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Characteristics of activated sludge process using a multistage tower aeration tank. Tarsuo
Summizu,* Kenzo Kupo, and Yosuikazu Nasu (Department of Sanitary and Environmental
Engineering, Faculty of Engineering, Hokkaido University, Kita 13, Nishi 8, Kita-ku, Sapporo
060) Hakkokogaku 70: 371-377, 1992.

The objective of this study was to clarify experimentally the advantages, if any, of a ver-
tical multistage tower aeration tank system, particularly with respect to purification efficien-
cy and sludge settleability, in comparison with a complete mixing system. The following
conclusions could be drawn by comparing both systems. (1) The experimental results show-
ed that in a multistage tower aeration tank with a large Peclet number, the efluent CODg,
concentration and sludge yield can be reduced and activated sludge with good settleability
can be produced for any applied CODg, loading rate compared with a complete mixing aera-
tion tank. (2) The distribution of the CODg, concentration and respiration rate of activated
sludge showed that organic substances were rapidly transferred from the liquid phase to ac-
tivated sludge floc by biosorption in the inlet compartment and that subsequent oxidative
biodegradation occurred throughout the other compartment. (3) The removal of organic
substances by the biosorption mechanism followed the first order reaction kinetics. The
biosorption rate constant and maximum adsorbed organic substance content of activated

sludge were 25 m*kg MLSS-d and 0.53 kg CODg,/kg MLSS, respectively.
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Table 1. Composition of synthetic wastewater. Table 2. Operating conditions of the activated
sludge process.
Peptone 60g KQCl 0.14g
Meat extract 40¢g CaCl, 0.14¢g Aeration tank volume, V 101
Urea 1.0g MgSO,-7H,0 0.10g Feed rate of wastewater, Q 20 //d
NaCl 0.3g Tap water 11 Recycle ratio of return sludge, « 0.25~0.5
Na,HPO, 1.0g pH 7.0 Aeration time, V/(1+a)Q 8.0~9.6h
CODc, concentration is apporoximately 10,000 mg/!. Influent CODg, concentration Variable
CODc,: N:P=100:15.6:5.6. The above wastewater, ~ ‘Average MLSS concentration 3000 mgy/!
properly diluted, was used for this study. Air flow rate 0.25~0.5 vvm
Temperature 25°C
pH 7.0
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Fig. 1. Schematic outline of experimental apparatus:
(a) Multistage tower aeration system, (b) Complete
mixing aeration system. 1, Aeration tank; 2,
sedimentation tank; 3, air supply; 4, feed line of
wastewater; 5, recycling of activated sludge; 6,
effluent; 7, disposal of excess activated sludge; 8,
temperature control unit; 9, thermister, heater, and
control unit.
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Table 3. Mixing characteristics of aeration tank.

Variance Peclet number ;*

Complete mixing type  0.98 0.05 1.0
Eight-stage 0.54 2.2 1.9
Sixteen-stage 0.36 4.5 2.8

* j is the number of aeration tanks, assuming that the
real aeration tank can be represented as tanks in a series
model.
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Fig. 2. Relationship between CODg, loading rate and
CODg¢, concentration in effluent. Symbols: ®,
complete mixing aeration tank; A, eight-stage tower
aeration tank; M, sixteen-stage tower aeration tank.
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Fig. 3. Relationship between sludge loading rate and
SVI. Symbols: @, complete mixing aeration tank;
A, eight-stage tower aeration tank; B, sixteen-stage
aeration tank.
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Fig. 4. Profiles of CODg, concentration, Qqn, of acti-
vated sludge in mixed liquor and Qp, of activated
sludge in phosphate buffer along the eight-stage
tower aeration tank. Volumetric loading rate is
3.6 kg COD¢,/m3-d. Symbols: ®, CODg, concen-
tration; A, Qp, of activated sludge in mixed liquor;
B, On of activated sludge in phosphate buffer.
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Fig. 5. Profiles of adsorbed CODg; content along the
eight-stage tower aeration tank. Volumetric-load-
ing rate is 3.0 kg CODg¢,/m3-d. Symbols: B, meas-
ured value; ®, estimated from Qp, of activated
sludge in mixed liquor; A, estimated from Qpn; of
activated sludge in phosphate buffer.

¥RERSo— S0\ ST I B,

Qoo =pv+ Q87 @
T TRRRERE T
QB = Bvmaxt Q57 3

ILEREEBY OBLEE D Monod R TERES &
T5&

— Ymax® CZ
TTKHG ®

@Q~@) AN OREERDERE IFTREORK L
5.
K __ pend
= ®
T Qo ;s FEEE (kg Oy/kg MLSS .- d)
v sHAEEY D EEE (kgCODc/kg
MLSS-d)
B ;B (kg Or/kg COD;)
C, ; BREREMERE (kg/m®)
K ; fARIEH (kg/m®)
BF 1 max; RK{E, end; REFR
£ B AT K=0.1kg/m?, Q85=0.24 kg O,/kg MLSS.
d=10 mg O,/g MLSS-h, QB:1.32 kg O,/kg MLSS-
d=55mg O,/g MLSS.-h ARD LI iz §) RE¥ AT,
BB E LV vEEHRFT TOBERBIRD Qp, fEh
5, ThZThBERBRYEEELYRDL. V BEH
BHRTD Qo bHEINLREERDEEEIIED
EEIE—H L. FREBABRFTO Qo bHEEX

G,

/9 MLSS-h)
w
o
T

g
1l

(=]
T

Respiration rate(mgO,

| 1

(=}
o

|
1.0 2.0 3.0

Adsorbed CODcr content

(mgCODg, / gMLSS )

Fig. 6. Relationship between adsorbed CODg, content
of activated sludge and specific respiration rate.
Volumetric loading rate: ®, 0.52; ®, 0.84kg
COD¢/kg MLSS . d.
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Fig. 7. The eflect of CODg, concentration on the
specific adsorption rate of organic substances.
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Fig. 8. Relationship between specific growth rate and

specific CODg, removal rate.
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Table 4. Kinetic parameters.
Adsorption rate constant ky 25 m3/kgMLSS.d
Maximum specific growth rate ko 0.65 d-!
Endogenous respiration rate constant ks 0.05 d-!
Saturation constant K 0.10 kgCOD¢/m3
Maximum growth yield Yo 0.28 —
Maximum adsorbed COD¢, content 0.53 kgCOD¢/kgMLSS
Conversion factor of activated sludge 7 1.33 kgCODc,/kgMLSS

Conversion factor of adsorbed organic

substances

0.94 kg dry wt./kgCODc,
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