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MICROORGANISMS REACTION IN ACTIVATED
SLUDGE PROCESS
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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.

KEYWORDS; oxidation reduction potential,activated sludge process,nitrification,denitrrification,

consecutive reaction

1. ELoic

OAFCS W TREDRBOFME URLABICB W TR, BICERELZhTALY, —F, Tk
HICBVWTHERERET 2 2HICERED XEREREY , 52 VWIEHMREREY R ESRABILTVS,
IS OFTESRICHE % 508 L RIS BES 5 LA, EHINICHR - REHNERIT 2 LD, D0
B THIMBFICE VT, FRBA LRI L2 HFESEILDOFELREN LB ATHS, &
N5 EMhb IFREB L fREREY, RHINE ZIBFMCEYHLEDDTH S,

HEY - EROFRRBREICHT S, BHFORYBROEENSY L2 TiibhE, 2T DOBEN
BWZ A2 EWLCARTFTHL L WO EmiciEh b dh o=, T4 DREOCEERERNSHT
UbEELE, REORIEORE S EREICKMT 2R 3R> TnRy, FEB—FEEICSVLTHIS
Y - BROFARBREZITVWELIREOERMED DOBEADN 0. Ong/LICHEWE DORBE T THoEbITTH B,
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oML, BRoZRHEHTHY, ZOREEZ DOZEEL L THETT S 2 L IBELLT LLEYTH
DLEE b ok, ZOEEDORE, BLLRED 3 KIGARIL - BTG4 BRAEARETH D
ZEICHEBTHhIE, RHIEROBELEELVE—NTHYBERICRDL THBH00—DICBILETEM(EL
T ORP)AZHIF BN 5, ORPILRNICHEET 2BEMERURTYHEICHRL TS Y, BEWITORiG%HE
BT 200 TRLVWID LAl v, BIERTICHEET 2 E, RIGROICFEMIC & UBIERTO
RREMHERC RS 52 LI B L EXBNRETHSD, RPEEWEMPKABICISALE S L350
REILYVITOATNEH00* 'O EREHRICHET 200D SL, FICBE—UCHICH T3 RIREICE
THHBIRMBBOADKCE>THR Y, EES'VH, URPTFANHEICE T 5 ERERZICHRL T, ORP
ZEBELT L OFEMETHSMCLE,

APFFETHE ORPAROBMHNLFERETHRE Y, M, TERSH T3 EHOMRL 2 JUCORRETA A
BTHIAZHELMCT DL LBHIC, RPARIL, MEOKCOEIREL LTRKERERNDY, ULRPTK
BEOERY - BROFMRRRICHT AHEL UTHHTH S 2 L 2R NZENIHHISHLMCTE I b %
RAak, '

2. BEWIC L BRI RIGDETIVE

HAEYORRERICBUISIIFRILEG, BLICKURIGICKHCE S, Zhs BRI Fig.1?
D& ICHHPICRT LA TES, RBFROLHEERL THIH, BEEROBEGLRBRCEI SN
3, WAEYERRICB T 2 EMCZNEISEIMEDHRNTTOIEZ LFS 0, LENST, BEDost
ficitEh 3 ORPA, MERTELOTHIMEREMSTHOFFICESATNWS, FIT, BEWCLY
MLBTEZ, SEDICENS 2 R EhaL2EICEY ORPAREZ N IETTHB L OAGL B,
Fig.1% HMELZES D% Fig. 2IRUE, BAEMRIGE B4 - FERFUIGESY & A RUGEBHC T TE L
Eo W, HBOOEBICDOWTIRETERLE, Fig.2 ARBUED—RAFT Kt BICR RGOS >
BEMCBTIPWHOBAY 2RELDOTHD, Z0) BRETHES LS RPIZHBSIOWEICE > TR
E23H0EThHIL Fig. 2 AR - BEFIGHEYO#EEZ ML LW LICR S, [EX, BERwERCHE,
CId7ye-7BbEl, DIZTERMMMLE, EREBENEhEnITS BIL - RSS2 R E, Kb, MY
MISRU A FMERD L U TRIGR (EES E 2BESERINTHWEIENTH S, BEHICOWT
BHEBREERUERT 22850, ZZCRBROEHEKLE,

RIGIBRERICH Y, ThFRICHIGLE ORPESHDHOE TS, Zhd DIEEMLRTTERIL Gibbs
DEBIFVX—-LUFHEENS, Table 1 ICHEMHIMR, FLRUTIREFRIGICREET 2 Gibbsd HEaxdy
¥ 0GPV W RRLE,

3. WEWRIGC BT 5 BLRITEN

KB H RGBTSR D & S 2 T H

Rlssim]. Assimi,
LE&E Substrate Polymer ECelq
B+nH" +ne=A4A oy
Eh® = -AG®/nF (2)

(1) ORPiL Nernstd3,
Eh = Eh® + (RT/nF)In{([B]J(H"]")/[A]) (3)
THRIhs, 25, QA Fig.1 Model of microorganism reaction(1)
Eh = Eh® - (RT/F)In[H*] + (RT/nF)In([B]/[A]) 4
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THBHHD, R=8.314J/(mol-K), T=298. 15K,
F=96485C Z{CAL TR H &
Bh = Eh® - 59.17pH
+ (59.17/n)log([Al/(B]) (5)
HAZBRTH ol TOBRL MBS 1,
BlAE G)REERDED Ik,
Eh® = Eh® - 59.17X7

lOlldanl

Disaimi.
Respl.

_G_

Synthe.

Organs.

Prduct
- rduct

_;m._%.

A :General microorganisms

= Eh - 414.2 (mV) (6)

4. FMLRUG NOF 02
ALRIGREE S SETERRD &> h
CREND, Nor
S + ne = Cells (7) D:Nitrobacter

HIESHREIGH B 2 Bia RICOEE 138t Fig. 2 Model of microorganism reaction(2)

BERETRE WA, HEERMEP{LEER
M7 > SRIIGOBE SRR TS T
H5, TOLED RPI

Ehsi = Eh°s, + (RT/nF)In([81/[Cells]) ®)
LR, ZOL)CELRISICE TS 0RPIE, EMEHIRERERUEERIC
Lo TREDEBADBND,

5. Rt WREIG

Yt - MRS TREE OPEFEGHERERY, ZORUAE xTH

FTERDEDICR D,
S = 0x + nf* + ne 9
Ehsz = Eh®s, + (RT/0F) In{ ([Ox]{H*]")/[S2]} (10)
BFIpEIBMETHIE
1/4n0; + nH* + ne = 1/2nH.0 an
Eh, = Eh®, - 59.17pH + 14.7910g[0,] (12)

DESITRB,

BRSO ORPILEAL R RUGH BBk 3 5 WidHIcBRIEN STV IAE LD
ey, HINBCREEAIWEKESDOLTIE () USHMRA
TiEbhdZ s, BERMLALTHLIVDDOLEEALNS, UTH
{LRIG%EML THRT 5.

HEMR, MHERCRBRISEBRAMICRL 20, Fig.2 B,C,D,ET

CO2

B:0rganic oxidation

microorganisms

NO§

NH3

¢

Prih/ou /A
I )
2 N

HzNzOq

)

NO;
C :Nitrosomonas

Organs.

E:Denitrification microoraganism

-organic oxidation,nitrification and
denitrification-(Formation of H.0 is omitted)

Table 1 Gibbs’' free energy

Material LG (J/mol)
Hz 0
02 0
N2 0
NHa ~-16500
NH01 -106700
2N20, -130510
HNO, -46000
HINO 5 -80800
N20 104200
NO 86600
NO» 51300
Ni,* ~-79400
NO." -37000
NOs™ -111300
H,0 -237200
C02 -394360
CH3COOH ~389600
Ceoll1206 ~909400
(glucose)

H2, GRYBILAEIBEEFE T CRILRUTEILICERYE ML, BRIEEHICEVERMEIRT S,
LAL, ERiCEgks o BIDWEBEMTHY, 70 RPERFET DI LIITELRY,

5.1 FHRWRRLEIG
HHROEDHERYE (CH0). THRY L, RIERUWRIIGE
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(CHz0)n + nHz0 = nCO, + 4nH* + 4ne (13)

Ehci = Eh%, - 59.17pH + (14.79/n)log([C021"/[(CH.0)n]) (14)
D& D, ARPIAREELROILE, 13)R0 RPEFETEL L, BF2H/EKL L THRENEAL
s,

HARNHROFRWIISEERETH D8, ERYHIMRO RPRFETHZLIIRETH B, —FlEL
T, BBEY M- 10RO RICBT S RPERT EROLDICR S,

CH5COOH + 2H,0 = 200, + 8H* + 8e (15) Table 2 Oxidation reduction
Ehec, = EhY%:2 - 59. 17DH + 7. 4log([001]‘/[CH;COOH]) (16) thl_
Celeos + 6H20 = 6C02 + 24H+ + 248 (17) Rod | .
.l 0x. - En® or
Ehes = Eh®cq - 59.17pH + 2.4710g([C021%/[CeH1206])  (18) od. 1 O BO(Y)  ER" (aV)
N2{N20 1769 1355
5.2 PYESTRILES H2N,02 | NO.~ 1375 1287
n B _ N20[NO 1587 1173
TrATBCEE L T RORER B - MR BUCICRIEL, = N, [H0,- 1511 959
B{LRFBANEMLRIGICRIAE NS, RENRLH DL LT nitroso- 12N20, |HNO, 1329 915
monasA'& < RS NG L L THRE N THEDRBKD L S %8 Nz:NOs‘ 1244 7
NO[HNO, 1084 670
ey 5)
Htas', Nia * | NH,0H 1088 467
NHa - NH:0H - H2N,0, - HNO.(NO;™) (19) NO2~ |05~ 844 430
ZOBBOBTHESEKIERILEY, BTIFARIMETCROL NH,* [NO, 881 363
SieRERS Niks [HNO 769 354
ok ° NO," O 177 349
NH; + H.0 = NH:O0H + 2H" + 2e (20) N [ N11,011 762 348
2H* + 2e + 1/20, = H,0 (11’ NHa*|NO,~ 893 340
. . 1INO, [NO3~ 891 270
NH,0H = I/ZHzNAOA + 2H* + 2e (21), Nt N, 974 278
2H* + Ze + 1/202 = H,0 an NHL 01| HoN2 0, 215 -200
1/2H:N202 + H20 = HNO, + 2H* + 2e (22) 12010, 1229 815
. _ , H*|H, 0 -414
20" + 2e + 1/20; = H:0 (1) CHaCOOH] CO, 98 -316
QDO JubvEERE BOTRZL, MMHEFTHEELE, FE 10l 14 428
22) I BLEMICHEOF A ML ERLPT W E WO BEENS
WO . LEHOTHY, N, TH#EbhunA RPIXEL S, (20),
(21), (22) o ORPiZ
Ehne = Eh®y; - 59.17pH + 29.5910g([NH.0H]/[NH;]) | (23)
Ehne = EhOns ~ 59.17pH + 14.7910g([H,N20,]'72/[NH,0H]) (24)
Ehys = Eh®ya - 59.17pH + 29.5910g([HNO2]1/[H2N205112) (25)
TRIhd, Zhn%Fig2 F COEDICEALT, ThoizLhd
NHs + 2H,0 = HNO, + 6H* + 6Ge (26)
Ehya = Eh®wa - 59, 17pH+ 9.8610g([HNO.]/[NH;]) @n
6H* + Be + 3/20, = 3H:0 ary
DEIChY, kLT
NH:{ + 3/202 = HNOz + Hzo (28)

THbH, WBLRIGAETT 2L pIVMETT 22 LA ATVWED, ZhiZEEBRO & S Gdkicii vy

KEWRTREEL, 7)-0 TVETRFBEFELLRVWT Ho OB L> T 58 (28) L3 REEIIC
NH4* + 3/20, = NO,~ + 2H* + H,0 (29)

DEHR>TVHIOLEIBLND, TOIELIBLRIGICHITS RPAY (1), 9)ICk > THOARE
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ShdnTRERL, Q)ICLD HOREBEZLE
BINEZELERLTWHS,  (29)HEHAYIC T8

ICHdL LEBED ORPIZKRDEY THS, Or_ganif: Nitrification Denitrification
-—»® oxidation
NH1|+ + ZH;O = NOz_ + 8H+ + 66 (30) Ehg Ehys, Eline Ehwio
Ehm’, = EhONr, - 78.9pH
+9.861og(IND,"1/MN* D) 3D o em. ) m E
BH* + 6e + 3/202 = 3H.0 (ay (Eme )
Ehx

5.3 MHHMERLRIS
TSERRER{LIC ™ U C it nitrobacterd L <HBHTHY,
MR RILRIGIE, —BEREMELRIGICHAEZNS, B - ¥ gzgzgic:ntive
WIS Fig. 200 BV DTHd. = OBATRHMMILOMEL H.0H - >
KTHDBIEAPHoTHY'
HNO, + H,0 = NOs~ + 3H* + 2 (32)
Ehne = Eh®ye — 88.76pH + 29.5910g([N0s~1/[NO."1) (33)
2H* + 2e + 1/20, = Hz0 (11)

(&ne
TREND, KL LT’ \
HNO, + 1/20, — H* + NO3~ (34) ‘r
(e )

A: Three reactors

Ehnx

£ %, INO;IZHERE L O THEMNECREEREY, 2THoOR:
LBDT N0 ULE,
Ehnx
5.4 BEBRIG
IR G T A BRI R - WREUGIC, AW RE - H
{ERSICRIEhS, £RIGTREBE N 8BIEKOBEY TH 5, Fig.3 ORP in activated sludge
N0y~ — NO,~ — NO — N.0 — N, (35) process
ZO&BRORILBRITTIG I ERYE BEFit54K, EEMYEET
ZERELTRDED ICRENS,

B: One reactor

(CH20), + nHz0 = nCO, + 4nH* + 4ne (36)
NOs~ + 3H* + 2e = HNO, + H,0 (32)
HNO; + H* + e = NO + H,0 37
Ehys = Eh®y - 59.17pH + 59.171og([HNO,]/[NOT) (38)
NO + H* + e = 1/2N20 + 1/2H,0 (39)
Ehys = Eh®ys -59.17pH + 59.1710g([NO1/[N.0]'72) (40)
1/2N,0 + H* + e = 1/2N, + 1/2H,0 (41)
Ehwe = ER®xe - 59.17pH + 29.5910g([N.0]/[N,]) (42)

REBRICZ1TOME I SEAET'”, 2THFHLMCSIhTHWEDIFTREE W, BAE pseudomonasd
H25HOIIHMEEMNRICTHAPMIB LT HNELE, ZhUl FEBETLEY, 2L OEREHS
BR MECEALTH. BEZTHASH T2 D ORBEESFEMNICS ., LENST, Fig.20 Y Enk
DI, FESHBASEE DE RIS, RFORGEIMENTTOOS ERET DL, RERIGD OR
PRROBYTH S,

(CHz0)n + nH.0 = nCO, + 4nH* + 4ne an
NO,~ + 6H* + 5e = 1/2N, + 3H,0 (43)
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Ehyio = EhoNlo - 71.0pH + 11. 8310g([N03"]/[N2]'/2) (44)

HEMA SREBX NS HEICIE

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

Bhnyiy = ER®nio - 59.17pH + 19.7210g([HNO21/[N2]1'"%) (46)
D S ORE O£ UG

5/4(CH.0), + nNO;~ + nH* » 5/4nC0, + 1/20N, + 7/4nH,0 “n
THY, WY S ORBOERIG

3/4(CH0). + nHNO, - 3/4nC0. + 1/2nN, + 5/4nH,0 (48)

THd,

6. HiW - ERERIFE ORI IFIIHRI

Table 2iC Eh°R T Eh® O EEEZRLE, BlS 2 W 2 h2{LEEARHLE L DEH S VWD T 4
WEBTFITDWTGRLE, FEMEPRIGE ULTHEREATOLRVWEDIEDOTERLTHD., LI2AT,
EEWAMRD ORPIZELS, UABDTFEAHMAT 5ICONT EhAVhEL i3, LEN>TRICTo>EFL
RISEEA 2L TEWE W REREBYH R, BILRTRBOROBEICEIELVWEVWAS, U EORE
MWEBYRCE, BUE, REELCESILERIGRTHONE RPIERICHEREhLN, B—RIGHED &
HIRBHATCBAUESNEEBMAFTCHLY, £, WESHhE RPORRTL D& D R FIERTbhTH
ZhEMBZLIEHTEE W, Fig 30 AGHEBYRRL, BLRUBBRIGHE W EhY o FIE Tiib
h358%, (RPONBASHBLELOTH S, Fig. 30 BIR—IGHICB T 2 FAREIGOS& 2 HBL
LHoThsd, BHCEREBELESESICE, ThhiFhoiEz{EEsEsnIcbEl LR RPESEADZLICK

-600 =400 -200 0 200 400 800 800 1000 1200 1400
T T T T T T ™7 T LI T
o)\ 217
nitrification: HZNZOZNOZ'd\\\
!and . 1 NO
{denitrification N, N0, ™

' | HoN.0.[HNO,
Reduction type i N [NO3-
H NO[HNO,
NH. * [T :
2 U
B z i
NH, *[NO, ™)
HNO.[NOs~ Y
NHa [N, ]
muoa@uoz \\ \-')\i\
i, N\ q
CH,COOH] O J
Cell204] €O, \\ \
_“"L ~ { q :
00 -400 -200 0 0 6

200 40 00 800 1000 1200 1400

Standard oxidation reduction potential, Eh® (mV)

Fig.4 Standard oxidation reduction potential on organic oxidation,
nitrification and denitrification(Eh® 1is Eh® at pH 7)
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W, ENLUCHIEATTRRTH S, 2oL TER—FGHOBEEHS MCUF oBRIcH Y, 2K RiG
OREBVEDOBNTEShBZLICk S,

i, BEBRETTOAB RGNS, BHRT 2L BB EEBEICOVWTO RPE Fig MiSRLE,
FROWHLBAE, EMPVREREETRT. IKPOFTEHOMILSMHO ORP Eh” 35 LA Invi FEl
%, BlAE, BMO Eh® X -316mVC3H 505 2 EOBM THNIEE 1 HiCH 1 5 5B RT3
JTIEMNCIAEITT 5. 0 2 OML cid 7ve 7R & TERRMLIEARA L T 528, Zh s HER
ST 544 GORYT GORIGTH S LT hiE, Fh IZhEh 3404, 4300VCH 05, BHIE
2 OBAL 430nVEL LOBMB SN L W L ERLTWS, FiC 340, 4L 430mVoRITH i, B RIGIE
LEITLIC< 0, E3HoOBRBE TIE (43), U)MIGTHIIE -316~T4TmVTil§ JOSIAETL,  (45), (13)
THdLThiE, -316~959mVORiE CH AT 5.

2O &I, BIEMICEN Y RO CRERIGIIETT 5. ZhiCH L THE—GH TR (13),
(30), (32), (43), FEEHH I DOLITNE, ThOL 22 THETES B olEIE 430~74TmV
THd., ZO&HIC, B—UCETHHBMRRL, WL, HE3 SHBIZMCE+HCTRRTHY, L
AEHBEMOBEEN LY RN LD S, E£7, HN0:& HNO,, HoNe0,& N0~ Eh® iz#hFh 915,
18TV e BH TR WA, ZOLILEHWVENMEIAE TERICEIEZhTHARn, LEN S THliRosh
MAERDICED 2 ORPIFBFHRLAEVWE WHIRER—IGRIIT 20 EASNE, 25HICHEOBRET N
® N0AVNBHERINEZEHSEVN, ZhidbMERPIMRMRNET L ELDRETH SO,

BLRISIC B WTIE, TrETBREMIED 7)-0 Ty CENEAD 2 LS MCZhTHWD 00, §FE
BEBICOWTIE AVOEAEI MR- Z YL TR, BBICOVWTHENETH S, BEMPHEEALIES
DT L L THENE A iIHFES THHEHEIDPT LY, BBROLHLAHEREOBSICEEL
L0, FY, BRICADOBERLBRTEN RS TEEEL TW5ES, WL - BEFISA RRHCETT
BIENDMSED, RO RPEL DL RILFMIC L >THRESTL OV BRI NERETH S,

7. ER )]

WEHETETRIC S 1 2 DG LR TGOS, S lBL HMEeTYy, YRR, BLRURS
BUSABIIFRNCFRETH D Z L 2L MO LE, HERYRLRIGO RPIGIEFICEL, Z0EHWLRG
AEZ B ORPTFCRTDICHETT 5. £, BIERIE FrerdiExktmcEiby 262 B8HT5)0 0
RPiX A00mVEZEE DY ICEHFLTWD, E5ICIE, EXRBRIWHEO RPABHTEL, ZhHDOZ LR
CHRE R0 [ERE UG % THEIC U T W5, B SUIGHE G S AT AT i 70 S50 (2R XM LR ST BAL (pH 7.0)
T A0mVE TATRVORITH G Y IRWEE CRYLES & IR RISA RIRHCH#ITT 5.
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[(BERES o]

AG®; : GibbsDFRHEEH ehxind-1J/mol ]
F 1 iR [C]
T RUKER([I/mol K]
ook g (K]
Eh®  : KREBEIENAE M IR TEAL (V]
Eh @ pHe TIC B 2 KRB NSRRI LR T (V]
Eh  : AREELER(LETENR V]
Ehyi~Fhne: 7YE-7 B U HERBERLIGOKFEEMILER LR TEA V]
Ehys~Ehyio: BB BUGOKRERENER LR TEL [0V]
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