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STUDIES ON BIO-DEGRADABLE PLASTIC FROM ACTIVATED SLUDGE
-EXPERIMENTS OF PHB PRODUCTION UNDER NITROGEN LIMITED CONDITION -

OB oM T+ - K R #*
Yuji SAITO*, Takashi TOMOZAWA *

ABSTRACT;We studied on the optimum condition for micro-organism to produce bio-
degradable plastic(PHB) in activated sludge.The first experiment was made to
confirm the production of PHB under nitrogen limited condition.Carbon content of
dried activated sludge had risen rapidly after nitrogen in medium was completely
consumed,white precipitate was extracted from dried activated sludge with hot
chloroform and n-hexane after another 48 hours.We identified it was PHB by use of
X-ray diffraction,DTA and CHNS-elemental analyzer.The second experiment was made to
investigate the effect of carbon sources and cultivation period on PHB content
under nitrogen limited condition.Consequently,CH3COONa was better than glucose as
carbon source for production of PHB.Content of PHB was stabilized to its maximum
stage around 250 hours by continuous process and it was achieved to 12% of dried
sludge weight basis.The third experiment was performed to grasp the difference of
production rate of PHB and carbohydrate.PHB was slowly accumulated than
carbohydrate.Consumption of PHB,observed with decrease of TOC in medium was also
slow.

KEYWORDS;activated sludge,bio-degradable plastic,PHB,nitrogen limited condition
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i L. Table-1i2 RYEEBREENo.1)T
MLSS 5,000 (mg/L)iZ A% L 72, <R % Fig.-1
DBRSHEASWLIEA L BBREE B
L7z, BEREMIE4BIEM % A & Table- 12 /R T
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HREH L7z, N FTARLIESH & R L
7RFFRE DD ERFKICHEQIEL,
0.1M") ~ B 4% i © & 4 MLSS 5,000 (mg/L)
B LA, E5CTable20 S Vv a— .7
YEZTHREBEWNO, Vo — X FEEET

Substrate
(Nitrogen-free)

J 7

Thermostatic Control Tank

pH Controller

10(%) NaOH

10(%) HCI

Fig.1 Schematic diagram of experimental
apparatus.
Table 1 Substrate composition of main-culture.
Carbon Nitrogen Phosphorus Inorganic
No. {lsources/ (g/L) |sources/{mg/L} sources/(mL/L) /(mg/L)
CH,COONa | (NH,),S0,
1 22 7000 MgSO, TH,0 375
g || cHsco0Na PO FeSO,TH,O0 2.5
200 (ISJM'; CuS045H,0 0.5
3 CeH 205 (NH),S0, 12 ZnS0,6H,0 2.5
22 7000 MnSO,4H,0 2.5
CeH 1204 CaCly 2H,0 5.5
4 200 —_— allg 2

Table 2 Substrate composition of pre-culture.

C-sources N -sources P-sources Inorganic

No. /(g/L) /(mg/L) /(mL/L) /(mg/L)
1 (NH)5804 MgSO0,4 TH20 37.5
3535 FeSO4-7H20 2.5
_ I CeHi1206 33?% CuSO,5H,0 0.5
12.5 12 ZnS0,6H,0 2.5
2 NaNOQ; MnSO,4H,0 2.5
4553 CaCly- 2H,0 5.5

Table 3 Operational condition of the second

experiment.

Pre-culture Main-culture
No.
¢ N -sources | Culture period C -sources Culture period
I | NOsN CH3COONa
1I -
NOg-N 20 days Cell1206 48 hours
il NH4-N CH3COONa
I\ NHy4-N CgH 1206
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Zh & RO B E R TYER L /- Table-4®
FE A% 5% 25 ' ©MLSS 4,000 (mg/L) i #8 % L
500mL)=A7 F A3ty b LA%IES
BRLHEB LA, BBREMIC Lo T
BRSO EFHIKETOC), BEEE KR
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23 pAE
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Table 4 Substrate composition of the third

experiment.

Carbon Nitrogen Phosphorus Inorganic
sources/ (g/L) sources/(mg/L) [sources/(mL/L) /(mg/L)
MgS0,- 7TH,0 375
FeSO4TH,0 2.5
CH3COONa | (NHy4)2SO4 H3POy4 CuSO45H,0 0.5
17.1 94 (1.1M) 12 | ZnSO«6H0 25
MnSO,4H,0 25
CaCly 2H,0 55
(g-NH4/L) (wt%)
.8 =40
e 30
] 20
- 10
....... A T
¢ T PV 0
0 40 80 120 160 200 240
Time (hr)
Fig. 2 Transition of carbon and nitrogen

contents in dried sludge and

concentration of NHY. @,concentration
of NHy;[J, carbon content;A ,nitrogen-
content.

Phot.

Lo THIE L1 (100°CX3hr), 7Y A0 ViEIl ko THEE
BELERBFREOERILTEE L2, 2B 7V T RAKL

MO RFEEIITOCHAT

1 Precipitated material
from activated
sludge.

BACHlE LEELL, BRANOPHBHEOMTF IR, 2575 v yBE v

Burdon® # B #12 & > THIB UK AMB CTHE L2, ¥ 2PHBO MR X XBREED & VIREE ST E

(DTA)NZ & 2 Bl T17 o 72,
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Fig. 3 X-ray diffraction pattern of

precipitated material.

Table 5 Carbon,hydrogen and oxygen contents
of precipitated material and PHB.
Carbon Hydrogen Oxygen
Material yeros bl
(mol%) (mol%) (mol%)
Extracted 55.46 6.84 -
material
PHB 55.81 6.97 37.23
TG DTA
101 - - T 8 -
6 >
~ 100 } 2
§ 116506 muVXming | 4
L 2
. 99 9 o
s —
e 981 0=
© -9 ha
= 9 172.1¢C) :
_4 :E

Fig. 4

Table 6

96
20 40 60 80 10

120 140 160 180 200 220
C)

DTA courves of precipitated material.

Temperature

Effect of pre-culture's nitrogen

sources and main-culture's carbon
sources on PHB and CH content.

N-sources of C-sources of PHB - content ® [CH - content ¥
No Pre-culture Main-culture (Wt%) (Wt%)
I NOj3-N CH3COONa 1.45 7.50
I NO;3-N CgH 1206 0.12 214
il g NHy4-N CH3COONa 1.07 6.80
v NH4-N CgH20¢ 0.50 20.2

a),b); The mounts of PH

of the dried sludge weight.
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Fig.5 Transition of PHB content and NHYy-
N concentration.@®,concentration
of NHy-N; [J ,PHB-content of dried
sludge weight basis.
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Fig.6 Transition of each

parameters in batch

Fig. 7 Transition of
carbon species of

culture. sludge,PHB and CH.
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Fig.8 Transition of CH-C
/sludge-C and PHB-
C/sludge-C.
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