A7 4 04 G JCRE 7, 3 1T 520 2
A PLBRBARCRE >~ 5 1 1 BE A8 b % A= A0 R Ik
GG/ RIS €3 ORIy A TR
PR , PR 2% 1 B P 6 0] S i 1 Bk ke 1)
SO HAT BB S H AT T Sl A B i P BF 5
RZR M LR AR, AE AR IB AT 45 1F
THARZ T G ML 0 LD I Ttk 5 1 — 2
WFTE I, AR RE A6 fi 0 SR Wi T 1 2L W PR i R 48
DA A (RO e 5 ) S I AT S
PR3 2 PO L FEE PR Do/ IR A Rl R e S B

(1924 Al 5207 2, AT A2 < 9 A sk 7 1 £ B2 o
1558 RUR, 6 TR I R AL B T 2 R S e
5 R A S KR P R L R B R
VL. ABFIER FG 4 A0 BRI BE T2, %
(R4 R TR TR X S B A B A Bl S 2 UM
PR A R R AR GE AR AP0 1%
A AR TS 2K S e S RE SR PR KR
1 K
L1 RREBSFTIR

A0 RIGEEE A 1 FTR. 35 A HLBE 3
B A TSR 8 e R4 — B — AU
28 TTFEN IR AME 2 241

< U e e i ]
e SRR
[ ] ) % ? T %
~ - - I 1 Iv Leoel a b
| | |
-~ -~ - -~ -+
|
P — — -3 |
ok | e |
e T | |
VST ATR 2 :
7% VR A P i 3 5%
&

1 A’0 IEZREE

JL g A BTN 40,0 L, 532k 4 8% Hif
2 AR DRI IX, BEJS R 2 IR IR
AR/ AR 10 1 20 PRI S X i 1 2
TRA 4 DX A i R SR AR SO e et 3
THE RG4S (DTY - 15B) £ P ILiR B 2k K HEA
BB AR ZR G AR AR IR A6 20 it 30 52 BE, 45 i 7
10 ~ 12 °C{iiE WA U 13 Logs oK | 18]
VTG VS FNR AR PN (8]0 1 >R P s s 2 4 ol 3222
AT OIS : /K & 3.3 L/h, | X AR
HRT 2y 12 h, SRT i i FshHF R HI7E 15 d 2
47, MLSS 7£ 2 800 ~3 000 mg - L™" 15 & [ i kb
H 50% , FEAGIE N B S 150% ~250% .
1.2 REAKESHAE

R 7R TR K, B B Rk o A
NH,C1 0. 114 g(NH," — N gy H 30 mg -
L™") .KH,PO, 0.065 8 ¢ (PO, — P Jfitm ik N
L"), MgS0,0.03 g. CaCl, 0.015 g,
NaHCO;, 0. 45 g. [m]i 75 Be 7K o $5m fl i T R vk
AR, AR T B A3 TR SCRR [ 9 ] A A e, $0m
M1 mL - L™K A LR A 2 BRAN TR BR A A
WL 11 I CRREN I RENTE A, T o 2 vk

15 mg -

BEF4 200 mg - L7

COD NH,* =N ,NO; -N.NO, -N PO -
P F MLSS 45 (13 5 ¥4 5% FH ] G PR 08 5 JRy i A 1
JPEHAT KREZE 0.45 um JE4RIE 85 I 5E
PHA R R AR (3% 35 % 4 mL TR KIR &
WCET 5 mL B0, L5 000 r - min T
HTELOHL(TCL - 16G) HEf.Lr 5 min K B30 5
M5 IR E T UK P AE 20 CIIME TR 12 h
S BT (FD - 1 8, b 50 1 EE A
AR T 24 he FRig TR TG e B E G A
S, IA 2 mL 1545 .2 mL (2R HTER - H
WEATR (1 g - LT MZRH R 3% RIBRER , (i 4k
FHWBEEAE L L) RZIEY, & T HHX
(ET3150B) H17E 105 C (353 R MR 6 h. B &5
IIAL mLE 4K, 7850 B G IR G G, 760K i
BB ], R R R A 2 S, TR WA I R
1 mL T ZAE DU 2 AR . o ik AT A2
LHES A F GC6890, FID 45 I #% , # /& HP -
5 8 (430 m,320 wm P2, JE0.25 pm) . JiERE
AR R 220 °C, 43 b o 20, R J7 2R 3. 385 x
10*Pa, Fip A6 2536 B2 4 300 C, #30 N,, i



- 34 . []'/_:lx

7S W /A NI S (4

543 5

740 mL + min~".
2 REAER5H#R

Z RSN BRIR A R A S R R AL B S R
K23 505k LR AN N R IR BT, A0 T 251
R AR TR 5 A S s A Ml 3 R i N SR Y
HGo fRa R

2507 ! 780

2.1

170

160

L

P

< 150+ 150
i &
® 140
= 100

B 130

p (NO,-N) p (PO, -P)/(mg-L")

B2 ZERSHABRIER R SRS R R R
HE 2 W[ DVE Y, K S ERER (COD) Jit it vk
JERI N RS POLT — P BRI FE AT S 1
FHSEPE. ZETRE R 10 ~ 12 C &R, Bu w7
PR AR R B B A LK H 2 B8 BN 58 RS B S5
PHA A& U, IF7E 2.5 ~3. 0 h I LA A B RR
Wl e A KA. AR 25 o B AR B A b i £ K P k)T
R R s TR/ NI = W VA= 7 DS N 8 i B
56.7 mg - L™, HAf 5 MLSS -3 D S0 Rl 1 3%
56.3 mg - h™! JWMERES T EUVENUR S
SRS R R A I I I A TR . R AR
LA NIRRT RN FE—E I IR T Y IR
FERR TR 10 °C, SRl TR R e ol 3 s 14 i — 1%
I, EAGIR A1 T LB M AE K A0 R RA K
15% B B () BB A ) Wl X R S, DT 1 vy R e %R
TN AL THRT DAAS kA DX S A R o 1 2
H25.2 mg - L7, 4 5 MLSS % W il 76 %
2.8 mg - h 'L A AT DL kR i A B NO; - N
A S PRI, P Bl S D 3 A9 31,5 mg - LT[R R
2.8 mg - L™ {iBA—0 o il ad B3R S AL A
K EBR, 75— 42 0 T VE R B A e i i i 32
A3 o SRS AL Bl 25 R
Bl 3 FUITEIR AR L B A/ d 90% 1Y
L FRENE AN TR WG B N R G S i ds H 5 4R
W, A B PHA /)8 =22 PHB (BT &3 50
76.8% ) , 1 PHV 1 PH2MV (1) 510 8%, oy
WA 11% 1 12. 2% . 2555 5 Bk S5 7 4 L 4%
PR IBE T A AR, SR IR 45 7F T A

YA N Y R s AR S RE T R A AR T AR
1k, S5 PH2ZMV [1IE ..

60 b
PRI

Coom
/ | N
50 F - | .
— - o/‘:\o "
—,’% a0 F / ./ 3 \.\. .\I\.
E e
=30
f— 7. PHA
o
*0 PHB
®20r | —A—PHV
<« P —o—
PH2MV
or 0o—9— O\Q7O/¢§6—é—A—A—A—A
44 1 1 1 \0

(A 1
0 180 240 300 360

t/min

B3 ZEBMARBERBENESYNERSSHE
2.2 AERNABRIRRIBEORER S RAE B RS

B 4.5 NINBRGN MR IERT, A0 T2 MR A
T 5 G S S A AL R i A A N SR 5 W ) B
50t FE. 5 SRS RIEAR LL , TR AR IR
I DR A 1 B ) R i R Wl R /N, BB 1
931 mg - L7, A 50 MLSS - 35 B il o 6 24 oy
3.44 mg - h™' PR X BB RE 1 O BR I, B
i 1e B @Qﬂﬁxﬁliﬁ@fﬁkﬁ W wE & N
18.5 mg « L™, g 5 MLSS Wy f j 4 [ fIL A
2.05 mg - h".ﬁﬁﬁa?i%?ﬂ@%ﬁ%uﬁ@ﬁ%iﬂﬁﬁ
TR R T 5 W Wl R MR T S IR B, (B2
PRAAX G UM N S5 9 8 PH2MV 1 5 E'és‘%ﬂli"‘
hnE 45% . DA R AE 9T 2 I8 PH2MV (1) J5T 5 3 4
55 R AL R 2R G IR S R AR R A FH A 1R
UF AR DGE , AT LA 2 B A 1 R Wl A ) 5 i Ak
ERBEABOR™ . 2 WX — 45 AR, 78 AR 5

JHE A SR B TR A RS A P NOS — N
REX LRGN BRI A P 48 g, BRIV it 2o B A fl B

R B89 NO; - N fi1 POy~ - P A
.

250

—~ 200 n
= g
0 <
= 150 &
= L o
% =
I E =
& 100 3
3 x
o 507 g

=

0 60 120 180 240 300 360

t/min

B4 WERHARENRKEERS RELRBETRE



o ], S8 R TEGHIG R A% O T2 S B AR P 5 1) 35

54 W
401 . | —E—PHA
"W e pyp
e '\ 2~ PHV
ok / | a0 PHWV
= n
20 \.
S0t 3 Sa
] 1 "
4o /O/O—O\O/Q | |
Bl / /87A<A>Qg\°*'\o—o
< 107 ot 2o —e
; ASN—N— AN
: ~0
[) 1 1 1 1 1 L 1 \O\O
0 60 120 180 240 300 360

t/min

BS WEBRHARERRBAREGVHNERSSHE

2.3 BREMIEXNBIRENS RAEL R

TRABRIENT A*0 T2 4 PRAK V5 7K B A9 IR
SRR IR SR A o Wl S & 1 o e AR OC &R an 8
6,7 . AT LAE Y TR B i DR AR B B 1) 1
TR T SRR IR N 1 e £, DR S8R i 1) B RR
W28 50 mg - L™, 43 58 MLSS - 35 B i ik 5
2)45.56 mg - h™'. FEBE RS Lt B, 0
24.6 mg - L'/ NO; — N 10 H1F 32 0k Fl T %
AR AL, ol S IR e B 24 Ry 34.3 mg - L7 %4
T RN 25 R AR AR g FE v,
ABGT 1 h BT /D8R NO, - N FLE(2.4 mg -
L"), ZJ5 NO; — N iz /i 2k, HoAR i 5 =X
SR TE L SR R R O A R R R A AL B A T
WRAWEFE. 5350, 5 B4l 1 RN S TN R FM i T
AHLE VRS BTt A AL ) PHA B Wk BE A T
oo ep b ot 22 ), R AR o PHA BT o Wk B2 Oy
41 mg - L' Hip PH2ZMV it 2040k 37. 4% .

2507 <t> = COD 770
=~ o~ e C_ —~
5 ya *-NO,-N 160
& 200 P v\ —o—PO, -P 0
= ! - 4 =l
5 /O/O - \aoNo-N 0 £
#1501 L0 I T
18 \\ 40 b
I £
2 100 S
' —~
> g
50 El
<

B 6 REERAKENREERS RFELREHIE
AR 25 PF T AN ) B U0 Wt P k- 5 B s A I
RBRWE R TSR], AL AR B, LRGN
R IR RO 5 PHA A4 R FLME oK,
CTRENSPRIR A )T i SO 22 T P TR ik
RIS PP AR/ DN 3Kz o T A [ B DR 45 4 S BUR S

A AR 544 11 PHA JE X, Bl 5650 b N TR
R e G R ) T R N, A T A B PHA L ik
/N HJE PH2ZMV 76 PHA R U7 (& 1 L g 25 35
BT S o 40E LA NO; - N i 32K
SERLBEVE F. PR IL, SR A SR B TR I A5 PHA
14 £ B 445 ) S 52 W) S s Ak Bk g 2o A b NOS - N
I FH 23 1) PR DR 22 3 22084 o a7 e R TR 9 14 Jo
IR EEA FIT PHA 44549 PH2MV 94 miiith
A, TR BRI 25 R A0 T4 FIH NOy - N
SIERTES

50T

H —m—PHA
" —e—PHB
40 /'/ \ —A—PHV
_ " |\, o PH2MY
= :
e O\
= ‘ N
£ : NG
o 20 oo .
& o« o0 N
S ./O/O/O/ ! .\. oy
10 [ o7 A—h B "
/ PN, NN | A\%A\AfZ:g
/I 1 1 1 1 L 1 1 (ID\CI> 1 1
0 60 120 180 240 300 360

t/min

7 RAERARBENBARSUNERS R

34 %

1) A0 T2 b AR 5 7K i 2 v g 0% 52 B
FIRIRAE T 1 S A AL BR B 2280, 2R 8 N R e 1k S
i ARk B A 5 ] 9 A 1 .

2) RS D T 5 N DR SRR i 1 5 B Al AL B
MR e, fEA MU PHA AR 2L PHB O 32, AR
TRAUNO; - N Oy 152 R i i fig

3 ) TR JE TR A TR A S g I, IR SRR
5 ORI, (A0 5 R PHA f PH2ZMV
FUBZE A3 T, B w8 1 SR W 17 B A A T e i 7 v
NO; - N A IR,

5% Wk :

[1] THOMAS M, WRIGHT P, BLACKALL L, et al. Op-
timisation of Noosa BNR plant to improve performance
and reduce operating costs[ J]. Wat Sci Tech, 2003,
47(12) ; 141 - 148.

[2] CARVALHO G, LEMOS P C, OEHMEN A. Denitrif-
ying phosphorus removal; linking the process perform-
ance with the microbial community structure[ J]. Water
Research, 2007, 41(19) . 4383 —4396.

(3] FWeE, FlEE, D5, A0 T2 iR e Kot
AN AEPIBRBER R [T ] AL T2, 2005, 56
(8): 1565 -1570.



- 36 - MR

SH

T

PN

543 5

[4] OEHMEN A, LEMOS P C, CARVALHO G. Advances
in enhanced biological phosphorus removal; from micro
to macro scale[ J|. Water Research, 2007, 41(11):
2271 -2300.

[S] R, skrb, 2%, R XS b R i SBMB-
BR AR ], PREERL, 2007, 28(11) :
2484 —2487.

[6] BASHAN de L E, BASHAN Y. Recent advances in re-
moving phosphorus from wastewater and its future use as
fertilizer (1997 —2003) [J]. Water Research, 2004,
38(19) : 4222 -4246.

(7] Ef. BRI 32 (X S i A B ol 28 49 1) 5% T f0F
FELD ] WG AR 0 IR I olk KA i BB B AR
[5¢ ,2007.

(8] EMH. SAHALERBREG AN T [ D], /R

U5 I R b R T PR 5 TR 2 Be , 2004,

[9] SMOLDERS G J F, MEL] van der J, LOOSDRECHT
van M C M. Model of the anaerobic metabolism of the
biological phosphorus removal process: stoichiometry
and pH influence [ J]. Biotechnology and Bioengineer-
ing,1994, 43(6) . 461 —470.

[10] ERIRSR. AKFK B M7 [ M. 4 R b
ot s P EFRERL A AL, 2002,

[IL] RM2E, LKAR, TRIL[A. SBR EREA RS i Bk
MEELT]. LHEERERLAA, 1994, 13(4) 0 16 - 18.

[12] REJK, 2k, TTER, %. #IEx EBPR AT
R R (] $R5ER 42, 2009, 30
(7): 1990 —1994.

(#HmiE 1 )

(5 31 11)

5% ik

(U] s ob AR 2 7l A A 7 Y i) A % % 3R AT 5%
[D]. B AL E 255 2 B , 2007

(2] SRIEEMT. SRR EE 1S540 4 A 2T B FLIE 5 B9 A5 ol
BRI D] MR 7R Tl R
AR TR ,2009.

(3] TRALE. MM SR LR B o s [T ].
HEHRLF, 1992(4) .18 —24.

(4] FEZF% WH 5 R EE RS 45 Y Be id 27 T R U 52
[D]. RBLARPRE R LARTRES %26,
2005.

[S] EREA,FBHI. A% I BE L 55 007 RS 25 5 [
PEREIRI AT TE [T ], AR R4l AR 2R,
2004,32(3) :334 —338.

(6] Mo, BRADSC, 20l TR BE - 454 vh 32 ho B A
ORI AEFILT ). PE LAY, 2000,5:11 - 12.

[7] YERLICI V A, TURAN O. Factors affecting anchorage
bond strength in high — performance concrete[ J]. ACI
Structural Journal, 2000,97(3) :499 —507.

[8] ENRICO S,SUCHART L. Responses of reinforced con-

crete members including bond — slip effects[ J]. ACI
Structural Journal, 2000, 97(6) : 831 —839.

[9] ALMEIDA de F, MENEZES F,DEBS E, et al. Bond
—slip behavior of self — compacting concrete and vi-
brated concrete using pull — out and beam tests[ J ].
Materials and Structures/Materiaux et Constructions,
2008, 41(6) :1073 —1089.

[10] WILSON J L,ROBINSON A J,BALENDRA T. Per-
formance of precast concrete load — bearing panel
structures in regions of low to moderate seismicity
[J]. Engineering Structures, 2008,30(7): 1831 -
1842.

[11] KURAMA Y C. Precast/prestressed concrete struc-
tures under natural and human — made hazards: spe-
cial issue [ J ]. Journal of Structural Engineering,
2007,133(11) ;1487 - 1488.

[12] MORGEN B G,KURAMA Y C. Seismic design of
friction — damped precast concrete frame structures
[J]. Journal of Structural Engineering, 2007, 133
(11):1501 - 1511.

(mEE 2 H)



