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The objectives of this study have been carried out to investigate the solubilization of municipal sewage sludge
by single and dual frequency ultrasonic pretreatment, and the methane production characteristics of pretreated
sewage sludge by specific methanogenic activity test for sewage sludge reduction. The waste activated sludge
was collected from thickened tank of Suyoung sewage treatment plant in Busan city, and its concentration was
adjusted to 1.0% total solids. Ultrasonic frequency was varied 15, 20, 15+20 kHz, and acoustic density was used

a maximum 176W/L. The

dual frequency ultrasonic pretreatment was found to be more effective than single

frequency ultrasonic in the solubilization rate and methane production. The SCOD¢/TCOD, rate were 15.2%,
13.9%, 17.0% with single frequency of 15 kHz, 20 kHz, dual frequency of 15+20 kHz, respectively. The appli-
cation of dual frequency ultrasound for sewage sludge pretreatment can be interest for sewage treatment plants

having problems in sludge treatment and disposal.

Key Words:Dual frequency sonication, Specific methanogenic activity(SMA), Pretreatment,
Sludge reduction
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Table 1. Characteristics of sewage sludge
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Parameters Units - Concentrations e
pH - 6.2~6.5 6.3

TCODcr mg/L 9,200~ 13,000 11,100
SCODc: mg/L 111~120 116
SCODc/TCODc: % 09~12 1.04
VS/TS % 68.2~754 718
ECPs Protein mg/L 44.2~205.8 125
Carbohydrate mg/L 349.1~1,177.7 763.4
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Fig. 1. Schematic diagram of experimental set-up for
dual frequency ultrasonic pretreatment.
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Table 2. Materials for SMA test

Materials Materials
Weigh dishes(porcelain) Incubator
Dryer oven(103T) Muffler(58507C)
. Serum bottle with
Syringes and Needles septa(250mL)
Sodium hydroxide
pH meter solution(3%)
Acetate solution(1M) Nitrogen gas
Sodium sulfide solution(0.25M)| Hydrogen chloride(109)

A

Table 3. Trace element stock solution'”

Compounds Concentrations
1. FeCly - 4H:0 10,000 mg/L’
2. CoCl - 6H0 2,000 ng/L
3. EDTA 1,000 mg/L”
4. MnCl; - 4H,0 500 mg/L
5. Resazurin 200 mg/L’
6. NiClz - 6H:0 142 mg/L’
7. NazSeQs 123 mg/L
8. AICI; - 6H0 90 mg/L
9. HiBOs 50 mg/L
10. ZnCl, 50 mg/L
11. (NH4)sMo7O - 4H:0 50 mg/L
12. CuClz - 2H0 38 mg/L
13. HCI(37.7% solution) 1 mL/L

. 13,14
*Changed over time'>"

Table 4. Nutrient stock solution for batch tests™

Compounds Concentrations
1. NaH:PO, - H:O 7.95 mg/L
2. KoHPO, 6.00 mg/L
3. NHCI 2.80 ng/L
4. MgSQ4 « TH:0 1.00 mg/L
5. Yeast extract 1.00 mg/L
6. CaCl; - 2H:0 0.10 mg/L
7. Trace element solution’ 10.00 mL/L

*Will be diluted ten times with anaerobic water and
biomass.
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Fig. 2. Schematic diagram of experimental set-up for
SMA test.
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Fig. 3. Vanations of temperature, pH and ORP during
the dual frequency ultrasonic pretreatment.
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Fig. 4. Variations of SCODc: concentration during the
dual frequency ultrasonic pretreatment.
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Table 5. Methane production rate and SMA of pretreated sewage sludge

Pretreatment method & time Methérllspzrij;tc;f; rate R-square (gCOD—iII\-/[h/AgVSS /)
Control 0.0070 0.9948 0.140
15kHz(40min) 0.0121 0.9982 0.263
Ultrasonic 20kHz(40min) 0.0118 0.9930 0.245
15+20kHz(40min) 0.0130 0.9918 0.270
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