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Influence of F/M on intracellular storage, and nitrogen and
phosphorus removal in activated sludge
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(1. Key Laboratory of Integrated Regulation and Resource Development on Shallow Lakes ,
Ministry of Education, Hohai University, Nanjing 210098, China;
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Abstract: To investigate the influence of sludge load (F/M) and type of carbon source on the formation and
transformation of intracellular storage and nitrogen and phosphorus removal, the variation of polyhydroxyalkanoate
(PHA) , glycogen content, and nitrogen and phosphorus removal were studied under the conditions of F/M being
0.46 and 0.36 g/(g - d), with the carbon source being sodium acetate and glucose, by simulating synthetic
domestic wastewater through batch experiments. The results show that different carbon sources had discrepant
influences on intracellular storage variation and nitrogen and phosphorus removal efficiency. The PHA content of
90.5 and 47. 3 mg/g, with sodium acetate and synthetic domestic wastewater as carbon sources, was higher than
that with glucose. Furthermore, a high intracellular storage content and effective nitrogen and phosphorus removal

were achieved as F/M reached 0.46 g/ (g + d), compared with when F/M was 0.36 ¢/(g - d).
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PHA , -7 LA R £5 5l 2 8USN HL - S2 A 04 2542 R0 FH SR Wl T 7 DR AU B A5 LA PHA 7 st MRl 7 ) 1) 5

15T (F/M) 25 KA HUAEY) R b TR R R B SR B4R A, X5 U8 R G0 1 B AL L B g
HAFEZZW, F/M FRRIEIA S5 m R A B M NI A7) PHA 19 & &, i PHA % & 5K 8 —6 48—
ARG B BRBEERE S VIAR G (HJE PHA SR U] 52 m R AL BRBE AU TERED SR AR B

L, EEH R A 3 AN IRA—B A —4 s 17 B P AL =0 N 48 (SBR) |, BF SR AS Rl IR S AL 2544 /M
X3 PR YR ML AT AF ) BT 180 e A DA RS2 g 25 IO 8L SR PR RE 5 T O 2 7 B R I A7 5 T L Bl 1k e
Z IR FERR F |, 4t v B I e B R R | BRI REAE B L BRI AR .
1 REMEERE
1.1 &AES

IR 3 EAHE K SBR SV a4 , HA AU R 2.6 L, SBR S #5341 5R R S — B | — - | m
ﬁ@ﬁ?,@ﬁﬁ}%/ﬁﬁﬂﬂ 6 h: fufE#E K 10 min, JR 45, 90 min, iR Eh 3k IK 5 min, 48 90 min,ﬁ}/fh 120 min, ULIE
40 min, HEZK 5 min, AEAJEIAHEK 1.3 L, B K S BB BRI 12 h 15 AR 4EHI7E 10d 247,

FERPS PR H R BT R V5 K AR B R LTE I , 3RS VR W IR TR A VR R TR [ AR TR R vk B (MILSS) 204
4000 mg/L,
1.2 EKARK

3 AR A LA R (SBR1) 2 8% (SBR2 ) AR H A= 16 75 7K (SBR3) e it , H ip A48 AR 3% V5 7K
S AR A (22.3% ) \LTREN(30. 6% ) AT PETERS (21. 0% ) EFR(20.8% ) (AFRE (5.3% ) ; # R
Ivi) Jo f vk B 4% NH, C1 AT KH, PO, DISRELARIBEICER . 3 /NN >k FHAH [ A9 % & o R M o & (8
BesK FFAIA 0. 6 mL e R ) 1
1.3 iRigit

WEFE RS F/M=0.46 ¢/ (g - d) B RGUBLA BRBEAURELS 024 F/M<0. 4 g/ (g« d) B EAL R
BERCRAR 22 BRI AS SCR T BGRBIF2E F/M 20518 0.46 ¢/ (g - d) F10.36 g/ (g - d) (7K p(COD) 4351
“} 500 mg/ L F1400 mg/L) B, BI5 IR AE Y 78 /& R XS AS ARG, 16 M5 U8 B 9 A7 4 AN G 23 BRI fig
(A8, IREEEFEH p(COD) = p(N) = p(P) A 100 : 5 : 1, BRAEERERRER B W o 25 mg/ L,
1.4 SWFHE

COD MLSS BilaEh A W AR E: Al ERER A o B v BE AR AR A a2 L I (CoH L, 0, ) it
Y SR PH R ) A ) PHA S8R FH GC9790 RIS A 1% 4% (30 mx0. 32 mmx0. 25 wum HP-5 & {4 3%
) FEATAGIN A R RO G i AR

2 HRSHE

] BRGRIGHT , 7EE7K p(COD) 4351 400 mg/L 1 500 mg/L 4544 F % 3 A K 25 &L SR i ROR A7 K
BRI, S5, MK p(COD) = 500 mg/L B, S5O0 2 HBs U5 7T A2 , 3 A5 1 i O O 2L SRl sl R 244 0
1M 243#E7K p(COD) = 400 mg/L B} ,3 > S s T AAAERR IEA R LG B AL BREEBOCR 32 2520, 3 /> RN o
T E 1B AT I B PR VS YR AT RIS , 73 nDe B I 58 2 (B B/M B i) RIS 2 (BD B/M AR ) 15l
T M A BT e A AR D R AR SR R A T AT
2.1 5 F/MEESREANTEDFGR . BRBEEEA RN
2.1.1 JaREeFhey T

E1 M F/M N0.46g/ (g + d) I, ARBRIESAE T PHA FIOHE IS & 59281k DL S R A8 Beme TR 1 T FE 1
PLZFR 8 R B R B (SBRI) , R A& Bt £ R Al ALK 5L AY B M 3 R 2 B A 40137 mg/ (L - min) Fl
0.451 mg/ (g - min) ( LA E & ETS 81T ) ,PHA AYA BGER A 0. 143 mg/ (g - min) , REEBLEHAT
RS HA 108 mg/L ZFRGMHE A BREBE , (1 B By i) PHA &8558 hin | S K PHA i 4 90. 5 mg/g, X
ULRALE SR AEAE SRR R E DR B 450 R RE & PHA'™S L FE 48 B, 24 AN B U B 52 4= T AEIT, PHA
VRS, FLRR 2N 0. 216 mg/ (g + min) |, T MR IR A5 3 %8 0. 754 mg/ (g + min) o



52 1 T J7 A F/MOEYETS DR N I e RSR B RE A2 1) 127

VI IR i) (SBR2) , 445 4 BE A 5 L ot i ~®-COD - i —& PHA & CHuOs
e T T N 441.9 mg/L [ £ 25.1 mg/L, iX 5 Dircks PEE . B | B
U B — B U PHA KRR R 200 l ! 0
19. 4 mg/g, MG B R LU R dk 181, 3 mg/g, HI TR 150 5 5 0 ?n
WX TSR AR LA S 2, T RE RS ALy 120} 1300 £
FAA Ay, R 2 B IR LR T R ; : |26 S
11 PHA RV A f 70 f A LR 30| 5 Rl

M LI T 15 KON BRIRS (SBR3 ) BEJERI PHA 19 % 0 ;‘ : o
iR R OSBRI PHA @9y B e e g
0.303mg/(g - min), B JE FFE M B K N m?nﬁ 120 ¥ °\/ ¥ 1300 %
0.268 mg/ (g - min) 1l PHA R REHCRL BT 47, 3 mg/g, 5 90 T R
R R PR AR B AR IR R o K AT L R A AT ' ’ 100 &
138 mg/LABEINHE 10 PHA (8 REIF AN X R F IR E 0
B RS G I PHA O34 O B 2 300, T F i |
Yo L4 PHA, BF 46 BE PHA I B it 7 % 0 lsoo ®
0.121mg/(g-min), H B M & & F A lao 2
0.362 mg/ (g » min) , ¥HRT DL R 84 A i Y5 s 11 56 At {100 8/
A BGH A (SBRI) R A Mt oo |
2. 1.2 BLRL AR AE S T4 ® 50 100 150 200 250 300

i 1) /min
B1 F/M%0.46g/(g - d) RARHIE
%14 T PHA #EE UK p(COD) W B ATk
Fig. 1 Concentrations of PHA, glycogen, and

F1RE/M K046 ¢/ (g - d) B, 3 A B & (9 B
A BRBERCR . SBR1 G S AL R F i, T SBR2
Hh G e Y SO A 3R e/ HLAE i S BOR s AT A /b 2R
BEAFAE, SBRI mi5 e (1) IR 40T Bl 3 56 11 47 S VIt ik substrate with different carbon sources when
ZH415 T SBR2, 1M SBR3 H ¥ S i AL % IR AR RS Wl >R F/M was 0.46 g/(g - d)
TGP A BRI AE T Wi 2 1], SBR1 WY PHA 5 &
i, R GEXT R R BRACRAF . IeAh SBRI TR & A HLER WLy , il SBR H IR 42 R 0 i Jy 4 Wi ok 3%
HETF SBR2M

®1 F/MA0.46g/(g-d) B3 NREF|MBR RBELR
Table 1 Nitrogen and phosphate removal when F/M was 0.46 g/ (g - d)

. S AL/ IR R/ SN v i SR Al %/ oK PO Rk S/
IR o o o o
(mg+ (g-min)™")  (mg- (g-min)") (mg - L") (mg - (g-min) ™) (mg- L")
ZFR#N(SBRI1) 0.276 0. 087 28.2 0. 087 0.54
W% (SBR2) 0. 099 0.013 4.9 0.012 0.48
FEIE 3% 757K (SBR3) 0.223 0. 064 14.0 0.043 0.56

2.2 R F/M 3EMT R A IEY AR R BRI aE N
2.2.1 JeR G T4

B2 8 F/MN0.36g/(g - d) B ANFEIRIE ST M AICAEY PHA FUE S 5 0 A8 Ak LK IR S Bk U
(TS FERE L

VL TREN M B DR ISE ( SBR1) , PR G5 B2 A TR 19 [ At 33 3R A 0. 541 mg/ (g « min), PHA /)& W R Ry
0.754 mg/ (g - min) , K PHA &84 80. 1 mg/g, 5 B 40 301 S0 Bk 5 5L A Bl 31 #E (COD Jot H vk Ay
32mg/L) , MEAT, PHA Bl bRt B fe T B0 Bl LR %l 0. 514 mg/ (g - min) . 1 TH4EBL PHA %
KA FE, 4F S B PHA & i /b, HBE i o U 0. 151 mg/(g « min), 0 4% J5 19 & B 2
0.359mg/(g - min) ,

DI ATHE TR URINT (SBR2) |, 1 A5 Wi HH i 4R , PHA 19 55 0 B0 5 LU A0H 18, 3 mey/ g, W I8 1) 0 v o & 1
ik 106 mg/g,

DS AR 3 75 7K W B R BSE (SBR3 ) , PR A BEWE R4 i 3R 4 0. 373 mg/ (g + min) , PHA & s H
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0.301 mg/ (g - min) , Jf HAE R E B i PHA 11 55 e o1 i
oA 40. 3 mg/g, TEBEEL, PHA F T B, Ho % i
A 0.237 mg/ (g - min) , JEASFE BN PHA YT
AL h 19.3 me/g, H4f 0B BE M R AL, UK
0.063 mg/(g * min) ,
2.2.2 BLE L RERMEAR G T

F2 HF/M H0.36g/ (g - d) I, RREIBES: TG
PEVG R I I AL BRSO . N RS0 SO AL G R R,
SBR1 H1i5 e i) 2 Al fk R e K i SBR2 i e 1) )= il
e R /N, RGN IR AR 1 2 BRI L 40 BT, SBR1
V5 URTE DR S B 1) R W8 B 70 4, A AR08 R A K5 SBR2
Hh s Y6 A DR SRl i o R A S Wl R R e/ )N
2.3 AEF/MEHFTHEREER

TG 45 2 W 5k U 2K AU 5 i 0 R Y5 Je v PHA A
W WETETSURLLZ RN (SBR1) FIE4LL AL 1% 75 7K (SBR3)
SRRIR AT, PHA s, H2 /M MR8k, 76 &
F/MENE TR REFE AR B 22 1) PHA?' LIH 254 (SBR2) N
BRI, PHA (& 4%, F/M XF PHA & R I,
F/M W2352 0 PHA (& B AIREAR . 44K F/M B PHA 7£
B B THFE R AR, P BT S BE PHA & 8 A & HLI%
ff HRAS N TC ARG A AR L R S R A, (R SR Y
A B RALAR N

F/M X 22 40 0 i 2 bR s 1k e R i R L AE . 5 F/M
e, IRE B A b A B A B, A P R g Al
FHAM IR AT SCAE AL, 386 1 35 U8 A 5 il Ak 3 R 55 K Y

PHA i J5U5 Bt L (g g ™)

- COD 9 fiijil —APHA —4 CeHunOs
LOREB | BRER T4 B
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Fig. 2 Concentrations of PHA, glycogen, and

substrate with different carbon sources when
F/M was 0.36 g/(g - d)

F/MEBARET , S B TC MR AT AE , SR HRR S M N U A7 SR B 2R A T s Ak , ol S i Ak e AR /N
MARLG F/M BARH PRAB A B PHA & 28008, T 80U A B PHA &R, REF W GRS 7 e
FIRESE , T S BUH- A BB R AR, Ak, ZEAR F/M 4544, SBRI 1 SBR3 H1 R 48 B Ml 1 4y 420 W Al 3ok
I T SBR2 {HJE SBR2 H /KB FR R P B ik, K2 SBR1 Fl SBR3 7EAF 48 BX 1Y) PHA 7 s8I0
FOLBRBSORAE 2 ;SBR2 1 PHA A9 & 2 — ELEAR, UL PHA A BT 7= AR B Rl B 0T R 2 g S0 W )
B K, SBR2 Y SIS BE S A AR A5 R 4 2%, 100 W TS i Al R X 4 2R AR 11 5 4 B P 5, o SRl T 42 R P 2 i
/IN; SBR2 HIREBHEA T/, T B0 BT B IR £k 1k B2 Kt 2 SBR2. /K Hr B R 3k vk B e AR i — A~

R2 F/MA30.36g/(g-d) B3 NMRMEBHRR . EHER
Table 2 Nitrogen and phosphate removal when F/M was 0.36 g/ (g - d)
s spe Sk %/ IR Rt %/ S KR/ i SR A %/ oK PO~ SRR/
BRI S - Z1 o
(mg+ (g-min)”) (mg- (g-min) ) (mg L) (mg+ (g+min)™") (mg -+ L")
ZTREN(SBRI) 0. 086 0.083 25.9 0.053 1.40
Hi%ikE (SBR2) 0. 048 0.011 4.5 0.010 0.24
FEIAE 7 757K (SBR3) 0.079 0. 056 13.6 0. 037 1.69
3 4 i

a. F/M B KRB PHA Sk 2R S T F/M BRI Aok R AR, Bt S B A 7 A I, 1L

HEIRELE SR AR T PHA

b. BRIE T CREN R R I PHA S R R, N S A8 9 B A R DR SRR ke R A e S
AR S 5 YRR VR B AR PHA 3 B I FLBE AL PR R 5N
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c. F/M #AKHF  SBR1 A1 SBR3 7EU-4E Bt PHA &5 A 2, % &SRB B2 M 4 A, 1% SBR2 HH ) Jiid
A BRBECR R AN
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