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Abstract

The influent COD of municipal wastewater has been divided into 4 fractions; readily soluble biodegradable, slowly particulate

biodegradable, soluble and particulate unbiodegradable COD. The mathematical modeling of biological wastewater treatment

processes and the design and operation of nutrient removal plants require a reliable and accurate estimate of the composition

of influent wastewater COD. COD utilization rate is proportional to the oxygen uptake rate(OUR), so a batch biodegradation test

with OUR measurement has been effectively used for the determination of COD fractionation. But the mathematical model of COD

utilization and heterotrophs synthesis is essential to interpret the OUR measurement. Mamais method is another method for

determining readily biodegradable soluble COD. Like the OUR test method, batch biodegradation test is necessary but it does

not require mathematical model. These two methods for determining COD fractionation are introduced here in detail. Experimental

results showed that COD composition by Mamais method is not different to that by OUR test method so, either of them can

be used.
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Fig. 1 Division of the total influent COD into its various constituent fractions(Ekama et al.,

1986).
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Table 1 Variables used for kinetics of heterotrophic process
Variables Description
So Concentration of dissolved oxygen, mgQO/L
Ss Readily biodegradable soluble COD, RBDSCOD, mgCOD/L
Xs Slowly biodegradable particulate COD, SBDPCOD, mgCOD/L
Xips Heterotrophic active biomass concentration, mgCOD/L
Yh Yield coefficient of heterotrophs, mgCOD/mgCOD
o Specific decay rate of heterotrophs, /d
Ko Heterotrophic half saturation coefficient for dissolved oxygen, mgO/L
Ks Heterotrophic half saturation coefficient for Ss, mgCOD/L
Kx Heterotrophic half saturation coefficient for Xs, mgCOD/L
;1 HR Heterotrophic maximum specific growth rate on Ss, /d
[L HS Heterotrophic maximum specific growth rate on Xs /d
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Table 2 COD analysis for COD fractionation by Mamais's method

Symbol Description
TCODi TCOD of influent
SCODi SCOD of influent
ZnSCODi SCOD of filtrate of influent flooculated with Zn(OH).
TCODm TCOD of mixed liguor at the initial time
SCODm SCOD of mixed liquor at the initial time
TCODmM24 TCOD of mixed liquor after biological oxidation(normally 24hrs)
SCOD24 SCOD of effluent after biological oxidation(normally 24hrs)
ZnSCOD24 SCOD of filtrate of effluent flocculated with Zn(OH).
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Table 3 Characteristics of sample used for COD
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Fig. 2 Schematic diagram of biodegradation and OUR measuring apparatus.



Journal of Korean Society of Water and Wastewater
Vol.24, No.4, pp.387-394, August, 2010

sl COD £/ Alg Weo| Bet ujm o7

Table 4 Initial conditions of biodegradation and OUR measuring experiment

Parameters Value
Seed MLSS/MLVSS (mg/L) 4,400/4,000
ce
Volume added (mL) 200
TCOD/SCOD (mg/L) 195/68
Feed
Volume added (L) 838
FM ratio (mgCOD/mgMLVSS) 227
Working volume (L) O«

* 1L out of 9L is the volume of erlenmeyer flask reactor.
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Table 5 Experimental results

Constituents Concentration (mg/L)

TCODi 195
SCODi 68
TCODmM 206
SCODm 63
SCOD24 4

ZnSCODi 62
ZnSCOD24 17

Table 6 Parameter values used in this simulation

Parameter Value Unit
\G 067 mgCOD/MaCOD
br 14 1/d
Ko 0.1 mgO/L
Ks 4 maCODIL
K« 003 mgCODIL
Hur 6.2 1/d
i 48 1/d

Table 7 Smulation

results of Ss, Xs and Xuaso

Ss

Xs XaBo

51

9% 19

- all values are expressed as mgCOD/L
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Fig. 3 OUR response with time for aerobic batch on raw municipal wastewater. Simulated OUR
for the utilization of Ss, Xs and endogenous respiration was calculated from Eq. (2) and (3)

using the value of Table 7.

o= Eeslshy HH 4 of7E o] 8-5k= Mamais
o R CODE wFshd v

@ A15¢] SS CODi
SS COD, = total wastewater COD
soluble wastewater COD =TCOD, —SCOD,;

=195—68=127mg/L

@ Z3ee] SS CODm
SS COD,, =initial COD,, —initial Soluble COD
=TCOD,, —SCOD,, =206 —63 =143mg/L

@ &g 9] biomass COD
Mixture hiomass COD =SS COD,, —SS COD;
=143—127=16mg/L

@ z=7] &5 71-e] COD
Initial mixture substrate COD = initial COD,,
—mixture biomass COD = 206 —16 = 190mg/L

(® biodegradable COD
Test ThOD =initial mixture substrate COD
— final mixture CODs =190 —41 = 149mg/L

® Test TbODE 3|Aull&ntE B35 A1=2] ThODE
AAbettt,
Wastewater ThOD = test ThOD
X (volume of mixture/volume of wastewater)
=149x%(9/8.8) =152mg/L

@ NBDCODE AlAkstt),
NBDCOD =TCOD—BDCOD
=195—152=43mg/L

® RBDSCODE APiksitt,
RBDSCOD =Zn SCOD, —Zn SCOD24
=62—17=45mg/L

© SBDPCODE Ak,
SBDPCOD =BDCOD —RBDSCOD
=152—45=107Tmg/L

@ NBDSCODE Alikste},
NBDSCOD =SCOD; —RBDSCOD
=68 —45=23mg/L

@ wAto 2, NBDPCODE Atgich
NBDPCOD = TCOD; —SCOD, —SBDPCOD
=195—68—107 =20mg/L
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Table 8 Comparison of COD fractionation methods

Division of COD

COD concentration, mg/L (fraction)

OUR test Mamais method Gujer et al.
TCOD 195(1.00) 195(1.00) 230(1.00)
Biodegradable COD 147(0.75) 152(0.78) 175(0.76)
Nonbiodegradable COD 48(0.25) 43(0.22) 55(0.24)
Soluble Readily Biodegradable COD 51(0.26) 45(0.23) 50(0.22)
Particulate Slowly Biodegradable COD 96(0.49) 107(0.55) 125(0.54)
Nonbiodegradable Soluble COD 17(0.09) 23(0.12) 30(0.13)
Nonbiodegradable Particulate COD 31(0.16) 20(0.10) 25(0.11)
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