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Adaptability of denitrifying phosphate-accumulating bacteria cultivated under
different carbon source conditions to different electron acceptors
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Abstract: Denitrifying phosphate-accumulating bacteria ( DPB) were successfully cultivated in a sequencing batch
reactor (SBR) under alternative anaerobic/anoxic conditions and different carbon source conditions (p ( sodium
acetate) : p ( sodium propionate) = 2 : 1 and p ( sodium acetate) : p ( sodium propionate) = 1 : 2). The
adaptabilities of DPB to different electron acceptors were investigated through static tests. The results show that both
nitrate and nitrite can be used as electron acceptors by DPB under different carbon source conditions, while the
utilization order and efficiency are not the same. When nitrate was presented as a single electron acceptor, with the
increase of the concentration of sodium acetate, the accumulated nitrite per mixed liquor suspended solids increased
(from 0 to 6. 60 mg/g) and the denitrification rate per mixed liquor suspended solids increased (from 4. 02 to
8.58 mg/(g - h)), while the phosphorus removal efficiency decreased (from 91.9% to 81.1% ). When nitrite
and nitrate were both presented, the total amount of removed phosphorus, the accumulation rate of phosphorus, and

the removal efficiency of phosphorus all declined. With an increase of the concentration of sodium acetate, the
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phosphorus and nitrite removal efficiencies decreased (from 73.9% to 53.2% and from 86.4% to 34.7% ,
respectively). Both nitrite and nitrate could be well utilized by the DPB system under the condition of sodium
propionate being the main carbon source, while nitrite could only be utilized after the depletion of nitrate under the

condition of sodium acetate being the main carbon source.

Key words: carbon source; denitrifying phosphate-accumulating bacteria; electron acceptor
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1 EHBSTE

1.1 FiRFkiE

BRI IS VR 4 I F 3L 56 = CARRE IZ 1T 4 AR IR IR 45 10 T 15 37 10 I i Ak bRk R 40, IR 1 LA
COD.,it: R (AR A OKIR) R2 (LAINRREA M) R3 (p (LTREN)  p(INIREM) =2 : 1) R4
(p(ZIREN) - p(NIREN) =1 :2), DPB RGN R SBR, BAFR 3 L, ARUA 2. 4 L HEAK L (HEAKIK
HEARMAERZL)66.7 % A HE 3 B R REIE H (30£1)C, MW #sa 7N 8 h, G i /K
0.15 h JRE 3 h B4 4 h JIHE 0. 5 h AIHE/K 0. 35 h, IREKITEA 150 mL AR ER A p(NOZ-N) = 40 mg/L,,
FROE BTG TS VRIS AEFFTE 25 d 2247 TR G VBB V7 A T F VR B p (MILSS ) PR 2500 ~ 3000 mg/L, 1A
PR R VB PR A R MR BE p (MLVSS) 5 p(MLSS) Z 1k 0.70 ~0. 73,

FKHAANTHE K, #EKKF . p (COD,, ) = 250 ~ 350 mg/L,p(NH;-N)=5 ~8 mg/L,p (PO -P)= 10 ~
15 mg/L,p(MgSO, - 7H,0)= 15 mg/L,p(CaCl,)= 10 mg/L,p(EDTA) = 10 mg/L, f{fEICEHEETI/KH 1mL
iF:p(FeSO, - 7TH,0)=1.5 g,p(CuSO, - 5H,0)=0.03 g,p(H,B0O,)=0.15 g,p(KI)=0.03 g,p(MnCl, -
4H20)=0.12 g,p( (NH,) Mo, 0,, -+ 4H,0)=0.044 g,p(ZnSO, - 7TH,0)=0. 12 g,p(CoCl, - 6H,0)=0. 15 g,
1.2 &gt

a. JREWBTEL, M DPB 76 R W Br W iR 55 58 72 70 BEBL, 7€ SBR W s R A HLY, ff p(COD,, ) =
500 mg/ L, HAth it K A4S DR 4 h J5 , BURSAARJEKIE G 150 mL F = Mbeiffirh, ik iE vk
15783 K,

b. BEABTEL, Rl DPB 7843, 0 KH, PO, fifi p( PO, -P) =35 mg/L, iRHE AR HL F-2Z AR S5 A4 A
FHRE RS ER AR SR RRER , N Z8 1B /K e AR & W B ZAR TN 150 mL, IFBEGSUE p(DO) <0. 5 mg/L, Z Ji5 ]
SBRBRI T P98 s SO HZE T8 B AR TR IR R IR DL 180 v/ min 5235 , L RFETE (30+1) C , fH
IR 4.5 h, WORERS S 17235 , FT 0 28 254 T BURE 9 [R) s A GRS, B Lk 25 A AR PN, JBORE 2o 7 42 il 8
I minZ W, %S5 KIS0 — 30, 30— T2 Rk By me ik H LBtk B 40 mg/L, R1,R2,R3, R4
AT X R RO A% o B 1 5 2 5 3 S 4 S IREH TR R LA T R TR SR R AT
40 mg/ L, 5 FEA PR ER RS04 19 k400 4 I o Y 88 O — B0, 10T 1 5 A0 I A R 6 o i YR BB 1 Ok 20 mg/L,
R1,R2,R3, R4 F5M T X A S W g d 553l 5 %5 6 5.7 % 8 5
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Fig. 1 Variations of nitrate, nitrite, and phosphate in DPB system with nitrate as single electron acceptor
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BB 10. 44 mg/ L B ANIRE 4 5 SOV 7. 55 mg/L e Ak AR £h
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Table 1 Stoichiometric number of DPB system with

nitrate as single electron acceptor under different carbon source conditions

JE—— W i bt/ S R Bl A L e L L
’ (mg- L") (mg-g'-h) (mg- g +h") (mg - mg™) (mg-g™)
15 28.87 3. 64 8.58 0.43 6. 60
25 32.81 3.08 4.02 0.77 0
355 29.70 3. 14 7.65 0.41 5.47
45 30. 53 3.19 6. 81 0. 47 3.52

2.2 BABTFZERABLER

FEDR A BT B Ut R A WL ARIE SR B A5 N TR IR A FE T 2 R R S Il i A U o A b, A AR G
WAHERE: Wl Bl ) A5 L h £ dn &l 3 B, HIE 3 AIA1.S 5.6 5.7 S H1 8 5 K0 i A iR £k J< B K
5394 84. 1% ,83. 0% ,88. 3% Fl 84. 2% ; WAHFREL L bR #5301 K 34. 7% ,86. 4% ,52. 1% 1 72. 1% ; IR LR
FBRF5 5 R 53.2% ,73.9% , 60. 9% F1 68. 9% ; i 7K A R 5 5 2 Wk & 43 04 13.0 mg/LL, 2.7 mg/L,
9. 6 mg/LFN5. 63 mg/L,
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Fig. 2 Variations of nitrate, nitrite, and phosphate under different carbon source conditions
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Fig. 3 Variations of nitrate, nitrite, and phosphate in DPB system with nitrite and nitrate as electron acceptors

TEIR A ML T 32K AEBIE AT DPB AARSCHHE WK 2., 3R 2 I IR A 52 A i A I il
B —HL T2 AR TR, B R Ah A T35 S i AL s R S B SRR AR, 5 5 i ge AR ER7E 1. 17 h N
T5UELL 4. 08 mg/ (g + h) (BRI T R, WS FRER B3 Ak O A R h 5 SO AF R R AN 3 3G | Jo Vi 38 255
ik 25.38 mg/L; 1. 17 h JEfRREL JL-F-IHFESE , WA RRER T 46 T [ V5 U 1 P34 SO A28 Ry 2. 57 mg/ (g - h) o
7 5 I i R BOM TR, SR S U8 Y B R R N I R R T AR R 43 il 3.80 mg/(g - h) A
2.66mg/ (g h) . IMTE 6 5 SO i H , I8 1 i IR 5 o e Ve J32 DR Ik i () B IV i R 66 o ok 2 o 2% 12
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TFE,0.25 h J5, 75 U8 4 Al R £ A9 R R (2.90 mg/ (g - h)) S T xR R 0 A A R
(2.26 mg/ (g« h)) , LS AR ER FNE A FREL 1 [R5 S AL Bk . 8 5 RN 2% WA R Eh 7E 1R 0. 25 h N
& T, BE)S 0. 66 h PIZZME T [, 7E 0. 66 ~ 1. 17 h ilFRER A A ERER 8 LA T, 1. 17 h AR PRERFEIL
TANAERERLI2. 64 mg/ (g + h) B FFE,

TR TR, RS £2 RARTEHRABESHTFRHIHE

BT SRS T DR R R BRI R Table 2 Stoichiometric number of DPB system with nitrite and
45 , FLRRUE H £ TR £ b 51 0 e o 1 B nitrate as electron acceptors under different carbon source conditions
PN L N R 7/ S A [ R/ FHRHER, TR ML
DPB 2 45 45 A 1 T 9% 56 1 4 2 T meel)  (mgegt b)) (mpeg b7
HRAE AL T, (ELR A AR KA . o o e
FHIUF A e ASTR) . APS R #6532 1Y) 7% 21.73 2.45 3.27
DPB &t 1I [] 26 ) 1 il 2 6 01 7. 6 85 24.73 3.15 4.09

FRER T LA S BRER b 1 DPB 2R GEfil IR ER T4 FEs5 L it SV i R 3 A FH S 7l P Wl 5 i 5 b 2 R 6 1 491
o DU ST A PR 2 B R AT
2.3 AEKRIEEFH DPB Xt B F & M %11

AFIRIERE R DPB AEAN R ML T2 R 45 T 5 W B Akt B an 18l 2 o, i1 2 mI %0, 76 N R &k
(E2(b) (c) (d) ) fFERT, —H T Z R AR A BT Z AR BR BRSO 3T, T RO T 28 31K (H—
ML T2 KR 81. 1% | TR G T2 RN 53. 2% ) , N TREL R G 555510 DPB Al BEX TR & HL T
ARG RIE N,

1 R A AL BRBEHLEE AT S0, DPB 75 2R RS £ NO; A A ™ AE 1 BE ok S8 I A B 4 BB P26 POy 1Y
WSO 22 SR W R R 0 1, DR, SRS AR FH BB i SR B RIBR BRI . AR TR A L 32 AR B, A [R5 4% 14
RS R AR 2R AR M A 1 A R R e e DU I A R £ 25 B R R , BB DPB R R LI Z ik A R E
PR E  rHr o — i T2 R AR A1 N R 3510 DPB A ] Xof S il R 2k A AN [ R 5 %) 1y 4, ml
FEAELI TR

a. LT DPB X AsHRER 38 A LA K IV A R 6 25 1 A R e B 19 % J& . Carvalho 2517 48 ) th T AR 24
RIfY) DPB YRR EEA AR A SE A 6 CBREL 21 F , DPB B8 F F 0 0 Al R 6 1 AN BE R RS R 8 | i 78
PERER 251 F U =BT AR, R SUAS R SR AP I, £ IR 3k 22 40 T REIA A7 76 HoAth H2 (4L A R 26 1) 30 fiS PR 31
WG RR AT W, 1 SR A W S i R e AL SO RS R £, 3 B0 W AR R A8 S b R v AL H T
T P b 10 1) o B O V5 G — P 4538, R A I R F 10 ~ 80 mg/ LMV RAE S 1 S I N Al RREL 55 1k o
SR ER I REUT R VR BE AU 19. 80 mg/ L, 1M 5 5 S W # AE TR & FL T 32 AR S5 08 T WA R & o 1] SR AR o Ik &8
ik 25. 38 mg/L, J5 E AT BB T DPB F SRR ER AN Hl e B, S BU LSRR

b. FEAF I RAEHER . SIS —F U E Yt B o s IR R A T 515 2210 N 43 25 9had i
WA FARAS NO;—NO;, —>NO—N,0—N, , ZHg NO 1 N,O (i85 ] 54k A : NO;—NO, —N, , iZ il f2 £ %
W K AETRER A IR W AE TR ER A I, DARSERER M B — LT 3Z 4R (R2 Z5 T, AHIRER A I SV A 1R 5 1) 1 %
26 /0N T S0 PR i o 38 D 2R/ R b v ) A XL 3]SI0 i R i SRRl I 00 P T % R v, i PR
R R MR R, X — B A WS R R B, R TR SR A IV R Ao i e R A I A AR A
T, NEREE R GERE IR A F S AR ER A SRR £ | 17 £ Bk 2 40 h AL GE W0 e R FH A BR AR, 4 AR 3 TH AE K
JLF DPB A FFUA R SR ER , HE— 2 UFsE 1 Fab eI, L INERER R G 15 7= 10 DPB 1] REXT il FR £ A
T SR A TR A T 2 R T TS N

AR F AN IR S5 AR5 5% ) DPB SEATHIFSE , 15 H A AH DS 4538 5 MU S5 ) A9 4518 91 A 58 M)
XA e SHEFE IRIE T TSRS RGBT S EEE R (UNEE ) AR, Garcia % #F 58 LB, 50 51 LA LR
RIS ERER MBI ) EBPR R GEH 11 DPB VA 1T LA G it i i 20340 S it 1 3 PR, AR i bl 1 22 46 Hh i A7 A HoA
PEOLA R 2B WA R AR A R R M B W, ST RS TR ER 1Y DPB tnf DISCER,

3 F

a. AFRIBRIR( ZBREN NIRIN o ( ZBREN) = p(NTRIN) =2 : 1 M p( ZTREN) = p(NIREA) =1 : 2) ZAF
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T DPB RS ARRE LUK IR R ANV SRR A H 732 1R (BRI FH R KSR

b. DIRSERER by B — LT 3Z AR B BV 2R R R0 e o SO 4 W RS RN K, 8 SRR S
B A R P A R R (0 ~ 6. 60 mg/g) M ML 4 (4. 02 ~8. 58 mg/ (g + h) ) , {HEREERA)
A (81.11% ~91.90% ) . LANFRER K EZRRIG A DPB R 50, MR Eh 19 SRS AL AE FH B4 ] T s s LA 2
o F I DPB RS, TR R TH AR R R R FH T S A AL el

c. TEIRGHTZMK(p(NOT-N) : p(NOJ-N)=1 : 1) FFZMFT BRIEAR Wil Sl i W s 2y L — 7
AR R, B O TRER & B b R 2 (53. 19% ~73. 85% ) FIE MR £h 25 14 % A% (34. 68% ~86.4% ) ;N
Fii k0 = DPB 2 G5 ] [R]85 1) FH s R £ A0 0 A BR &L , 1M R 3R 0 219 DPB 2 S8 it R 1 1 RE 5 L i 0 T iR
T R AL
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