BEEBNIZSARXE
I DR E Journal
No. 279, pp.21 ~ 28 (2012.6)

BT AR RIT - KUEPEIGIE T RO R EEEHEK MR D
ERREMRE L £ OB ERK

HERTE Ko

GLER RS0, T903-0213 #hiBIRHEEERTE FAT = TR 1 i

= =}

EFRARRIE > [IEHEG R RO B EEEHKIER OERREMEL ZOXRETIZHOWT, HAFOKENHE
BNIBRT— 4 ZAVTER L. ERREMEICL, ML BREIR TOZ>SEAORLETEMAAE < BY
LTEY, BELBREERREZRET 27201013, B TRICEWTIIHERER, B-SERTIER ORI ~SEM - 1T-
SHEOHEERHELBLC, o TR THIZBLIREEIL, T/, BBRETHOIREISETHEL 25 L 5 1058
i FEEGAZROZLNEETHD ZEAERIN:. Fio, E-oTEANIT > KB THIZGSIE (ORP BT
100mV 2R, #HE#E TRICHESIREE (ORP T —50~—200mV OFH) HREESNTVWAEMETIE, EERETIE4
BRAEWIZED 1 REISIZHES TS & & biT, ERRERT, 1E-THEND MLSS, KR, 1F-KIEH& TH DO EEE,
IREFRVE R 2 B & 3 2 WHARERR N bHEE TE 3 Z LAVRE S -,

F—O—F BREEBIKIER, ERBAMRI-QEHBRAR, €XkE, XEET, Wt BRELR, EEER

AT, ZOXD RERERE 2, BEEEIK R
ZBITOHE - BHETOBEBDLREICFST 5120,

1. [ZFL®IZ

REEEHAMRRIZIL, EHBRED—E Th 38R
ABRE>KFARELERA SR TWS (FE, 2001).
L Lans, EEIZBE L TV A EROTFT—F%I2L 3
FABEIENR D22 L s, UK B REE R K R
IZRITDERREMREICR D B2 TM & B b
ONWT, ARF IR IN TRV ORBKRTHS. &
7o, EDO—FH TREEEIIKERIZOWVT S, BN
TOBEREMPHLIFSC EREBH OMLEN S, BEL
KEZ LV RBRBFOCHEET A Z AR LTV S (BRI
2000).
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() BERBEEEHAHS (H - () HEBRESFEE
2 —) ORET—FZHNT, EHEREARXIT > KIELE
REHRMEHRDOERMREMREL ZTOXEAFIZHONT, BE
L7=.

2. BERR

FAEL, EERARXKIE - KR A AR EEERTAS
SXNVE 2T AEBALTWBHEHAR 70%L Lo 3 i
REXRIZEM L7- (Tablel). FAEHRONHE T o— b
EERE R T - RIIE, TN Eh Figd & Table 2 1057
LBV THY, FoKE T~ SHEBIR L ERTES
IV A7 VOMBTRE L CEGEEEZTo- TS (BE
BEEEHHKIHE, 1998a; B ABRELERHEKEHS, 1998b).
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Flow diagram of observed rural sewerage facilities with intermittent aerobic suspended-growth processes (X 1V type)
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3. HAERE

AT, Table 1R HIH 2 X RICRAI L L THEM 12
B (BfE) OBEECERLEZ. FHETIE, E-oKHEAK
L IEERRE T HKIZ oW T, JTISK 0102 THPEKHBRIEICE
3%, BOD, T-N, NH,-N, NO,-N, NO;-N%2#IEL
7= (Table3). F£7=, IZ->&HMPN D MLSS, pH, Kig, i£-
SHEHITREEKTE DO, IE-oKEMPIERE TR ORP, it
T THE ORP 2HIET D L L big, XoxiRE, o
SHEERERRT, I OWTHLHARLE. 35T, A
HERICELTUL, AEShZ T-NRENLEHR=EE
% (NH,-N, NO,-N, NO;-N) OHEREEZZELSIW
Tskwiz. eds, YoV, 1RBER3 ERT4RY
L, 30 pEICEK LB 2 RELTRAL, ZORBHK
Moz ROy FEHET2FEILED L LbIZ, 2 UR
Ty FRAEN L BN KERERREFEHT DI LIS
v, 1B15—F L LCERLE.

Table 1 FAEMR & FAELIM
Observed rural sewerage facilities and observation period
fidt BEHET AR FRE A
% ON)
T IR ARET 276 °95.4.18~96.3.27
K B R TR T 145 °92.5.21~93.4.16
Y R B ET 431 ’93.6.15~°94.5.24

Table2 FAEHERY OEERE LT & EEGREHRNR
Standard management criteria and operation conditions in observed
rural sewerage facilities

b H EHFET  EEREERR
T- NERER (%) 650 852 (48.7~97.0)
ToR Y 7% @Y 24 14 (10~20)
1> KIEHREFR (min) 30 35 (16~60)
RS (min) 30 71 (35~105)
iE->&HE (m’ -m?-h?) 2.0 1.8 (0.95~2.4)
MLSS (mg-L™) 3,000 3,415 (803~6,178)
KEBERHEEREE (h) 27 23.3 (4.5~47.6)

4 FEHRLER

4.1 ERBEMEEOEME & FHE

o SHEFAKDOTEHT - NIRE X, REHRAREDIE
BE (374mg L") ThrH—7F, HAKEDOEHMEITH
SHKBICHATIEBRESVE (339.9L- A'-d") ZRLT
W3 (Tabled). ZDEHFT—FNLEEINET - NAK
X, BEHEEFBRE (127g-A1dY) EhoTRY, BXR
BEMEOTMICSROAET —F EMARAREEL L
TRAWTHREHLTHLELIZ RN LD EEZXLND.

F T, FEoSMEFAKE LRSI ADT - NIREIE,
Table 5025 —Z IR T L I ITEWVEFRIZHTm LT
A=, FHETER L CERT/LRE O L IFEREL
Kdiz & Z A, TRERER K OEITIE > TAETRAIKIZ LB
LTREVWEEZRLTEY, REERHAKDT - NIRE I
o THETRAKDEESTITHE L TAT Y FRKRE L.
F7-, T THEFAK & LEAE T HIK DT - NIRE D EHIE
IZOWNWT, REMZRERNSHATH D IERMER & XTEIERE
FEAVWTEBESHTOL TIIDEIT-72E 25, Fig2llw
FTEITWTN G AR ERER LR® b ERER
DREZENENMEL 2> TEY, BESMIIEERY
FIZLL =B LTWS. Z07®), 1E->KUERAKEILE
REFHAKDT - NIBE, SHERSAICE-THD DL
REL, REREAESOMRERTMIZ AV b 2 IEBiEMHEE
TS%EICHYT AT -NRBEZHEHBLLL A, Z0Th
41.8mg-L", 72mg-L DM (ERKREE : 828%) 13EH
ni-.

ERBREMEOBELZILET -0, EoKMERAKE
ILERFETR K OT - NIBEIZ 5 B AHMESR, NH, - N,

Tabled FHABREME

Influent T - N load condition in aeration tank

) *OEEEER MO, TE. o, HIRNOKIE,
ERELE/NMEEZTLTEY, fHZER

H | HEfE* FREHE

T-N #E (mg-Lh) 374 43.0
FAKE (L-AT-d) 339.9 300.0
FEAT - NERE (g- A'-d) 12.7 13.0

E) CoORE#E, ElIShieT—F (F—F%0:33) OFHE

Table 5 13> KAEFAK & LBAEFHIAKDT - N BE DS
Distribution of influent T - N concentration in aeration tank and effluent
T - N concentration in sedimentation tank

Table3 FAENE
Contents of investigation
HEIEE HEE
BOD, T-N, NH;-N, NO;-N, 1E o [ABFAED,
NO; - N, (H#it=E®R) * VLBRAE B AT
BAKE BT ELE
MLSS, pH, KR, [EoKHEHEIE
T EE DO, o RURH TR T - e
o K&

EHTRETE ORP, IZ-&RHME,
o KIEEPEER, TREHRRERH

E) *OIFIMA O A HEERIL, T-N OBIEEA S NH; - N, NO,
-N, NO;-N ORIEHEEZZELSIVWTEE

254

- q IEo&HE LB
TEATK FEHzK
T-NEBE (mgL') 242~519  1.0~163
25 —F  ERTLT-NEE  065~139  017~291
R 0.182 091
orpic T-NIBE (mgll) 242~483  1.0~24
BELE  ERTLT-NBEE  067~133  065~162
7= mERE 0.204 0.243

&) *0 ORP ETEBALLET—4#liE, 27 —4%05b, oK
BHETHO ORP REEDETH D & & Hiz, HEKETRO ORP
MN—50mV & Y RWEZRTEET — % Ohx EiE - BH
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Evaluation of probability distribution of influent T - N concentration in
aeration tank and effluent T - N concentration in sedimentation tank
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Fig.3 (X-oKAEHAK & IREHE R AIZEB1T 2 T-NOAR
T - N profile in influent of aeration tank and effluent of sedimentation
tank
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28.0%, 49.0%DEZRLTEY, HAKDOEHEEEZD
HEHYEONH, - NOREIER & & big, AEBER AR Sh
72NOx - NOBZEEAIC L » T, ZEXERENE LA TV D
bOEEZXOND. o, TEMEFHAKIZIINOK - NB5E|
BESENTWDE I D, LB TA LZNOy - NO
A I DIZEET B2 LI2EY, Bk BESaE20
PR ERKND FTREMN H D = & NEER S iz,

IO, ToKEHKRTRLERKTEDORPY
50mVEIZXS LT, hBERHAKICEENBNH, - N&
NOx - NOEZRDTZE Z 5, 1E-oTIHEEIE T EEDOORPH
EDEZ 7§ #FH CITILEAE i tH/K ONH, - NiZ, 2mg-L7!
UToOETHZE T 2L L2, ORPENEDIBEAIZIE
9.1mg-L' AL T3 (Figd). —7, BRI AD
MDNOx - Nit, KR TEOORPEDHEMICSHE LT X
TRV, ORPHR—50mVA 5 IEDFEICH WV TIE2.0~
6.2mg LT EEVMER R LTS, ZALDI EMnD, 1o
SIEHETRICIZ > SIEANBETREEIC & D313
LAERDR 20 37, MEAE K ONH, - NREVMEZ
R =, R TEHIOZ > SEANEEIREER L < 1388
WIETTIREETH 2B 50T+ 2 REERNEZ 53, 4
BB TAEM SNTNOx - NS IEBAHE K hIcFT 3
RIS bDEEZONS.

TIT, EoKHMERAK & IRBFE R HAKDT - N2
DT, 2T —FDH L, F-oKHEBETEDOORPHNED
TEI T TR OORPA —50mV & v &V ME % 7= 321
T ERRI, REHELEEREELRDELZS, £
T ERBIZ LT - NIBEDOBESTIZHE L TAT
VRINPNEIL o TNB L L BT, (ToRMERAK L LR
T K DI BIBFERTS%IEIZH ST 5T - NiEE L L C,
ZNFh4llmg L', 1.7mg-L" (Z£HEKREE: 959%) O
ERFLNTZ. > KHBK T OORPAIE O T
#& T EFDOORP —50mV & 0 RVME 2R 8BIF — & %%t
SUIZFHB LT - NBRERIT, &7 — 2 2 RIS H LT
- NERERIZHE L THI3%E W ERBREMREERREL T
WhEWR D, ERREMEREICIE, M- BEIRCEY
LDE-KHERNOORPHARECHEELTRY, REL-EE
PREMREZIEMRT 21012, T RIESRE TRIIER L
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BElZ, ¥77, B THICIEFERIOCETREL 2D L 07
L - EEAMERETDHOILNEETHDLEADND.

4.2 [EF-oS4ED ORP B L BB E

ZERBREMEICE, WMl REIRICBT S IE-5EN
DOORPHRKELEELTWVWAZ LML ITHRINTZZ L
e, IFo SN OORPEHE % iE Uiz EinE B~ DX BRIZ
SNT, BET L. IEo KB TR & SR TR OORP
ORENZITIE OB GRERE:0.766) BIFELTHR Y, iTI-
SRR TEOORPOEANI R L CTHEKE TEROORP S
BWMEERLTWS (Figs). 1E->&EHE THRIZORP)
EOEETTOIE, B TROORPOEN I —200mV
#TFESZ ENRWER (—50~—200mV) (Z72->TW5
L Ly, EERK TR OORP —50mV LV EVWMEZ RS D
13, 1o SIEHRE TRIZORPAEA100mV & LB Z & A3
VR, (0~100mV) THhd EWVZD.

FITC, FoKMICET D11 7 YT b OFEFRRER
LIRS TREOORPOBERZ L LI L 25, WEDRHIC
X B OFE FEEI%EE : —0.890) AFEEL TRV, HEE
THEDORPH —50~—200mV D#E ZRTDIX, 1% A7
N7 ) ORI AERTO~90y D#EFH L 2o TV D

(Fig.6). F7=, IT-KMICRBIT B A 7 VB2 DT>
KELIT-RERKTHOORPOBEMFRERFILIZEZ A,
1F > G TREDORPIE % 100mV OO &0 AL HERF 5
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Relation between ORP at aeration time and ORP at stir time in aeration
tank
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Relation between ORP and stir time in aeration tank
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90 HIREE DL HET D Z LTk Y, T KEAR
BEOBTRRICARS Z L 2HIEL, EERETRE
HA&TEFD ORP 23 —50~—200mV O#EHH) ZHERFFC&E 5 &
Wz b, i, EoSEBRIRBICBVNTE, 134/ 78
DOIF->SEN I’ m>- /T BEICALE LD, o5
ELIT-SEREPRETALICLY, EoREAoEIE
SEBEE (1T > ST RO ORP 2% 100mV f2ELLE)
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DRIE S iz
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Relation between amount of aeration and ORP at aeration time in
aeration tank

4.3 2HEREMEOXERFEERL

T SHENIIZARARTHY, T-NEREXRIKRISIZ
HEHOEAITIE, BAFETFVICEDT - NI HIRADS
Y SIo (FRH, 1976).

Q-(Ni—Ne)/Va =Kn-Ca-Ne (1)
(Ni—Ne)/Ni=Kn-Ca-ta/(1+Kn-Ca-ta) 2
I, Q:HAKE (m’-dh), Ni: i ZoKMEFRAKD

T-NEE (mg-L"), Ne: iLEAEFRHAD T - NiRE (mg:
LY, Va: T -S5O ENER (m’), Ca: MLSS (mg-L™),
Kn: ZEBRFEEEH L-mg'h?), a: iZoRMEOKE
2R ERR ().

£z, Q) REERTLL,

Ca-ta-Ni/(Ni—Ne) = Ca-tat+1/Kn (3)
L7V, Ca-taNi/(Ni—Ne) & Ca-ta OREICERRELRD
FETUE, Q) XomsInXFsh, ERREEEEE
MNRDHILB.

T, IFoREHEETEO ORP NIENMHEE THER
& TEED ORP 23 —50mV & W {EVMEZ R38BT — 7 2%t
%12, Ca-ta*Ni/(Ni—Ne) & Ca-ta DBFREHEFILIZ &
=%, MEOBICITESER GRERS:0.999) NEFEL
TEY, EXREREEEEHLE LT474x10" L-mg" b 235
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bh7- (Fig8). ZOERREFEELKEZ 3) AT
L, T-NBERRL MLSS - KBZAHZREEOBEOE
FBRELT, @) XnNEhh, EXRFFEEEHS—ET
HBHERETDE, T-NBEREE (100-Ni / ( Ni—Ne)) I
oKD MLSS - KEBZHHERER OFE 2 ALK E T
DEREHXDOBMETE 2 b0 EE X ON5.
Yn=4.74x10?-Ca-ta/ (1+4.74x10*- Ca-ta) )
ZIZT, In: T-NBREZEX (%)

—7F, EFRKREERIZE, E-oK[ENOPH, DORE,
KR, KFHEEREEEEZTVDZ ERHESRLTY
% (Shindala and Parker, 1970 ; Crites and Tchobanoglous,
1998). #Z T, ERREFHEERICOWT, ERE»D
(1) XKEAWTEEL, BE-SHERNOKEBEICE 2SS
B LIZEZ A, MEORMICATIYFITIREDLNDLIHEOD
EOHERE (FERAFREL : 0.838) BMHEEL TWDH I L AFER S
- (Fig9). F7o, o KEETRIZE T 2DORE
DNWThH, ERMREFEELH L OMITIFEOHR (R
£:0.931) BEELTEY, E-KHERNODOREE DHEMN
IR D TEWERE LN TWD Z L R S N7 (Fig10).

C XTI
90 e 8
—~ o = % _ o
= %0 /OO T—2% (n) = 33
# | e
& 70 © (oK TIOORPAED |1
o © o fl, AT FFOORPAS - S0mV
Z\ 60 - LR VEERTT -5
'P O k@S DF—4
50 1 250,000
Yn =4.74% 102+ Ca*ta* (14+4.74X 104+ Ca-1a)"!
40 200,000 =
| =
150,000 £ %
. P
F—2% (n) = 12 100,000 = €
Carta-Ni/ (Ni—Ne) = 1.024Carta+2,111.7| 90000 S
| RERE (F) =0.999 0
0 100,000 200,000 300,000
Ca*ta (mg-h-L1)
Fig8 (X-o%# MLSS - KEZHERM & T - N BREFRORHRK

Relation between MLSS -« hydraulic retention time in aeration tank and
T - Nremoval in X1V type rural sewerage facilities
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Relation between temperature in aeration tank and T - N removal
reaction rate in X IV type rural sewerage facilities
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LLRRG, E-KERD pH L ERMREFHEELKORM
W21, FiglllZR$ & 5 1A HABIBMRITFE L TV R
Motz UL, SEIOFRE TIIAEAN pH 2 6.2~7.1 DFE
B & i 28 iU D B ik (pH D% < 6.0~8.0) DIffE T,
TSN KR E < otz Z &5, pH IC X 2EENHE
niaholzb oL #EIND (TK - BEK - BIRAET A
7y 7iREZES, 1982). &bz, KEHSEOIEE

10,0007 i
E 1
7, 00008 s o031 "
E brocemcnm e cerrenrsiscneees
3 0.0005 —
Im|
_&( 0.0003 |- e o b
bt o
AL 00002 | g e
& . F—sH () = 12
Z0.0001 I
B~
0
0 2 4 6 8
12> KK THEDOEE (mg-L1)

Figl0 F-oSMOIE-> SR TE DO & T - N BREREEH

DR
Relation between DO in aeration tank and T - N removal reaction rate
in X1V type rural sewerage facilities
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Relation between pH in aeration tank and T - N removal reaction rate in
X1V type rural sewerage facilities
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Relation between influent BOD/T - N in aeration tank and T - N
removal reaction rate in X IV type rural sewerage facilities
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L LTHiAK®D BOD/T-N BELBRFETFONATNEZ L
25, - KAEFHAKD BOD/T - N b & EXREFHE
B OBREMEE L7223, W& ORIC-OW T H BB 8
IR LN ARN - 72 (Figd2). BOD/T - N B E A4 3
UTFOEET T, ZERBREERIIEELEXDLEEINT
WBH, SEOFEE I BOD/T - NEEL AR 3 LD
ELioTND I ENnD, WMEDOEICIZABRLMEEANEFE
Ligholebn&&Ex bad (FFA, 1992).

ok iz, BEOEGRIIZEWTIE, pH & BOD/T
-N BELIIERRFEEEROFZEERIZR > TR
W—5T, FBAKERCIE > K[URE TREO DO IXERRE
HEEMICEEL B2 TVWA I LBHERSNEZI LD,
EFREFEEIIONT, TOMBEZHALHEL LTE
BRSHT NERE FER) L2 ERLERRTZEZ A,

KRB EPND.
Kn=1.02x10"-Te+ 5.93x10°- Do—5.20x10 (5)
Kn =5.50x10-Te 1¥7- Do %12 (6)

T, Te: TSN DOKIE (°C), Do : - &iEH
& THED DO B (m-L7).

(5) K& (6) Rickks B HEREFEMEMREL, *
NFRN 0.891, 0.937 & FEXOMBEEITIMERIZHE LT
BWEZTRLTRY, ERREEEEIUIFEAKE L IZ-
RIEHE TR DOBRE X HALK L T 2ERFERANLH#E
T&EDEEHIZ, MERICHRTREREHWZFREN
BETHELNDZ LI RENT. £27C, T-N BREED
AKX L LT, RERERRXD (6) X% (3) RUzfAA
3L, (1) XBkDEND.

Yn=5.50x10"Te *"- Do *-Ca-ta / (1+5.50x10°-

Te ¥ Do **-Ca-ta) (7)
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Study on Characteristics and Design, Operational Consideration on Nitrogen
Removal in Rural Sewerage Facilities with Intermittent Aerobic
Suspended-Growth Processes

NAKANO Takuji and YASUMOTO Jun
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Abstract

Nitrogen removal performance was investigated by using observed data in rural sewerage facilities with
intermittent aerobic suspended-growth processes. It was found that the effective nitrification-denitrification could be
achieved by maintaining aeration time, aeration rate at acration phase and controlling stir time at stir without aeration
phase in cyclic operating conditions. The nitrogen removal reaction was assumed to be governed by first-order
function with complete-mix system of biological treatment process. It was recognized that the nitrogen reaction rate
was influenced by the temperature and dissolved oxygen (DO) concentration at aeration phase in aeration tank. The
nitrogen removal was confirmed to be dependent on mixed-liquor suspended solids (MLSS), hydraulic retention,
temperature, and DO concentration at aeration phase in aeration tank. The relationship between nitrogen removal and
hydraulic retention time, MLSS cloud be modeled as the form of rectangular hyperbolas. On the base of the influent
temperature, the control of MLSS, hydraulic retention, stir time and amount of aeration in aeration tank are important

factors in maintaining stable nitrogen removal efficiency.

Key words : Rural sewerage facilities, Intermittent aerobic suspended-growth processes, Nitrogen removal, Affecting

factors, Nitrification-denitrification processes, Design and operation factors
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