B TGS » $520% « 1984 (Proc. of Environ. & Sani. Eng. Research, Vol. 20, 1984)

(1) o8t 5] 2k T #50F D B BT IR S oD ik A A BT
— b2 B g X v X0 D ek BE G B AR BT —

THE MECHANISM OF DENITRIFICATION
IN ONE AERATION TANK

—Kinetic analysis by means of stoichiometries—

Tiimg" Heew
i A EE R
Munetaka ISHIKAWA*, Sadaaki HURAKAMI*, Hiroshi NAKANISHI*, Yutaka TERASHIMA**

ABSTRACT ; In this paper we deal with the BOD ozidation, nitrification and denitrification in
one aeration tank. Although this system has very simple and noticable characteristics, the mech-
anism of removal isvery complicated, and the modeling of the phenomena has not been established
because BOD ozidation, nitrification and denitrification occur concurrently and succesively.
Authors were rearranged this phenomena as biochemical czidation-reduction sysiem,and were treat-
ed kinetically. It was concluded from the results, which are : (1) The sum of all bacteria is
regarded as one kind of the biomass to be considered. Every bacteria in the biomass acts as a
metabolic tissue. (2) Organic carbon and ammonia nitrogen compete as an electron donor in the
biochemical ozidation-reduction system (3) dissolved ozygen and nitrate ( nitrite ) ntrogen
compete as an electron accepter.
From these computer simulations, successful results to ezplain these complicated phenomena.
KEYWARDS ; Ozidation, Nitrification, Denitrification, Kinetic, Stoichiometry
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2.1 HEEREREOET N
AMRECRUBES>SBEDREBYHBAR (UT, BELRLBT)  MLELASIUVREHOAZ L L. fioM
YRR FELTHOARRIRIASEEES ARV DETE. 28k, FXPoRXBERARYB LIV T v ®
=7 (NHy-N) oatLl. Voo B4AFHehEISRMErEHL T4, BBMEER (org-N)
BRBLEKEK L > TOMINNH-NEARINADTNH¢-NXLTBYVES., #®-T. BLTFTRER3
NHy-NiZorg-N22ARd DL T 5. . BEEFREB X RVDARVAE, AXCcREIBFRGCHR
TNABERL CHELRY, £EF¥ERERE->TERIN I BEIREBET 5.

MALE. EWM% Table 1 Classification of Metabolic Reaction
LB, Bm{LE. l
RS, B ; Respiration Growth ¥ndogenous Resbp.
BREHIRHFET Cﬁﬁ CxHyOz
W ToERy |5 | 30D) NH 3 02
ot X B By 3
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AP HECEEBE L LTRIGKEBLTYE, Ll AEFATRBLEE. BSHRI2h 2 L M8
L. NOX (2<x<3) #HifEHELT 3. CLTRXBEKATEION B,
x = (NOg 1 (1)
[NOy ] + [NOg ]
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HTHHT B hDES>RE. NHY K70 s N0BERLE N0, wERIh, @RACHERINS
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2.2 RE@gEBoeTlk
a) A FEEKEeE Table 2 The modeling of biochemical reactions
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rAEMBI Xi'] KBLTEhER 1K THBLT B,
RE1) ~3) KESCL. R2ZKRTMEL Bt BEOSHER OV TOWREE v (1), v, ()
rpREATREN S,

MiL#E v ()=k, [ CxHyoz 1 [ O, 1[X]] (2)
WMAL#EE v\ (=K [ NH;1[0,][X,] (3)
BE#E v (V=K, [CxHyOz ][ NOX 1 [ X, (4)
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[ NHy |
B = + (6)
[ CxHyOz ]+[ NHy ]

[ 0]
vy = A (7)
{091 +[ NOX ]

[ NOX |
5 = — (8)
[ Op] +[ NOx ]

BEORBER OV CEREI Nt R Xi' IRABRROEHE] X 1L RERTORE L TR
SRRENS.

[X]] = av[X] (9)
[X3] = Byl X]I (10)
[X3] = abl X1 an

Table 3 The rate of change in amount of substrate in biochemical process

wHEE L B B B o= e
d[CxHy0z]/dt ~(au8xn)ye( t) -(arftxia)yp( t) 12
d{NH:1/dt -Bxaivo( t) -(@zoxe) vyl t) 13
d[NOx]/dt (astoxs2)vy( t) -(assrtxsg)yp( t) 14
d[0,1/dt -(autBxu)vo( t) -{auztox2) vl t) 15
d[N, 1/dt assrp( t) 16
d{x]/dt Bxervo(t) oxgzry( t) Txearp( t) 17

Table 4 Biochemical reactions

Reacl-:i-on Equation Number
Respiration 1/6(CH20) ¢+ 02 ——> CO2+ H20 25
Synthesis B(CH20) + 3 02+ NHa—~——> CsHy0,N + 3C0,+ 6H,0 26
Oxidation Nitorosomonas NH{+ 3/2 03 ——> NO+ H,0 + 2H* 27
Synthesis Nitorosomonas SSNH§+ 5C02+ 76 0z ——> CsHiNOp+ GLNO2+ 52H,0 + 109HY 28
Oxidation Nitrobacter NO3+ 1/2 07 ——> NO3 29
Synthesis Nitrobacter LOONOT+ 5C02+ NNi+ 195 O+ 2H;0 ~—> CsHyNOa+ LoONO3+ H* 30
Nitrogen dissimlat%gnnytﬁfgge oNOF+ 1/6(CH2())5”‘—> 2N03+ CO,+ H,0 3]
Synthesis Denltrifiers 6NO3+ T(CH20)g ——> 6CsH N0+ 12C0,+ 10H,0 + 6 OH™ 32
Hilrate Lo niltrogen gas BNO3+ (CH20)s —— hN2#+ 6C02+ 2H20 + B OH™ 33
Synthesis Denitrifiers 1203+ 13(CH20) ¢ —> 12CsHINO2+ 18CO2+ 30H,0 + 12 OW” 31;
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3.2 AERNOADEREOELHE

k2R TEL Wb BEOEARIGHY. MBI CALEER (2) ~ (4) K- T, ¥R T
535D L. AHZAALLOHEOHARRVHAKRIRNoYET 2L EBEWCXHYOzZz, 7V ¢
—7NHy . 1+ v NOX, TXNy . BKO) SSVAWXOBEZELRENETRORGO MWLM
FHrLTRYIHFES>XICRTEIRED. isxau\‘c%&aijaxvxijtiizméﬁla(l)%{iii&
uawa@mwﬁmxmsra”uwwu\x”&%gxﬁﬁurma,*m%ram&aua;vx”@

HRrMLBTRIE BV T, BAH
BlHbENn2MELENEL L T Table 5 Stochimetric coefficient and value

BREL TS, R4KGFHECER ", ny
TaLFERRO-MERL, R H 1
SIAERBOEERT LS RENR a11= aja= 1,00mg X11= X;3= 1,00mg
Bont, 2R, 0. oBKY as ThOH as ThOH
‘ - i o . azs= 0,27mg Xz1= 0,0Tmg, Xx,,= 0.27mg
TRPREETTEEL. KK, § as NHy-N as NI, ~N
MEGERMERELTES> L&D a3,= 0,2Tmg, a,,= 0,52mg X,,= 0,27mg, x,,= 0.0Tmg
NI A—2 —CHR N4 5EH as NOx-N as NOx-N
308 5 ay1= ay= 1.00mg X,1= 0.17Tmg, X,,= 0,93mg
RiGEEDETHE, 0. 0. v e as O, w1 v2s 00
TRBMEOEAER S L FHM as9= 0.52mg
EththHEBIh3 XBok% as N,-N

K = = Xg1= 0,59mg, Xgp= 0,0lmg,
FOKD, 8.5.,071.5 xzzz 0.5i4mg 6zas MILSS

BLUFT=0.72r0L1,

3.3 AERANOABERESLUVHAROHE

AEORAt KB 2 ARRNOBEAORERZAYEONY L4 B LUV BERNRETI2885 % €.
K3 FTRUD~(INZMIFLIVC RS, Lol BY¥PEMERDLIrIRETHIDT, &
WRTELUTRARZBEFERCE -7, FEOBRAL BT 3 E4MBE0RES*RD 3. BAL BT 2%
EMioREXIMi ltchdhrbd s, t+At EBHI2PEMIOEE]I Mi 1t+At B[ MiltkEHE
Al MiltgmAndkdohs, EPEOENEAIMI 1tiz (12) ~ (17) #ZERThIEFRANE N
%,

[ CxHy0z Jt+At = [ CzHy0z It - ( a“+0x“)'yo(t)At - ( awwrxm)-yu(t)At + Al(t) At (18)

[ NHZ ] t+At = [ NHI 1t -0x21 'Yo(t)At - ( a22+0'x22)'yn(t)At + Az(t) At (19)
[NOx ] teAt = [ NOx It - (agy+ orgy) vy(t)At - ( agq*Tag ) ()AL + A (1) At (20)
[ 02 Jtvat = [ 02 It - ( a“*ﬁx“)'yo(t)At - ( a42+0'x42)'yn(t)At + Aq(t) At (21
[N, Jt+at = [N, It + agg rp(that + Ag(t) At (22)
(XD teat = DXIt s0xg v (DALY argy vy (DAL + Tag, vp(DAL + A(L) At (23)

ERXDAIWRRRNALLOEDBEOAH NCET 208K cdY, HBRTF L3, chiRBARYED
ANECREORKE. EXBRSECHETIH0T, AERAFENHNCE+ 3L >R EINS.
AHMb BT 2HHEHIVIAREAI BT EAAN B,

Ai=Ai Vf; Ai(t)dt (20
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T TVEAESRORKE. M RBRNECRECSTIBREERBELCREERRT TH LN, HoBHE

KovTEA =1Ths, Table 6 Composition of Feed

Substance Con?entration
. g/1)
4 HERFErEZ Pepton ‘[
o3 . s - . e = Meat Ex,
Yilalb—vaYdETAI B> TRALEOERT -2 % NH,,C1 Variable

BECLTi R R, ~DREMPERCES60THY. & |Nalo,
B RTEAZEEBMAEEAL. 2 4nHsaEmed x  |XN03

. ; o KoHPOY 0.1k

<o e ETHETCHS., N1 KEOBEKRELER KHoPO)Y 0.11
T. CHRBASHBREEALEALL b LA LKERE  |H3805 0.26
MgS0), - THoO 0.10

£Co Y LTEHBPRKEA LD TH L., TN ABKERE
L72NOz-NZ#A&KES
KRESRTHEEL. B3 1oy A A4 A 4 A
CETES TR & R Y N j

RLTWd, —F. BHHE

%1 NO; . NO3 %0

K EEMLT, BBDOK
HELEHALbDTHS. 0.5
D MEMN2 RT A, '
InbsABkNEREELN '
TwB. BB M2 HEA )
SRk KEECO 2L T QA :
i tREABHONN 00 2 4 ' ;3 1.0 1l2 1‘4 ].6 18 20 22 24&(hr)
o M EL LT T L Cmenef SRRSO TR 51 0mss vioo
7“0\vﬂw\v“ﬂ&ibr‘ﬁ(w)~(%)Kﬁxbr§%E®E§tﬁ&ﬁﬁb\Eﬁm%ﬂt
KB 2HEEEI M Itekork, TEEEERLI~2RT. bl 7o, b LEARERECH
Y, EENEponi-REZfcehd. 1B ErRBCL32b0cdY . Ki-N (ﬂﬁuNHZkL
). NOX, DO bAbh—HLrflixR LA, CXHyO z RERMENR VT, HMTEHEIN, T
DEORHBEREZI O LrEDhE, M23ENERO-MTchdR, Ki-N, CxHyOz ( ZHfid
COD ), NOXBAH—BRLTVEA, DORERBEHA, HEHEOULLERYRB(E->TWVS. T
NEIBRONEFBRE LI2BEOBBOLD,. ERMERIEC I ERZ0h, @A MIRBVT, R
CHORBTIBRNBELN I RERBCREVEOKECRCEILEREBMINE, WTFARLTHO0) 0l
HEXHABOBRFNRIVLETHIN, KETLARBRERKEVRTHY., HAHUHEDLALbDLEEILND,

5 HbYK
BEnb, t¥BREYKGEBERL OEXIOBIETVRNRBACTELR, CORKRLY., B -BK
HBALBT ML REREIKOEL OB EBEXDII EBbr .
(1) BEENTOBLE. BLE. RESEF-QEREX | ckbT o Liics s,
(2) WHEHASLUVREFHARSIBEDO(0)) ENO-ORHZHRAMHCLELR -~ Hbh%E
LTw3,
Th, 0. TNV EHVTLUTREARB b ELTHE L BEbN 3,
(3) FREEMOEMFOMN. $HABCHSYIHBECARNEHOTM,
EHRET TR HIMi) =0 chsocHBRFAIEMNREC Lk &Y
(4) BRERoBH; HABAIMDOAATCAPEOREIMI ] £b2rH5 T3,
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(5) #HuEaEowH: FIEOREIMi) 25xc. HABAIWEXRDHA,

DEoRRBEBrnid 2HABCHBFI3BODEL. B, REFHRIVFRLLHRORILELIG
ELTBMYUEZ, 4%iIZV YLEDOEMHTETRVEVEEX S, BRYK, AFRCH L THEZFOF S
Abegh, K¥FFEEE, BER (RERED KBMoBrRLET.

/o

2. Colppm): BOO-3%6, K,-N-314, NO>-N-0,

c. Cy(ppm): BOO-61, Kj»N-ZEB, NO;-N-IOZ.
MLSS-6005.

MLSS-5745.

b. Colppm): BOD-60, K;-N-253, NO,~N-0,
MLSS-5520.

d. Cylppm): BOD-21, Ky-N-155, NO_-H-15,
MLSS-5825.
Fig, 2 Change of substrate in batch reactor for various conditions.
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