Determination of oxygen consumption
In order to evaluate the oxygen uptake rate by microbial activity, the following material balance for oxygen can be established:
equation(1)
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where OTR(t) and OUR(t) are the oxygen transfer rate from air bubbles to liquid media and the oxygen uptake rate at a given time (t), respectively. The term OTR(t) can be described in terms of the volumetric oxygen transfer coefficient (KLa) and the driving force of mass transfer (difference between saturated (DO*) and bulk (DO(t)) oxygen concentration):

equation(2)

OTR(t)=KLa[DO*−DO(t)]OTR(t)=KLa[DO*−DO(t)][image: http://www.sciencedirect.com/sd/blank.gif]
where the KLa value was estimated to be 25.2 × 103 day−1 by using unsteady state method as described elsewhere [7] and [13].
Here, it should be noted that in an oxygen-limited bioreaction system like the slurry bioreactor used in this study [7], the variation of dissolved oxygen (dDO(t)/dt) is much smaller than OTR(t) and the reactor operation can therefore be considered as quasi-steady state [13]. In the present study, dDO(t)/dt was only less than 0.02% of OTR(t) during whole experimental period. Therefore, with this quasi-steady state assumption, the material balance (Eq. (1)) is simplified as follows:
equation(3)
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The cumulative amount of oxygen consumption during the slurry-phase decomposition of food wastes can calculated by integrating the oxygen uptake rate (OUR(t)) of the microorganisms:

equation(4)
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where OC(t) is the cumulative amount of oxygen consumption (g l−1), OUR(t) is the oxygen uptake rate (g l−1 day−1) at time t, and ti is the ith sampling time (day). The numerical integration in Eq. (4) was carried out by a trapezoidal method [2] using the technical computing software Mathematica [15].

Bacterial Growth formula in food decomposition
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The Correlation of Oxygen consumption and decomposition of carbon molecule in food
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Table 9. Some parameters of (METHANE) model with corrected Monod and Haldane functions for acetate degradation

Function St i n k K, Y K Konrr,

(0] (per day) day |, (mg/) (mw/mm) @ Kowo®
mg/l el

Monod 10 03 — - 200 0.015 — 32,265
20 03 — — 200 0.015 — 32,265
30 0.435 35 179x10"! 419 0.015 — 32,265
40 0435 35 179x 10" 1146" 0.015 — 32,265
50 0.435 35 179x10™" 2503 0.015 — 32,265

Haldane 10 045 - —_ 20 0.015 50 —
20 0.45 — — 20 0.015 50 —
30 0.585 55 1.33x10" 135" 0.015 45 —
40 0.585 55 133x107"° 657° 0.015 45 —
50 0.585 55 133x10" 2243 0.015 45 _

“For pH inhibition two constants are used. The first constant means the parameter value at which the growth rate of
microorganisms is reduced to half of the maximum value. The second constant corresponds to reduction of the growth
rate to one-hundredth of maximum.

The values of the half-saturation constant are calculated by equation (16).
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Table 1. Summary of values of Monod kinetic coefficients for anaerobic VFA degradation by various mixed cultures”
Substrate Reference Process ¢ (°C) Ho Ks Y K.
(perday) (mgCOD/I) (mgVSS/mgCOD)  (per day)
Acetate Lawrence & McCarty, 1969 C 25 0.25 930 0.05 0.011
Lawrence & McCarty, 1969 C 30 0275 356 0.054 0.037
Lawrence & McCarty, 1969 C 35 0.357 165 0.041 0.015
Kugelman & Chin, 1971 C 35 0.34 185 0.04 0.036
van den Berg, 1977 B 35 0.08-0.09 — 0.02 —
Massey & Pohland, 1978 C 37 043 393 — —
Chang et al., 1983 C 35 0.26 57 0.108 0.283
Siegrist et al., 1993 C/s 35 0.95 30 0.025 0.1
Vavilin ez al., 1994b Cs 33 0.84 180 — —
Propionate ~ Lawrence & McCarty, 1969  C 25 0.358 1145 0.051 0.040
Lawrence & McCarty, 1969 C 35 0313 60 0.042 0.010
Changet al., 1983 C 35 0.28 15 0.043 0.092
Gujer & Zehnder, 1983 C 33 0.155 246 0.025 —
‘Whitmore et al., 1985 C 37 — 672 — —
Siegrist et al., 1993 CIs 35 0.80 15 0.05 0.10
n-Butyrate  Lawrence & McCarty, 1969 C 35 0354 13 0.047 0.027
Chang et al., 1983 C 35 0.175 42 0.022 0.005

“C = chemostat data, B = batch data, C/S = simulation model used with experimental chemostat data.
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where r, is the bacterial growth rate, S is the total
acetate concentration, B is the biomass concentra-
tion, p, is the maximum growth rate of biomass, Ks
is the half-saturation coefficient. Equation (1) has
been used for descriptions of acetate degradation in
a number of papers (Smith & Mah, 1978; Zehnder
et al., 1982; Wandrey & Aivasidis, 1983; Chang et al.,
1983) considering the total acetate concentration
(ionized and unionized). Haldane kinetics was
assumed by Andrews and Graef (Andrews, 1969;
Graef & Andrews, 1973) with the unionized acetate
concentration S, as a real substrate:

Sa
e
K+ Sa+SYKin

=

(@]

where K, is the inhibition constant, K, is the half-
saturation coefficient for unionized substrate.
Evidently, eqn (2) transforms into eqn (1) at
Kin—o0. Assuming a constant pH one can obtain a
constant ratio between unionized and total (unio-
nized and ionized) acetate concentrations. Several
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The Monod model was used traditionally for a
description of dissolved-substrate removal and bio-
mass growth:

&  un SB dB SB
=- , = P —KiB (3)
dr Y K+S§  dr Ks+S

where S is the limiting substrate concentration, B is
the biomass concentration, p, is the maximum
specific growth rate of biomass, Ky is the biomass
decay coefficient, Y is the yield coefficient, Ks is the
half-saturation coefficient. The biomass equation
can be written in the form

B _vE ks o
de ~dr ¢

Neglecting biomass decay a biomass concentra-
tion can be written as

B=Bo+Y(So—S) s)

where By, So are the initial concentrations of bio-
mass and substrate, respectively. In the particular
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mass and substrate, respectively. In the particular
cases of high B, with low biomass change, AB <B,
and rather high §> K, the substrate kinetics reduces
to a zero-order reaction:

L.

ds
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From eqn (6) the substrate concentration is
§=5—2 B 1)
From eqn (7) is obtained
Hm So—$

2=

Y
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In the particular cases of a low initial biomass
concentration (Bg) and rather high S»>Ks and
im > kg, the substrate kinetics are written as
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