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Storage and utilization of poly-B-hydroxybutyrate under denitrification in an
anoxic granular sludge SBR
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Abstract: Storage of internal polymers is considered one mechanism for the removal readily biodegradable organic matter for microorganisms under
dynamic ( transient) conditions and this phenomenon is very important for substrate competition of different cultures under transient conditions. In this
study, anoxic granular sludge was successfully cultivated with acetate as substrate under anoxic conditions in an SBR and the processes of acetate
consumption, storage and utilization of the internal polymer, poly-B-hydroxy butyrate (PHB) , were studied. Denitrobacteria used the acetate substrate in
a storage mechanism process. The PHB content of granular sludge initially increased while substrate was available and than decreased in the following
substrate-deficient stage of the daily operation cycle. The PHB content could reach as high as 0.75% ~1.0% of the biomass by the end. During the PHB
synthesis phase, APHB/ACOD ( Y¢pop ) was 0.39, the maximum synthetic rate was 0. 124 g-g~'~h ™' and storage or utilization of PHB could be reflected
indirectly by the ratio ofACOD/ANO_-N. When the substrate load was raised such that the COD/NO; -N(C/N) ratio was 5, the PHB content of the
biomass showed a trend very similar to that of the typical daily operation cycle and Y¢po, was 0.35 ~0.25. When C/N ratio was increased to 7.5,
concentrations of PHB were raised continually until the end of denitrification and Yy, was 0.38 ~0.45 due to sufficient substrate supply.

Keywords: SBR; denitrification; granular sludge; poly-B-hydroxybutyrate
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LR B AT O (Daigger Fl Grady,1982) . 1 T 4k
Yy UM N 5 G W R 8 L BB A R X B
b PRI I NP BOR B, — AR 2B ST
Fo W B SR AL FOE BUR & WA E T AN, 25
AT B & 4 K (Daigger #1 Grady, 1982; Beun
et al. , 2000a ), 4 fr F A& BT Oy 4% & MR D5 R
(VFAs) I, il 3R 5 W) LA R 2 B L iz (PHAs) 2 2,
CTRJET VEAs, A & B iy, PHAs B 3 22l A
E-B-% 3 T R PHB ( Yagei et al., 2003 ). van
Loosdrecht % | Majone 5% 1 Beun 45 i i #fF 5% ( van
Loosdrecht et al. , 1997; Majone et al. , 1999 ; Beun
et al., 2000a) it B 9 5 & W 1O A7 it 5 T A 2 E
SV AR AR ) R B A W B A DL R Y
— P LS AW TE RS TR RN RS
g TRV AREEEE L, TRARELZ
B A R R AR ) 22 T %o B S A g i 22 ) S 31
Xof A SE TR R A B, 0 oim AL B W T 2 ol i SR
(PAOs) 15 PR AR 25 TF ) 4k BT 19 77 i 55 B PAOs &
LGSR (Mino et al. , 1998) , &+t i 11 P 3 4 A7
it T 5 220K T 5 4 i 5, 38 1) 22 IR g2 )i ( Majone
et al., 1999) , PRI AN ) 1 25 2% A4 71 Bl A= v 36 Joit
(A7 55 R T 52 300G T 3 4F ok [ N A 2 AR 4T
RS F ( Dircks et al. , 2000; Beccari et al. ,
2002 ; Federico et al. , 2003) R4 -4f48 T 238 B 11
BT IR E T (Smolders et al. , 2001; Liu et al. ,
2008) UFAE-REA T2 AT IRE T (Lei et al.
2005 ) , WL% B {5l A= W) A A fith S5 A T I3 2R 5 0 Y
AR, WA K 20K 28 25 B A 75 A0 oF o8 32 5
e T 8 S0 R D2 S R as AT Y I B ( Beun
et al. , 2000b; Avcioglu et al. , 2003 ; Ciggin et al. ,
2007 ) . 75 48 200K I 35 0 B S B AR AT TS U
DUTETERE S 4 AR 48 SN ASE , (H U B 19 2B KR
B 5 B 1 R SR BA AT A 22 5%, Ciggin 2F ( Ciggin
et al. , 2007) KL R BRTEH ABAMANREY
PHB [ 22k, Hf H. o1 T 2 %009 S8 A0 5 oK A i 1. £h
W BE 34 5 % F A4 B U LR, Majone 45 ( Majone
et al., 1998) WF5E 1 4 5816 £ 15 Je 16 B AN O T X
IR WA, Donisi 25 ( Donisi et al. , 2001 ) 3% A %
B9 LAl 20 N 2 (CSTR) X 2 R 1 476 15 1 A8
7 TH#1HE, i T Donisi 25 (Donisi et al. , 2001) % 5€
I R S8 SR PR il B S il A 2R 48, I a3 4508
SR T S i A a P R B R 0T PHB A
il , T A DG P 2R 5 W 19 T 0 L AN /] COD/

NO, -N(C/N) FeAfe T 2 o (9 7 i A 1T 1 00 OF R 3
Lo, PRI S e 260175 0 1 32 o A ik 5 0 9 R B AT
IR AT

AN S WORL TS 8 O BIE 5 A Z4E R T 5,
HARAE R U0 3 1 BE L 19 U8 vk B O A B O e, AT
AEPE TR AL PR i I R, B A2
[ N A5 5 110 3% 3k OC 13 (Jiang et al. , 2008 ; Fang
et al. , 2008; Liu et al., 2008; Pagacova et al.,
2010) , [a] it K 3 BF 52 25 2R K W (Liu Al Tay,2004) ,
UKL TS U PR ) g A2 OB 25 45 20 A L K 4 i )
P 45 5 T P S R A TR 22 ), S0 R M 22 i)
R, T, — 262 35 0 e SR OB 175 U8 7E 2 Wl A5 T
W2 Br ad B b S A0 AF A S R BE AT F 5T (Lei
et al. , 2005; Liu et al. , 2008). ZA~iR 56 L) 2 B8 h Jk
Jit, FE Gk 4 SBR S NL A% P s B R R SRR MERE
LG 18 e U 0K T Ul 1 il -, ok Bk S0 75 108 S il
feid #EH COD 25 ZANK i ds b LA KOBORE {5 J H PHB
B A AR A DUIEAT I 3BT, PR e SR UKL 15 18 S
i At it v 3 I3 1 A3 LA K 19 2R 6 W 1) A7 it 5 )
ML AR A L E R80T S pE R RS2

2 ##5F % (Materials and methods)

2.1 KRB %EE

BRI SR P BE 8 M 5 SBR RV 2%, & 35em, A2
16em, EFRMEIE S A L BRIE |, T 36 4 B A 45 4
M 5 90 BA AL, HL A 06 e K] DL A 1. iR SBRR
TRy AL, B K 2L, HEK HE 0.5, B i
AV g1 9 T 7R A, K AR AL R K N T
Fioffil. SBR 43k RBE ULHE JHEK (RE S BB,
1. 3k H

2. HEARE (KD

T : - AR

; | il i 5. BEHEAL
[ []:] gg, S 6L LR
! BE ¢ R 102
: | o8Ik
a . Lo A
: 9 10, fRiRKE
; ﬂ7 S . 1L BREUBURLTS VB
N - ol R i

B 1 SBRXEEE

Fig. 1 Scheme of the experimental SBR reactor
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N 3%

ek e 2 R B B % 1 THS- 1/60 8 3 4 2 HL 5 1
(e 80r-min ™" ) | J2 W % B bl ful AL i o 45 o 4
HG I AT, SN R DR T /K A, i B I 2
L BE DR AR AE (25 £2) C.
2.2 KRB AKX

W oK R N LB E K, LR
(NaAC) Ry 5, i B #h ( NaNO, ) 2y S fiff 1k AL U, [F)
I8 b R WA B R W o AR Y A A
FH.SBR H ¥ iz 47, N LHECH KK & A NaAC
200mg- L~", NaNO, 40 mg-L~', COD/ NO, -N =5
(B C/N =5), %3 ¥ Bt NH,Cl 10mg-L~" KH,PO,
6mg-L ™" W2 C:N(NH, -N )P =100:5:1 fly %k, H
201 HEZK i TmL 36 oG 3R W 46 W, ok 4 K 4 53
DL 1, TR S B Ak bR K pH R R R e S A A ORL
15l RGLIE R 4T, fE#E K Hrom HCL 75 pH 3@ 5
R4k pH 7E 6.0 ~6. 5, ffi 7k pH /N T 8. 8.

1 WMETEREBRAS

Table 1  Dosage of trace elements

v pF e pF

a5 HES st
(mg-L7") (mg-L7")

Fe, (S0,)5-7H,0 3000 ZnCl, 24
CoCl, -6H,0 50 H,BO, 20
EDTA 4} 50 CuCl, - 2H,0 7
NiCl, -6H, 0 36 (NH,) Mo, 0,,-4H, 0 21
Mn SO, -4H,0 26

i B IR, AR #E K NaAC, NaNO, ik B2, 9F:
F % NaAC ¥ B 4 LU 9 %5 Jm NH, C1 (KH, PO, , &%
S5 P K A2 AL e JE WL 2 2, Hodh NHL CL
KH, PO, ¥ 5 hy ) 4 PN L 40 G ¥ 2
*®2 BAERRARIAKASRIRE

Table 2 Composition and concentration of wastewater used for the series

of high load tests

KT/ (mg-L71)

HRYI/ (mg-L~1)

NaAc NaNO; NH, Cl KH, PO,
C/N =5 400 80 15 8
600 120 20 10
800 160 25 12
C/N=7.5 600 80 20 10
900 120 30 14
1200 160 35 16
2.3 KB F &

IR SBR[ N #1247 JE 104 3h, #E7K 30s, Bt
B 165min, YUUE HEZK B PR B 45 Smin. SR IR T
IRAR U8 L2005 e Hefim e, 6 B IR AS R AR E
4T 420d, B KE 77 R S HE A R I e AU 0k

15 . B A URL T U8 D i BR B IR, IR B A, 3 %O
M, SR 2 UL V5 U M S 4000 ~ 4500mg - L7,
VSS/SS 2 52% ~64% , Fki Ak 72 BEAR &, MUK 5 8
o7 S5 e i 98% KLY R KL AR 60% 43 T 1.5 ~
2.0 mm ZJA],15% Ll FKF 2. Omm, 25% /N F
1. Smm, 343 38m-h .

H¥ a7 o (2 BT R 160g-m - d ™) 7E
SBR DL N SURL V5 Y A a2 16 B0 T, % JE B9 P 4% K BT
f&Fr (COD NO; (NO, 5§) DL J i 4 Uk V5 8 h
PHB [ & 5 #4700 & 43§17, B 90 S 1o Jo) 30 PN e 4
KI5 e XT SR W IHAE LA & PHB By & 05 AL 5 o
TR A5 il S8 0K 15 Y8 % 35 T 19 T #E 5 A7 IR 100
K 3G Jin 5 7K H NaAC  NaNO, 45 41 43 vk B, [] i)
IG5 & 0.5 51 ik, BIFE C/N= 5,
7.5 B, $E A BN 4 B & 320g e m T ed T
480g-m d ' 640g-m +d ' fH ) AE SBR S %
R AT A T2, O 6F S h e BT N ik AU URE T T8
PHB & & 19224k LA & COD \NO; -N NO, -N #17 l]
JE ST
2.4 AT E RMRF &

(1) COD NO; . NO, MLVSS  pH % 5 4¢ [5 &
P fE 200 7 (B K FR R )Ry ,2002) .

(2) JURE 75 Y 170 3 8 0 5 SR FH T 5 a7 52 40 9
WORLTS e kAR R P52 i, R T H AL 3 58
FORLIGIRBE A s ARIE AR d =2(s/m) P IHEH
kLS e ELAR

(3) PHB 3k FH W #F ¥ Braunegg < AH {4 3 %
(Braunegg et al. , 1978) , U I 4t 6 /K 1R & WK 25
~30mL, kU8 5 3 25 DR, K BUR TS U8 FH ZE 1R K o
Tk 3R, E A R 20mL, PEAT R S I A0 MR B (400W
30min, 7 %5 1 0. 5) , OGS 40 B FF 5T I %
HL IR A 3% TR A6 WO A S DT 4% 2mL R B TR
100°C T 1H fif 4h, 15 I i o B S V% 20 2= 50, T 21 4
P 20min, ZJ5 80432 G BUR 2 A0 W &
0.22pm A HLUE B o 08 J5 #F 17 635 2 s GC
(Trace2000) 5k Hl H 2l i #F , (354 R Agilent 24 7]
771 DB-FFAP & £, — i (PEG) S AH & 418 H, 4%
NFEAE R A

3 Z5 R (Results)

3.1 B ®EEBEATE M N AR KB AP kTR P
PHB # 7 1t
AKX H SBR & TR 5 e R A KW C/N
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=5 ##/K NaAC =200mg-L~"' NaNO, =40mg-L '
KM TRRE BT, HH B 479, SBR B & WUk 15 e
RGEX SR EBRFE N 100% ,COD 2 RNy
83% , 2B AL BB 1mgNO -N i #E 4. 20mg
COD, J& 19 N & 7K BT 46 s LA K Bk 40 80k 15 Y PHB
TR SO E 2. I 2 A, RO AR R R
2y Pyt 60min, 7t 1+ F2 H, i R & (NO; -N) (COD
FE TR A A (NH, -N) B R £h vk 3 i e A1,
TAEIR A (NO, -N) ¥ B | Je ik 40 UKL 75 )¢ N PHB
T EAFEW] 0 e T S A e, 60min 5 & 4
PR LA KA A8 1L. B, 7€ 3h G 5R 5 TN, Ik
S IR TE] R 24 2 60min, 48 R90RE 4 15 T8 19 2B K
FEAE P B[R], Z f5 K2y 120min B 8], 52
AAL TR E RS, B URL TS AL TR IR A B
T SBR S v i >R T [R] s HL AR 8 i gk 7K =, 4 45 5]
1) Ty B A i ol A= 2 ot 4 2% S R, TR X
S R AAURL T U8 Hh AR W A I WD IR B B TE A &
Fi% [\ B & B PHB (%) 32 %2 Ji [ 22—, 1fij £ 4if5 () PHB
AT SBR A B W AR B B AR K 4EF. Ciggin
55 (Ciggin et al. , 2007 ) 7E Gk -4 | A B s 47 &1
N RBL,SBR KB A1 X PHB [ 77 fiff it A3 AR K%
Me) , #E 7K B ] % PHB 3 535 0 1 4%

25

a ——NO;-N  —0—NO;-N 10

7: 20 ——NH;-N —o—P o
EXE £
) &
% 10 ©
E &
S s =
5
0

120 k
25
= 90 20
= 3
< o0
2 60 15 §
< =
a 10 =
8 30 <&

< 5

0 0

0 30 60 90 120 150 180

t/min

El2 SBR REIEITHEMKRREBASIES PHB # 7 &t
T
Fig.2  Water quality and the PHB of granular sludge during daily

operation cycle in SBR

XF & 2 v 25 K SR B AT 0 BT, A B N
%) 15min fi % COD i iy 100 mg- L' [& ZE 33
mg-L™",NO; -N ¥ Ji t PR [ % 4. 63 mg-L ™', M
B NO, -N #eJ# 2k 4.66 mg- L™, 132 0T BRI {8 ;0
~15min § COD NO_-N NO; -N 55 K L 5 fif 3 4K
WH0.206 g-g '~h™" (L VSS i, Fld).0.032

gog +h 10,047 gog Tty 15min 5 WA R ER VG
JEE T 22 AW S 55 A TR h 3 [ Bl R A, 1HL S il ki
FEAR, NO,-N | NO, -N £z K [ F% it 3 55 2 0. 013
geg "h7'.0.004g-g " h™", COD AR LA K, B Kk
220 13mg-L-". 0] LA 2 A B, O ok B o A
BN AR S AT AERY COD JE AN i, B A e
i B ACOD/ANO -N A Wi 22 4k, fix K AE 0
8.35, /N {EH M 0.88 ,¥{H 4.20, H .
ACOD _iHFEAKH COD Y it (mg)
ANO_-N ~ 7K NO,-N ) 25 & (mg)
F W] SBR k48 UKL 15 Je 75 S i Ak 2o #2 v A7 A
i BEW BT HIE LS A, Rt PHB AR Sy £ R 2 ik 5
IF 2 P9 B B AR RE W B, B R F R
[ 2 v PHB B & BSOS , A S
HA N B SUBURL TS Y b PHB 3 8 A7 78 S5 TH S R i it
FE. A2 e H) 10min Py PHB & 5 il 3 b T}, e K
AN 0,124 g-g “h ' (PHB Ik COD i}, F
i) ,APHB /ACOD I} Yoy, % 0.39, Hirh .
_ APHB _ OIS I 44010 PHB f it (mgCOD)
TP ACOD THAEE K H COD ()4 (mg)
Y gron R 00 W0 1 A 3k JBC () I AR S0 P 3R S W)
AR L), T 4 B et 0 A 0 7 T 25 TR R B Jo Y 4 25
AEJ. % fH 5 Majone 5§  Dionisi 25 73 Jj| 7£ LA £ R
BEFTAE A S5 1 R AR Y 0. 35 ~ 0. 40 ( Majone
et al. ,1998) 0.4 ( Dionisi et al. , 2001 ) L4 K X /N 2
SEAE B A B i JBURE 75 8 2 6 v R 4 B B 45 31 1Y
0.5(Liu et al. ,2008) #4231 ; /N T Avcioglu % 19 il
{H 0. 66 ( Avcioglu et al. ,2003) , A M Beun % Ciggin
Z5 0y AR B AR - S PR TS T R GRS B Y 0. 62
(Beun et al. ,2000b) .0. 58 ( Ciggin et al. ,2007) ; 5
Smolder &5 7E 35 AL B B 22 48 b KA BT 14 20 19 0. 89
(Smolder et al. ,2001) FH 24 K. W 347 10min J5
AR COD A5 7E PR R B, (H i A= 9 b PHB & i 8
f R PHB & B4 22. 3mgeg ' Je A4k 5 T — BeAt
&), 52 i #E 4T 15min J5 B 3T B, PHB e K L B i
AR A 0.024g-g"+h ' Al 45 5, APHB /ANO, -
N h 2,19, Horpr
APHB _ kiy5 et PHB fy25 fb 4t (mgCOD)
ANO -N BRI 7K H NO,-N [y & (mg)
Ifii 15min % 4k 4559 ACOD/ANO -N ¥J{E Hy 1. 40
<2.19, [N X B B S il A ir o ok 5 5 5 i 9 3R
&9 PHB 2 fit.
350, g AT, PHB (5 8 S5 I FE L

Y
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N 3%

ACOD/ANO -N Hff AJ [B] 422 s e s PHB 5 & (1) 3 ik
ARVE. JE 0 ~ 15min, 4% B} B APHB/ At > 0, AH X} 1
ACOD/ANO -N f/IME 5. 08, ¥ K FHI1H 4. 20, B
71N S ) 3 6 T 7 2 I i S BORE U5 U8 N TR A T
N H R B ) LR, — i 4 4 A S Ak BT g
iR AR YR TR A PHB B T Al R
15min J& , f Bl S 64T 2R AN Wi 4 3 #E , COD Rk
TR R AR AR D & TR AT SRS AR A T A5
Bt ACOD/ANO -N Fh{H H 2. 62 [& = 1. 15, ¥ /N F
4.20, [ i APHB/Ar <0, 32 W] 2 b 9] 4 & R 114 1
T FE A 75 55 A% o 0 T % W 2 S il Ak S, PHB A Oy
21 i 25 FH B8 U5 1 05 AR A, K b & B R AR 4
WG A o PHB N AR 55 2 8 oK o, 2B )
AL N PHB S 445 7E 0.75% ~1.0% 45

FERT R #3847 RS W I 2ok B op, 24
SR AL I AR it 6 45 SR b R B, COD R AIL A 5 K
COD AH 2 3 ~6mg- L', [l i A6 ) 1) 2 /K v % &5
A (0.5 ~2 mg-L7") AR, 4l 0 43 7 4% (1
PHB ] T & UM AR & W, 7R 73 ML A0 5 & W) 0 H
B TR R 1 R 2 s TR K I B U 1 R B O
BF KT, RS BIE A TF T — iR,
3.2 C/N=5®F&EFwE, A#AAKRKK PHB

A

TERGEH K C/N =5 RASH) S50, 48 s gk ok
BE T B AT XS bR, a0 45 R L& 3. NI ]
VIF 5L Bk B3 2 ~ 4 A%, SORs A 3 B2 b, il
TR 0 15 fife o 38 18 i 6 R B, NO =N SF- 287 % figk L
R B T e B AR v I i B, AR A 0..034,0. 037
0.046 g-g~'~h ™", 1fii WA FR £k 73 A L 2 ; COD % B
FH 84% ~90% , F Gt & i bR 1mgNO -N 75 1 #&
4.20 ~4.30mgCOD, KAl % F COD L) % PHB
AL A ARRL, PHB |y PR3 G 18 3 5 B - PR
THAE-12 S IHAE Y28 A R B S i . AN IE 3 ] D)
L3 BT, PHB 3k 2 W B COD 5% 4k 2
100mg-L™", Z Ji i BLPHB 55 COD 4L [& fig 9L 4 , [t

H s 17 5 0 o 5 W 2, T Dionisi %% ( Dionisi
et al. ,2001) fE CSTR Sz i o A BRAE L RS 9 O

I PHB A 1 U6 i
90 — - 40
—e—NO3-N s
& ——NO3-N 00
= 3
éﬂ 60 E“
‘\“ZI - 20 2.
S 30 F z
& Q110 ©
0 L 1 0

500 - 7120

Ccop/(mg-L7h)
Cpyp/(mg-g™")

B3 C/N=5mAEHAETEABNKREBTIRES PHB K
Bt
Fig. 3 Water quality and the PHB of granular sludge during a cycle
under different loadings with C/N =5

MRAE IR I 45 5, R 4, 76 PHB 17 6if B Bt
ACOD/ANO -N f K fH Hy 14. 89, /IME Ky 4. 47,k
T ¥ {8 PHB [% f# By Bt ACOD/ANO.-N £ K 4
3.69,f/NA 134 NT A, 5 MR JE 0 P g 45
B—F. LI C/N =400:80 Jy i, 16 2 filf 1k i 72
ACOD/ANO -N D) Jz APHB /At HfE W32 3,3 3
AR #E 4T 20min J5 2 R A PHB [ B+ Sk 52 fil§
fRERfitRe it , (456 8 3 /) DL g 1k o 5 TT bR i
W REAR , 22 W A6 v 1 2 0 R 2 R o8 A R F
A EAT , T M 9 23R & 4 PHB |y F & & AL 55 A
L E R SO Ak e U5 B, B T R AN X
Hh J R s AORE 5 U8 PHB % 248 % 1. 90% ~
2.50% , [K] 1 AT 260 ] 00 A 3 ASORE 175 ¢ Hh PHB (19 55 £
AN AIRKOCFR , 77 5 Ja K i WORL 15 8
Hi PHB % 5 k. Ciggin 25 %2 78 COD/NO; -N =192
52 BRI AR L AR I AT A R T R e
PHB & &4 4.3% (Ciggin et al. , 2007).

R3 C/N=400:80 it , FEINEXSHBFH R EWL
Table 3 Parameters during a cycle under load of C/N =400:80

4B /min Aoy /(e ACOR e B £ /min Ao N /(e A g
0~2 7.89 320.2 25 ~35 1.34 -34.4
2~5 13.30 263.4 35 ~45 1.91 -18.4
5~10 10.79 242.2 45 ~60 1.48 -31.3
10 ~ 15 7.05 215.9 60 ~ 100 1.66 -4.9
15 ~20 4.47 28.10 100 ~ 120 — -4.1
20 ~25 2.97 -234.9 120 ~ 180 — -3.1




2 14 A LLHMEAE  SBR AP i S MORL T5 J8 S AL #2 H PHB #4726k 5 A1) 265

1E C/N =5, Bl A 400 ff o  4) e BE AS [8] 1 B
TS5BS Y P PHB 5 BEAH G — 26 2 B WL 3R
4. 8005 BN IEAN R SRR PHB A 5 A i b 32
ot e o e 2 R v T o, 2 W TR VR L e I
KI5 U6 PR Y 2 B A B AT B i AL, DR T
T & A PHB (14 38 B2 FEAIR, I 3 4 p Yo (5
Jif, PHB {3 o5 5 H i #8 COD i L)) o B =2 i
B, X ¢ T A T JEE R A O T, R A A
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*4 C/N=SHARERKRETE PHBHXSH
Table 4 Parameters of PHB under different loading with C/N =35

APHB
1 4 e JE BKRE B Voup FRIAE Voup PHB WE{H Ppyy Y ANO,-N
C/N =5 /(geg " hh) /(grg "h 1) /(mgeg™") STOD ‘
£ e i GMEB B
200:40 0.438 0.019 55.4 0.35 -2.71 1.29
300:60 0.396 0.025 66.2 0.32 -2.65 0.87
400:80 0.366 0.029 79.6 0.25 -2.27 0.74

3.3 C/N=T7.5, AR &ERKETHABA KKK
PHB 7% 1k,
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Z AR ,NO, -N 1 NO, -N JLF [A] i} b it 52 4>,
RAHALHE R 5 C/N =5 i [R £h vk B AR [8] (455 &0 He
B BB, NO-N - SA R fif LU 3 230 il 5 Jo Ik i 4
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Fig. 4 Water quality and the PHB of granular sludge during a cycle
under different loading with C/N =7.5

¥£6.10 ~6.20mgCOD, & T C/N =5 RFIRH 1y
{l 4.20 ~4.30.

Rt #E v PHB & & A fb i # 5 C/N =5
R 50 25 b A I AN [R), G BH B 19 5 Tt I R
T T2 B S AL E AT RUAE W RE LS B PHB, B &2
SCASACZE . X R W] C/N =7.5 FE s 4, Bl S0 BORE
15 06 T R Ak 4 B R S A A Sk T AT R Ak
[Fi] B AS W 2ot BB T & IR % Ak PHB fig it N
3 Fp g BN, 4 B Bt ACOD/ANO,-N & K1 4
21.39 F/ME R 4.79 I A KT R D017 58 4 K
P B AR 2 3R, B A 0 45 A s I o R e B ) S AR
PHB , 3X 1 B 17 5L a3 ) {H COD X B2 ATh ik 84%
DA RO BB 1mgN JH#E COD A 15 K iy J5 1A LA
C/N =450:60 Jy il , 1 f2 fif £k I 4f 2 45 A, 45 i) Bt
ACOD/ANO -N F {B K ¥k 21. 39 ,15. 70 6. 26,
6.15.5.34 4.79 A CRIGLA ik, g4k o g
WA fE R 4 BT WA 3, b4 R 5 A
PHB (WM AEIL S, X475 5 M40 53R & 0 i A oA AR K
KR RIS G, WORLS JeBCE Th 2247, JRAR 7
) R T 8 Y B R R i 5, IR K B
Tt

*R5 K C/N=7.58f, figfbid #2 v 5 PHB 4
K —2SH. nf LLE B, C/N =7.5 BF, A [R] 47 o
™ PHB (1972 & B e 2R (PHB S KB 3R it Bl 5 T
WRERS A TS, X 5 C/N =5 &R idE
SERAHAL, PHB d52 K A A L 3 AR (A K, TC B i
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AL, R BT 5 C/N =5 RE0AH et e B3 &,
B0 35 S5 1R BE S PHB 4 503 R 52 ) 31 A 5 22 (H A
4 vl LUE HO6E NO,-N il 32 B B 42 75 ot
RS Y Yo, (H Bl B0 £ 5 3B 1, R W] & L PHB
By B RN COD JHAE = MY th ] B i 1, X 5
C/N =5 B O AH &, R WA 30 C/N A g i 35 o

FEME , L [ S A R A A v S AR A S
N R, WU W e B Al B v 2 R T RE 2 1%
W mR, w5y T B4 SR A B, W oy B e
PHB fi#t T, 9 3% © 28 50A 5l A 0 I % 1< 399
B-PUIR SR — P AS E S L, JE B — Ff 45T 44, B et
T BN RS MRS a k.

x5 C/N=T7.5HAFEHET PHB WHEXSH

Table 5 PHB parameters under different loading with C/N =7.5
W) R vk i FEE B Veng KGR Vonp PHB W Py Yeron APHB
C/N=17.5 /(grg “h™ ") /(g-g™"h™1) /(mgeg™") ’ ANO,-N
300:40 0.228 0.363 125.1 0.38 2.29
450:60 0.245 0.346 166.5 0.43 2.42
600:80 0.281 0.359 232.0 0.45 2.93

4 451 (Conclusions)
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ANO -N LU AE B £ £ 35 0 22 388 ol 3, 35 W 400
LTG5 e T A U AE £ 1R 56 R, SORE A i B A
FIH R 4T RCAF AL
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