Microbial kinetics



Today’s lecture

* Monod kinetics
* Addressing decay

* Relating the substrate utilization with the
microbial growth



Monod equation
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where gy = specific growth rate due to synthesis (T*)
X, = concentration of active biomass (M L73)
S = concentration of the rate-limiting substrate (ML)
fi = maximum specific growth rate (T)
K = half saturation coefficient (ML)



Monod equation: S vs. u
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Typical values for £;°, Y, §, and ji

Table 3.1 Trpcdff.ﬂﬁ.mﬂﬁmhnlhiwbuchridﬂpnhﬂrmﬂﬂﬁﬂﬂhmbgr

Organism Type Floctron [hnor Klectron Acceplors  C-Source ¥ i i

Acrobie, Heterotrophs.  Carbohydrate BOD O3 BOD 07 049 gVES/igRODY 27 gBODy fgVSS-d 13.2
Other BOD 0 BOD 6 042 gVSS/EBODy 20 gBODy /pVSSd 8.4

Denitrihers BOD NO, BOD 05 025 gVSSEROD, 16 gBODy /gVSS-d 4
1 NO, 0 02 081 gVSSigH; 1.25 gl /gVSSd 1
Sisd NO, 0y 02 015 gVSShgS 6.7 gSpVSSd I

Nitrifying Autotrophs NI, 03 0y 014 OMpVSSENH] N 27 gNH; -NgVSsd 092
NO, 0, 0y, 010 008 gVSS/ENO, N 78 N0, -NgVssd 062

Methanopens acciate BOD acclale acctale 005 0018 pVESgRODy, B4 gBODy fgViS-d 03
i 0y 0y 008 045 gVSSigH; 1.1 gHylg VSS-d 0.5

Sulfide Ondizing HyS 0y 0y 2 028 gVSS/gHS-S 5 gSigvsSd 14

Austotrophis

Suliate Reducers M 500 COs 005 028 pVSSigH, 1.05 gHy/gVSS-d 029
acetate BOD s08 scctate 008 (U057 gVSS/EBODy 87 gBODy fgVSS-d 0.5

Fermenters sugar BOD SUEEArS SUgArs NIX I gVSS/ERODy 98 gBODy igV55d 12

¥ is computed assuming a celflulor V55, composition of CsH 05N, mdhl'lj i the N source, excepl when MO, i the electron ocoapior; then MO s the N
source. The typecol unin on ¥ ore presented
& b computed wsing § = 1o~ #q/gV55ad

ji has unin of d-1,



Typical values for K

Process

K (mg substrate/L)

Aerobic:
organic mixtures
single organics
nitrification

50-150 mg COD/L
1-10 mg COD/L
0.4-2 mg NH,-N/L

Anaerobic:
denitrification
methane fermentation:

acetate, propionate
sewage sludge

0.06-0.20 mg NO;™-N/L

600-900 mg COD/L
2000-3000 mg COD/L




Growth kinetics with decay

* As discussed in the previous lecture, we assume
decay is proportional to cell biomass

(dxa)

= —bX,
dt
decay

in the form of specific growth rate,

( 1 an) ,
Hdec = . - =
X dt decay

where  Ug.c = Specific growth rate due to decay (T)
b = decay coefficient (T)




Overall bacterial growth kinetics

(Net growth) = (New growth) + (Decay)

1 dX, )
Xa. dt :.usyn_l'.udec:.u—_b

M:

where U = net specific growth rate (T)



Growth kinetics with decay




More on decay

( 1 an) ,
Hdec = | v ° = =
Xq dt decay

* Most fraction (f,=0.8) is oxidized
* The other fraction (1-f;=0.2) is accumulated as inert
biomass

Rate of oxidation (respiration): 1 daX = —f,b
X, dt resp

Rate of conversion to inert biomass:

1 dXx, 1 dx;
()Ta' d ) = x @ - G Sab
inert

X = inert biomass (M L)
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Substrate utilization rate

Recall that, o __(gcellsproduced) _ (dXa/dt)syn

B (g substrate utilized) ~ —dS/dt
and (1 dx,\ S
Hsyn =\ X"t B
syn

So Monod equation can be also written as:

ds  1(dx, i S Y
dt Y\ dt YK+S ¢
syn
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Substrate utilization rate

Substrate utilization rate, r,, [M L>T]

s §s

=2 = X
W T T Tk+s%¢

g = [i/Y, max. specific rate of substrate utilization (MM, 1T4)

Recall that, [ — J
Stoichiometry

= T/ \

n, - (8gCOD/e™ eq)
Microbial ] <_[ Substrate J

growth — utilization
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