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ABSTRACT; Decomposition of organic substances, nitrification and denitrification occur
consecutively in a completely mixing type reactor of activated sludge process.

These phenomena were demonstrated by modelling the reaction of microorganisms from the point
of view of the chemical thermodynamics. The standard oxidation reduction potentials (ORP) for
decompositions of the organic substances are minus at pH 7.0. The ORP for nitrification was
430 mV and that for denitrification was 747 mV at pH 7.0. Then, the organic substances may
be sufficiently decomposed under the foregoing ORP level for nitrification. And if the potential
of the system is maintained between these two values, both nitrification and denitrification
may be occured simultaneously. Thus, the ORP is an important index for the simultaneously
proceeding of nitrification and denitrification in a completely mixing type reactor.
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Eh® = -AG®/nF (2)
(1)@ ORPIX Nernstdz,

Eh = Eh® + (RT/nF)In{([B][H']")/[A]) (3)
TREhD, b, QR Fig.1 Model of microorganism reaction(1)
Eh = Eh® - (RT/F)In[H*] + (RT/nF)In([B]/[A]) 4
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THhodMH, R=8.314J/(mol-K), T=298. 15K,
F=96485C %{XA L C#HE T 5 L

Eh = Eh® - 59.17pH

+ (59.17/n)log([A]/[B]) (5)

HEALEBUR T pH= TOBM oMl h,
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Eh® = Bh® - 59.17x7
Eh® - 414.2 (mV)
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Fig.2 Model of microorganism reaction(2)

E :Denitrification microoraganism

-organic oxidation,nitrification and

denitrification-(Formation of H,0 is omitted)

®) Table 1 Gibbs’' free energy
Material AG°¢(J/mol)
H, 0
0, 0
N2 0
NH, -16500
NI, 0l -106700
H2N202 -130510
1INO -46000
€ 1IN0 -80800
(10) N0 104200
NO 86600
NO 51300
(11) NiL,* 79400
(12) NO." -37000
NOs~ -111300
10 -237200
€0, -394360
CH3COOH -389600
Ceolli 206 -909400
LU (glucose)
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(CH,0)n + nH,0 = nCO, + 4nH* + 4ne (13)

Ehe: = Eh®, - 59.17pH + (14.79/n)1og([C0-]"/[(CH.0)n]) (14)
LIRS, HEwhBEZhLWIE, (13)X0 RPEHETELR Y, BFIREKL L TBESERL
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T, BT M- 10BLARICBIT S ORPERTERDOLDICRD,

CH3CO0H + 2H,0 = 2C0, + 8H* + 8e (15) Table 2 Oxidation reduction
Ehce = Ehc, - 59.17pH + 7. 4log([CO,]?%/[CH5COOH]) (16) potential
CeHi206 + 6H20 = 6C0, + 24H* + 24e amn
Ehcs = Eh®eq - 59. 17pH + 2.4710g([C02]%/[Calli206])  (18) Red. | Or. En°(aV) BN (nV)
Nz |N20 1769 1355
5.2 7YE-TEBMLEIE 112N,0,|NO,~ 1375 1287
g ase N e _ N20[NO 1587 1173
TETRR(LEIEE I 7T RUBRER ® BAL - MR FISICRIL, = N2 [N0,- 1511 959
BLREARLRUGICRAZ S, REMRB DL LT nitroso- H2N202 | HNO, 1329 915
monasA & < HFRENRIGE U THRIATHWADIFRO LD 48 N2 [NOs™ 1244 747
. 15 NO|HNO- 1084 670
BTH2'”, NHa * | NH20H 1088 467
NH:; - NHzOH - HzNzOz - HNO;(NOZ_) (19) N02-|N03— 844 430
ZOBROBTFHEAKIERILEY, BETFZBFRIMETCROL NI * [NO5 ™ 881 363
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DlemEND, NO2~|NO 1177 349
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NH.OH = 1/2H.N,0, + 2H* + 2e (21) HINO2 | NO,~ 861 210
, NIl * [N 274 -278
2H" + 2 + 1/20, = H,0 AL woninno, 215 200
1/2H2N202 + Hgo = HNO, + 2HY + 2e (22) 120]0. 1229 815
2H + 2¢ + 1/20; = H.0 (11’ e 0 i
CH5CO0H | €O 98 -316
QDO b KIE B0TEE<, MOHEHTHHEELE, £ 4lucoselcr, 4 438
22) FBXMOICHEO AAMBEA AL P T W WHEEMD
WO & LEHDTHY, N0 ThHErbL WA RPIZEAR S, (20),
(21), (22) o ORPiz
Eth = EhoN1 - 59. 17PH + 29. 5910g([NH10H]/[NH;]) (23)
Ehnz = Eh®ys - 59.17pH + 14.7910g([H.N202]"72/[NH,0H]) (24)
Ehna = EhoN3 - 59. l7pH + 29. 5910g([HN02]/[H2N202]1/2) (25)
TEEhD, ZhLH%EFig2 TV COEDICEXT, ZhorFehHd L
NH; + 2H,0 = HNO., + 6H* + 6e (26)
Ehne = Eh®ns - 59. 17pH+ 9.861og([HNO2]/[NHs]) @n
6H* + 6e + 3/20, = 3H.0 1y
DEHIChY, kLT
NH;; + 3/201 = HNOg + Hzo (28)
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WLRIGHDEITS 2 & pHAMK T 5 2 EAFO N TV S, THBEMEBRO L D 2

KEBBERTIIHEELE, 7)-0 7VETIBFBREBFELRWT N OFER>TnWAE8 (28) KIS EERMIC

NH4+ + 3/204 = NOZ_ + 2H+ + H;O
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SndoTRERL, 2NICLD pHOPEZHE
BINREZLERLTWS,  (29) D EHIC TR

ICH5L LESESD ORPIZIRDAY TH D, Organic Nitrification Denitrification
—» oxidation
NH/[+ + ZHZO = NOz‘ + 8H+ + Be (30) Ehs Ehwr, Ehye Ehnio

EhN.r. = Eh()Nﬁ - 78.9pH

+9.861og([NO,~1/[NH.*T) (31) ( Eene ) a P—
BH" + 6o + 3/20, = 3H,0 a1y (Ee )

Ehx

5.3 HWHEBLEIG
HRSMERR( LIS U Tk nitrobacterd L < HBATH Y,
MR RILIGIC, ZBLRBEARILRIGICREh 5, B - Crgzzslc:ntwe
WIS Fig. 200 0 DCH 2, = OEAHRMMILOMIEE H.0H - >
RKTHBZ LI PhoTHEY S
HNO, + Hu0 = NO5~ + 3H* + 2e (32)
Ehys = Eh®ys - 88.76pH + 29.5910g([N05~1/[N02"1) (33)
2H* + 2e + 1/20, = H,0 (11)

(Ene )
TREND, 2ERLLTE \
HNO, + 1/20, — H* + NO4~ (34) ‘r
(e )

A Three reactors

Ehnx

L%, N0 RERE L O THHEME TR RS, £2TIvol%
50T N0~ &L,
Ehnx
5.4 BERIG
M2 RS T i S E R RAL - WREIGIC, HEERL - [
{LRUGICRIFE NG, ARG THRES Q2 BREKROMY TH 5, Fig.3 ORP in activated sludge
N0z~ — NO,~ — NO — N,0 — N, (35) process
ZOEBROBIERTICIIERY S BT IL5K, SR tY% BT
RERE UTRDE D ICRE NS,

B: One reactor

(CH20),, + nHz0 = nC0, + 4nH* + 4ne (36)
NOs~ + 3H* + 2e = HNO, + H,0 (32)
HNO, + H* + e = NO + H,0 @37
Fhys = Eh®yq - 59.17pH + 59.171og([HNO21/[NOT) (38)
NO + H* + e = 1/2N,0 + 1/2H,0 (39)
Ehys = Eh®ys -59.17pH + 59.1710g([NO]/[N,0]'~2) (40)
1/2N,0 + H* + e = 1/2N; + 1/2H,0 (41)
Ehwo = ER®no - 59.17pH + 29.5910g([N-01/[N,]) (42)

TRERIG% 17 Ml IS 2/ T' ", LTHHELMCENTHWSE DT TR W, B pseudomonasd
H5HDIWEBREHWRICT ACMIBITT TN ES, Fhl FERTTULA Y, 25255 0ERMEH S
E2FE METEITT D, BEZTHALATHDEDEFEEVERNICSE V., LEAST, Fig.20 ¥y Enk
I, FEVHALER ME TR, RPFOSEMBANTTbAS LFEET DL, BRERIED OR
PRROEY TH 5.

(CHz0)n + nH;0 = nCOz + 4nH* + 4ne amn
NO;~ + 6H* + 5e = 1/2N, + 3H.0 (43)
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Bhyio = Eh®nio ~ 71.0pH + 11.83log([NOs~1/[N2]'"%) (44)

HEMAO S REI N HEICIE

HNO, + 3H* + 3e = 1/2N, + 2H,0 (45)

Bhniy = BhOyyy - 59.17pH + 19. 7210g([HNO21/[N,]'72) (46)
R S OIRE D2 FUGIE

5/4(CH,0), + nNO3~ + nH* - 5/4nC0, + 1/2nN, + 7/4nH,0 n
THY), WSS OREOLFIGE

3/4(CH;0) . + nHNO» - 3/4nC0, + 1/2nN» + 5/4nH,0 (48)
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EEWARO RPIEL, LAEBHFEMHAT BICONT EA/NEL RSB, LEAS TRICFT- ERIL
RIGEEA R L TEOE WD RETHBRDA B, BILRUBRZOROBEICIIELVWEVWAS, U EORIG
MNEEYRRAE, W{UHE, RSl SN L E ISR THIIE ORPRASICHB I LD, BE—FIHED &
D RBRHARTRUEENEBNIMTH 5D, Tk, WEShE ORPORTETEDEL D 2 FIGFITbh T
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Fig. 4 Standard oxidation reduction potential on organic oxidation,
nitrification and denitrification(Eh® is Eh® at pH 7)
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AG: : GibbsDFEXEE HxIN-[J/mol]
F - (C]
T KRB ([I/mol K]
: HaxHRE K]
Eh® 1 KREREHEZAER(CRITEM (V]
Eh” o pH= TIC &) 2 KRB RERTRERR LR T AL [V ]
Eh KR ERBENERRLETCEN (oV)
Bhni~Ehne: 77827 R U HRSMEMRAL UG O /K R BRI NERR VIR S EAL [nV]
Ehns~Ehn1o: B2 SRICOKRERIELHER{CE TEBA (V]
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