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Fig.l Schematic flow of wastewater treatment and biodegrad-
able plastic (PHA) production.
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(1) SFEEESEONESZE

a) SELIFRERIC & HEEEETROBIE

N #H R ANIES > S EIL 15EREBRE, T
a2—Z (Sludge-1) % 72 3EkEE (Sludge-2) ZM—D
REWE L2 ATHEK (TOC BRAM ;0.4kg-TOC/
m¥/d) TH3 7 AREBIEL /2.

HEATHOK TIRRBR 2 IF RN 23 HEEEL 24,
IRFET7L—Ya v 2FEIEUBEREREI . 20
%, SEELUI EBAKEHFLUOATHIKRE 2 ANEEZ /2.



Table 1 Substrate composition to assimilate

Table2 Substrate composition (pH 7.0)

Microelement solution (per liter

activated sludge (per liter of tap of 0.1 N HC})
ter).
vaten) Carbon source 0.8-5.0g-CA CoCl» 119mg -
Composition Conc. (mg/l) KH2PO4 265 gi FeCl, 97¢
Sodium acetic acid 80 NazHPO4 1220 7.16 g/l CaClz 788
Sodium propionic acid 80 MgSO4 -TH20 033 g/ NiClz-6H20 118mg
%ﬁ?;g:gg:“m glutamic acid 168 Microelement solution 10 mifl CrCly 62.2 mg
ne
Yeast extract 10 CuSO4: SH2 O 156.4 mg
Ammonium salfate 70
MgS04+7TH20 150
NaCl2 100
NasHCO3 150
CaCl2+2H,;0 50 (2) BBEEESROEES*
KH2PO4 44

BRI THRET Z2RFOBRE 2 BERIGHED 55]
HE, MLSS #2405 5g/LIKEELL. COk>/
PR e 3 r A L, SEEBRICE2—HY
VO TOCKHERN 8% UL ETEREICL > 12D % R
U 72 R SRR U 7o,

b) HXUFRAEETEOIE

V) VBREMREOBNBREERT 5 oI, BIFR
DOERER CIEMHFROME 2 T- 2. N HERH&EF
WERIE D HARELL 1B EBRE Imm Ay YaD Ay
V- TRBL, 85N EBIKERITSEEREE
EEICRALT.

FEBIL, BOHAB2SLOBREE_E, BT
8L DRI #—H, XSHISLONBHTHERINS.
WML, BRSHBLEZNWEDIZA Y —F ~TERD
IHRBRLZ. BREE, 1L/min OBERETCIT L —
YavEFof. kMg, EEE# 45°C OGRE TR
EBLULZABGREOLOEBWE. £ kBB ADE
ROBERPERT AL B 70y 7O LA <128,
LR PIER % Srpm THE L > IZHHHR L 7.

WEwMTOBE LB, 0.751L/h ORE THREE
IHEBR L 72, &7z, BSH, FEHE, hiboKEzy
MRS (HRT) %, #h#h 1.8h, 2.9h, 1.8h &
U 7z. Table 1 IZENEICH V2 ATHOKOBR % 4.
BERSELT, BB L) v A, Tt vEgs by
VLo, L-T VT IVE, FIRThrBLUOBELS
AW, EREREELTE, REBE7T v Tov 4%
HAOTERBE T 17Tmg/LITRELY. £72Y) Vs
LTk 4dmg/L O VBB ZIKREH Y Y A5 HNT.

L EoEGN S RSIFSIEET, FElEToY v BO
BGA% LB TO TOC DREZNEEL 12D % R
Utztg, SEBCfL /2.

a) IRESBBILLZZEEETRELPOSOEXUIZFI
PHA 4% E

SERFRAE TR L 1 BUEEEE R (Sludge-1 B
& T Sludge-2) B & CHRSITFKERIEE TR 2
SUFSEIEMETETR (Sludge-3) #MV, Befgh» HEE
B & T O RMEARIGH R 5 DR T AT )V PHA O
EEARITL 2.

FEERE CHIE U 1o i HETEIR R R O R TR U
IKTYRER U 2. EHEEMEIR T, SRBISE 5
BETS5g/L&tTable2 DEZFHIBO ATHKT
MLSS % 4 g/L IZHHEEL 2. BEFSIEER T,
BRGNS % R RHLE T 800 mg/L & U 7z Table 2
IR ERZFIROERIEA T MLSS % 3g/L ICHEEL
1z, SEMEBRKE 500mL Ny 7V =E/T 5 231z
100 mL ## A L, 25°C T 200 1pm X35 mm O RE TR &
SEEETH 1.

b) FUIXFI PHA DEEICRIZT AERENE

BT SOEFISECHE L L REFSEESEREH
Wiz BT RAEEER % 200 B c IR Uikt
WLk BBEH-ORRER 2gL) &L
Table 2 DERHIR O ATHK T MLSS % 3g/L w58
BLUl, ChEeBRB2LOREBZIILEALE. B

| BABREFRROREZBRT 272012, SEBEOERS
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B TRIFSAEEBR 2 EE L /2.
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BREREL. S 0IMPSEtTOESETE, =7
L=y avz{ThdTAF5—-F— (200rpm) ZHOIHE
FIEE L Uz, BRNICSEERED 5 RN 2 5L,
IBBOEHBBELANTET 5 & & 512, SIENPHA
SEBLURKMEEZHTE LS. b, SEHE
25°C OEBRENTIT - 2.

(3) KYIZFIPHADBIES B
BRFSAEEBFRICE-T, SBEEBREETAT
Bk BEELRRITATFNVPHA %R, KETE Y



OREHEELIEHBEREZRAOTHMNREZIT-
70,

EIRTERD bAY T AT )V PHA % 7 0 U RV A Tl
HU, ~"FH Y TcHEIR L., ThEBERERL TBR2
SERICBE LR, 80.5gD PHAY Y 7 V% 100%
DT € b 300mL ICBA L. IhE, 50°CICRIE
LIk —F4 v Ay —5— LT 5 BRRIGS % 72&,
T b VARG PHA 28 28055 S cEIX L 72
(10 000 rpm X 15 min). ¥KIZ, 7ML 72 7 b VBRI,
T b VEBEOS(v/v%) 12 B EDICHIUKEERINU 2.
ZOT & b YKBKE 4°C T 24U BEERHICRES T
B koT, 95(v/v%) T b VKBRIKAER
PHA SHEZHFHa S, 20%, frHL 72 PHA S
BB TE L. BERICLT, FBELZT R
VIKBIRICHAEZ T £ bV IBE(v/v%) KEB KD
REIL, BN L5 PHA OFH (4°CX24h), &0
SEET L ADHEERER T o, ZOXDIILT, T
VoS E 95(v/v%) o S(v/v%) AHTELEE
&T X b YKBKRICAE S PHA 5B EYR L 72,

(4) H¥FAHE

FERHNPHASE B LU PHAOEKE/ v —2 =y
M, IR OBYGCTH LI, KT AT W
PHA ORISE S L O 5 AEB AL, DSC (RERSH
=) THHF L. KV IT ATV PHA OS5 FEiIE GPC
T L. FESTFEP XUSTESRE, BOEF
Y 2F L VBT Y TVERWTRY AT L VBRETR
FELT., KUYZAF N PHA O'HB LU BC-NMR IZ &
B2~ kRN, JEOL 500 # AWz, Bikda)
VBRI, TAINEVES R T VBRI TOIT L.
FERAEEEAK G, 7Yy AaryEITHELR. B
BYEE LTIV - R EZRAORKEMBEREL .
Pk ORESE D HEEBRE TOEKEE L GC TREL
Fr. Fy YT —HFRAIEHREZHOFID TRHL, 37
5B ENREEME S UTEB L. BikdoT v E
Z 7 HPLC THIE L. BEEHE LT 20 mM BB
KEHE 2BV, 1.2mL/min TRIEL 2. HH1340°C
TOEERTT- 2. 2OMOSHER L, TREFER
HRITHEL /2.
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a) EEFENEREEVAERYIZATILPHADEE
Fig.2 $ L O Fig.3 17, BEFEMEGE Sludge-1, &
HEYEVEVE IR Sludge-2 K K BB P 5DKRY T AT WV
PHA OB % Rd. ¥ 72, Table3 ITIXKFMHE
RICHB I BEERAKIS LU PHA SBORAME,
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Fig.2 Production of P(3HB) and carbohydrate by sludge-1
from acetic acid in nitrogen-free solution at 25°C under
aerobic conditions.
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Fig.3 Production of P(3HB) and carbohydrate by siudge-2
from acetic acid in nitrogen-free solution at 25°C under
aerobic conditions.
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v RoFy 7514 helE—-OE/ v—22yv bET S
#1) (3-k Faxy7FL4 ) [PBHB)] TH-o7:.
EHTEMEE R Sludge-1 T, EEBGRICEERGE
FEMY 20wts OFRRKYMEEEL TWHZ. Ly
L, BERFIRERICE->THERARKIBEBRISICE
BL, 48EBIERBRERNY 43.5wt% IIF
L7, —7, P(3HB) &BICEELVWELEIR >N,
144 BERIBIC 4. 4 wit% & 7212
EAHEVEMYEVE Sludge-2 T3, 144 BERABICHEAKRHF O
BEER DSSEaI B X N e, REBBRRRICE, RK(LE
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Table3 Production of P(3 HB) and carbohydrate from acetic acid by sludge-1 and-2.

Sludge Carbon source

Maximun content® (wt%)

Yield®(g/g-acetic acid)

in pre-culture?

no. P(3HB) Carbohydrate P(3HB) Carbohydrate
1 Glucose 4.4 43.5 0.012 0.180
2 Acetic acid 7.8 32.3 0.026 0.107

3 Carbon sources to assimilate studge.
® Content in dried sludge.

) Yields of P(3HB) and carbohydrate from acetic acid consumed during the

incubation.

Sludge-2 IZ » 2 Wi#» 5D P(3HB) ~DEE(LEKIL,
HEULEBR1gH00.026g TH-72. 2hid, 7
IA—-ATHIEU 2 Sludge-1 D 2 FEDE(LERE -
fz. Lir L, BEEFEMEFIRIC & 5885 5O P(3HB)
NOERIEERE, BIBRZBEIEDSTED TENI &b
Doz, —J5, FEBRKA OB 5 ORI,
Sludge-1 T 0.18 g/g, Sludge-2 T0.107 g/g & &L VL
RTEEEINT. COEDIT, ELFELETRSEL
EREEESR ., SRFBEET cikthoRFZES B
HICHBRKIEOBRICHET A L& -
7z.

SRIDEBTIE, PHASRITHEL 2 EREIBE» O
BREORRR (B 12¢/L) 2 8C& G TFoEEL2T-
2. MFRBEICLBHELEZ NS, EREEER
&% PHA OFERLEBBECELVEEZ 5N 5.
IHIT, 0L DEREFEEFIBL ERM oS IHR
EMITERATRETH D, EREEMBRZEA L - PHA
SEOTutALIIRETEHBLEELS.

b) HMIFAXEEFTREBVARYUIIFILPHAD
£E

BEHSAEEBRZAVAHEI>OR) T ATV
PHA O&EEZRE L. REEBTIR, RIFSEESE
BRIZKZA) T 270V PHA OXEILRIFTAGRE
DEEEBEH T B0, SBEORL IBHEREDRE
FHTIBNT, BRFRAEEBRORSER%1T-
7z, B—IZTT v—¥ 3 vITkBFREME (tun-1), 5B
TREROHIEBMFERSESE (tun-2), BEinmHZS
A DHEGEBRIZ L ZBAEH (run-3) THB. b,
EERFCOBTBRBEARAELZETS, an-l
T 6.5~7.3ppm, run-2 TiX2.2~3.1ppm, run-3
T3 0~0.3 ppm OFHHEHTH - 17,

Fig.4 7» 5 Fig.6 i, SEBHETOIKPORREIE
B, BRAFRKALEYS O PHARE, 35IZPHA®
HELHERORFE(LZRT.

HREMHD un-1 (Fig.d) T, kPO A 24
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Fig.4 Production of PHA and carbohydrate by anaerobic/
aerobic sludge (sludge-3) from acetic acid in nitrogen-
free solution under high DO conditions (D0=6.5-7.3
ppm) at 25°C (run-1).
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Production of PHA and carbohydrate by anaerobic/
aerobic sludge (sludge-3) from acetic acid in nitrogen-
free solution under low DO conditions (DO=2.2-3.1
ppm) at 25°C (run-2).
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Table 4 Results of PHA production by anaerobic/aerobic sludge (Sludge-3) from acetic acid under

different culture conditions.

. PHA composition?)
run  Time® Dry sludge  Maximum (mollfyo) Yield of PHA
no 1)) wt (g/) PHA content (g/g-acetic acid)
. (wt%)  3HB 3HV 3HN 3HD
1 12 3.39 17.1 89 5 1 5 0.405
2 8 3.44 11.7 84 7 1 8 0.394
3 24 3.08 6.3 89 11 0 O 1.000

DPeriod to reach maximum PHA content in dried sludge.
%)3HB; 3-hydroxybutyrate, 3HV; 3-hydroxyvalerate,
3HN; 3-hydroxynonanoate, 3HD; 3-hydroxydecanoate.
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Fig.6 Production of PHA and carbohydrate by anaerobic/
aerobic sludge (sludge-3) from acetic acid in nitrogen-
free solution under DO-free conditions (DO=0-0.3 ppm)
at 25°C (run-3).

ERBEILERL, RPEMBICIERBRESEYS Y 17.1
wt% IZEL 2. —7, BIRAERK LY E SREERRE I
Mo THTEAT AR b, 5T, £EXR
72 PHA O 20 Lz & 25, EEREICE -
T3HB®3HV =y b T, REKID3I-L

Fa¥y/F /x4t (3HN) BEOREKI0OD 3-
LFaxy7Fh /x4 b (3HD) WEKY T A7)V PHA
ITEA SNz, ‘

BOF KA O run-2 (Fig.5) <&, PkPOEERES
sEEFEFTRAREIIHBEINS L& HIZ, BEA PHA
SBHP LA U SHRED PHA 2B IBBREREER LY
1L.7wt% IEL 2. 72, BRARKILY X, 5
WIS TS REBNMZD 16.5wt% TEL TV
7208, PHA SBSEBRE R -7 SERHIZIZ 11.5 wt%
WETRI U 58, KEBETOMLSS DEULWE
fbaRond, 18 24 Ff1%13 3,290 mg/L TH 12,

K ZMHD run-3 (Fig.6) T, HBERBEZELCT
ok OBRBIZIZ LA EHERShar-. UL, B
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N PHA S8 3HSERBEE LI ERL, 24 HEE
WWIREREREEHRY 6.3wt% tx-o12. ¥z, Bl
PRI B IEERM & &L IRBUTED U, 24 5B
BIZIE8.5wt% &8 -7z, F i, MLSS I3IEERMIC
o> TR U, 24 BRIH1213 2,883 mg/L & %5 72,

X251, EEED run-1 R run-2 TOEETHRH I3
HN % 3HD OFhE#HOE /v —3&<EHashd, 3
HB L 3HV»H 125 2 OHEEETH > 12,

Tabled il, BEBZBTCEELLFXY T X TNV
PHA ORAEEB L ZOHEAHM, =5 ICEBHHD
PHA ~O#(LE#RY. PHA OBRKXEEE, ruwn-17T
HIREREEND 17.1wt% TH Y, run-2 T11. 7wt %,
run-3 Tl 6.3wt% &8 -7, —h, PHASENVLEKX
LS 1 EBETOREED 5D PHA ~DE(tRE2HE T
% &, run-17T0.405¢/g, run-2 T0.394g/g, run-3
T1.0g/g &iz->7. RO & HIT, EEFEFEESE
W&k, BEED 50 PHA OB XEE{EERIZ 0.026
g/g THote. —h, BREF[NEEFRE, BEE» 5
BOTHNVNETPHA REET L EMbhrolz, L
»L, BREMED run-3 125 HEERED 5 OEE{LERIE,
IR AERILE (0.48 g/g ; Alcaligenes eutrophus 125
% KEEE A b DEFRBAEE") 2XRIBICBAZTHY,
BB LN ORZFE»H AR ) ATV PHA ZER L2
DEEERIND.

RM PHA S BOBAL Ko tBAT, &4fCH
A BRARKILY Y, SEBGBED S0.117g/L
(run-1), 0.134g/L(run-2), 0.264g/L (run-3) B4
Urz. BIRBARKEERY S va—2&EZ, BEL
PRKICHBEPELT3HB 1=y FOABICHAE 1S
EFBE (BHIE;0.48g/g), run-1 TIX0.056 g/L,
run-2 T1£0.064 g/L, run-3 T1£0.127g/L © 3 HB
PIERARK LD S hizc &%, Zhed
R 5, PHAREDORFRE LT, JkPORREZ
T ERARKIHD EERT S &, Tables D &>



Table 5 Production of PHA by anaerobic/aerobic sludge (Sludge-3) from acetic acid and intracellular

carbohydrate.

Consumed Consumed Produced

PHA from CH PHA from acetic acid Yield of PHA

acetic acid CH PHA from acetic acid
&n €7} &M @& (%) &M (%) (g/g-acetic acid)
1 1.20 0.117 0.486 0056 12 0.430 88 0.358
2 0.79 0.134 0.311 0.064 21 0.247 79 0.313
3 0.13 0.264 0.130 0.127 98 0.003 2 0.023

CH; intracellular carbohydrate.

Table 6 Production of PHA from volatile fatty acids (C2-C5) by sludge-2 and-3 at 25°C under aerobic

conditions.
vati ) PHA Composition (mo1%)) D )
Studge Cu_ltlva?lon Carbozlcsource“ contont® PO [§ o) Tm :I‘gd 10_3me)
time (h) (g-C/H o O
(Wt%) 3HB 3HV 3H2MB 3H2MV
120 Acetic acid(5) 7.1 100 - - - 172 na. na.
Aerobic sludge 120 Propionic acid(5) 1.6 93 7 - - 101 na, na.
(Sludge-2) 120 - Butyric acid(5) 9.5 100 - - - 177  na - na
120 iso-Pentanoic acid(5) 7.4 92 8 - - 165 na. na.
6  Acetic acid(0.8) 18.2 82 18 - - 130,165 3 228
Anaerobic/acrobic 6  Propionic acid(0.8) 7.8 19 53 7 21 99,165 -4 187
(Si:\‘:ic;%%) 6  Butyric acid(0.8) 154 % 10 - - 135169 4 146
iso-Pentanoic acid(0.8) 10.2 79 21 - - 75119150 3 109

3 Carbon source in nitrogen-free cultare media (pH 7.0). Y) PHA contents in dried sludge.

©) Determined by GC. 9 Determined by DSC

ILELDHBIENTESD.

BER P OEEBEBEFX DO PHA X, run-1T0.43¢g/L,
run-2 T0.247 g/L, run-3T0.003g/L &2V, HE
BERR 1 g 241 0.358¢g, 0.313g, 0.023g OFwLER{LER
THEXNLIEERS. 251, BB L OBRAR
Kb » 54 L 72 PHA OEI&%2 R4 &, FEEHD
run-1 RWF R LMD run-2 TX, HEAKPOREEED 5 &
L 72 PHA OE1&HEL, #NhEFhL2 PHAEEOD 88
wt% BLOT9wt% Ex-72. —F, BEEHEOD run-3
T, FELEZAY) T AFVPHA DIFEAED, B
PRAK{b D bftid s hiz o &L &5 5.

WAE, BRESDE, BRFSAEEHREORISEIC
BT, Bl 5> PHB &R E WA & LB, 7)) a—
FUBBPTAEIEER/ELTVAS. CORBEHES
i, 7Y a5V PREREETT T )V-CoA & CO,
W ABICERENEBLH (NADH,) 2#FIHLT,
BB D PHB ~NOBIESE LU TWA EFHBALTVS. &
WRERTYH, BESHE EBRARKIEMORD b5z
LS, 35IBINRT PHANEREIh &M B, &
SIFRREEBIREIPOK P ORI, BIED» 5155
NIZBTHETHEFV-CoA Z6FA LT PHA 28
LizbDEEXHNDB. ZOLHK, BRESNEES

©)Determined by GPC. n.a.;not analyzed.

T, BMEWMLEREICZ 5 (F EEKkbOREE &0 I
KL 2 BRRICFIA L TEY =27 )V PHA % &5
FBHENRBI NI,

(2) SBEEEEEEDSOKRYIZTIVPHA DLE

Frir 5 BB E T OERBMEERSHBRE RRFE L
T, ZEEEBRICEE K X7 )V PHA O4FEXIF
S zESREE TR AT,

Table6 /2, PHASE B L OFoHEAMEM, x5
IWARY T A7)V PHA ORUS B K U7 AERE, HF
By TrEERT.

EEIEMETSVE Sludge-2 13, BERZR OB L BEE
»5, P(3HB) AERKY T AT NVEEELL. —H,
HHEREHOTULLA VBOEER, 5L, P(3
HB-co-3HV) HEAFRY AT NEEELL. TaE
T VBEE—OREZERELULBSDOFERAPHASE
i, HBRBRERNMY 1.6wt% Thot. ZOMDE
o, ERBRERBHKY 7.1wt% 25 9.5wt% T
Hoi.

—7%, BEIFRNEESE Sludge-3 13, FElg, B
ENEEEREM—DRRBREE LU 6 BEOEEIC L -
T, P(3HB-¢o-3HV) HEEKY T AT N EEEFR

150



Table 7 Fractionation and characterization of PHA sample produced by anaerobic/aerobic

sludge (Sludge-3) from propionic acid.

Conc. of aq. Fraction Compositionb) (mol%) Thermal properties®  Molecular weightd)

acetone™%) (W% SHE a1V SHOMB EIMV T ¢C) Tg(C) 103xMm MwiG:

Insoluble® 8 344 431 43 18.2 98.7,164.7 04 205.3 3.32
1009 22 205 535 28 23.2 100.0,164.1 -1.3 189.2 3.25
90 34 120 500 55 325 94.2,163.8 04 173.1 291
85 29 224 612 57 10.7 50.7 -6.2 147.1 1.97

#Insoluble fraction with acetone/water mixture.

) 3HB;3-hydroxybutyrate, 3HV;3-hydroxyvalerate, 3H2MB;3-hydroxy-2-metylbutyrate,

3H2MV;3-hydroxy-2-metylvaletate.
©)Determined by DSC. )Determined by GPC.
¢) Insoluble fraction with boiling aceétone.
9 Insoluble fraction with acetone at 4°C,

s

FEEBYD 10.2wt% 25 18.2wt% OB TEBVEET
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Fig.7 Production of PHA by anaerobic/
aerobic sludge (Sludge-3) from
acetic acid in nitrogen-free solu-
tion under aerobic conditions at
25°C.
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Fig.8 Production of PHA by anaerobic/
aerobic sludge (Sludge-3) from
acetic acid in solution containing
50mg/l of NH; under aerobic
conditions at 25°C.
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Fig.9 Production of PHA by anaerobic/
aerobic sludge (Sladge-3) from
acetic acid in solution containing
100 mg/! of NH, under aerobic
conditions at 25°C.
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Table 8 Comparison of PHA production by aerobic and anaerobic/aerobic sludges.

Items

Aerobic sludge

Anaerobic/aerobic sludge

Culture conditions to produce PHA

Aerobic conditions

Aerobic conditions

or
Micro-aerobic conditions
PHA production from wastewater 2)
containing nitrogen source No (=) Yes(+)
Maximum PHA content 12.0 wt%2) 17.1 wi%
(from acetic acid) (fed-batch cuiture) (batch culture)
Culture period to rearch a maximum 200 h2) 6-12h
PHA content
Yield of PHA from acetic acid 0.026 (g/g-acetic acid) 0.405 (g/g-acetic acid)
( Tntracellular )
Relation between intracellular ] carbohydrate, carbohydrate
carbohydrate, PHA and carbon Carbon source

source in wastewater

Compositions of polyesters

PHA

from acetic acid P(3HB) P(3HB-co-3HV)
propionic acid P(BHB-co-3HV)  P(3HB-co-3HV-co-3H2MB-co-3H2ZMV)

butyric acid P(3HB) P(3HB-co-3HV)

pentanoic acid P(3HB-co-3HV) P(3HB-co-3HV)
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K#» 54k, 3HB, 3HV, 3H2MB, 3H2MV D 45
DE/ T -THEENZHESGFR) 2TV EEET
5.
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PRODUCTION OF BIODEGRADABLE PLASTICS FROM VOLATILE FATTY
ACIDS USING ACTIVATED SLUDGE

Yuji SAITO, Takamichi SOEJIMA, Takashi TOMOZAWA, Yoshiharu DOI
and Fumitoshi KIYA

The production of biodegradable plastics, polyhydroxyalkanoates (PHA) from volatile fatty acids (VFA) by
aerobic or anaerobic/aerobic activated sludge was investigated. The anaerobic/aerobic activated sludge produced
co-polyesters composed of 2-4 monomer units from VFA(C2-C5), and that the contents in dried sludge were as
high as 7.8-18.2wt% . The anaerobic/aerobic activated sludge produced co-polyester composed of [R]-
3-hydroxybuyrate (3 HB), [R} - 3-hydroxyvalerate (3HV), [R] -3-hydroxynonanoate(3HN), and [ R] -
3-hydroxydecanoate (3 HD) with high yield of 40 wt% from acetic acid as the sole carbon source in nitrogen-free
wastewater for 6-12h. It was suggested that PHA production from wastewater treatment was possible by using the
anaerobic/acrobic activated sludge.
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