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Study on the Domestication and Phosphorus Removal
Characteristics of Denitrifying Poly-phosphorus
Accumulating Organism

LI Wei ,SUN Huizhi ,WEI Wei ,FU Jinxiang

(School of Municipal and Environmental Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract: To enrich the species of denitrifying poly-phosphorus accumulating organism and pro-
vide a reference of the practical application of the denitrification phosphorus removal technology,
the study of the accumulation and characteristics of DPAO was carried. The activated sludge was
used as substrate to rapidly enrich the DPAO which could utilize NO, as electron acceptors. Two
strains of highly efficient DPAO N4.3 and N4. 1 were isolated in the specific medium from the
stably operated A’SBR reactor. And the performance of the denitrification phosphorus removal of
these two strains was investigated. Under the two-stage domestication condition,the DPAO were
successfully enriched with a period of 36 days. The mass concentration of COD, TP and NO, - N
of the effluent water in the denitrification phosphorus removal system were 24.52 mg/L,
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0.37 mg/L and 2. 64 mg/L ,respectively. Both N4.3 and N4. 1 had PHB and the metachromatic
granules,and Grams dye were positive. Nitrate removal of 95.83% and 96.30% , in the mean-
while ,a total phosphorus removal of 88.34% and 91. 42% ,were attained on N4. 3 and N4. 1 ,re-
spectively. The DPAO had an excellent enrichment in A’SBR system,and two strains, which have

highly efficient denitrifying phosphorus uptake ability , were isolated successfully.

Key words : nitrogen and phosphorus removal ; activated sludge ; denitrifying poly-phosphorus accu-

mulating organism ; A>SBR

J A AL SR B B4 ( Denitrifying Poly — phos-
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Table 1 The trace element concentration in

synthetic water

B3 Wiy JitE B/ (mg-L™")
FeCl, 1 500
H;BO; 150
CoCl, -7H, 0 150
NaMoO, -2H, 0 60
CuSO, -5H,0 30
MnCl, -4H,0 60
ZnSO, -7H,0 120
KI 180
EDTA 10 000

&2 IXBACAKST
Table 2 The major characteristic of influent

wastewater

p(COD)/ p(NH; -N)/ p(TP)/ p(iETE)/
(mg-L™")  (mg-L-') (mg-L7') (mg-L7")

170. 00 ~220. 00 5.00 ~10.00 9. 00 ~12. 00 1. 00
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Fig.2 The operation condition of SBR at two

different phases
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Table 3 Measure objects and methods

FFe o Rmie Rl A7

1 p(COD) PR 2 A A T i

2 p(TP) BRI RE :

3 p(NO; -N) SIMTIOCEEE

4 p(MLSS) IEARFRE Ik

5 p(SVy) 30 SR TTRE TR

6 pH i PHS -25 7! pH it

7 p(DO) HQ40d Y407 s LA
1.2 RELCEBERSE.ME
1.2.1 }Egp¥t

S A 3G 5 5 AP TR BN 5 g B PR B
1 g BSR40 1 ¢ BERRE A 1 g -E/AKHR
fREE 0.2 g BntR 15 g.1 000 mL Z&/H7K . pH
HH7.2~7 4.

R FRAL . =R G BEIR A 3. 68 g W2
A 4N 28.73 mg A ALEE 57.27 mg LK ER
MR HE 131. 82 mg FilRHf 26. 71 mg, —IKA 5
{655 17.20 mg 15 g B .2 mL MiEITER |
1 000 mLZ&4#7/K .pH =7. 0.

PR MRS #79 .3. 32 ¢ CH,COONa-3H,0,
152.76 mg NH,CI, 22.98 mg Na,HPO, -
2H,0.81.12 mg MgSO, - 7H,0.17. 83 mg
K,SO, .11 mg CaCl,-2H,0.2 mL =t & |
1 000 mL Z£4#7K .pH =7. 0.

B W IR 3. 32 ¢ CH,COONa-3H,0,
305.52 mg NH,CI, 35.11 mg KH,PO, -
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2H,0 91.26 mg MgSO, -7H,0.25. 68 mg
CaCl,-2H,0.1 000 mL Z&{f/K .2 mL f¥ =
JLEK.

RS B R 3. 32 ¢ CH,COONa -
3H,0.,305.52 mg NH,CI.35.11 mg KH,PO, -
2H,0.91.26 mg MgSO, - 7H,0 ., 25. 68 mg
CaCl, -2H,0 300 mg KNO, .1 000 mL 7%
K .2 mL {{#ITER.

TR [\ 1.

B TR 630 J5t 7= B #R 26: 1 g KNO, |
2.42 g KH,PO,-2H,0 .1 g #iZHE .1 g Biifig .
20 g A .1 000 mL ZEHE K.

1.2.2 FRAE AR W v 1 53 75 RN ik

AR IR P B AT 12 FPE Al R 2 43 B8
Bk AT oy B alifh. BUs 42 )5 SBR B AR 4 T i
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90 mLJC A Z& /K BB Bk 9 = ff P 5=
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k. R B e R PR BRI 1 H bR TRV | 76
YWERS U I - B b 4% B = 2R i R A7 R 2R, Pk
(LR NN R N A < i s o e 7 o 4o T
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2.1 REURBENES
2.1.1 H—FrEdiftk

A BER IR S8/ b A G5 22517 16
K, RS COD 11 o vk B2 AR fh 1 ol fn 5] 3
JIi7 TP 19 Jo1 f vk FE AR A RN 2 BRAE O ] 4
FiR.

01 é 2.3 4.1 .5 (.S ; 2.3 §1.01.11.21.31;11.51.6
t/d
B3 KB COD ZALiF
Fig.3 Concentration variation of COD in the
first stage
i1 3 07 9L AT =K COD #E /K it
IR0 217. 94 mg/L, PR A B
IR AR E SE 28 97. 09 mg/L .62. 70 mg/
L, ¥il] COD 21 KA B Bag M, 2R Wk
BRI T B HUS 7K b By i 0 A ALY O A
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PHB MBI AEAEAR Y, 20T 5B 115K h
KBS COD, iZad B Ay i B2 - 4 B
RO R R TE. T — T R AR R
RN BT 3 11 %< (PMF) |, 75 253 il 3R
WEE R poly — P LLIE Bl 15 (T8 2R il 1
Mash LA E 4 PMF Jf 774 ATP, R SR B I 7F
B B I DR AR R . 7R 4TS B B, R TR
TH#E PHB = W AERE ATP, — 380 T A &)
B BURAERE A A ) 55— o T i i e
MR, 2% 3k % B0 Ry i SRl 0 TS 8
~ 11 RIEECR U COD /K i ik ke e 1
66. 41 mg/L 247, o SRk 1R i i S ik IR
iR — B BNk b AR i A i Sk U i
TSR I B 2 il 3R 49 P 1 S A 7R R FH A sk
JiJf5 DPAO 4+2F NO; - N e k47 2 il
6L, DPAO W) Hy T il 20 L - 32 A4 i 47 e
SR I I 32 B AE 12 T U B
B, i R 4K i COD i 1 vk J3E AU R 4%
30 mg/LAA.
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Fig.4 Concentration variation of TP in the

first stage

H & 4 WAL 7E R G YIME R RI IR B B, I
I g A B T K Y BT VR R 6. 17 mg/L,
B BR RN 44.92% | W Bl i 5 B A 04K
i%. BB RGAE1T TP KBRACR B W o8, 78
554 ~ 12 KRB, Z2 50 00 Rl o RN Wl it AT AR
A AR T, PR CBE K B A TRk R i
29. 46 mg/L¥ K #| 49. 05 mg/L, i & B
KW Y BT R B 3.59 mg/L FEAIK F

0.76 mg/L. % 16 KAf, RALEH HK TP 5
HHRIE N 50.92 mg/L, B 2 40 mg/L,
IS K TP iR 0. 33 mg/L, RBRR
IKF]97.09% , IR BTG K AL T 15 444
HERCRR EY (GB18918—2002) — 2% A FrifE,
WS B2 i B R BRBEROR Rk C &
BRSO 7 PR BT A AT HEAT A T B
DPAO [ & 4E.

2.1.2 E Bk

S B SR R R E T,
SRR IR AR A R SRR TR SR B 4
TR R FHT 20 27 3% 23 in g 28 U v 3 oy
35 mg/L Y KNO, i WAE R DPAO B4R W %
() HL - 32 1Al S I 4 0F A S 4R B, R AT
DPAO )& 4, iz B B i ik 20 d. PR 48 i Bt
DPAO FI| HIZK A4 P 22 SR i 1R £ 7 A= 1 e ot
WSS MU A 1 PHB A7 TR, 1 o Be 3
PR BRI AR . B4 B DPAO LA PHB Ahk
JEFIH NO; - N VB HL 32 Aol 1 e . 28
i E—Fr BEAR X #E K COD ) IR &, A8 B Bt
7K COD Ja ¥k V-3 180 mg/L A 47, K
AL K COD Jor it ¥k i °F- 4125 mg/L /e
A, B4R 45 R K COD R & Uk OF 1
20 mg/LAEAT, 15 W] COD = BL7E IR 48 b Bk
R, HA — /N4 e S A8 B B 1 3R G b A
PR 5755 R R R R S A v T R, A S il
i 4k % 5 DPAO 4+ 3F NO, - N, i T
DPAO [ & 4E.

K5 W T8 BB TP NO, - N 284k
L. R AT A5 Ge SR Wl 1R AR S s g 2 A
PRFIR I A NO; - N /BN 1324k
HEAT B S B, TP NO; — N 2 RHEAIR
A9 K 35.05% (23.74% , b 25 KL 2% (135
17, DPAO R DL TR Bl , 25 Bk 35 M T+
IRAEBEWE R AESE 1 ~4 KR U LAY
15,30 mg/ L, 33X 2k Rl Ay 12 495 3R 1l T 7 ik
B A IR O, 1E b i F 324K, ANfig
WS 7K T IEBE R £R G i poly — P A7 T4
PRI 52 1) PR SR B Rl Sy . 28 20 d Y&
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195 ,COD \NO; - N TP Ay 48 7K
e 4 5l 24. 52 mg/L 2. 64 mg/L 0. 37
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Fig. 5 Concentration variation of TP,NO; - N in

the second stage
2.2 REURBIENS B I
DPAO Sz M 1 11 2 i b PR AS [] 1Y)

AW FEAEAAR N [R) 25 58 1) — b e R IR ST
DA o i Uk FE AR A A E R D T e 8 A, Bk
FHAAR R 2 43 25 7545 210 1 4 R R 2 b 21 8
FEFEW A TS , B AR W R Y o R vk
JE 8 mg/L, 255t 24 h 135 6 Bk & A e e
AR, LA 4 R AR IR R T 50%
AR N4.3 N4. 1 N4.2 P4. 1 FER. R
LSS RUNGR 4 Jros, Horh N4 1 Rk i
1o, I8 F] 92.61% . S T i — 201 i I R bR
Y SR A AE T, %ok a4 s 12 8 2 it = <k
5. AHPRERIE IR Mg A A A R RS
R BERRAR, FR B4 P v] LLEA T R Ak R0
R ZE R0 N4.3 N4 1 N4.2 FI P41 1Y
AR A RS ER BEREAR, B BLAT )
AL RE ST PS. 2 \P3. 2 oIy A LT T P i
AR BAT I R, DR R 2B O Ak
Nz H IR AT )20 HI BT N4. 3 (N4, 1 N4 2
P41 bR EA AP R AL R RE

R4 RIS

Table 4 The results of strains screening

WM 3 h IR/ % 24 h WRBESR/ % RETRARIE IR R KRRt SR (G Y,
N4.3 65.21 87.53 + + + +
P5.2 28.75 39.47 - Rk Rk AR
N4. 1 74.82 92.61 + + + +
N4.2 71.28 81. 84 + + + -
P3.2 47.43 49. 62 - Rk PN Y AR
P4. 1 49.86 54.73 + - + Rt
TE o+ 7RI R AE, ¢ -7 FIRIRREE SN BIE.
¥ N4.3 N4. 1 N4.2 Fl P4. 1 BHEEF DPAO.

FESFAR b 355 7% I Pk 4l v ik 47 A 2% R e
o N 105 R et % S e R gL . SR Y
i FER PHB, & — i i 47 7 T 21 i 14 9
I PERIE I ) , A 5 2RI 1l 12 o 2 14t
BRIEAIAE . S Y Ok 2 Ak MR N 18 357
W AEY) , 2 2 RBERER AL, KoK A
T ATP 9530 , B A ER AU Y B A )
WEAE . th3% 4 W] AW K B & A S A Ak =
S g ik W [ B A PN AE A 28 i I R &
SRR ) N4.3 N4, 1 F1 N4.2 Btk N

2.3 EEUERBENBBRRIRE

Bk 3 MR R EAT B R R, B )R
FERR B 77 WOF & AR B R R AR
A/ R A A BRI S AR P58 25 R b
SRR RSB I AR RE, 25 R LR 6
Kl 7 Fr.

H [ 6 7] LI e DA B BEX 3 1R I Al
LR W TR N4. 3 N4. 1 I N4. 2 35945 AR [)
FEWE, 700 3 h BRI 43 38 4.71 mg/L |
4.892 mg/L 2.25 mg/L,24 h J5 HBsm ik
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Fig. 6 Anaecrobic phosphorus release of strains
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Fig.7 Denitrifying phosphorus uptake of strains

#7 5.54 mg/L 6. 14 mg/L.2.39 mg/L. )\
K7 T LI ARG BE N4. 2 19 SR AL
BEFE R AT ONIHT 3 h, BRBE I AR
1%, 50901k 46.02% \52.59% , J5 5 7T BE = IR
S BOA B LR % PHB il 4 B B 1L
RE R, AT REJE 1 T w28 B B J A L PN 2R
Tt ) 4 o0 50 fe S 17 AN R 4K L HE AT T AR
N4.3 N4. 1 BBRIE M R RCR B, AT 3 h 1
M50 2. 46 mg/L M1 3.19 mg/L,24 h
J W s e 43 ) A 8. 34 mg/L H18. 63 mg/L,
24 h AR5k 95. 83% F196. 30% . {H K
SRR A 4R 98 R AR AR SOV HE AT 3h
ZJe HI 3 h S AR AT R K T R
W N B 0 W SR 5 SO g P R AR A
2 1 3d N B DA BR N4. 3 (N4, 1 A
TR 16 ) ) s A4 S A SRl TR R

3 %45 i

(1) %t 16 d RE/ AL BAL G R o
FYIEF 20 d IR/ GAE S DPAO (19
f£,COD NO; - N, TP % [ & 43 jj ik 5
86.37% 91.20% 96. 72% , 35 3 ( W 75 7K
AR5 e W HE bR HE ) ( GB18918—2002 )
—%% A i, I DPAO B8k K0 i AR

(2) R 56 B L Pk 15 97 Lk 47 40 5 4l
b, LA ARSI 8 A il DA IR 3k 38 i 7= Sk
B 22 LY S 7 A0 e 0, N S e R
P e I NET 48 A?SBR U #i 143
B N4. 3 N4. 1 fil N4. 2 =#k DPAO.

(3)%F N4.3 N4. 1 1 N4. 2 T/ ¥k 53 iF
AT DRAE/ AR A AL BR B0, A N4 2
BN RAELERT 3 h, (H AU L BR AR,
39K 46.02% 52.59% ;N4.3 I N4. 1 1y
S AEAC BRI RE T AU 2 T Pk e AR i A 3R
WA, B B B A 20 43 il 3k 3 88.34% |
91.42% F195. 83% 96.30% .
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