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A STUDY OF SIMULTANEOUS REMOVAL OF ORGANIC
SUBSTANCES AND NITROGEN COMPOUNDS IN A BIOFILM
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ABSTRACT; General models for evaluating the simultaneous removal of organic substances and nitrogen compounds in a
steady-state biofilm were presented, especially taking account of the production of secondary substrates in the biofilm mainly
from the lysis of microorganisms and the utilization of the substrates by denitrifiers in some unoxic part of the biofilm. Pre-
liminarily the production of the secondary substrates was studied, and these model were solved numerically, and compared
with experimental results. Main conclusions are as follows.

1)  Production of the secondary substrates was proved by the result that the concentration of some organic substances and
nitrogen compounds increased in the bulk liquid around a biofilm or a small bag containing activated sludge while areating
without substrate addition.

2) The secondary substrates could be oxidized and utilized for demtrification.

3) Concentration distribution profiles of oxygen, organic substrates, NH, —N, NOx—N and alkalinity obtained from the
models explained well the relationship among oxidation, nitrification and denitrification, and mass transport.

4) Thé models were fairly verified with the experimental results on the organic substrate removal.

KEYWORDS; Biofilm, Kinetic model, Denitrification, Secondary substrate, Lysis.
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Sp ;Soluble Organic Substrate SUC :Soluble Unbiodegradable Compounds
SSBC:Soluble Slowly Biodegradable Compounds

Fig. 1  Schematic of Lysis Reaction
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Table 1  Kinetic Model for Substrates and Nitrogen Removal in a Biofilm

Within Biofilm
d°Sf Kms*S¢ C Kmc,- C 5
Substrate Dfs—2f= il BN f 1+ S Miag? I f_,_Kor X¢—K-bP:(1—1)-Xg (7)
dZ® Ks+8Sf Ko+Cf Kep +Co5  Ks+8¢ Kor +Cy
d2C . Kms-S C Kmc, + Cy C A
Oxygen Dt dZ2f=r2 o f. H (4o, 2° i £, f X 8
s+8¢ Ko+Cy Ke, +Cp Ko +Cy  Kp+Ag
2
d“C -C C A
NH,—N Dyo, e (14y, o pn) X021 Ay palhe(1—) - X
dz Key +Cyy Ko+Cp Ki+Ag
Kms -8 c
S S SR A
NO,—N D d%Cof _Kmeg-Cpr Sy Kor Kme, *Cis . Cf Ag 0
. s = . . Xf — . . Xg
dZ Kep+ Cof  Ks+8f Kor+Cy Keyt €y Ko+Cp Kyp +Ag
. dZA . I .
Alkalinmity Dfa_zf:(“’+"'Yz ~Fn) Kmcy *Cos . Cf  A¢ "Xg+0-Y;+Fn Kms - 8¢ . C¢ X
dZ Ke;+ Cy5 Ko+Cp Ky +Ag Ks+8f Ko+Cy
Kmcj * Cof St Kor
—6(1—Y5 +Fn) 3 . . Xf—0+Fn+b-(1—£)X 11
3 Ke,tC2f Ks+8f Kor+Cy f f (
Outside Brofilm
D D Dyc
Jsb=7(8p=8s) B Jp=T(Cb=C) (B Jop=—T(Cip7Ci) U2
D D
chb= zcz(CZb_CZS) 13 Jab = \Lva (Ap—Ag) 4

¥, ARE—FHEBLCXoHR, S2HARECL MR, SZHE Lysis RIFIC X 32 A MEEE O &K
A rhEhEDLLTVS, MORTHEMEIKBIZESWT, (VR THERLAEZKREZ L NH,—N D4R
FEZEELTEY, Z22CRIALOABEEESSIVENH,: NBRZhZFAAELLBRIAZ TS LH
BicEzdbnok L, $N~UXOEFRCBTHEAEAREBORE X, EFANcRThic@BEt5Mo
KEEBOREE O Monod BOBEAPHERXNTRDEL L L, Thbbh, FEOMAHREL2KICEA
Zh+HBEBEL, 22T, MonodBR D Ci/K, +C; BEWENOLZH B E 23 S HIEHELEEL
T, BARREEERCHROLDIWERRLEAT, RERNTFLIZFBOESEE & (C/K, +C) X Xt &
DaERIL 7.
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AKEFAOEITIZ, BOEBECBITAEKEEEN 77 v 7 ANETHE LG, RHELERECRIT
EHMBEROBET T v 7 ARG LWERELT, Table 10EREHFREEBRIFEROS REREMEH
THMHELEERECL VR, ERBORBAUMOBER» CAREOXRELI TOEKEREREORESA/R Y
Ihe0T7Fy 7 AORERHBE L, FECHVEERE# Table 27+, ZZTNO—NIET2
Wi LR TOMBERKIEINO,~NENO; NN L EEH L. k72, 7AH VERBLCEHRREA 4>
EREBAA LR LEL, TALOEBRBEEZEH LT A D VEOEBBRE L L, KL, BRATO
FAN Y EOHEBBKIIEHAOZN D 80 %V ic4HY T B LHELL, 22T, Table 2L 7% Kms,
Ks, Ko, Y; BAME* RS T THELLZLOTHY, o REYEFAVTRELLLDOTHS,

Table 2 Values of Parameters Employed in Biofilm Model

sym. | value dimension ref. sym, | value dimension ref,
Dws | 0.6 en? /day 8) Keg 0.1 mgN/¢ 12)
Dwe | 1.6 en? /day 8) X ¢ 30.0 ng VSS/em? given
Dwe,| 15 em? / day 9) K¢ 100.0 mg asCaC 0,/¢ 1)
Dwe,| 1.4 - c®/day 9) b 0.5 1/ day A6, 7)
Dwa | 0.982 en? / day 10) Kb 0.45 1/ day measured
Dfs | 0.44 en? /day 8) P 1.42 mg COD/mg VSS

Dfc | 144 e’ / day 8) f 0.08 (=) 6)
Dic,| 1.2 an® /day 9) Fq 0.1 mg N/mg VS S

Dfc,| 1.3 em? /day 9) Y, 0.66 mg VSS / mgCOD measured
Dia | 0.75 an? / day 10) Y, 0.17 mg VSS / mgN 14)
Kms | 5.22 | mgCOD/mg VS8S/day |measured Y, - mg VSS / mgN

Ks 62.3 mg COD/ & measured ra 0.12 mg Oz /mg COD measured
Ko 0.5 mg O, /¢ measured ro 4.33 mg O, /mg N

Kor | 0.1 wgQ, /¢ A © 7.14 ng Alkalinity/mg N

Kmecy| 0.72 | mg N/mg VSS/day 10) Y 2.86 mg COD/mg N

Kmeg| 0.48 mg N/mg VSS/ day 11, 12) [ 3.57 mg Alkalinity /mg N

Ke, 0.5 mg N/ ¢ 13) ¢ 3.57 mg Alkalinity /mg N

Lg 0.05 on given L 0.01 um A

Note A: Assumption

4.1 —BHGEHTICHEIZEKERBOER
Fig. TR TFASEBVTEELCABRS

X5 mAREHT TEHKKEHR OBNA O RE aittfayer  Blolim
AHEEHBELEFITHS, =2 CRERMEY R ~ : 2
DLystsRIER LB REROERBIERL T 3 3o . _ Eéﬂ
; E10r E okt _NHN {1003 20 =&
v, CODENEKROBEZBERS MY = = & B 5¢
HUNOCNREE >0 T b IR ICRERISE 20 5 g AIINTY ke Bl 2E
LTOBLTEIBFLAORSE, ZTRAOKEHA
OEBRIABEHEMOBED LTRSS W BER ) 0 50 0
EXFEEY, FEFALABENCHARLETH Biofilm Depth (um)

3LEZOLNL B,

Fig. 7 Concentration Profiles of the Parameters

] — = DO DO of t.:he.Water Quality inside and outside
4.2 MREBELHKET XREHLDODESR a Biofilm (Normal Case,without Secondary
(A) —RER Substrate Considered)
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the Water Quality inside and outside a Biofilm
(Alkalinity=200mg/1,in Bulk Liquid Phase,Seco~
ndary Considered)
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