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STUDY ON THE KINETICS FOR SIMULTANEOUS REMOVALS OF ORGANICS AND NITROGEN
FROM THE WASTE WATER OF LOW SUBSTRATE CONCENTRATION WITH ACTIVATED SLUDGE
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Masayuki FUKAGAWA*, sadaaki MURAKAMI*, Munetaka ISHIKAWA™ and Hiroshi NAKANTISHI ***

ABSTRACT; The biological reactions were modelled and were treated kinetically, concern-
ing the process analysis for the design and maintenance for the simultaneous removals
of organics and nitrogen from the sewage by means of the activated sludge process with
a single reactor in which the multi-reactions proceed in parallel. The organics oxi-
dation, nitrification and denitrification reaction-rates were derived from Monod-type
functions for the substrates concerning in their reactions and the change of the water
quality was expressed by combining the foregoing rate equations and mass balances.

The activated sludge investigated was cultivated in an oxidation ditch with an artifi-
cial sewage, and the kinefic parameters of the Monod-type functions were determined
from the results of the batch method. The water quality of the mixed liquor calculated
numerically as a function of time using the kinetic equations suggested was found to be
in good agreement with the experimental results, and the kinetic model and parameters
evaluated seem to be practically useful in the process analysis.

KEYWORDS; sewage treatment, kinetics, organics oxidation, nitrification, denitrification.
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Table 2 Factors influencing organics oxidation , nitrification and denittrification

Temp. pH DO A COD | NH, | NOx | Biomass
Oxidation O O O O O
Nitrification O ®) O O O O
Denitrification O O O O O O
QO : Greatly 1influencing factor A [ Alkalinity
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Table 3 Kinetic model for biochemical reactions
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- 1 140, U, DO A
¢ remova Xdt = K, +C, Ko +DO Ka + A @
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Fig. 1. Scheme of oxidation ditch.
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Table 5 Initial substrate concentrations for the batch experiments
analyzed 5 minutes after the sludge had been added

™ Z
Run No MLSS COoD NH, —N NOx—N A KLa
1 2990 127 17.8 1.10 215 6.75
2 3905 130 8.5 1.34 110 9.00
3 2820 141 4.0 1.15 215 6.75
4 3885 29.5 210 3.05 140 4.50
5 3605 330 9.58 306 141 450
6 36760 6 0.6 4.56 2.89 140 6.75
7 3635 313 231 2.08 55 4.50
8 4015 30.8 123 1.94 49 450
9 3905 326 6.30 2.39 120 6.7 5
10 3695 18.8 180 2.27 123 4.50
11 3510 16.1 8.12 215 126 4.50
12 3295 13.0 4.20 2.36 126 4.50
13 3545 4.65 9.40 3.70 40 6.75
14 4300 2.34 3.03 3.10 44 6.75
15 4460 241 0.32 2.78 49 6.75
16 4535 2.87 7.10 3.72 42 6.75
17 3810 564 5.6 8 1.9 9 47 6.75
18 4870 289 16.1 3.18 190 6.75
19 4150 4.32 17.4 3.09 122 4.50
20 4800 3.99 6.78 2.89 190 6.7 5
21 4980 3.20 2.69 2.70 190 6.75
22 4550 245 15.9 4.30 150 6.75
23 4345 2.14 6.4 4 4.93 150 6.75
24 4375 238 346 3.34 150 6.75
25 3905 500 0.04 2.58 49 6.75
26 4015 411 865 310 120 4.50
27 4080 397 356 296 125 4.50
28 4585 2.05 9.72 196 28 6.7 5
29 3800 40.8 4.5 125 139 450
30 3865 383 5.32 7.10 139 4.50
31 4640 222 4.29 1.81 29 6.7 5
32 4755 3.03 0.12 1.90 28 6.7 5
33 3780 41.9 1512 219 136 4.50
34 4810 155 14.8 219 83 4.50
35 4890 158 14.2 124 86 4.50
36 4750 156 13.6 7.10 83 4.50
37 4070 213 3.42 305 126 000
38 3905 224 2.24 201 131 0.00
39 4115 23.8 2.24 11.4 138 0.00

All units of concentration are mg/L.
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(A) Run24 COD NH,—N NOR3-N Alk. (A) Run3% COD NHi-N NOx-N Alk,
(mg/L) 238 3.46 3.34 150 (mg/L) 238 224 114 138
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DO

é Alkalinity
o
NH}-N
0 O0—O0—0—0
0 1 2 3

. ) (B) Rn30 COD NHI-N NOz-N Alk,
(B) Run 16 COD NHi—N NOx—N Alk. b (mg/L) 383 5.32 7.10 139
(mg/L) 287 710 372 42

-

CoD NOx-N

C/Co
C/Co

Alkalinit
0 y 0 1 2 NH;"—N 3
(C) Run19 COD NH{~N NOx-N Alk. (C) Run19 COD NH:~N NOx-N Alk,
1 (mg/L) 432 174 309 122 1 (mg/L) 432 174 309 122

Alkalinity NHEN
4

NOx—N

C/Co

(=]

0 1 2 3 0 . 2
Time (h) Time (h)
Fig.3. DO and alkalinity effects Fig. 4 DO and COD effects on
on nitrification, denttrification.
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Table 6 Kinetic and stoichiometric coefficients

300r

4,7) o
Symbol Sewage Night so1l Run 2
Temp. (C) 20 30
Us (n7!) 0.0 24 0.15 i
U, (n™") 0005 0.0 1 200
U, (n) 0.002 0.0 3 -
Ks f(mg/L)| 20 100 =
Ky (mg/L) 5 0.5 -
K: (mg/L) 7 0.1 2
Kso (mg/L) 0.5 0.2 \_}
Kno (mg/L) 0.2 0.2 1001~
Ka (mg/L)| 20 100
o 0.9 0.9
a 0.70 0.7 0
b 017 0.17
< — —
d (n") 0.002 0002 0 | )
a’ 0.3 4 0.3 4 0 01 0.2
b’ 457 457 1/8 (L/mg)
' (h™') 00044 0.0044
e 6.0 7 6.0 7
Ii(La (n~t) 0,3.(5)19_00 0‘2‘215 Fig. 7. Lineweaver —Burk plots for
DOs (mg/L) 8.84 7.53 COD removal rate.
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Run3 COD NH;-N NOx—N Alk,
{mg/L) 141 40 115 215

S
N
0 o)
0 2 3
1Q Runlz COD NH;-N NOy—N Alk.
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S
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0 X ]
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Fig. 10. Simulation for COD indicated
by line with plots obtained
experimental ly,

1 Runl8  COD NH;-N NOz-N Alk,
(mg/L) 289 16.1 318 190

CCo

MRun2l  COD NHI-N NO;-N Alk,
(mg/L) 320 2.69 270 19

0 — O—©0 ?
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Time (hr)

+
Fig.11. Simulation for the NH,— N
removal 1ndicated by line with
plots obtained experimentally,
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Fig, 14, Simulations for the changes of substrate
concentrations calculated with the
modified model and 1ts parameters.

The lines are calculated and the plots
indicate experimental data.
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