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Effects of the Co-treatment of Municipal Wastewater with Microwave-Irradiated Excess
Sludge on the Performance of the Activated Sludge Process

Nam Chul Kim - Myung-Bae Jang - Yun-Kyung Cho* - Kwang Myeung Cho'

School of Environmental and Civil Engineering, Inha University
*Department of Civil and Environmental Engineering, University of Wisconsin-Madison

ABSTRACT : The purpose of this research was to investigate the effects of the co-treatment of municipal wastewater with microwave-
irradiated excess sludge on the treatment efficiency and excess studge production of the activated sludge process. When 250 mL of excess
sludge with a MLSS concentration of approximately 2,000 mg/L was microwave-irradiated at 20°C for 40~300 sec by a microwave oven
(2,450 MHz, 700 W), the temperature of the sludge increased at a rate of approximately 20°C/min and the SCOD, TKN and T-P concen-
trations of the sludge showed the highest increase in the irradiation time of 40~ 130 sec. And, the oxygen uptake rate measurement of the
sludge microorganism suggested most of the microorganisms in the sludge were destroyed at an irradiation time above 130 sec(above 65C).
When the municipal wastewater and microwave-irradiated excess sludge was co-treated by the activated sludge process, almost no effect
was observed in the pH and alkalinity of both the influent and effluent, but the influent concentrations of SS, COD, T-N and T-P increased.
Even though the effluent SS, BOD and T-P concentrations showed almost no effect, the COD and TKN concentrations increased. The microbial
yield coefficient decreased at a rate of 0.91 g SS/g COD removed as the irradiation ratio increased at a rate of 1 g SS/g SS-day.

Key Words : Microwave Irradiation, Activated Sludge Process, Sludge Minimization, Excess Sludge, Irradiation Ratio
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Fig. 1. Configuration of the reactors.
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Fig. 3. Effects of microwave irradiation on the temperature
and soluble COD, TKN and T-P concentrations of the
mixed liquor.
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Table 1. Effect of microwave irradiation on the oxygen up-
take rate of the mixed liquor suspended solids
MWI* time(sec) 40 90 130 180 300
Before
MWI(A)
After
MWI(B)
Ratio(B/A)

0.0144 1 0.0082 | 0.0096 | 0.0082 | 0.0083

OUR(mg Oy/mg
MLVSS-hr)

0.0132|0.0061 | 0.0006 | 0.0004 | 0.0004

0.917 | 0.744 | 0.064 | 0.049 | 0.048

* microwave irradiat

ion
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Table 2. Summary of the operation results of the reactors
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(Unit : mg/L, except pH)

Reactor-C Reactor-M

Exp. stage I I I v v 1 1 I v \4
MWI* time(sec) 0 0 0 0 0 40 90 130 180 300
Exp. Period(day) 34 57 50 81 87 34 57 50 81 87
n** 15(6) 24(8) 22(8) 34(10) | 37(12) 15(6) 24(8) 22(8) 34(10) | 37(12)

Inf. 7.2 7.3 7.3 7.3 74 7.2 7.3 7.23 7.3 7.4

pH Eff. 6.5 7.1 7.2 7.1 6.3 6.5 7.1 7.2 7.1 6.6
Inf. 199 205 193 192 197 185 205 194 196 191

Alk Eff. 15 27 41 32 10 16 28 40 39 13
Inf. 48.8 34.0 31.7 32.8 45.8 98.4 61.6 120.6 128.0 140.8

188 Eff. 12.1 7.4 6.5 5.7 10.8 9.1 10.0 7.5 8.1 10.6
Inf. 137.8 117.4 137.7 109.4 122.7 188.3 147.6 2147 212.0 212.7

Teop Eff. 37.8 32.0 30.9 23.8 317 37.9 36.1 353 30.1 34.1
Inf. 90.1 873 93.8 75.0 64.8 144.1 90.1 99.9 83.3 71.6

ScoD Eff. 328 27.0 271 21.2 26.7 325 29.5 303 26.7 29.2
Inf. 494 452 451 522 45.6 116.3 92.8 62.4 80.0 86.5

TBOD

Eff. 4.6 4.6 2.6 1.2 33 6.9 49 32 1.9 2.7

Inf. 29.6 29.7 28.3 28.6 28.3 30.0 329 27.6 35.6 30.9

SBOD Eff. 2.6 1.4 1.1 0.5 0.7 3.7 1.3 1.2 0.7 0.8
Inf. 29.6 26.8 26.8 28.9 328 34.2 28.2 29.5 333 39.8

N Eff. 26.6 22.1 23.6 25.0 27.7 26.5 214 239 274 34.5
Inf. 7.2 5.4 5.1 4.1 3.9 7.8 6.3 6.2 5.1 4.6

P Eff. 6.9 5.1 5.1 40 37 6.1 53 52 4.1 40

* microwave irradiation

** number of analysis {numbers in ( ) are for BOD]
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Table 3. Observed microbial growth coefficients and micro-
wave irradiation ratio of the reactors

Reactor-C Reactor-M
MWI* time
(sec)  [(gm S;g:n COD |(gm ssY/D;; cop| MWI ratio
removed) removed) (/day)
40 0.326 0.260 0.109
90 0.347 0.273 0.054
130 0.367 0.182 0.191
180 0.375 0.223 0.123
300 0.431 0.233 0.187

* microwave irradiation
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Fig. 4. Effects of microwave irradiation ratio on the micro-
bial yield coefficient in the activated sludge process.
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