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ANAEROBIC SUBSTRATE UPTAKE AND PRODUCTION OF BIODEGRADABLE PLASTIC
BY ANAEROBIC AEROBIC ACTIVATED SLUDGES

T AR, HBE #r. BME KB
Hiroyasu SATOH*. Takashi MINO*. Tomonori MATSUO*

ABSTRACT; Polyphosphate rich anaerobic aerobic activated sludges were fed with acetate and/or
propionate under anaerobic condition to produce polyhydroxyalkanoate (PHA), a biodegradable plastic. All
the carbon sources anaerobically uptaken by the sludges were converted into PHA, and the maximum PHA
accumulation in the sludges was 12% of the mixed liquor suspended solid. The amount and the composition
of the accumulated PHA were affected by the composition of the carbon sources for the PHA production and
that for the sludge acclimatization. All the sludges used in the present research produced 3-hydroxybutyrate
rich PHA from acetate. Sludges acclimatized with substrates containing acetate and propionate produced
PHA composed mainly of the same amounts of 3-hydroxyvalerate and 3-hydroxy-2-methylvalerate from
propionate. But a sludge acclimatized with a substrate without propionate held little ability to produce 3-
hydroxy-2-methylvalerate, and took up less propionate than the other sludges. All the sludges metabolized
intracellular carbohydrates simultaneously with the anaerobic uptake of acetate and/or propionate, and
converted not only the carbon sources but also the intracellular carbohydrates into PHA, except for a sludge
acclimatized with a substrate containing lactate. The sludge had accumulated less carbohydrates, and
converted less carbohydrates into PHA than the other sludges did.

KEYWORDS; Polyhydroxyalkanoate, Biodegradable plastic, Anaerobic aerobic activated sludge,
Anaerobic substrate uptake, 3-Hydroxy-2-methylvalerate.
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Fig. 1 Schematic Illustration of the Labolatory Scale Anaerobic
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Table 2 Conditions of the Batch Experiments

Experiment Number A-1 A-2 4A-3 B-1 B-2 B-3 B-4 B-§ C-1 C-2
Sludge RunA__RunA RunA RunB RunB _RunB RunB_ RunB_RunC RunC
Substrate Composition

Acetate:Propionate mol:mol 1:.0 1:2  0:1 . 1:0 2:1 1:2  1:5 0:1 1:0 1:0
I Concentration _________mgC/h_ . __i 214 280254 213 245 257 301 __261 283 261
Anaerobic Time Hours 4 4 4 6 6 6 6 6 6 6
Aerobic Time after An. Time Hours 0 0 0 1.5 0 1.8 0 1.5 1.5 1.5
Sludge Characteristics

Initial MLSS mng/1 5016 4916 4816 5470 3962 4745 4708 4746 4184 4233

Initial MLYSS ng/1 3721 2751 3457 3224 3387 12881 12831

Initial P Content %P of MLSS 7.85 5.9 7.53 6.28 6.16 6.27 6.06 6.73 7.39 6.82

Initial C6H1206 Content ¥C6H1206 of MLSS 11.3 11.8 11.9 11.3 10.7 7.8 8.7
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Fig. 2 Chemical Structures of the Monomeric Units of PHA

3HB: $~hydroxybutyrate (methyl ester)

3HV: 3-hydroxyvalerate (methyl ester)

3H2MB: 3-hydroxy-2-methylbutyrate (methyl ester)
3H2MV: 3-hydroxy-2-methylvalerate (methyl ester)
I.S.: internal standard (benzoic acid methyl ester)

30V: 3-oxovalerate methyl ester
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Fig. 4 Result of the Batch Experiment No.B-1, Using Acetate as Substrate.
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Fig. 5 Result of the Batch Experiment No.B-3.
Using Acetate and Propionate as Substrate. ( HAc:HP = 1:2)
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Fig. 8 Result of t.he Batch Experiment No.B-5, Using Propionate as Substrate.
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Fig. 7 Influence of Substrate Composition to Composition of the PHA Accumulated.

Fig. 8 Result of the Batch Experiment No. C-1,

Fig. 9 Result
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Table 3 Summary of the Results of the Batch Experiments Using Sludge Taken from RunB and RunC

Experiment Number B-1 B-2 B-3 B-4 B-5 C-1 C-2
Substrate Uptaken in the Anaerobic Time _umol/mgMLSS 1.53 1.80 1.66 1.62 1.49 1.33 0.72

Metabolized Amount to 6 mol of the Substrate Uptake

Sludge Carbohydrates Consumption mol .2 1.1 09 1.1 1.1 07 0.4

PHA Accumulation mol 3.9 3.8 3.9 40 40 3.1 3.1
o Phosphate Release ___________ ____.mol __________{ 9.2 4.4 4.2 4.5 _ .59 7.8 12.6_
PHA Accumulation to MLSS ¥PHA of MLSS 9.5 11.9 11.1 12.6 11.3 9.8 6.9
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Table 4 Results of the Batch Experiments Using Sludge Taken from RunA.

Experiment Number A-1  A-2  A-3
Initial Supernatant TOC mgC/1 214 280 254
Final Supernatant TOC mgC/1 51 19 140

Substrate Uptaken in the Anaerobic Time wxmol/mgMLSS 1.35 1.66 0.66
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2 propionate ~—= 3-hydroxyvalerate + C02 + 4(H) (1)
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2 propionate + 2(H)—=3-hydroxy-2-methylvalerate (3)
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