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FEE  DUBLUE K AT 42, % SBR XUBURLE I8 2R 48 A AR B PE RESEA T T % 22, iR 45 SR, A, N USRS 8 25 4t BE (8 Al T4 51 A SR 1l 1A
Sy INTERS A SR IR AR K A R TF R G AR BE S RS RGE AT, T il B A B TR, 78 COD 24 300 mg- L' &4 T, R4 4 COD
IS4 2 B RIR E 78. 8% , K4 COD B M5 B FHOR & A PHA 5 45 i A 5 I 7E 3. 55 ~4.90 mg- L' H15.60 ~6.60 mg- L~ Z [A] i, i fk SBR
X R A EBRAR 0 87.0% F194. 5% . [ SBR AL E G BN, B L BRACH 72% ; HIBR IR BS , B 25 BRA3H £2 85% . NO,” -N(NO, -N
+ NOj -N) I Bk 5 2% AR A SIS B 78 SO AL IRl e A Ay L B2 A LB, P38 B h 90. 6%
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Characteristics of nitrogen and phosphorus removal by using two granular
sludge process in sequencing batch reactors
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Abstract: By using synthetic wastewater, the characteristics of denitrifying phosphorus removal process in a lab-scale two-sludge anaerobic/anoxic/
nitrification SBR (A, NSBR) aerobic granular system was studied. The result showed that the two-sludge system ensured the denitrifying and dephosphorus
bacteria to grow at their optimal states, which was favorable for the stability of nitrogen and phosphorus removal efficiency. When the influent COD was
controlled at 300 mg-L =", the COD removal efficiency was 78.8% . Most of the COD was stored as PHA in polyphosphate accumulating organisms
(PAOs). When DO was controlled at 3.55 ~4.90 mg-L~" and 5.6 ~6.6 mg-L.~" in nitrification SBR, the NH," -N removal efficiency reached 87.0%
and 94.5% , respectively. It was also demonstrated that the removal efficiency of phosphorus was only 72% when there was only settled anoxic phase in
A/A/0 SBR, while it increased to 85% when post-aeration stage was added. Most of the NO,” -N (NO,; -N + NO; -N) reduction occurred in the anoxic
phase, during which NO_ -N was electron acceptors and PHA was electron donors. On average NO_ removal efficiency was 90.6% .

Keywords: denitrifying phosphorus removal; denitrifying phosphorus removal bacteria; two-sludge process; aerobic granular sludge; sequencing

batch reactor

NO, -NfEJ5 B 752 4K, e PHA Oy i 1 it A, LU
g 07 AT [ A T SRR W TS e T
ZRGARLF R T SR AL R B, R S 03 )ik

1 5|5 (Introduction)

& 48 (%) R 8% 7 1 /2 3 8% & ( Polyphosphate

accumulating organisms , PAOs ) 28 i IR & il W )5, 75
B BRI rp LSRR D vl T 32 MR e o, S i Ak
i ) 2 2 il £k 28 B 7 ( Denitrifying polyphosphate
accumulating organisms, DNPAOs ) #| ] NO, -N &%

IR/ RSO g A SR SR, T5 7K B G AR IR/ ik
SENLAS PR IR SRR AU SRS B A AL
J PHA, [R) RSO R 4, SR 7 i A2 1 L
T VROHE AT S8 S 25 E AT A AR SR, i AR 4
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R TE WAL I 2 DR G A S s R AT S AR B . 3L
15V R GG BRI, o A K R 8 1Y il
AT ER AL — A AR RS 0 IR 8 A R T & AR i A
P, PR A A RCR. R 2% T AR A R e T i
PR AR B T8 [ 19 5 7 ), il A& A e fEm)
ARIRGE T A K S AT I U i Y v R AT
TEES AW TG LAFRIE R AK R R 4, %8 335 e
T. 25347 T WE%E ( Bortone et al. ,1994) |, i Ji XA %
AT AR AR I 5 K RS /K 4T T BT (Sorm
et al. ,1996; kuba et al. ,1996 ; Bernet et al. ,2000).
ARG e T2 BF 58 B N A i 18, Wang 55
(2009) {5 A= 15 15 K 548 1 3R 7K 15 Gy L F 1K
45 BRI TR) X 2R 8 25 B 1 e 1) 5 0| At — 262
FA AT R RE BB ST (5K AR A, 2005 5 O HAE,
2008 5 =5 K SCAE, 2009 ) . SR T X EEF 52 T FH A9 Iz B
i P A R TR il e K v VR T v T [ o
o A TR TS e i, 1 HL s F e S 2R e,
T L T BT UE L, S 2 KR R T
XFERUAE A T SO Jal 3, HAE T o b AR

PRI, A3 56 DAASE 00282 7K R B 5 % 42, - S
RGP A BT, A H AR W i R TR M RE A Y 10
B, LUSEIAHRIK L, /N SO e A AR 44 e s e (1]
FK J745= B8 sk ] 1 ERE X5 08 120 B il Ak o
FAR TR V5 e 52 AR A ML 25 A ok, 7800 B35 —
IS, LASE BT I 7K AR ORI 1Y) e Rl 22 5.

2 #1157 i% (Materials and methods)

2.1 BRI A KK ST R R IR

I AR FIREE 7K, LA NH, C1 F1 KH, PO, 43
SRR R AR , HLAREC )y L2 1.t 1 vl ik
B HIZK C/P/N =300/14. 1/50, X564 , fdi FH 2 B2 Gl
PRSI COD , & 42 N JE I — UK iR U

®1 EKAR
Table 1 ~ Composition of the feed

" il I HfH
K G J(mgeL ) B SY J(eL )
CoD 300.0 FeCl,»6H,0 1.50
K, HPO, 39.7 H,BO, 0.15
KH, PO, 30.9 CuS0,-5H,0 0.03
NH, Cl 190.0 KI 0.18
CaCl,-2H, 0 79.5 MnCl,-4H,0 0.12
MgSO,-7H, 0 171.0 Na, MoO,-2H, 0 0.06
NaHCO, 200.0 ZnS0,-7TH,0 0.12
HE R 48.0 CoCly»6H,0 0.15
EIRIR 28.65 || EDTA 10.00

TE AR B B TR B mL- L

RGBT 5 U S © 94k 1 g U B0RE IS T, IR
A/ AR/ BT SBR(A/A/0 SBR) Fit ks 15 Jg
KRR T 0.9 mm B ki 77.9% ,MLSS 4 710 ~ 1976
mg-L~". filifk SBR( Nitrification SBR) Fif FHl ik 5 J&
kiR KT 0.9 mm B /5 82. 4% , fif fb 3% % ik
100% ,MLSS JJ 684 ~ 1695 mg-L"".
2.2 WMERALRD%E R F &

XI5 e 22 55t WG B SBR 4H A, BRI & 1 fr
7~, Bl A/A/0 SBR FIfiifk SBR. i1~ SBR K1 #4)
RIEFEIE , A HLBESH L, =5 50 em, HAE 20 em,
MARRU10 L ARUAERUN 10 L, B RidtK 7 L, HEk
Eb 7/3 , 76 SOV A BE b A 3 By 1) i s —HERTEE 10
em FYEURE 1. Pl B2 92 ) S0 ) s 7 s oA O B, il
TR AR 9 25 °C. ff ] Multi 3401 TR L Thfig
pH 1 DO M AAELM 5 2 i #2 H i) pH A1 DO
(B RIS $ 0 ORL 5 e 4= 4L 8T b1 )y, LB R
YU AR R HBOAES

WG ARG RSN T . Ol I% s KT L
KERUE KA F] A/A/0 SBR H, e K ZE4MIR B G
JRAEBEWSE 150 min, JUIE 2 min &, % 3G W HER
[E] 7K A (Tank 1) ;@ % 2h 2244 & B Fn 2 &1 75 K
LA SBR o, LR A5, ik 180 min, fiffk
S59UG FUT 2 min, 10 )5 B BT WCHEA PR K A
(Tank 2) ; @RJ5 I SI M S BE RS A AR
RINEIKTIA A/A/0 SBR, FE MR-G5 , B8 W ws
120 min, Ry T #f—20 L BRT5 K i g, 7B A 25 )
JE B 60 min. SN AT FE T, HEK B R R
HEK 37 8 i s il o A il

R4

A/A/O SBR 4k SBR

1 WSRESIZE
Fig. 1  Schematic diagram of the two-sludge system
2.3 Rl &
COD \NH," -N | MLSS 435Il >k F 5 5% 12 #1174
I 7 6 B 9 i E vk 0 5 ; NO, -N | NO; -N |
PO. ™ -P 1] QuikChem8500 Seris2 ¥ 513 543 B AL I
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SE;pH A1 DO i WTW Multi pH/Oxi340i Ml 5& 1%
e

3 R 5118 (Results and discussion)

Z G5 COD By £ a2

FH & 2 A] 1, 7K COD 24 93.3 ~387.0 mg-L™",
48 212.5 mg-L7"; 7K COD A 7.23 ~153.00
mg-L_l BN 43,3 mg'L_1 , COD #* 5 2R N
16.9% ~96. 4% , 35 2B %K 78. 8% . 7K COD
A RE S 1K 2 W TS KA B V5 e Wy HE bR o
(GB 18918—2002) — ZbrifE. REGEXT COD 19 % BR
FERAIRAE, T4 B PHA , 7E 6/ %0 B, PHA
Y RS A Bl i) e - B AAR. SRR 55 (2005) FEiE AT
S AG I R G AL BRBERF 5T/, 7K COD
115 ~ 325 mg-L~", KA ABR T MLSS 24 2100
mg-L~", COD fifif>h 0.055 ~0. 150 mg-mg " ( LA%F
mg MLSS 1/ COD 11) , S8l COD -4 L fr K Ny
81.78% . ¥4 7K B2 4 (2004 ) 16 F 5% 1% 25 i A5 8
R bR I A R RGEF3EK COD
308 mg-L~",COD P-4 L BRATK 93% , fHIH IR itk
A4 Tt MLSS 7E 4000 ~ 4700 mg-L~" 22 [f], COD
AL 0. 066 ~ 0. 077 mg-mg™". M AKX COD
0,15 ~0.42 mg-mg ™", i T LA EWFSE K
COD frifaf. HIA] WL XF COD AY i 8% 25 B3 R AN i 56
W5 IR R Ge R4 Z —, Tl COD #E i fk SBR
LA /INER 43 1 25 .

3.1

@37k COD

600 vtk COD —o-COD HBE¥

COD/(mg-L™")

7. @ o ¥ 9
‘ Y S Vg v Wk

0 W WW| 1 W ‘W] Wl V%l
0 20 40 60 8 100 120 140 160 180

Fh ik /d

B2 XMTEFRSL COD ERMRE

Fig.2  COD removal efficiency of two-sludge system

w1t SBR Wi 4T B R

Hr P 3 w2, s fk SBR A9 T4 MBS B B L0
~132 d N —FrBt, DO WL FI N 3. 55 ~4.90
mg-L~"5133 ~ 190 d M5 B B, DO ¥ B [ A

3.2

5.6 ~6.6 mg-L~". #E/K NH, -N -3 i S 26. 40
mg-L_l ,:':|j7j( NH, -N S R 2. 88 mg-L_l ,
BIRBR3R 89% . FE4H— B B, i 00 J5 S, fiF Ak
SBR fikr 15 e i 16 7 BB R4, 20 AL 25 bR R ik F)
100% . 33 J2& T80 15 25 e 2 O 9k ok 15 12,
BB LA fh 1 R O . B 2 U0 i R AT, AR
RRFE, AT R 5 T BE & i1k SBR K h
A /N 43 COD, IR, S 7= T 23 AE A BR Y DO 2544
5 A T T A R AT RS BURL TS kL
FRAEK, T fidt SRS A S5 ), S BCURE P9 38  4k TR
ARE T L IR A, NH, -N SRS AR B R
RSB — B BEAUN 87% 5 5 — B B, B AR,
AL RCR W 4 7 L 35 B 94. 5% . 3B 4% (2003)
W58 AN SRS ACERBE T2 R LR e R R i), R A=
YIRS A, 3 DO 4 ~6 mg L™, #EKE A F
PR 51,6 mg- L™, REMIHI R 100% ,
AL SRR T A IR I8 A U5 U8 R 48, (HH: MLSS Ky
3900 ~ 5000 mg-L~", HAH LT E] 2 240 ~ 300 min,
R A AL 0. 030 ~0.055 mg-g ™ "*min ", A
b LR AR R 0.10 ~0.25 mg-g"+min ", B
BT, Wk, AR5 T A A RS e A
T AR, T L, A A R e DR AR R
S, v T Bl Sy s Ak B I A R AR IR T S Y
U8, AR T AL A A K SRS B A A, X S e
15 R HALERBE R AR I, 55 e A AL B R 40
SEAEAR I Y 8 v B2 1 O R #5471 (Kuba et al.
1996) . Tfii Tsuneda %5 (2006 ) ] SBR 2 i #% WF 57 24
1578 240 ) A i R Bk il T 20, SR R R G- -
SRR, AL Bt RE AR 2 78 2 B, (AT AN FE 40
mg « L™ AR B Y5 SHe A1 1] B A0 BER B38 1) W A, DA L R fR

—@—i#k NHI-N v Hi7k NH;-N O NH;-N ZB#=

80
25po o oo | oo @  4100%
70 00 * @ QR
65
of ° ©°o oo -80%
~ 3 0%0° o o o |
T, SoF B o BIME %
EH DO-3.55-4.90mg-L 1| DO=5.60~  160% 3¢
g - : -1
= E 6.60mg-L™' @. 1
Z 351 ) 'S /\
2 30K ° /% o] %0 o %H10% %
E 25_“0\00 “ » - N X @ (' 0 o4y
208 o % P o Tz
}(5) o i —20%
C v_V_Vv v v !
Sk v v Vv : v =
0 %v: T I R N IW%n W W 0
0 20 40 60 80 100 120 140 160 180

A ik)/d

B3 #E{L SBR f1 NH; -N XBRE

Fig.3 NH, -N removal efficiency of nitrification SBR
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TEE I A RS AR SR 1T A 56 T HH 0TS 118 28 S0 il
S BR®ESIT, F A BT, AT SNk , iX
FZIRE 5 e R G 75— .
3.3 [h# SBR yIEAT R
I, #EKCE BB 8.6 mg- L~ IR
K ACE B 11,44 mg- L' (& 4) , Bl
10K 33% , 43 B LI A AT B S A0k Vs e R AR 4K
1 5 R 5 BBl R A, X 8 WAL 43 S R A B
Bf, 1 ~50 d {035 G SR B, B SRR S 2 vk B
2.40 mg- L' P EBRER 72% ;T RSB L
Br%, ER 51 d JFER, 59 1 h 95 < B, 734 DO
WM 1.2 mg-L™" ;55 51 ~ 180 d, Bl AR Tk
FE 4.00 mg- L', HL5E— B B i S0 R B i WL IS A%
SRR ZE, AT RS N R S SRS A SR B A G PR B
P LG B2 (A 28, (H R SR T ik BE 5 1. 29
mg- L™, BBREBEROCR I B3 &, P RBRR LT R
85% . Meihold 55 (1999) BF5¥IA Sy , 7. 2 +h 1k i K
T8 mg- L' B 23 57 4 1 il il S0 I B 2o A ; Saito 55
(2004) BFFEIN Ky, Vil 2 5 AN AN 2 100 461 dfe S e ol
SN AT S PR A SRl T X Ml A e PRIk, A
AR | AR B i 2 R AN 1 1 R g 2 [l
T2 BREE SBR BYZK I i AR R B A, A TR
A, B K B B . SRR AF (2005 ) FEE
FEIELE G e 2 G0 A A B il el Lk S0t B
Rk F] 90% , SR HE K B E R 2.5 ~ 6.5
mg- L™ AR F AL 5, H O S MLSS S5 2100
mg- L1 W FAIR GRS Ve .

o REKHAK  x BREEHK

® ik v MURA O BEE .
28 : o - 100%
26-—8 Iy O% 00
L~ O o @) I @6 o7
24 - o D O ©-80%
nr ° &
~ 200 O o |
DosE © *e °  Ho0%
£16F o * ®e 5
) #»* e —40%%
se 12F * & o= -
S b ) - @Q: .
& 10 ke eo * - g
8 6‘, RS ke -20%
62 * & * * e@@ |
r o 9P
i 0% o oo ‘ B 10
2_@ [&>] AV, QD%W % &%
0;@@.@. L YV RS vy A\ VOV
0 20 40 60 80 100 120 140 160 180

iy /d
4 WiTREZ PO} -P EBRHUR

Fig.4 PO}~ -P removal efficiency of two-sludge system

3.4 REfCERB T AN ERBER
WE S fiR ,NO -N(NO, -N + NO; -N) “F-Hy

JKHEE A 13,70 mg-L™", F X K BE - 1. 26
mg- L~ SEEEEBRF N 90. 6% . A EEAE AL
W R bl LB, RO AL BRBE B LMA N ) PHA i HL
T, DL NO -N iy Hi 32 A sk s W2 g ) Fof
NO, -N 4k N, HE R 2%, 85 K SCAE (2009) 7
PIBL SBR 356 R 40 i J R A Ak R Al AL bR B AR 52
ORI, N/P R 2.2 B RGN IR R Y LB 5k 2]
91% AT 2.2 B0 RCR AR 22 it N/P 5 7E 2.2
Ph A B R MRS AT 1) B i A BR B 8 AL . F i i 0 B
ALAT, ARG TR kK N/P SRy 3.5, Wil £k A 25 BREL
19 T AP BCR 5 HAR I BA AR A

~@— #AK NOL-N 7~ 7k NO;-N O NO;-N Hr3
dfoPo @0, P o

o © oo 0
ok © ©) —80%
~ o o 4
T, 25k O
7 2T 'y —60%%
g I
2 @ o o | =z
[N ?. 9 40% %
S 15F] | Y @ ® | )
c ™ R%e J To &
10+ / [+ [ °/ Q9 020%
V4 [+
5| L v v ]
v % :
ARV . [V~ I Ho
(I NAvvavAiav vavaAl .V.%Ww’?&wvw

0 20 40 60 80 100 120 140 160 180

A i) /d

E 5 A/A/0 SBR H1NO; -N (NO; -N + NO; -N) X% R
Fig.5 NO_ -N (NO; -N + NO; -N) removal efficiency of A/A/0O
SBR

Kuba %5 (1996 ) 2R I X5 6 R GedE 17 I il Ak Bk
BRI WAk R A A L BRI IE 90% |, ML IF i
T COD FIAR R LBREEHE N 3.8 g-g7',400 mg-L ™"
Pt 2254 15 mg-L~" P 1105 mg-L~" NH, -N $2
IR COD. FEAR S H, K C/N 6, Ik I
WA R (HXF COD B EBRRIER T 78.8% ,
I NO; -N -2 EBRR A 90. 6% , il C/N REHE
& SRR BRI X B IR 5 5K, 0 COD FIAURY 25 B
Fo B IRWFSE RIS, BRI, 7R AR 56 9T H BORL TS e R
Sivh HE EIVAEAE C/N Il FLE, BB W T 7R IR 4
BOFIA COD A A PHA ()5 1E 4 76 S SR Bl i 1k
Brmsoe 4R, 24K C/N L T (e, 25 1 B
PHA T 4% 17 HL 32 (A JE (R 1 100, 38 ) Ml 110 W A
AN, TS B00 Y L B R L B B 5E C/N
XTPIBE SBR X5 Je JUkL 2 55 I fiF Ak B i 10 52 i, o
T AR 5 KA B ) R LA E R L

G0 NH, -N A1 TN B2 BRECR an &l 6 fis.
ATLAVE Y, 7K NH, -N SFSREE RN 7.76 mg-L7',
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SRTMTHIZK NH, -N #2356 ETHE T R m s,
R R R Bl A RIS ST, B AL SBR i S S0RL TS
PR RE T B, R HIEEY NH, -N [ER 2 A/A/0
SBR, FE AL H /K NH, -N & & T, WE 6 i8 7]
PLF H, TN iﬂﬁ%%%f%tﬂ%?ﬁ“ﬁﬁf:iﬂ%%mﬁ
ROE R K TN K&/ NH, -N, 52 NH," -N
BERZA , 7K TN ¥R BERE =2 AR Ak, SR 1005 e JB0kE 51
GiX TN FEBRFIAF] T 70. 8% , Hi7K TN 34k &
410 mg-L~!

—O— 7k NH{-N —o— K TN

—— HK TN e TN£%$

ﬂ’\ a\ /& 900

*
_ / ' .\ 75%
] YA o
£ V| F—xe 45% ;M
= L ¥ » E
T /a/
= & 30%
z 9l .0 |
o} ﬂ 15%
\ & 1
I N N N S I I |

0

20 40 60 80 100 120 140 160 180
B ik)/d

6 MTiREZH NH, -N B TN ZBRHR

Fig.6 NH, -N and TN removal efficiency of two-sludge system

4 #5i2(Conclusions)

1) 2834 180 d M1z 47, fiffk SBR 7E 2 h PS8
NH, -N 55— BERBRFE N 87.0% , 36 Bt LBRF N
9%4.5% WL FALH A 4 0.10 ~0.25 mg+g '~min "',
ZYGEHIUKNH, -N #BE K 7. 76 mg-L~", R Fik 5
T A5 X5 6 2R GeAH Fb B AT T 3 i 35K R
U1 L BRI

2)7E C/N 24 6.0 B, B SBR XF COD 1925 Bk
5 78.8% , 17K COD Hy 43.3 mg-L~"; % PO}~ -P
B =N 85% ,NO. -N(NO, -N + NO; -N) fi¥
Ty EBE R B IE B T 90. 6%, K TN H 10
mg- L~ PRI, SBR WUSURE ¥5 U6 2R e 7E Ak B R 7K 15
e HA R

EEEEEN TRE(1953—) , &, % &, B+ £ 505, 5
RFE R AR FE G KTIFRE TR AT A E 2
B BOR G RF T AR ARBEH TS HEOK. E-mail ;wsy
@ bjut. edu. cn.
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