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Polyhydroxyalkanoate (PHA) Synthesis by Activated Sludge Microbes Using Acetic

Acid as Carbon Source

LI Wei, CHEN Yin-guang
(State Key Laboratory of Pollution Control and Resource Reuse, Tongji University, Shanghai 200092, China)

Abstract: Polyhydroxyalkanoate (PHA) is a type of biodegradable plastics. The synthesis of PHA by activated sludge has the advantage of easy
operation. With acetic acid as the carbon source, the anaerobic synthesis of PHA in the anaerobic-aerobic activated sludge system was
compared with the aerobic one in the aerobic sludge system. It was observed that the aerobic PHA synthesis was greater than the anaerobic
one. The influences of acetic acid addition frequency, acetic acid concentration and allyl thiourea ( ATU) on aerobic PHA synthesis were
further investigated. The results showed that the PHA content accounting for volatile suspended solids reached 56.3% under conditions of
acetic acid addition with frequency of 3, acetic acid concentration of 2 925 mg/L, and ATU concentration of 6.74 mg/L.
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Table 1 Composition of synthetic wastewater/mg®L ™"

RIS o M TCHR o
MgS0, *7H, 0 600 FeCl, *6H,0 3
EDTA 100 H; BO, 0.3
CaCl, *2H,0 70 CoCl, *6H,0 0.3
NH, Cl 74 MnCL *4H, 0 0.24
ATU 0.67 | 7nS0,+7H,0 0.24
Na, MoOy *2H, 0 0.12
KH, PO, 58.7 CuS0, *5H,0 0.06
K, HPO, 44 KI 0.06

1.3 RNAHEIT K5It

JREZRAE N PHA (14 B R DR A1 4807 it
2RI 8 AR IR ¥ e 8 DRAR A A TR JEAT 5 T 2 4 A
T PHA 155 i R FH 4 460 41k 2 s 0 28 94K 11 75
VEAEUF A4 F R AT
1.3.1  JRECIFEUT bR N 25 13847

VIR 1) 335 W ¥ U0 4 ol 1) DR AR 480 i U
25 CSBRO AL, 1% I N 45 A SR 4 L, #3EK
AR 2 L, BEEAGEAT 3 AR, BN T 8 h CELdE
JRAA, 120 min, 458 320 min, YUHE HEK BRI HEK
%10 min), V5V R IEHILE 13 d oA BEIK pH A
7.2, Hor SRR TE R A N, FLAE OV A )
A LR PE HIIAGES 1 d 1) 100 mg/ LIZ 8T 34 I 21 28
26 d ) 726 mg/L, $UJG — HAEFFAE UL B 2l i
2 AN TR, e W 3t v 25 4 B B ( 2R PHA 55D 1)
FRGHA B ERA
1.3.2 WP N g s 1T

WOR (E VeV e AR 5 480 SBR O #5944
SN B AT R 4 L, HEKAKRRL 2 L, R BT 3
AN, BEAS A 8 h(BLHE 4F 4 390 min, YLIE 60
min, HEZK PR EFTEZK % 10 min), V5 YEVEES 13 d /&
A1, K pH A 7.2 B B K AE I A BT N X
N2, SR A TR AE 4y 3 N, BITE L4801 36
10~ 40 % 70 min A 1735 IO Z) OV 28 1 1) 8 &
P L LSS 1 d 19 100 mg/ L2 ¥ 34 I 21 S 56 Fy
T A 9% PHA 4 ST 58 e 76 i 8 4% v 45 )
(LM PHA 55 AR A B R 2 IRES, 18147 6 4>
SRT Ja AT .
1.4 PHAMIG L

RN AR S SR EE R 726 mg/LIN, LLAL T
RS WA SOV I T84 120 min BS54
B PHA [FRE 7, J0 & 84 2 ) [) DR A e 480 4t X
SN 2 S ARt s Y 88 (138 4T
1.4.2  LBRIMANRES EFA 54T PHA & BGY

A 9T S 78 IF %0 SBR M S & TR Uk 4 2 925
mg/ LI HEAT (¥ HULF 4 SBR H (975 Y61 110 mlL 5543
T3IMIL NSRS a1 5. 29,3
5, 11 3 AN RN A A I E K 400 mL (41 [R] &
1, V5 e K EL3 000 mg/L, Horf 1 5 R NVER 1 &
TR (30 mIDTELFA I EE 10 min —IRPEIIN, 2 5 [ W
B LR AE LA 5 10~ 40 & 70 min 75 0 10
mL; 3 5 RNV ARAE LA ER 104 30~ 50+ 70 F 90 min
FIN 6 mL L1 . Fo e AR () 2807 i s R 24 (1)
BAT.

1.4.3  CRRIKRFEERTIFASAT T PHA & 185210

MUFA SBR HHEUHIVE 1 850 mLL, 5543 2 5 A4 1
L O 2 o, ) B A e R 8 HOIN 400 mL J& 7K
CAHEFIER 1, V5 FE R EB 000 mg/L, 7143 3 K0
AN LIRCEAAR S 30 mL), Horb 1~ 5 5 W 88 (1)
LR SEE 3 A 726+ 1479+ 2925, 5916 /%8 874
mg/ L. Fo e 5 A R fef 280 e e o N 3 RIS AT
1.4.4  GEAGIE )P M FEAR IR, ATUD X B 48 4%
T~ PHA & B

ZME AL I SRR E A2 925 mg/ LIS BEAT 1) .
U4 SBR V51 110 mL 5548 T 3 AN 1 L I [ N 4%
) 3 AN SRS N 7K 400 mIL CAH IR 1),
15 E K3 000 mg/L, SIRLELFEAMIEE 10+ 40 FH
70 min B &I 10 mL, 2o 3 AN e B 4% 1) % 7K Hh
ATU 53504 0+ 0.67 & 6.74 mg/L. Jo& B4 1R
U P R N 2R IS AT .

1.5 o Hririk

SR BE S 1 1E W CSOP, T 5 8 P &AL
(NH, -NOZEFRFR B9 E 2 WOCHRE6 ~ 1015 58 3-F0 5
THR(PHB) 2 3-J2 55 IR (PHV ) 3§ 3-F2 5E-2-F A
IR CPH2MV ) ()0 5 4% SCHRE 11 438 (%) 757 v 18647
HARGAE SRR - RO 35 o BHS 3 = (1 Y 7K TR
G, BOIA TG, BRECT S 1R K2 0.1
g TRERL T, KX 2 mL & A7~ 2 mlL i BR-H
BE,0.2 mL A R-FBET 98 ~ 102°C T M 20 hs ¥4
HJGMA 1 mL 281K B0, BUF ZAHUAHEE T PHA
SO EI 43 1Y PHBS PHV & PH2MV [1) &
BNk 25l b s PHA B4 e .



2368 7N 53

B o 30 &

2 #ZR5E

2.1 JREACSIFESAT FIEPEG YA B PHA 1 HER

PREFI G 480 S N I () #4524 120 min B, JRE A
B PHA 50 40 i T 310 14.35% , 1 15605 1P
PHA &4 20.97%, J& # LET#H 51 6.62% AR &
(1) 5 N BF AT, G748 B ) PHA b bl R4 & I o
Z I, RHGFA T2 AR PHA 196 5 78 B
NS A S SR AR A R OCBEE [R ZE 6) PHA
A R
2.2 ZIRIMANREOSIFASAT N PHA & BGE R

1 ST SRRIMAIREAS R VSS
PHA & Jl i 10 EG . w] L e, 6T AR 5] 1) 2 48 %
N EFIAE], 23 3 RN SR IS () PHA & B I 2 i 1
1 RS YOI ) PHA & B 5 5 45 460 I R) R
390min I 1] PHA & BCE 1A ) 55 K, 73 ) 875U VSS
130.84% (LR 1 XA 43.01% C L8 3 KN
AOHI33.299% (LR 5 I . AR, ¥ L1853 3 Ik
I R T PHA (6 K.

IR IR, B A ST N I AR R LA
(L), — T, B —Jr i 2 /i &
TR L PHA (B e TR A5 A SRS 1 O 1R &
FEAEIS, PHA A B AWE I AT 3 4N )
N AR I S8 S AR ], AH— IR PN SR I
I v R VR 5 R BE X B AR W B AR KR PHA B B K
PRSI R, AT BEAR PHA A Bt s 23 3 kN
NCIRE 5 I SR A R PHA 2, 32N
AU R OOIN IR & 1% o e A= ) A K P 7 1 1
MITAE PHA 153 2K 5 A Bl BRI, ABFFUCR T 3 I

TN R )77 XA B PHA.
50
i O3k B5k -
T 40 M
= _
g — -
g 30r 7 ZH=
= % =
g ol 7 B = =
2 E
=% 1
10 |- =
NiZh=8 . l N
0 180 240 300 390
t/min

1 ZERMNXRE* PHA & R0
Fig.1 Effect of acetic acid feeding frequency on PHA synthesis
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Fig.2 Effect of acetic acid concentration on PHA

synthesis at different time
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Fig.3 Changes of sludge glycogen with acetic acid

concentration at different aerobic time
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Fig.4 Variations of soluble ortho-phosphate concentration

with acetic acid concentration at different aerobic time
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Table 2 Highest PHA content and its composition
CBRWKBE PHB 7R PHV 7R PH2MV 7R PHA &1

1 1 1

/mg'L”' /mgeg” /mg*g”! /mg*g” Img*g”
726 166.22 6.12 0.09 172.44
1479 192.33 4.69 0 196.19
2925 412.40 11.57 6.14 430.11
5916 407.06 17.94 3.54 428.54

8 874 403.91 16.79 2.16 422.90
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Fig.5 Changes of acetic acid concentration with aerobic time
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