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—J7, IEMEBIROD B CIGIFARER 0 ITHEE 220 RO CRENGIR DS S L= Z & C, MLSS 23
REEL 720 | BB PR D OB Y A7 O R & IEMEIRD D AGH O EFIZ X DREMRRFO R
0 APREE EHO Y 27 BN A% OREE LT~ T,

ATHEC X 2B OVa A S Ofgiid, TEEBIRD B CEM b2t 2 7= O SIshE DAt % 3 HFEER
UMRRE C—TEIZR DI B V) | AMPERRR I ZRR D72\ e o Z — TR0 T b FERIRFT R 2 (5 )
T 5 70 IR SN AL D

FTo, HRLER A FF- 7o\ e o 2 —Cld, AKBRE ) O BRI FER E LT D Z Eann, EltUNEET
Ho, L, FKERSERTIHET UL, &% 2 2 —CORENEIRHNRIC X 25 2ROIEIRAEREL ) O T3,
& v —fllx ORERE ) O FR-%& BE SRR 0B 2 Hivd,

LRIORGETIE, RRENGIEO [HfEE TIVE TO 2/3 FREETMX 77228, ZHDNRBEED» L D DI S
TV, Alal X 0 A FREVGIES B A 09 2 L C, KN L iBTRERE ) O &3 R bK< 72 D5k
HDFET D LB X TS, FHFEIL, ZORifas o) 572D DOGEEEIT 5 TE TH D,
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2-(2)-6 TAEAMICHEITHE FAFVILT 2 VAIRAEDRE

BRI PR B AR
ORI, [IAFT FUKER) ., =BT
HROR GUERSTEERUNE LR . Mkc . BRainsE, JF B3GR SOt

1 [FC®IC

IR EFE TORGHEIZ I T, bR E D 310 (2O E R L2 EH>—l b %53 (UL, [N,OJ
EWVH ) OHEHAEI S TWA, YRFTIET — A7 52 2010 IZHE5% . N,O OFEHHEIHIC AT 7= 8
DA EIT>TND, LU, NoO DKM TAE CAR 2 3E7ZR R A 2RI STz, 40
FHNT NO PEHBIHI R 21T 5 2 & BSREEZ R & 2p > TN D,

TIT SRTIET =720 NO [/ 2O L LTHE L Thd e Frfvar Iy
WZER L, ZOMIEFEIZOWTRET LT,

b Rex 7 I U OREFEZ, BRRFOEKRD VIZL VHE INTHD0, ZIUFEREK (%
KNOWKET) EXIRE LIEHETH D, ARl ZOHEN TARRBHIEH ATEE) E 9 DWRE 21T

>77,

2 EFOFVLTIUOONE

10Xz Faxi 7y (BLF, NH,0HJ
EWVND) R TUEST RNERT A, HEEA 40—k
(L 2RI DL - BEEFEOTREARTH Y . N,OE
FROFERMIR A T = X LB SN2 5 | CiRed CEE R
{LFEFECTH D,

t REX LT I U OKERIL, ZBXAFAE P2V T
pH 4 TIIHHMITZETHH DD, pH 7.8 TIiL 6057
FREE LVEZE CRWIE ERG I b a7 <L FEFRIC
REEIE TH D,

3 A 1 fHiE - BRZEH#EIZ (TS NHL,OH
31 #BE

HIEREH R ORI 4 (LUF, INOy ) & 9H,) VT RO H o7V 7L, ARkT
57 3% Sep-Pak Cig 1 — U v LA A— KU v ) THRYERW%, I3 UvFELHNTCE K
XTI % NOYIZERLT 5, AR LT NOy Z OV aFRICER L, OV LR %2R 545 nm
THIETAHZ LIZEY, E FRF VAT I VEERT D,

32 BEORAHRUH—NYyPDAVTaa=VTh%
c b Fu L7 S AR (500 mgN/L) : Hifbe Fas L7 =17 4 02481 g A2 EH L=
REAIKIZEAE L 100mL & L7=,
« AT 7 ZJVRIIR : AV T 7 =Vl 2109, BEET R U oA 1.36 g A HFRE 60 mL 35 L ONERTZK 120
mL CIENEfR LT, A, Bk Zi0z 200mL & L7z,
cFTFANIFLDT IR NL-F 7 FLF Lo D7 3 R 0.2 g ZABRUKICEAIR L
200mL & L7=,
C AUERK A UHSATT Y OS2 3 vFE 0.072 g ZFHE 100 mL (AR LT,
=Ry voarsava=r7 2mollL HEEE5mL, BHiKSmL, A% /—/L5mL THEL
7o, FEFHREC, A5 mL, 25 2mL ZEKE LT,
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33 #BFFIR

B S VOWEAESBE I LEBETIEEZ L FO 7 a—XIR Lz, A — R v 0 A,
B NOy DR Wi, & FEREICOUW TR LTz,

FIED
B D NO, DR <

5@
SN = I P NN {
NO, 221k,

FIES
Jeta & E

4 BRERE (BHIK)
41 B@EEE
411 BRRUAE

R 20mL B D NO, DEZEDfaET

AT 7 =K 0.25 mL
JHi%E  05mL
5 ZyiE
l—FT7FNZF LT I UK 05mL

30 4risE
ﬂf . 2 O

11— NU v THE (7 EHREWRERE)
= ANT 7 Z)VIREEIR  0.25 mL
I UFEEK 05mL
fEiRAKRE (35°C) 30 ZoEfiE
1
A— RV T THE GERID T v REWAERRE)
V=T 7FNFLoUT IR 05mL

30 éa\l%%% R, R FREOR

545nm TSEEERIE (0 6EERE: B UV-2400PC)

X2 #EFIR

BRSO NOy BT 5 7 Y B 2 WS RET 218 (FIED) 1BV TARMERLTLE
IFBINR DT, T T, EORRE D Hid AN 4 7 & Wt Lz,

RERIK 2 A CHERSIAPEZE SRR 2 0.1 mo/L | SRR L7oakkb a2 7/ (I L7 th, 1— RV »
CERVAFFIZ20mL 2V UL, AEEEAE X TAHI LT, 53OV AIROWNEE 2 HE S
DT LR, AEEEORFEITo T, MRESR T2 SRR 4 0.00, 0.01, 0.05, 0.10 mg/L [ Z/#
FiK 2 AW CIEE U7=30BHE K v 1ERL L=,

412 ¥R

#1Xv, 20mLOREE 1 45LL B
FCAIE 20mL/ 43P RO T AifE)
THZETT VORI ERIRET
X5 ENbrot,

£, AERNEBLTLE-T2— b

U VI T E TR BB L TV =D T,

A ZzAT ORI — B U > P OFEEIR
DUIER T 200808 &E 2 b,

K1 HEEEERAEE

AR | IREE (mg/lL) | WOREE | AiodREE (B
12 0.0512 0.630 U=
34 0.0016 0.026 ROV

1%y 0.0005 0.011 (E3ESvA

1552% -0.0004 0.001 %W

TR -0.0002 0.003
145207 -0.0003 0.002 l
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42 B¥EBPD NO, DEE
421 BRRUAE

SOGFEIZIBWCERED NO, NMAET D aletE 2 BB L, TiMsEER & U CGEMUKIC eI E 1
mo/L DA LT3k 2 O TREEMEE T -T2 & 2 A AR ET DT T ORWFIEQ TRE LT
LEI EWVIFBINRH -T2, ZAUTFIEOIZB W TINA 733O K ELL EIZ NO, WFET D Z &R
REZz DI, DFED | ARRHCT VY ERE L TESITAROFIZNO, DF FHEF L TLEN,
FIEQ@THRA LI EBESND, &I C, B ORSEE TS T X 2 Mg ERIRE ORT 21T -
770

AR E FIRE A K 2 TR LIZ LIS L, FIEO®Z D AIRIC AT 7 =/VliEER 0.25 mL,
FITFNEF L UT I VRE 05 mL AN Z R S, WO AT U, i Tt as R
J& % 0.000, 0.001, 0.005, 0.010, 0.050, 0.100 mg/L {Z#EfiK 2 FV N CRifs& L7-5kk & 0 1ERR L 7=,

422 =& =2 HHPOHEREEREE L

#2 L0 HREEIEZE SR 05 mg/L % Tl FIRDROERRE
3 5 HiasleE S SRR X 0.0006 m/L & i & IR (mg/L) | ZREAIREE (mg/lL) | WOtRE
FRAEAS (4.3 M) L72o T, £2°C, W 0.0 0.0000 0.005
DORIEE T TE D OVTEE T O HifglerE 223 01 0.0005 0.012
RN 05 mg/ll £TEE X HiL, TR O} 05 0.0006 0.013
WZOWTEAR L THIET D Z LT Lz, 10 0.0027 0.040

43 BREREERTREDERE
431 BRRUAX

4.2 FTORFHERZ b L ITHRERR & EE FREIC OV TG 21T o 7o a2 W Tk
R L7 I % 0000, 0.001, 0.004, 0.007, 0.010, 0.050, 0.100 mg/L (ZF#& Li=skkl L
ER% L7=, 0.001~0.010 mg/L O 4 78EHZDUWT n =5 THATRER™ 247V, E & FHMEIIZEERE)S
10% & 72 HIIE L v kT, ?

BOMTEBR L 1, WEE, WER. ERSRE—TH DM TR LR AT ) Z & &0,

432 #5R

AR 3 1R L7z £ 59 0.000~0.100 mg/L DT BAF 72 ERMEDS: BV, B TRBRORE 5
133K 3R Uiz, BRI B ReX T I U REOHBIRGRD 77 7 21Ek L (K4) ., ZERiK
23 10% &R BIRE A RDT- L 2 A 0.001Amg/L & 72 >7=D T, E&E FIRMEIX 0002 mg/L & L7z,

1.6 .
y = 11.17x + 0.0284 5 12

y 2 R =0.9998 / B oo |\
g‘; Zj / - g 4 \ .

y = 0.0464x0-788

0.0 : . % 0
0.00 0.05 0.10 0 0.005 0.01
ERaFs 7 2 U8E (mg/l) EReXi LT I UEE (mg/ll)
3 EROXFUILTIUOBRER K4 EROFIILT 2 UDREETENRE
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x3 HHTHBROKER

TR (mg/L) | 1B | 2[\IE | 36 | 4BIE | 5[EIE | FE | EEREZE | LR (%)
0.001 0.0013 | 0.0013 | 0.0010 | 0.0012 | 0.0010 | 0.00115 | 1.60E-04 14
0.004 0.0042 | 0.0040 | 0.0041 | 0.0041 | 0.0041 | 0.00412 | 6.33E-05 15
0.007 0.0075 | 0.0071 | 0.0069 | 0.0069 | 0.0070 | 0.00707 | 2.61E-04 37
0.010 0.0103 | 0.0102 | 0.0105| 0.0099 | 0.0101 | 0.01020 | 2.00E-04 2.0

5 RERE (RIGHERH)
5.1 ZFhnEIsEEs
511 BMRUAX

BOCHE R T B INEIGEER 21T 9

B LT,

ZEIZEY . 4 THE LIZRETEN BRI FTRED & 9 e

HEP KA o Z —ORIGHE B, C. D [EEHEKL, 045 ym A>T 07 40— (LUF,
MF) TABL7=bDEENE Lz, REHTIZE Ru % L7 20005 mg/l Z Nz 726 o & BRI
HOEFPEEL . WREIOIREED BRIGEZ R DT,

512 #ER
FA4RrTEHI1IC, B, C. D

x4 RIGHEB~DEEOE FOFILT = ViRERUENRE

[E]F OV T O BRI E AEREE(mg/L) | PR (mg/L) | [FIR (%)
BFIRfEAS S~ 72, £z, W | B (0.0011)* 0.0504 101
MUz SIREEEDOE R B+0.05 mg/L 0.0515 '

BE LT I UNEILTE T, C [aliE& (0.0011) 0.0501 100
UEDZ EDG, RUCTERE C+0.05 mg/L 0.0512 '

\ZHEWE IR0 b D L HE D [ (0.0014) 0.0501 100
B3, RENEHATELLE D+0.05 mg/L 0.0515 '

2 BTz, # () PIEE R TS 0,002 my/ll R CH 5,

52 E'A*

521 BB UAE &5 HBOEAIVT
SR A CEET S Lo | @D 5A Al > MF A

ABDZA 2 TNZOWNTHET LT, @ | 5AAE —» 3040E < — MF AR
IR KA 2 —DRIGH 2 2D | Q| 30 0EE —»  5A AR —> MF Aifd

[ CEAK LT, & B Catkl A:5mgl/L, @ | sAAE T 24WEEHE T MF A8

#UEFB : 10mg/L, #UEFC : 20mg/L, #EFD : *5A LI | BAAHUC LD Aifh
A0mg/L DIEEEIZ 72D K HFHRZINZ 72 U VAU 500 mL 343 E L CRgEE L. £ 2k Ry
VT % 005 mgll 72D K OMA @ HOMITEIRERRFI L=, £ LT, Uk A~D 2z on
TESDO~DDAHMDE A I v 7 ZflAGDERE L, [EEL KD, @L@TITHSG) wlR=E
DOWTINTAIETHZ L EEL, 30 0FEEITo7-, OB L TIEEIT5A Al E TITV ), 3
HICKERERTMF A4 25 2 E24ELTTo72, B, EE & LCREIB b E kil
7 X UEANANZ 100 mL OFER s E L, BBk O B Fa kL7 I U ORERITHW,

522 #EHR

FERAZF 6 (R Lz, #EHE 2B L Ti%0.0007 mg/L & E & FIRMEARIM 7S~ 7-D T,
R LT I AIFELRWLD EE 2 B,

D, @IZHDWTIETRE B 23, @, IZOWTIEREL C DbV IEIER & 2r o7, fE-> THEERFD

BRI
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FERRILE I 10~20 m/L IS e < BLF7e7= 0, £6 BEHTOERE %)

FREEHIR D=8 10 mg/L 23 & & 2 BT, WERIEE (mglL) | D | @ | ® | @

AMDEA I TIZONTUIO, DLV D, @ | A 5 94 | 96 | 79 | 81
DIFHNE Raxi 7 IvolGRiTE< ., 55 [ g 10 0 | 97| 87 ] 85
TIZEBIZBA A L, 30 SLINIC MF Al a7~ | ¢ 20 % | 96 | 90 | 89
721E 5 ﬁ§ﬁﬁ?f£%%T%0flo fzﬁj;*s\ %it*’}’ D'@G:O D 40 920 92 _ 87

W AIRIC S B R B,
PULEE Y | BN L B ORI BI85 & . B O 10 mglL & 727 & 5 W L7,
SA i L, 3555100 30 5L A B2 RIS T MF SB%4T 5 ORZE L L £ 2 bhis,

6 FLHESHRDFRE
AEOFHERERNGLLT O 3 RE1TH Z &1L 0 FARBEA~OEHNREE 705 Z L 3o Tz,
OH—1tV v POAEEEZ 20ML/LL FIZT 52 &,
QB OHRYIAIEZESEIEEE A 0.5 mg/L A EOSAIIAIR L THIET 5 2 &,
QREIOEEFIEIEEZ 10 mg/ll &725 X OWINL7-%., B CTBhA ATAIBL, BEie
4230 7y LINZ B ZITRBREIZC MF Aila1TH 2 &,
BIE, KEREREW I L, AREEC I 0 BRI (NHS . NH,OH, NO,, NO; %)) & N,O
DFAIRILE DBFEIZOWTHRER TH 5, 51 EHEE NO OB & 725 X 5, RREEATER L
TWETZUY,

SR
1) A5, BUNSEKI KAGAKU \ol. 52, No. 9, pp. 747-753  (2003)
[EARFHEIC & D BRE K b Ra s L7 S o ORI K OIS WO E B

2) HAUKIEWZ LAGRERT7TE 2011 iR MR p 72-80

- 157 -



- 158 -



2-3)-1 RIEERES I aAL—YarvzrcAUVEHRESROIET
(EHIHRE)
Vil N oOKE AR e db 2B S okEARE L X —
e —#, BE #EHE. 5 KK, HFA E£T
1. IFC®HIC

ZEENICEB T 2B AKBREOAIES 2B E L, BEH FAKER CIXFEE T /KEARL D%
KEAEE L —~DOEELHEEAZHHEL TS, ILELE B AkEAEAEL Y —l2BWVWTEH, 4
ZHN o D RIERE R D 1 DA FEAREEMEIGREN S 2T v 7 A0 EICH B L, Yk 24 4 9 H I

i) 7=, Z OB, WSRO WLV RE 1) A3 it

AR O Y Z K E (K 40,000m3/d) D) 5 EH & 1%
; S - = 4{ H258 I
DB NG, HIHOIEMEHBERERSCZKED
TR E U, €T, MERICEN D, o —
WA OGO RBIC T 5 HAET A &R % o e o
LTy Iab—varzeEl, EENEOR 2l o= DI °EE§%
= ' A 72 z i CEE it
Ak s BIEZIT-o 7o, ZTHIZEY . RO KOS & 5V >
DMBRPNZ KR E R EEE 5252 L 7L, HiF — I
i C AL BRI LB AT B R A R T 5 & ANk L5 %EAW T m— >
C!
7o AfElX., 2 b —EOEERBIZOWTHRE DEI§E >
‘3— %) %) DT 39) %) —> HILRER BkERE B AEL
B1 REEERFEE
2. 1 &ZREMEIL LT
21NN EFICBLTORBEREDT IS A
X 112t v & — O Fl i 5% 0 -
M, B2 124 EN bt g e L 1SRRG - N
R BILRIER  REFHE (250)
FEOFEM 72 R, £ 1IN R k a0 @ S (790)
DO G R BBI1Z2 T, 1 5% K Fl 1, — K D E—RERIE 2500 i|
R D AU, R, 5 ly_B=ram o § W
GRS TR ' P
EEEm
S L. ALEREE I 4 B b B S O A
S LR Th D, RIGMEHEAKIL, #R B2 1 RREEFER
FlEOIE N _MEBEEMEICL AT
v THAL, R~ L BTARAR - LEES
REBEM AT 5, Zhick 1% 2R(%) 3% S
e . e mEAR EENE B ESENE | SELE
D\ AR O MLSS 25 (RTvTA0) | (HIBES) | HIRESA0) |  (A0)
R L CTEBEELE RS SLEREEFI(m3/d) 22,400 20,500 20,500 15,500
L. MIARITE S BAEm?) 9,670 9,670 9,670 9,670

X135 0 A 5518, = E AL EE H£95,000m3/d
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<ETHRMERL o TVDW, o DASWVIERTERE TERWERRERDELND Z &0
O, LIRMEER A 713/h S, TRICEDETH ERAMOEEREL /IS WV,

BHBSAEREa% O EFICEE L, RN O AT HEIE 0 6 | B @4 o B < K o MLSS
Z1000mg/LRBE LT O ERH L EE X LN, £, WHEENDPHEIIICKE <, BE
HMTho THRFRKEZMFHTOILEN D ST &b,
TR CHEBT LIONLEE Lolc, —FH T, REEOREFHRAR Y 72 HWTIEMHGIE L
Rk T 2 2 ENARER DX EEMAEEN/ NIV 22N DIZBRONTZ, 2O, 5 kB~

DERIED 2+ 3FMMBFEL (I, WA TH - 7257,

HBIRDO—H %2 2 328 bEMEECT1 R~BET 5L E LT,
R TR TCORISHEAZEET A ENHELE S22 b, 2 RKISHICOWTIZHENOIEMEE

RAETXT1IR~WELEE, FIET52 8L LT,

VGIREAREHE O EFICE T 5 1E3¥

DLTHICAEL) Z2EL. 3 RIEMH
T, ZAKENDRL 1~4

2.2 RISHEI EIFERE £2 BERAKE -EGBEFREE
2.2.1 fERFTEOER FAIKE(m¥/h) 855% 5 & (m¥/h)
S EFIZET A1EEIE. 9 H 3 A 10:00 1% | 2% | 3% | 4% 2R51%
D) Eo 24 E%‘: Fﬁﬁ 71 U. T %ﬁ@'ﬁ— %z LlL = 9/3 10:00~ | 200 | 300 900 600 200
- e e 9/410:00~ | 200 | 0 | 1100 | 700 0
DD 1 F R IEAE ~OFEE JiE A K E D K 1300~ 1500 T 0 | 900 | 0o 5

WREZ TR X 9IC, MAKEEERET

JERE A4 200m3/h ([TERE L2 (R 2), 1EEKR TR, 2 RRICHELZIFIEL T 1RRISHE~DHA
KEEZRAIZHLT I LE L, SEHOM, MLERBERIIITHARNI L& Lk,

2.2.2 {FEFEORIL
AELPECREBCIEMNEGREZE®XET 5L, 32 M

LSS MR T+ 28NN Ho7T=, 2O b,
HANC Y I 2 b—va rEFEm L, FEFBORGEE
1172,

MHEETILOER

i L7 n fl O RBEER D6 KD BOSHEIZ 20T

ZDHIHLDO—D>DRAMD MLSS &I b1, W& I
XDOEZEZFIZESZTORXDO XL I ICRT Z LK
Lo ThuaENEMHTHIEQORDLIICRDZ &
MmH, B XD RERRE O MLSS (£, M4
BF (t=0)123 1 5 MLSS L AKENLRE D,
ZIZT BV DRI ONWT S, FREED
EICHERRAMEPEE L2 bD ERESL T &0
5. N O MLSS B2 X0 - @R H & &
AT, BAZERKICEATDICEEL, FANZHE
Bt AR T 2720, KABRFR 2 [ 7o R %
1To 7=,

OBBRMEOHERER
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dCy,;

1

dSp

dt v, de 0
1
Coes1 = Cpe + A X (Spes1—Sne)* @
n

C: MLSS(mg/L)

S 5 RE ()

Vg #E@ms) n lES ¢ HAT v 7

(GtEICARVEHK]

#2: FE12000m!| F&1: 7 28000ml

MEBACESR  MEATESR
| |
maimn |

o
o

RAKE
:40ml/min




#£3 KRBEBEREHN 1000
MLSS(me/L)| 5% A 7K B (mL/min) 800 L= FieiiE 0
g
FAK 50 40 %’600 N & v
— 400 ]
MAFBIR 4000 20 E200 N
: - .
0 2 4 6
IKALER R R & LT 3™ X HIZ 8,000ml e SET At
L 12,000ml oA HE KGR 23 L7 A R B4 MLSS mEAE - SHEELEK
20,000ml oH D (Lxr W zxbih) ZHWE, . La
C OB SO E R E T . Bk & i R4 HABTESLERE
LR HE T 2 R T5 TR & 4 vk B e 1 Ak (B - ‘%( ; 2%—*( = 3%( )
BloeE2 m3 =N =} m3 =R <I=A m3
ToORAAE A S AEE R A = f; == i =
MLSS % — @M EAE Lz, EFBEIZITEWREA ® | 280 ® | 640 ® | 1280
KB ABRROBGE2BE5, £30k> o102 B 60 G| 1260
IREEBRLME L, ZRBEANREHAERO DL T ® 662 ® | 1280
- ® 331 ® | 1280
T+ T r—yarEiTo, @ [ 729 @ | 1280
QEBER 128 1280
412 MLSS ® Wl & FHEAE %2 3, FEHME ;gg
(ZOWT, EERBIME 1 %1% 31mg/L &Ko @ | 612
P AL R TR L PO B AR K 5 A K 212
ETEVEIGIRICE X b 25 6 IR 12 720me/L g:;
Ehrol-, FFEMEITEIME BB R—HL TR
D, SEFEHLZHEET LV TAKLE
KRN D 15 M5 B O Fi Eh R i & 3l B C© @ d ©) > % D
X, ozins, AitieFre BB b OB O
e = L2
AWT JBREXTD 1~3 %D MLSS , @ e« @ « 4= ©)
' -
DEBHETFNT S L L LI, ©__p PO P g
DL E QF—EEAFE Q~BOF—1IFxiE
(2) 5 RERE R D NLSS T8 D~OE=MEFE  O~OF_4F5H
1~3 ROV TRERICHEK T [ 8 @ B 0 P @
(% 4, 5), Tk, £ 27T
AREAE 2 H G jERss i o MLSS e @ » -
BRI, 2o, KIGH AT < = = $
B B6nkoic 2.3 ooy [T 3 > 0
7k75’§7k§1%(/ﬁ'3/ﬁ\ LThBZNEND @ s @,@?ﬂ%ﬁﬁ?% @~@® it

BB AT A b0 E L, &
7= \MLSS @ #J #ffi # 2 &2 T 1500mg/L,
3% T 2000mg/L & L. 2 %% b

1\\

M %

M SIXTEMEG e 2 28 1RO ~.

5 JFRIDHERFES (LEMD1-2-3 %)

T UL 5 1F 240m3/h A 3 B SR~ IR %

- 161 -



LM E Lic, B  RETGIR EIZHOW T,
BNV NZ ENOERESEE BRI LT,
FREMAREEX TICRT,

M7 L0, FHEMERECTIE. 9H 3 H 16:00
A2 1% O MLSS 231F1F 1000mg/L (2 2
T5H—FH., FH 9 H 4 H 900 12 3 %D
MLSS 1% 500mg/L BREEE TR F L=, 2O
ZEMS, YHDAF Y 2a—LTIE 3 %D
MLSS A FAVWFECLEIEE X, ARAL
AT o T,

Q) EBHINCAZELZBELEED NLSS F 8l
AVE LA E L EIEEHERAERE LT
1% MLSS # HEE® 1000mg/L L E &3 512

X, 2% MLSS #i# % 1500mg/Lf2E D & =

5% 4000mg/L LA EICT 20 ERNH D LB X

bhlc, 22T, BHERRKICAELEZME

THEVMEKEDOENZLY 2% MLSS 28

EH L. 3% MLSS (34 4% = &3

TRINEZEND, A% LOMEIR

[ 1%%:511?&?&] [ 2%%:523%&] [ 3%%:%@&5&]

L A A A A A A A A A

[T

I AELME 23R K
SRR KA TL IR
2%
R 3RRIGHE
R IIE %5
200m3/h 200m3/h 300m3/h 900m3/h 240m3/h

2500

6 /ﬁ/ﬁiﬁ%@*ﬂ%:u

2000

LR

2R

had v:: 3R

500

1500 S
1000 \ )<‘ -
<

0

P L O LR O ®®©
SO LSS S SSS
AN NN SN I ©
9

/3

Rl
9/4

7 FEiRERZED®D MLSS (mg/L)

x5 BEROELZEH

£V 2% MLSS & &8 %5 HiAIZOW T,

VIal—varTHRIFLTZ, MAK 2%

EEITEE RFOMEE B EBICRE L, 3%

SRR O b OEMEH L,

ICRERZ AT, AR LOMER, 2 &
MLSS (% 4500mg/Lf2E T—E L 2 5 L HEE T
X7z, £72. 3% MLSS % 1000mg/L Pk EH#EFF
TELHLEEZONEZ LMD, MEA~DRE T
INEWEHIBI LT, IR, AELICOWN
T, VGIRERE HUAATICHE L, 2% MLSS @ |k
AR L mHERETLIIEE L,

223 AELEBESIUVBRE

AL OMEE8H 29 H 14:0012F i L 7=,
# 8 H 30 H 17:00 ®» 2+ 3% MLSS 1. Th
Z1 3800mg/L, 1200mg/L & (ZIFHE® Y D
R ERol, ZOMOWISHEHAIZEIT S
MLSS ([ 2>W T, EEO KBS 2 RICHE L
FER L, EAE A B LR ERK 9 12T,
MEEBBR—HLTEY AHEET VL,
FERFRICEM LG E b RGREEEZHERT S

RAKE HILERR=E REFRE MLSS
200 m¥/h — 150 m®/h 1500 mg/L
1100 m¥/h 700 m3/h 240 m¥/h 2000 mg/L
5000
4000 —
/ — 0 FMLSS
3000
2000 4’/' 3FAMLSS
1000
0 . . : : .
0 5 10 15 20 25

A% LEEDL 5 0RFEFM (h)

X8 MA%ELMEEDMLSS TR (mg/L)

4000 //%
3000

2000 ‘%—\___«_—’

1000

—== R === RN
0 DR BRI e SR BRI
15:00 21:00 3:00 9:00 15:00
8/29

9 AZELMERD MSS #& (meg/L)
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600 4500
\ — G R R ¢l 4000
= 500 - o
2 \ - IRIEAKE ¢ 3500
£ !
& 400 \ IZMISS | 3000 5
Auj n
Z 300 weMLsseay 1 P00 2
T \ .l - 2000 2
i P *S - S
< 200 '-W 2 1500 £
’ ] - 1000
é 100 ~ \
S ' ~+___ - 500
o MILLLIIRINLLLLRELRSNARd 0
eNoNeoloNeolol~RololNolNolNoNoNeNoX"
ON F O©O VO NOAN T ©OWOAN T ©
N = =~ = & &N — o= o=

TEBRRENT, BB ABLOBEREEXIT-o7- 8 A 31
H 9:00 (21 2 & MLSS /T 4000mg/L Z## x . HIEL L
72 1 % MLSS1000mg/L MK T& 5K WL & 72 o 7=,

2.3 RIEEOILIT
2.3.1 ML EIFHER
MEBERGEZERV 2 RARIGEDEL
1 SRS ~OIEMETG R EEE L, £ 2 O H 2R
HIE L 94 3H 10:00~4 A 10:00 (2% L7, X 102
EETORXEGEE, 1 RIMAKELR 1 -2 % MLSS
nvfozzré\1ﬁsMLsswu3510@0~4E3&oow
TN 5 7 it (B SRS R i - 2 — A SO R i - o IR SR A
XW-”*%%Wﬁm-“*ﬁwW%)f1%%*&L
RHE LRSS0 M. 2 % MLSS 13 it Al oK i 1o 3%
BELTHHHBOHUETH S, 1% MLSS IZ2W\ T,
BIRER A BRAA T4 . 3 B 18:00 121X 1000mg/L % L[E Y | 4
H 8:00 (Z134 1400mg/L £ T LEH L7, D%, 2 %
MLSS 2MZIEE r & 72 o 72[F A 10:00 (ZTE MG e O fi5 %
BT L, 2 BRICHE~O FRKOmAZEIL L, £
ERIFFIZ 1 RIS ~DHRIRE LB L, 15:00 121X
ﬁAAE%aMﬁm;%ELkO

2.3.2 EUHBREGEXFEEOBRIE

ATECHWEHREET VICL D 1 RSN OIE TS
IR « BRI O FE 2R a7z, BRI, £9°.
1 RIRAKE, 2 R0 D OVHREEE R 10) & O
» MLSS FERIE A Hiz, N MLSS #RRFAL % 51 &
L7z, I, BESAELLAL D 4 D FTic B 5 MLSS E A
CEEE E DR ATV,
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HEEROFHAME AR LT, KB

4000
3500
3000
2500
2000
1500
1000

500

3500
3000

2500 -+
2000 -+

1500
1000
500

2500

2000

1500

1000

500

1500

1000

500

800
700
600
500
400
300
200
100

(st ]

!“'
| & EH

rja & EH 3

(G = faup|

L =¥ |

O : FHE o8

(Eimvsri L) |

0O & E?‘

& E]

Ty

[ —fsain ]

0 - | GH

9:00

9/3

B 11 R

15:00 21:00 3:00 9:00
9/4

X LR D
1 % MLSS =& (mg/L)
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MLSS i EoRRE{aFE L, EEGROWRERRZ XK Lz, b, SHEKF. AEED
SRR O b O & EH L7,

B 1112, MLSS FEHIE & FHHREO k2R3, HiE o MLSS 135 IR #2355 46 & [F R I &
FH LU, 14:00 12/ KT 3500mg/L FREE L 20 ZO®RIKF L7, Zhaxi), 5o
TlX, 21000 TAICIRKERD ZOHBIKT Lz, — . F _WMEFEM ., 5 454 <1k, MLSS
T EH AT, B RO TIE, 90 4 B 8:00 1 680mg/L &Aoo, A& AL
TOFHEMITIEAMEE BBR - LT, BEMEIIRIFZE T,

M 12 1%, & EK 7O MLSS #HEM R A K EHFAICEFIEIC R b, $EGFRICENER
DR RINENERLELDOTH D, RKICALND X Hic, EXFBEBER, R ~8 K
@%@K&Eiofwkﬁﬁ%ﬁm\ﬁﬁ@ﬁ@&&% %—%xﬁ B MERRRAE . BB AT
SEA~EBH LN L TWE, 9H 4 H 8002k, ZIEMANEEKICEN-TZ, 2D XD
K\ﬁ%%?w%%mkyi;v~yaymib\Jif¢¥$®ﬁéﬁﬁ®ﬁ@%%%ﬁﬁ
RS 2 E sk,

FERFES (B55ER)
zﬁam\@ly—l\@ @ 6 ©®|o ©@ oo @ ® ® ® ® ]

[slsl=l=l=l=l=l=]=1=]

[ P
QLOONPINHRWNHN 2O
8oooooooooo

21:00

12 1 RRIGHEN NLSS Mt EHER (mg/L)

3 FEDH

FOSTENORE) Z @M HBER T 285 RitEET v E W, fFEAT Y 2 — VL ZWKEE - B 1E
THIET EELZIVEY R DT ERNTEL, F FAHEETALEH VWD Z LT,
RSOOSR B W TIE B IR DB IEA L, *z{}lu LTCWSBRFZHRBE LT Z N TE T,
ASEIHWEHEET VI, REZ L% ‘k#ﬁb%ﬂ@ﬁAﬁkWDEﬁ%ﬁm%x
#K%wfﬁj¢5%®f%5_&ﬂE\lﬁﬁmﬁi ZCEWIREREER > O L H
AOND, ZORDBHALNICRSTEZEFIARMEDORHHODERDO—DOTHLLEER D, £, K
ARETAVEZMVERBIY I a2 b—vaid, TOMESPLMOE 7 =2 W THIEM
R Bbid, 2oy, 4%IE. BEOEBRER~OIEHRE, RFREETLVOEHORKE
JRFTWELZWEEZTWD,

2% Xk
(1) FHmiF S, 2 7 v 7 A KR — R R — A ARG~ = = 7V (R), Pk 14 4 3 A
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2-(3)-2 HyBKBEEVI—RBRIZCETIVAREERIETO

FREEEEFOREFIZRAITE-RYMAHZDLNT

HorgKEAE L Z—
AN E, Bl WHE, WMEHRE, &LUE—, EEEC. BHEEREG, aER

1. [FLCHIC
HorlgKkEEE L Z—IZBITSHRKRD x1 REZOERMRLEREKRKDOY A
SREEHIT . HEMERR OB DV RN FETEY ABRE (2011 &£ 10 H~20125F 9 A)

WDIZHEB L TN DHZ L Th D,

SO 7% O 4 RS A D 0 AR %4k R YABRIEY A
PO AR LR A RS L R (me/L)
HYEE BT S 1,2 RICHS, D AR LN Riadicri ) P, 0.5
#&HMIC L7 AO (Anaerobic-Oxic : 2% |4~624E | 0.8
BER-IFR) 1. A20 (Anaerobic-Anoxic- 3% | 7,85 | AO% 14
Oxic : M5 -MEfE SR -4 <) 1A TRET 5 4% |9, 1024 | A,0% 16
3,4 %D AP AN E N LA
PhB,

ARENIZORKEZIBFT D & L bic, 3, 4 RIS FRHAKD Y ABEYED ARE 21K < 5%
WEME LT,

2. EYPEHMYAREIZCETS5EHBOKRE

EPEBRE WA FEN Y ARET, BERNICOAZZEICERT 20 AEEMEOMEE
ZRHALTITbR S,

D AZREME T, A CITERNICERB Lz AEKREL, 20 L XICEKRT IR LT —
EHOWTHEY (ZICHEEE) ZAENICERY AT, ROTHKME TIX, XM CRVAALLESR
BYmo—HroimohdzxrxX—2 M0, BELEEIVZ DOV ARKNIZEIY AT, Z
DL, WALHMAE NAEBEZFAAL T AZRBEERTLZZLICED, WABRKRESN
Do

BHEIE &, BEE, e A U@, BRSO LT, EMFERY ABREITITHE KRS LA
THHZERNTAKRIBRAREDBHOAR CTHBEMNER TSN MbNA TN 5D,

3. LA RREEHRHKOYARENAEVWREA

3. 1 RIEERAKODYVABRMYARUVEBRBREE

ERASIAERAKD O ALY VR OEEBIREA R 212737, ko, UFoZ &R
Wx 5,

® [ULHETAKD Y ABEMEDY AIREIX, 1,2 RITH 3,4 2D HFBEW

® HHEMEEEIL. 3,4 RDITNEN

3,4 REUSHERH KD ABRMED VIEBEN 1,2 250 bE< 2501, G RAKDKE
DEWVWHER TR EEZBND,
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K2 BERBREERAKDOYABEYARUVEKEEE (20125 A8~10 8)

ki VABSTHEYA | BEEEEE
I | e (o)) (mg/L)

1% 3.0 12.1
2% 36 95
3% 3.9 6.4
4% 3.9 7.6

3. 2 BRHRIGERAKODEBREICENH-ER

RGN K DO JVTEIE D A S A IR IR EN B R E2 5 2 1=,

W% DG K OO % X 11ZRT, B2 bR MR ~D %K (HEK) &iGHEL
PLORFEAKIZIBE K FF~NRAT D, M7, HMAER L THrb oK GRHARY 7)) LM
ATy T T b ORGAK (7 7REK) FIXHEKIE~TAT D, 2 DOEKIEND
DVEHAILE LBt O Fai THW L, FH L2 R TS~ TR, Z0EET
BRSO TlE7e < M@K . BAEKIFEOFTHARIL 1, 2 R~ FraEKH 0§ KT
3, 4 FEA~WALRLT <o TN D,

B%EK
e [

B LR R K

lT
§

-
.
HE AT ’ @

HEKH

M1 HERDBFKDRNDHEEE

BWMAKDY AVFRYED AP, ARPBIRE KR OKEL R 3ITTRT,

1, 2 RMPASTRA LT WHEK & THIRFEAK TIE, 0 ABMED AREIIKEDZWVHEEAN
<, BHEBIBEIImE T EbEn,

—H. 3, A RANWA LT WHMA R T L M7 7 R AKTIE, D ABBYED ARE LM
TN EEE RO TE L, AEBRIEEIIKEDZWEEA R TR AR 250 TR,

INBH XD, 3,4 RCAERAKTIZ L, 2RI, D AUEEY ABRBEITELS . BHEBREE
FELS o TWDH EEZBND,
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£3 BRAKODYABEYARE., EEBEERUVKE
(2012 &£ 5 A~2012 & 10 A)

2= % RISFEAD | YABHEYA | BHEEE KE
RAKDRR | g AdLots | BEm/L | (mg/) | (Bm/B)
3 1.7 17. 21.1
REK | 254l 6
HIRALIEIR TR K 4.1 27.9 4.0
¥t R TR 1. 1. 1.
AR T 3. 4% fil 5 8 61.4
M7 IRFK 20.9 19.9 10.0

4 B ARREEREKOYVABREZESTEIRE
4. 1 =EEBRAZk

3, 4 RFCHETEHAK DD VIREZRL T DK E LT, LB g A K Z — & HIH I E &
JEEEDE LIk T AKBRIEE 2 EH S KE2SHICHA S ThHe, BRI,
55— RKRFAT R h 2 52 25 — PR i A /K 25,000m3 % 10 H i E <. 10 A 10 B 12 KE)»
511 H 3£ To 15 KR, &K 1,700m3/h (R 7 KEES) THAEKFICEGERA L
(R4, FEKHORBICKTI2WBEBESLEKOBREOEIGIZ. M 54% EHEIND, 0B,
ZOHBANERIL, BiIROMEEEGD, BROZEN VM EZRAL,

BEE L KEHERAT HEAII0H 1028 5 3, 4 RS H K OIREEE £ 51277,

x4 EEBAE £5 3,4RREEREKDIKE
HESEKE 25,000m* 3% 4%
HE=HR 108 FH MLSS (mg/L) 1,200 1,030
~ DO (mg/L) 24 25

2 A HARS 10H10?1152§FE])11 H 3k mg
T8 YABTEYARE 97 97
BRAKE #1.700m°/h (mg/L) : '

4. 2 ZEERER

4. 2. 1 BEELREKOEELHM

FOSHEAD, HOICBIT2HES L /KORESMAHE Lz (K 2), H b, K
DOWREEFFIZZNZNH 3 M EMHN 10 THDE 2 N5, 10 B 12 BRICH A K FICEAS
NToKIZ, B —hBmhZ2 @ ) SOSMADICET 200 15 K, RGHHOICET 2028 11 B 1
RpLEHREND, Lo T, KIGHHAOTEOEERNHLI DX, 11 H 12D 16 FFE TLHE

SND,
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H 10H 11H
B 10 12 14 16 18 20 22 2 4 6 8§ 10 12 14 16
onl} W
A0
Ry

X2 RIGEAO, HOICETHIBEEZ L/ KOZEEAM (HE)

4. 2. 2 FHHBEE

iR A KA 10 AR E & LR R,
AHEIRIREE DS T6mg/L GEE O T~8 %) IZ LA L
7=

IE & L7oKOFE AR & A2 EHH T oG
AR DO FRERIRE 27 6 1277, 3 5%IE 0.0
M5 9.1mg/LIZ, 45%1X0.0/005 9.7Tmg/L (21 %
22 EBnbhb,

4. 2. 3 VYABBEYARE

x6 "ARIEERA

By 488

Foa

B h o Rk

WHERAKOAEHEREE (mg/L)

3% 4%
& AHI
(108 108F) 0.0 00
BAZEHRE S
(108 168F) 91 97

D ABRIRFEGHES CHEFHIE S L7z 3, 4 RS HIK D 0 AVBEPE D ARE ORRKREEA(L 2 X 3
T, M2 K0, KIGHHEDICRBIT2REE LIZKORAZEYMIZ11H 1KENS 16 KT
HO, FTOHMICT3,4FEH 0 AEEMED ABRENZMICICT L,

3.5
5 con LI\
—~ \
3 \\\ =75 v \\\
oo o e '] -
E 2.5 v \\
- :>\
s <
< 1s A S
- . ‘\ ,
o - 3% I .--
< e 4 2
=05 € >
BAZEHAR
0 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrirrrrrrrri
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00
10H 11

3 3 ARRIGHEREKDYABREYAREDREREL

LR

5
5. 1

B, 4 RRIGHERH KDY ABREABVNRE

D ABREZ BT L. AOTE, A2O IETRILT 2 3, 4 RO USRI KD Y AFRYEY AR
B, EEEETRET S 1,20 80 bE < 2o RIE, ROSHERAKDOKEDENTIE RN E
EZT, 1,2 RITHA 3,4 ROSFERNAKD D MY ABRE M < . AR TR,
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]

i, KEDOEZRD 2 503K (IHAEKIEXLTCHAEKE) DOOFRAFEGN 1,2%L 3,4
LTEITZDTHD,

_}:\&\

ZIN

5. 2 3 4FRREERHKODYAREZESTHHE

BRI A K Z —EHEMESERSEL2 218 -oT, ARBREZ LR SE2K%E
FOSHEICTRA SETZE 25, RUSHRAKOAREERIRE R & < 720 . BOSHERHAK D O AR
DABRENET Uiz, ROSHERAKOEKRBRIREZ SO D2 LT, W ABRENRIICITON
LT LRl

6 HhHYIC

3, 4 RLUSHMAKDOBEHIEIRE S LR XG50 0 FRERF LT,

® GHEEAIREE DARET A KR A K & B HERR IR O @ W HE K IETRAK & BB —IZIRE D
it 5% O 7% T

® HHEERIEE O E G IR ALELR IR K O F S K IF~D A

LSBT, FERDVABREOMRBEZED L L BT, LROMREFSZRAMICE 2, Hiik

DK D Y JPREZIK S LTHETZW,
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2-(3)-3 AZE_SKEBEEUEZ—IZTEITLHRLA0EKL

A0 EDHERIRAE

PR N K E AR AL B S KA X —
EAZ T EMERE . R, EEEE
1. FL®HIC

L E_SKBAEE XY —TiE, BELBICELRHIHEENEOEMEZM A, A0 ik
Mgk & A FEREDOLBKE Z/ 25 BT, Fal 22 FEIZKARE 3 5% BRSO B R O —
Wa2EH L., RERCHLIEIERR V2R ET 2R R LHFELEFEH L. Fk 234 2 A 21

H2b 3RZ 5L A20 EHIsR & L CEM A2 L 72,
Bzl P"BM L2 b, B - SKEAEAELV Y —CTHEIToEHELEE
AL A0 VE L A O ED S DO MBI A Z FE L7z D T, T DO/ REHRET D,

2. mERME
KAVER 3R &L 4% (B —EBMZER<) OBMELZR 1 LUK 1IZRT,

K1 SREARODRGERVEZLIRLOME

3% 4%
IHH ==X v} ESENE (Aé%)
(HIPRIRZAL0K) 2
& m 47.4 47.4
& m 6.8 6.8
BHKE m 7.5 75
AME=E m> 9,670 9,670
RS _ (B S| m® 1,209 907
e -EEREMA — 907
(L) |EER| m° 2,418 2,418
FRl m 6,044 5,440
HMaAR F B hE @R F 8 AR E R
BRKE m 45 45
SELURS 300 X 243K —
Rk (BRUREER 300 1 x 48%K —
IR 260 1 X 2,820%K 300 1 X 1,0994%
HiEH — 5.5kw X 84 +3.7kw X 25
REFRAR T 7.1m*/min X 28 6.3m°/min X 2&
Wi REIRAR T 3.6m°/min X 2& 6.0m°/min X 38
& m 54.6
& m 27.5
== [AMKE m 2.8
LB | AR E m° 4,200
KmEE m?> 1,500
ERSE m 199.1
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3% BELEA,O&

w7
T1IRW X 28

4% : A,O%

<
—| |_

M1 REBEEZXEBRLOBE

Bl A20 JEIC B L 72 3 R RS HE 0 = 73 o & A 1
(1) ARIEhE L BREEPRICHEZZE (A # 2m, 4 1m)

(2) 1 RARIEHE» SLEMBRE 7 2 5 2B &
(3) BEMUMfSAE & SR R OS5 b £ 1 2RV 72 4 % P 1L R C P 28

(4) 458 O BCRR & ) 6 G (B R T BT

. RAEBEAE

Wopk 23 42 8 A B Rk 24 /- 2 H £ T
AH2mZEAL LT 24 EHAEZ A1
M FEH Lz, HEFEMA 2R 21TRT,
24 WRF R AR A CUX . BOSAE R A K TNZ 3
FE 4 FKROE LB K 2 24 KE R 4y
BRI L, IBAREZER L TAED LR
FEkE (LLF, BOD), ATU %/ BOD
(LN, ATU-BOD), 2% % (LL T, T-N) .
20 A (LT, T-P) #44L7c, A
25, BOD, #2F KUY ADOEHREL
LEAXDRERZHET L L L BT,
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i
6.3m

UTDEEDTHD,

®2 24 KHEAEREH

1\ 2[a H
Bt B #TH Fise B #TH

8A 2 3 24 25
9A 14 15 27 28
10R8 18 19 26 27
118 16 17 29 30
12H 13 14

18 17 18 24 25
2R 1 2 7 8




HERT — X M5 AsO 35 L AcO D EFZER VPV ADOBREEEZLR L, I 51T,
D AREIZ SN TIE, 24 BEMIRAE & 3B 8 A D 2 AYIA £ To 122 [B] (PAC 1 A K
L) OBFERBRT X0 T-PRENLKENNEZEO QMO LENEZ LK LT,
T, MHEHAEROCUEEAKENZIERE THoFEM23F 12 AT — 2 2 v, Kt
MOWMEEELY LT,

4. EELKR
24 R A I A OEEIR W &2 £ 31277,

x3 HAEXREBDOEHRKRR

KEX 4%

15H B FEi =/ =X FEi =/ =X
RIGHERAKE m°/d 22,800 17,900 29,900 21,040 16,500 26,600
REFRE % 33 26 50 34 27 52
fEILRAIRE % 75 56 94 79 0 116
fEIRLE % 108 93 128 113 52 147
EREE(KE) = 35 2.4 4.4 4.1 2.8 5.3
MLSS mg/L 1,920 1,500 2,460 2,030 1,600 2,680
A-SRT d 7.2 4.6 13.3 7.0 4.7 10.6

(D) B h 1.3 1.0 1.6 2.2 1.6 40
HRT () AL R h 2.6 1.9 3.2 2.7 0.0 3.5

X h 6.5 4.9 8.1 6.3 4.9 7.9

2K h 10.4 7.8 12.9 11.2 8.7 14.0

FOGHEFRAKEDFEYMEIL, 3 70N 4 RLEV L 8N REWETH-7=, ZThix. FH
RFHHFICE 2T, FERORWVIEKIEHIZELVZL DO FKERAIELZDODTHD,

4 FOMWALIKIEEREFIL, 1 H 24 BICHILIRTER A 721 Lo, &/NMEMN 0 &7
o

PEREAEROFEEMEIZ, 8 R 0.6 R A2 MEMLoTz, ZHIEBAKEZRXILEDO /NS e E
EEREEMNICZBLEZDTH 5,

<A HRT X, 4 RDIEFE 5B 3R L0V b HETFEN-T, 20T, 4 ROMKE & %R
MomMBEH S (K10 A2 X)) 2858 L TCEHLEZOTHD, B, 3 Rix., &
PR, P ERZELOGRMEO{FEAORBEEERTHZLIEITERVEETH D,
DEnXHic, HEHMPDO3IRE4FZOERRLOLE T, BiE LS L 3ERE L
WCEKRTL2ETOERTIHLZ, HEMNMEPITEBERMFICRERETEN T2,

5. REMR

5. 1 24BMEEAETOHOBIDNDZE L
Al AAK . ALK D BOD &L E 2 KON 3177,
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® RICHEFRA

160
140
o0
~
= 120 S
= o © o
€ 100 ® { )
~
Q s @
[
60
40 N N N N S N N S S S ——
A 0O A4 N O N O T OO T Mmoo N
S M AN AN 4N N AN -
[ e T e e
0 00 O OO OO +d 4 NN+ +H N
L B T B B B |

2 RIS#RAKBOD DZE L

Em3% O3FRATU A4%R A4RATU
10
8
=
> 6
E A
o n._
g 4
@ A
A8 amoann o
O | I I I RN S S S S S N S— E—
I O «H N O 1N O < O < OO M 0 N
s edaodaoagcdodddd
00 00 OO OO O O +H +=H N N 1 —+H
™ = o

3 sk BOD K U ATU-BOD > E 1t

B it AK @ BOD &, ARKIBMIZ T T, thxlZ EH T 26 Th o 7o, &KL 2
H1H~2H® 183mg/L Thol, DO —FT, BHOEEBEOH -7 8 24 H~25 A I
X 70mg/L F TIKF L7z, 28, 1 H24 H~25 HOKTIEHAIBOFEOEEB LS LD L

FEAbND,

MELKIE 3%, 4% L HIC BOD RO ATU-BOD & b ICHAKENE FLAE 1A 24 0 %
fRE 1~3mg/LEELIKWETH -7, 20 LI, WBEAKFPIZT v E=THERDEGF
L77%. BOD A 4~5 me/LfEJEE£ T LA L1,

5. 2 2ABHEAEBETCOERNDZEL

B Rl i AN K B OVLER K @ T-N @ 254k %
X 4 (2, KIOSHERAK, 3 RAE K KD 4
RUBEAKDOEFONRER 4 IZxT, (L
T, 7TrE=7 MEFEIT NHeN, fAg 7%
ZF 1L NO2-N, M F 1L NOs-N TF
7T.)

FOSFE i A K @ T-N X, BOD & [ k(2 &
AKIBHIZ T T, A ER TR TH
. KfEIFZ1H 17 H~18 H® 30.8mg/L
Thole, EO—FT, BRHOEED® L
BAEIE, AKX T-N A 20mg/L % Flal % 8
Bbd ol ISR AKDEIZ S D
boF, WHKIET 3 REN 4R EBITRE
XA 2> 10m g/L % FEY BA4F 72 R fE T
»H o7,

EZFRONFTIT., RIS AKTIZ T-N IZ
%3 % NHa-N OFEEN 7T1% ThHho7=, 3
F L 4 RABEKOMAITIZIER —Tho
oo TOWRIT., K52 NOs-N ThH 3 0

O RICHERA M3RMIEK AsRNIEK
35
30 @ . ..
- o o
S e ©_ %
w 20 L o
g o o
z 15
|—
10 Al m uuﬂ ..........
AT .
O 1 1 1 1 1 1 1 1 1 1 1 1 1
S850R828833322%8
TEESSSSSSSISSS

4 T-NDOZE 1k

®4 BZEXRORR (FHE : B mg/L)
T-N | NH~N | NO;N | NO&-N |#igtzs
RIS AK 235 168| 0.1Ki%| 0.1k 6.7

3FR ALK 11 01| 01K 6.8 08

4R A1 K 76 0.2 0.1FKi& 65 09

- 174 -



WCEMMEEZDNERGFT2HmCTHoz, £72. NO2N F2£TOFHET 0.1mg/L £iili TH
S>7, NHs&N EEHMEEEOEFH T 2mg/LEzBE 2252560 H o720, K4 1EL 1 mg/L LA
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4-1  Technology Development of Anti-seismic Structures for
Sewer Networks

Yukihiro ISHIKAWA

Bureau of Sewerage, Tokyo Metropolitan Government

ABSTRUCT

Japan has experienced several major earthquakes in the past two decades: the Southern Hyogo
Earthquake (1995), the Niigata-Chuetsu Earthquake (2004) and the Great East Japan
Earthquake (2011). These earthquakes damaged many kinds of infrastructure, including sewage
facilities, and resulted in a major long-term impact on civic life and urban activities.

Almost 90 years has passed since the Great Kanto Earthquake of 1923, and there is a 70
percent chance that a shallow-focus earthquake could hit directly under Tokyo within the next
30 years.

The Tokyo Bureau of Sewerage is working to develop seismic technologies to maintain
sewerage infrastructure as well as ensure safe evacuation and toilet usability in the event of a
major earthquake.

Here, we would like to introduce our seismic retrofitting measures for the joints connecting
sewage pipes to manholes (which have shown significant damage during earthquakes) and a
trenchless seismic retrofitting technology to prevent the manhole uplifting that results from
liquefaction. We would also like to briefly introduce a new technology currently under
development that prevents sediment influx into manholes during earthquakes.

KEYWORDS: Trenchless seismic retrofitting, liquefaction countermeasures, manhole
uplift suppression, new technology

INTRODUCTION

Sewage works suffered significant damage in the Hyogo (1995), Niigata Chuetsu (2004) and
Great East Japan (2011) earthquakes. Ruptured sewer lines (Photo 1) and uplifted manholes from
liquefaction (Photo 2) made toilet facilities at evacuation sites unusable and blocked road traffic,
thereby seriously hindering post-disaster civic life and emergency restoration efforts. Final
treatment of sewage was stopped, with workers implementing stopgap measures such as the
construction of temporary settling tanks on facility grounds and in neighboring canals and, for a
limited period, carrying out only primary treatment of sewage waste.

The metropolitan Tokyo area is estimated to have a 70 percent chance of experiencing a
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magnitude-7 class earthquake within the next 30 years. If a magnitude 7.3 earthquake occurred in
the northern part of Tokyo Bay, an average of 27.1 percent of sewer pipes are expected to suffer
damage. If the earthquake halted sewage functions and a major rainfall occurred, the system
would not be able to carry off rainwater, potentially wreaking enormous damage.

Earthquake measures are therefore an urgent issue and require further strengthening of efforts
to mitigate damage and accelerate recovery and restoration.

Heavy traffic in urban areas such as Tokyo makes the regulation of road lanes during
excavation difficult. Moreover, open-cut excavation for the implementation of seismic
technologies in sewer lines presents difficulties since water, gas and electric lines are also buried
under roadways.

Given these conditions, the Tokyo Bureau of Sewerage is working to develop trenchless
seismic retrofitting technologies for its sewer lines.

Photo 1: Ruptured connection between Photo 2: Uplifted manhole (2004
manhole and sewer pipes Niigata Chuetsu Earthquake)

Plan to Seismically Strengthen the Tokyo Sewer System

As part of the Tokyo 2020 Plan announced in 2011, the metropolitan government is actively
promoting earthquake measures in its aim to create a disaster-resistant city and enhance the
metropolis’ credibility.

When selecting sewer lines on which to carry out seismic retrofitting work, the Bureau of
Sewerage gives priority to “points” of attention such as sewer lines and manholes that carry
wastewater from disaster center hospitals, schools that serve as evacuation centers, and parks that
serve as evacuation facilities.

Specifically, the Bureau has been surveying the joints connecting manholes and sewer pipes of
700 millimeters or less at 2,500 evacuation facilities to determine whether retrofitting is possible.

At the end of March 2012, 78 percent had been surveyed, with a planned completion by the end
of March 2014.
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Moreover, the Bureau is also promoting another seismic measure “point”: suppressing manhole
uplifting to ensure that emergency vehicles can pass over roads during a disaster. These
measures are also being applied to manholes on sidewalks to ensure passage to evacuation
centers and the like.

Specifically, these measures are being applied in areas at high risk for liquefaction to roads
designated as essential emergency transport routes and evacuation routes in order to mount
recovery activities during in an earthquake disaster. Over a three-year period beginning in 2008,
the Bureau implemented measures to prevent uplifting of manholes along 500 km of roads
designated at emergency transport routes. From April 2011, we have been working to implement
these same measures for manholes along the 1,500 km of roads that access these emergency
routes.

Given the danger of an earthquake directly hitting the metropolis, the Bureau will need to
extend its seismic measures in stages, expanding out from such “points” to “lines” and
“surfaces.”

Seismic strengthening of “lines,” or the actual sewer pipes, is currently being carried out as part
of reconstruction work and is by necessity a long-term effort. As such, there is need to proceed
with such “line” work—seismic retrofitting and reconstruction—in parallel.

Rehabilitate or re-lay Designated “Stayed-in” Districts
superannuated pipes

= Evacuation [

Seismically  strengthen  catch
centers, etc.

basins and collecting sewers

Water
reclamation
center

* Stayed-in Districts
Areas in which there is
no danger of fire
— spreading in a disaster
Add flexibility to and for which large-scale
Jrg?:]’]tr;o'e-sewer plpe o [ Suppress manh0|e Up“ft ] evacuations are not

required.

Ensure that emergency vehicles can pass

Fig. 1. Overall image of seismic retrofitting and reconstruction in stayed-in districts
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In addition to work on lines from evacuation centers, etc. it also necessary to expand work to
maintain other essential “points” such as national and city organizations responsible for disaster
prevention; police, fire and other public facilities; facilities essential to post-disaster recovery of
electricity, gas and other lifelines; major railway stations, who must deal with stranded
commuters; and convenience stores and similar places that provide services during a disaster.

“Areas” refer to seismic retrofitting of sewer systems in the designated “stayed-in” districts (Fig.
1) (areas where it is safe to remain in a disaster) of Tokyo’s disaster prevention plan, largely
those in central Tokyo and around major stations. Since basically the entire sewer system needs
to be seismically retrofitted, by increasing the priority of reconstruction work, the Bureau must
promote speedy and efficient seismic retrofitting and superannuated pipe measures.

Developing Technology for Making the Tokyo Sewer System Earthquake-Resistant

Seismic retrofitting of sewer pipes consists of three basic types of work: strengthening the pipes
themselves, strengthening the joints connecting manholes and pipes, and measures to prevent the
uplift of manholes. Tokyo Bureau of Sewerage has been carrying out joint research with a
number of private-sector enterprises to develop seismic technologies with respect to latter two
types of work, and we would like to introduce them here.

1. Development of a Technology to Strengthen the Joints Connecting Manholes and Sewer
Pipes

In the 1995 Southern Hyogo Earthquake, sewer pipes suffered damage from ruptures, ejections,
joint slippage and cracks. In particular, the damage was often seen at the joint between the
manhole and the sewer pipe and in the first pipe leading from the manhole.

The joints connecting manholes to sewer pipes were rigid and not able to absorb the difference
in the movement between the two parts in response to ground motion.

After surveying the damage in the Hyogo earthquake, the Japan Sewage Works Association
published its guidelines and commentary for seismically retrofitting sewage facilities based on
two levels (Level 1, Level 2) of ground motion and indicated new thinking about
seismic-resistant design.

Using these guidelines, the Tokyo Bureau of Sewerage began collaborative research with
private enterprises from 1998 to develop a seismic technology for the joints connecting manholes
and sewer pipes.

(1) Request to Develop a Seismic Retrofitting Method for Existing Manholes
1) Background to the Request

Given the damage to sewage facilities in the 1995 Southern Hyogo Earthquake, the Tokyo

Bureau of Sewerage made a request to private-sector enterprises in 1998 to develop seismic
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technology for joints connecting manholes and sewer pipes.

The following year, three companies developed a seismic method for use in existing manholes.
After verifying the technology under actual conditions, from 2000 the Bureau began using the
method in existing pipelines that handle wastewater from evacuation centers and disaster
hospitals.

2) Overview of Method

In this method, the joint connecting existing manholes and sewer pipes is improved by adding
flexibility for seismic resistance without excavation of the site.

By improving flexibility of the joint, this technology prevents pipe damage and ensures seismic
resistance even when the pipe is refracted or ejected due to ground motion.

3) Method Characteristics and Scope of Application

This method uses a special cutting device along the outside diameter of sewer pipe using a
special device, cutting through the manhole to the ground and separating the pipe from the
manhole. This work may call for water stoppage for soil stabilization, depending on the
conditions around the pipe. The cut channel is filled with an elastic polyurethane sealant to give
the joint elastic structure. (Fig. 2, 3)

In addition, this method is designed to deal with Level 2 ground motion, which occurs
statistically every 500 to 1,000 years.

Fig. 2. Conceptual schematic for seismic retrofitting of existing manholes
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Elastic sealant Seal of 30 mm or more

. Backun material
Backup material
Cut width of 15 mm or more

Stainless steel collar Cut width of

. 10 mm or more
Elastic sealant Existing

conduit
Stainless steel collar

Shock-absorbing rubber block

Shock-absorbing rubber block

Fig. 3. Conceptual schematic for seismic retrofitting of existing manholes

The scope of application is as follows:

1) Pipe types: clay, reinforced concrete, rigid PVC pipe, fiber-reinforced plastic mortar pipe
2) Existing pipe size: inside diameter of 250-700mm

3) Manhole diameter: inside diameter of at least 900mm

4) Thickness of manhole wall: 300mm or less

5) Manhole cover: 600mm or more

6) Manhole depth: 5m or less

(2) Use of a Method to Seismically Retrofit Joints in Rehabilitated Pipes at Manholes
1) Decision on the Method to Be Used

There is a large concentration of superannuated pipes in central Tokyo that have well exceeded
their statutory 50 years of useful life and, due to advancements in urbanization and more
sophisticated lifestyles, many of these pipes have insufficient flow capacity for handling
wastewater volumes and increased rainwater runoff. To address this problem, measures to deal
with superannuation are required.

In the 2004 Niigata Chuetsu Earthquake, sewers were unusable due to large-scale damage to
sewage lines and there was a shortage of toilet facilities at evacuation centers, reiterating the
importance of sewers as a lifeline.

With the aim of seismically retrofitting the joints between manholes and rehabilitated sewer
lines, in 2009 we assessed a method developed in the private sector and decided to implement it
in our facilities.

2) Overview of Method

This method applies to the joints between manholes and sewer lines for rehabilitation, adding

seismic resistance for pipe ejection, projection and refraction by giving a more flexible structure
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using a trenchless method prior to the rehabilitation work. Moreover, this method aims to ensure
earthquake resistance against ground motion in the same way as seismic retrofitting of
non-superannuated pipes.

After deploying this technology in the joints of upstream and downstream pipes in manholes
then rehabilitating the pipes allows seismic strengthening of both the pipe and the joint at the
manhole.

3) Characteristics and Scope of Applicability

This is a trenchless method that uses special cutting equipment from inside the manhole to cut
into existing pipe (wall only) without cutting through to the ground. The cut area is fitted with a
waterproof and seismic-resistant rubber ring that is sealed in place with an elastic wet epoxy
resin. (Figure 4)

The scope of application is as follows:,

1) Pipe type: reinforced concrete, clay

2) Pipe shape: circular

3) Pipe diameter: Inside diameter 250—-400mm

4) Manhole shape: Inside diameter of 900m or more

5) Thickness of manhole wall: 200-300mm

6) Cover diameter : Inside diameter of 600mm or more
7) Manhole depth: 5 meters or less

rt

A

or line
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(3)Development of a Seismic Retrofitting Method for Large-diameter Pipes
1) Background

We have carried out trenchless seismic retrofitting on smaller pipes of 700mm or less, which
showed a comparatively higher level of damage in the 1995 Southern Hyogo Earthquake.
However, in order to strengthen the pipes connected to evacuation centers and other lifeline
locations and the pipes leading to water reclamation centers, it is necessary to seismically retrofit
large-diameter pipes of 800mm or more. The Bureau of Sewerage began joint research with four
private-sector companies in 2010, as there were no existing trenchless methods to retrofit
large-diameter pipes.

2) Method Overview

Our seismic retrofitting method for large-diameter pipe addresses the weakest point in an
earthquake—the joint connecting the pipe with a manhole—by inducing a hairline crack along
the joint, then filling the space with a seismic-resistant material to strengthen against shaking.
(Fig. 5)

This method uses a dedicated cutting device in the manhole to cut into the pipe wall or part of
the manhole, thereby avoiding the need to drill through ground, and removes a three-dimensional
cut in a circumferential direction. There is no need to break the invert with this method.
Moreover, since there is no need to cut through to the surrounding ground, there is no need for to
shut off water to keep the ground stabilized.

-

5. Concept for a Seismic Retrofitting Metho

3) Purpose of Research and Scope of Application
To establish this method, we are moving forward with technology development with the
following five research goals:
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1) Determine an appropriate antiseismic structure

2) Develop and carry out a performance evaluation of the cutting device

3) Select durable antiseismic materials

4) Validate seismic performance for Level 2 seismic motion

5) Ensure construction constraints are met, such as being able to bring the cutting device into
manholes with 600mm covers

The scope of application is as follows:

1) Pipe type: reinforced concrete

2) Pipe shape: circular

3) Diameter: internal diameter 800mm-2000mm

4) Manhole shape: internal diameter 1200-2200mm

5) Wall thickness: 250-300mm

6) Manhole depth: within 10m

Photo 3: Cutting Photo 4: Installation of Photo 5: Completion of
seismic-resistant materials ~ seismic retrofitting

2. Development of an Uplift Suppression Method for Existing Manholes
(1) The Principle behind Manhole Uplifts and Existing Measures

For sandy soil or insufficiently compacted (loose) soils, the soil particle skeleton is fragile and
prone to subsidence in an earthquake. If groundwater is present, the soil cannot sufficiently drain
pore water, leading to an increase in pore water pressure in which soil particles lose their
effective stress and muddify. This is the process of liquefaction. Since anything with a higher
specific gravity than muddy water will float, manholes (which have a light apparent specific
gravity due to their hollow interior) will rise up.

Existing countermeasures include backfilling with improved soil followed by sufficient
compacting or ground improvement. These are open-cut methods and therefore difficult to
implement in metropolitan settings. The Bureau has been carrying out joint research with three
private-sector companies since 2005 to develop technologies that can be safely implemented
with trenchless methods.
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(2) Target Values

The uplifted manholes resulting from large-scale earthquakes in Japan in recent years have
interfered with road traffic such as the passing of emergency vehicles. The Japan Sewage Works
Association’s 2006 Earthquake Measures Manual provides guideline criteria for emergency
measures with respect to passage interference (Table 1).

On the other hand, it is said that the maximum allowable height difference for the passage of
traffic is 15 cm. At present, it is not possible to calculate the amount of subsidence that would
occur from liguefaction, but if subsidence is estimated at 5 cm, then manhole uplift would need
to be kept to below 10 cm to stay with the 15 cm limit. We therefore aimed to achieve manhole
uplift of less than 10 cm.

In addition, we also set a development goal of working from inside the manhole to remove the
need for excavation, to be able to restore traffic as early as possible, and to create a structure that
would not interfere with operations and maintenance once implemented.

Table 1: Classification of degree of damage (excerpt)

Facility | Survey topic Level of damage
. Light Medium Heavy
Height
) Feel bumps when ) )

difference ) . Interferes with Vehicles unable
Roads passing over in a ) )

between road . . operation of vehicle | to pass (more

vehicle  (Difference
and manhole (3cm-10cm) than 10cm)

of 3cm or less)

(3) Overview of Method

In this method, a dissipation valve is installed from the inside wall of the manhole. When pore
water pressure increases in the area around the manhole, dissipation valves release the pressure
by ejecting a pressure-sensitive plate, allowing the pore water to be released into the manhole
and preventing manhole uplift. (Fig. 6, 7)

This technology is not affected by the size, depth or shape of existing manholes and allows for
the selection of the best position and optimal number of valves. An installed valve consists of the
valve socket, a mesh screen to prevent sediment inflow and a pressure-sensitive plate. When the
pressure-sensitive plate is exposed to pore pressure water above a certain level, the plate is
ejected, which allows water to flow into the manhole to dissipate pressure. Installation work uses
a trenchless method and a specialized drilling device that stops just before penetrating through
the manhole wall. The dissipation valve is press-fitted into the manhole and the space between
the dissipation valve and the drilled space is filled.
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Fig. 7"

A New Earthquake Resistance Technology

The March 11, 2011 Great East Japan Earthquake caused liquefaction in certain parts of Tokyo.
At the same time, manhole blocks shifted and allowed sediment inflow. When sediment enters
sewer lines, it inhibits flow and can result in sunken roads, which seriously affects the
surrounding area. Sediment removal is also a time-consuming and costly effort and represents a
delay risk in earthquake recovery. Therefore, there is pressing need to take steps to prevent
sediment from flowing into sewage lines.

In the areas of Tokyo where liquefaction occurred on March 11, manhole joints shifted and
allowed sediment inflow. We began joint research with four private-sector companies from July
2012 with the aim of developing a technology to prevent sediment inflow from manhole joints
due to shifting from earthquake ground motion.
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(1) Method Overview
Sediment inflow sheets are installed on the joints of existing manholes to occlude sediment

inflow into the sewer system and suppress effects on the surrounding soil from sediment inflow.
The sediment inflow sheet is flexible and works in the same way as other seismic retrofitting
methods by following ground motion and preventing the inflow of sediment into a manhole.

I

* 'T'he sediment intlow sheet 1s installed I ¢ 1 ¢ h
. ) n response to a large stress, the
folded and does not interfere with P o g .
waterproof adhesive is fractured without

operations and maintenance. . o
damaging the inside of the manhole or

The sheet is attached to the manhole
joints with an adhesive that remains
normal  water

watertight  under

pressure conditions.

the sheet
The sheet unfolds and will remain
watertight for slippage of up to 100mm.

(2) Purpose of Research
To establish this method, we are moving forward with technology development with the

following five research goals:

Confirm the strength and durability of the sediment inflow sheet

Confirm the water-tightness of the sediment inflow sheet

Confirm the strength and durability of the sheet adhesive

Confirm the sheet’s ability to keep up with displacement from ground motion

Confirm installability and post-installation quality

1)
2)
3)
4)
5)
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CONCLUSIONS

The Great East Japan Earthquake of March 11, 2011 produced shaking in Tokyo of Upper 5
(Japanese Seismic Intensity Scale) and liquefaction. Post-quake surveys focused on districts
where liquefaction occurred were able to confirm that the sewer systems that had undergone
seismic retrofitting had no major damage and were able to maintain flow.

To contribute widely to work for making earthquake-resistant sewerage works, we will
continue to expand the scope of implementation for seismic technologies and aim to establish
simple construction methods adapted to site conditions, as well as promote the development of
new technologies in needed areas.
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ABSTRACT

The Bureau of Sewerage, Tokyo Metropolitan Government, has been implementing various
measures to reduce greenhouse gas (GHG) emissions. However, measures to reduce Nitrous
Oxide (N20O) emission from wastewater treatment, which amounts to about 16% of the GHG
emission from the Bureau, has been delayed since little is known about its behaviors and
factors which affect its emission.

The Bureau installed continuous N,O analyzer in a wastewater treatment plant (WWTP), and
conducted continuous measurement of N,O emission for one year. The results showed that
N.O emission fluctuated significantly and was affected by nitrogen load of influent and
nitrification condition in reaction tank.

KEYWORDS : Green House Gas, Nitrous Oxide, Continuous Measurement, Wastewater
treatment, Nitrite

INTRODUCTION

In recent low carbon society, not only water quality improvement, but also GHG reduction
has become essential for WWTP. WWTP emits GHGs such as Carbon Dioxide (CO,) due to
electricity consumption and N,O, which has 310-fold-stronger greenhouse effect than CO,,
from wastewater treatment and sludge incineration. The Bureau of Sewerage, Tokyo
Metropolitan Government, has initiated proactive set of measures for reducing GHG
emissions, calling it “Earth Plan 2010”. The Bureau has so far implemented GHG
countermeasures by reducing electricity consumption and lowering the amount of N,O
generated by sludge incineration. However, only little progress has been made to suppress the
emission of N,O from wastewater treatment. Thus, reduction of N,O from wastewater
treatment will be important for further reduction of GHGs.

N,O is a byproduct in both nitrification and denitrification process, and released into
atmosphere by aeration of reaction tank. Nitrite (Zheng et al. 1994), sludge retention time
(SRT) (Mizuochi et al. 1999), and dissolved oxygen (DO) (Tallec et al. 2006) have been
reported as factors to affect N,O generation in laboratory-scale experiment. In addition, the
Bureau reported in WEFTEC2010 that N,O generates in aeration tank and nitrite
accumulation during nitrification process caused an increase of N;O emission, in
experimental water processing plant. However, there is a lack of knowledge regarding
behavior of N,O emission from full-scale WWTPs and detailed factor of its emission based
on long-term monitoring and these data are required to advance measures to reduce N,O from
wastewater treatment.
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Hence we set continuous N,O analyzers in the WWTP in March, 2011 and have measured
N,O emissions. Here we report;

1. Fluctuation of N,O emissions based on one year measurement and its relation with influent
and effluent water quality.

2. Relation of N,O emissions and nitrogen treatment status in each zone of biological reactor,
to identify key factors that are correlated with N,O emission.

3. Relation of nitrite concentration and N,O gas concentration based on continuous
measurement.

The Countermeasures against GHG Emission in Japan and Tokyo Metropolitan
Government and the Role of Sewage Works

In Japan, “the Act on Promotion of Global Warming Countermeasures” obliges big
enterprises which use energy more than 1,500 kL equivalent of petroleum per year to estimate
and report the amount of GHG emission annually since April 2006. Emission factors to
estimate the emissions are shown in the related regulations of the Act. Emission factors of
methane (CH,4) and N,O from wastewater treatment and N,O from sludge incineration are the
characteristic factors in wastewater field. For example, the emission factor of N,O from
wastewater treatment is 0.00016 kg of N,O emission per 1 m® of wastewater treatment.
Although each emitter is allowed to use its actual measured volume instead of the emission
factors, almost all of emitters estimate their emission volumes by the emission factors since it
is difficult to measure emission volumes of N,O and CH, in exhaust gas continuously.

These emission factors are specific in Japan and are different from the values shown in such
as “2006 IPCC Guidelines for National Greenhouse Gas Inventories” (IPCC, 2006) that is
commonly used to estimate official GHG emission. Each specific factor was determined
according to the average data sampled from around 1990 to around 2000 in several WWTPs
in Japan. For example, the emission factor of N,O from wastewater treatment was calculated
as the averaged value among eight data from three investigations (Ministry of the
Environment Government of Japan, 2006).

The emission factor of N,O on wastewater treatment (0.00016 [kg-N,O/m°]) can be
converted to approximately 30 [g-N.O/person/year] using population and actual amount of
wastewater treatment in Tokyo’s 23 wards area. This value is larger than 3.2
[9-N,O/person/year] in IPCC guideline without intensive nitrification and denitrification and
7 [g-N2Ol/person/year] used in the U.S. with intensive nitrification and denitrification
(USEPA, 2012). Since wide range of emission factors (0.28-140 [g-N.O/person/year]) and
significant temporal variability on various WWTPs were also shown in recent investigation
held in the U.S. (Chandran, 2010), emission factor in Japan is not thought to be quite larger
than actual emission factor or emission factors in IPCC guideline and in the U.S.

While the Act in Japan obliges the big enterprises to only report estimation of GHG emission,
Tokyo Metropolitan Government, a local government with the largest population in Japan,
introduces a regulation demanding reduction of GHG emission as obligation. The targets of
this obligation are big enterprises which use energy more than 1,500 kL equivalent of
petroleum per year. WWTPs and other industries have to reduce more than 6% of the average
emission from FY 2010 to FY 2014 in comparison with the average emission of any
continuous three years from FY 2002 to FY 2007. All of 13 WWTPs and three of 83 pumping
stations which are managed by Bureau of Sewerage, Tokyo Metropolitan Government in
Tokyo’s 23 wards are obligatory to reduce GHG emission.
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The target GHG to be reduced in this regulation is only CO,. However, if an enterprise is able
to reduce other GHGs emission intentionally, the half of reduced amount of the GHGs
(carbon conversion) is counted as the reduced amount of CO,. As shown in the circle chart
below (Figure 1), the proportion of N,O is rather large on wastewater and sludge treatment
and therefore capacity to be reduced is huge. To count the reduction amount of N,O by this
regulation, we need to reveal that actual emission factor is smaller than the defined value in
the Act through continuous monitoring of N,O on actual WWTPs.

emission of N,O

other emission on sludge
99 Gg-CO, \ incineration
185 Gg-CO,

emission of CO, by i
emission of N,O

electricity on

wastewater I / on wastewater
treatment treatment
281 Gg-CO, 138 Gg-CO,

o
emission of CO, by
electricity on

sludge treatment
93 Gg-CO,

Figure 1 Inventory of GHG emission on Bureau of Sewerage, Tokyo Metropolitan
Government (FY2010)

METHODOLOGY

1 Long Term Continuous N,O Measurement
1.1 Outline of the Wastewater Treatment Plant
The outline of the WWTP which we installed continuous N,O analyzers (WWTP-A) is

shown in Table 1.

Table 1. Outline of WWTP-A

Treatment Removal Treatment Sewage volumes
. . Treatment method .
capacity system trains (Fiscal 2011)
Train 1 Conventional activated | 116,000 m*/ day

sludge process
Conventional activated | 249,000 m*/ day
sludge process
Train 3 | Step feed A/0O method | 52,000 m*/ day

598,000 Combined
m*/day sewer system Train 2

Continuous N,O analyzers (METAWATER: ZSU-4) were set at air duct to deodorization
equipments in WWTP-A. Amounts of N,O emission from total plant and each treatment
trains were measured every half-hour from April 2011 to March 2012.
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1.2 Measurement Items Used to Analyze the Cause of N,O Emission

At WWTPs in Tokyo, water quality tests are conducted at 10 a.m. on weekdays for daily
operation and maintenance of the plant. Measurement items shown in Table 2 were used to
analyze the cause of N,O emission. Data of treated wastewater volume, supplied air flow, and
rainfall were also used for the analysis.

Table 2. Measurement Items Used to Analyze the Cause of N,O Emission
Samples Measurement Items
Primary Effluent Ammonium-nitrogen (NH4-N), (Chemical oxygen demand) COD,
Water temperature
End of Biological | NHs-N, Nitrite-nitrogen (NO2-N), Nitrate-nitrogen (NOs-N), DO,
Reactor Mixed liquor suspended solids (MLSS)
Treated Wastewater | NH4-N, NO,-N, NO3-N, COD

2 Relations of Nitrification Status and N,O Emissions in Each Part of Reactor

Two Biological reactors (one from Train 1 and the other from Train 2 of WWTP-A) with
different nitrification status were selected and N,O concentrations in off-gas from 4 parts of
the reactors were measured continuously for two days (14™ to 15" of September, 2011)
(Figure 2). Multi-gas analyzer (HORIBA: VA-3012) was used for measurement of N,O.
Activated sludge of each part was sampled at 9:00 a.m., 12:00 p.m., and 3:00 p.m. on
September 14™ and 9:00 a.m., and 12:00 p.m. on September 15" to measure NH4-N, NO,-N,
and NOs-N by ion chromatography analysis (DIONEX: 1CS-1000). NH4-N and COD of the
primary effluent were also measured. Relations of these measurement items and N,O
emissions were analyzed.

In addition, same survey was conducted at a biological reactor of another WWTP (WWTP-B),
which was expected that N,O emission was low since the center always shows good
nitrification, on 24™ to 25" of October, 2011. Since biological reactors of WWTP-B are
operated by Anaerobic-oxic activated sludge process, we selected 4 parts of aerobic tank to
measure N,O emission (Figure 3). Activated sludge of each part was sampled at 9:00 a.m.,
12:00 p.m., and 3:00 p.m. on October 24™ and 9:00 a.m., and 12:00 p.m. on October 25" to
measure NH4-N, NO,-N, and NO3-N by ion chromatography analysis (DIONEX: ICS-1000).
NH.-N and COD of the primary effluent were also measured.
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Figure 2. Biological Reactors of Train 1 (1) and Train 2 (I ) of WWTP-A. (¥ indicates
the place where N,O emissions were measured.)
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Figure 3. Biological Reactor of WWTP-B. (% indicates the place where N,O emissions
were measured.)

3 Continuous Measurements of N,O and NO,-N Concentration in Biological Reactor

UV-vis spectrometer (S::can: Spectro::lyzer™, hereafter NO,-N analyzer) was set in the final
zone of a biological reactor of another WWTP (WWTP-C). NO,-N concentration of the
activated sludge was continuously measured as well as N,O concentration (HORIBA:

VA-3012) at the site.
To deodorization equipment
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g S~ __
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Figure 4. Biological Reactor of WWTP-C. (5% indicates the place where N,O
concentration was measured and ® indicates the place where NO,-N was measured.)
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RESULTS AND DISCUSSION

1 Long Term Continuous N,O Measurement
Daily N,O emission from WWTP-A from April 2011 to March 2012 is shown in Figure 5.

The data shows that N,O emission fluctuates widely. It can also be seen that N,O emission
declines after heavy rainfall, which is considered to be due to decrease in ammonia load of

primary effluent.

= 900 = Rainfall amount 140 >
& 800 - - 120 2B
° e N 20 emission =
2 700
< 100 E
- 600 =
o
2 500 A 80 5
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Q, 300 - 0 L
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Figure 5. Total N,O Emission Amount from WWTP-A

To analyze the cause of the fluctuation, we selected Train 1 as a representative and analyzed
the relations between N,O emission and measurement items shown in Table 2, wastewater
volume and supplied air flow. No clear interrelations were shown between N,O emission and
wastewater volume, supplied air flow, COD, DO, or MLSS (Data not shown).

Since several reports show that N,O emissions are affected by nitrification status and N,O
emission amount increases when nitrite remains in the reactor (Miyamoto et al. 2002, and
Miyamoto et al. 2010), we analyzed the relation between NO,-N concentration of the effluent
and N,O emission. To evaluate residual level of nitrite, we defined “Nitrite rate (%)” as

shown in following equation.
Nitrite rate (%) = {NO2-Neftiuent / (NH4-Negriuent + NO2-Nefriuent + NO3-Nefriuent)} x 100

Annual N,O emission and Nitrite rate are shown in Figure 6. Characteristically in dotted
circle, Nitrite rate was also high when N,O emission was high. This long term measurement
result indicates that residual level of nitrite greatly affects N,O emissions in full-scale plant.
Thus, we conducted following surveys to analyze further details of the relation between N,O

emissions and nitrite in the reactor.
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Figure 6. N,O Emission and Nitrite Rate in Train 1 of WWTP-A

2 Relations of Nitrification Status and N,O Emissions in Each Part of Reactor
N,O emissions and NH4-N, NO,-N, and NO3-N concentrations of each zone in Train 1 and 2
of WWTP A are shown in Figure 7. Average values of 5 data (9:00 a.m., 12:00 p.m., and 3:00
p.m. on September 14™ and 9:00 a.m., and 12:00 p.m. on September 15") were used since
measured data at each time showed similar tendency. In Train 1, accumulation of nitrite was
seen after zone B, and N,O emissions were relatively high. Meanwhile, in Train 2, relatively
high amount of ammonia remained while NO,-N concentrations were very low, and N,O
emissions were lower than Train 1. In Train 1, N2O emission was the largest at zone C, while
it continued to rise until the final zone in Train 2. The differences of these trains were that,
nitrification rate (5.6 mg/L/hour) was higher and residual ammonia was relatively low in
Train 1, while nitrification rate (4.7 mg/L/hour) was lower and higher amount of ammonia
remained in Train 2.
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Figure 7. Concentrations of Nitrogen Components in Each Zone of Reactors of Train 1
(I)and Train 2 (II) in WWTP-A and N,O Emissions from its Off-gas.
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Correlations between concentrations of NO,-N and NO3-N in each zone of reactors and N,O
emissions from the same place at 9:00 a.m., 12:00 p.m., and 3:00 p.m. on September 14™ and
9:00 a.m., and 12:00 p.m. on September 15" are shown in Figure 8. In Train 1, relatively high
correlation with N,O was seen for both NO,-N and NOs-N which shows that N,O emits as
nitrification proceeds. In Train 2, relatively high correlation with N,O was only seen for
NO3-N, while scarce correlation was seen for NO,-N since NO,-N concentration was very

low.
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Figure 8. Correlations between N,O Emissions and NO»-N/NO3-N Concentrations in
Train 1 and Train 2 of WWTP-A

Same survey was conducted at a biological reactor of WWTP-B, which was expected that
N2O emission is low since the center always shows good nitrification. As seen in Figure 9,
nitrification progressed quickly at the latter part of the reactor with no N,O emission.
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Figure 9. Concentrations of Nitrogen Components in Each Zone of a Reactor in
WWTP-B and N,O Emissions from its Off-gas.
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These results of two WWTPs suggest that N,O emits as nitrification proceeds when
nitrification status is insufficient, as seen in the results of WWTP-A. It showed especially
large emission when nitrite accumulated and there was a correlation between N,O emission
and NO,-N concentration in that case as seen in Trainl. In addition, there was no N,O
emission from a reactor of WWTP-B, which showed ideal complete-nitrification status.
These results show that the control of nitrification is a key to reduce N,O emissions.

3 Continuous Measurements of N,O and NO,-N Concentration in Biological Reactor
N.O and NO,-N concentrations were continuously measured for 10 days (From August 22 to
31, 2011) and data of both analyzers was extracted every 3 hours to analyze the correlation of
N.O and NO,-N. There was a relatively high correlation between N,O and NO,-N (Figure
10), which shows the link between N,O emissions and nitrite accumulation in long-term
analysis. This result suggests that NO,-N concentration in the part of biological reactor where
nitrification is proceeding could be an indicator of N,O emission from biological reactor.
Especially, since there was almost no emission of N,O when NO,-N concentration was under
1.0 mg/L, it was confirmed that avoiding nitrite accumulation in biological reactor is
important to reduce N,O emission.

250
R2 = 0.7081 o @

N,O concentration (ppm)

0.0 1.0 2.0 3.0

NO,-N concentration (mg/L)

Figure 10. Correlation between N,O Concentrations and NO,-N Concentrations in a
Biological Reactor of WWTP-C

CONCLUSIONS

N.O emissions from a WWTP in Tokyo were continuously measured for one year. N,O
emissions showed large fluctuations, declined sharply after rainfall, and was affected by
nitrification status, especially residual amount of nitrite. So we conducted detailed surveys to
confirm the relation of N,O emission and NO,-N concentration in each zone of biological
reactor. The results confirmed that nitrite accumulation in biological reactor greatly affects
N.O emission. Thus, it is firstly important to achieve perfect nitrification without
accumulating nitrite to reduce N,O emission from wastewater treatment.
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FUTURE PLANS

In addition to WWTP-A, which we started continuous N,O measurement from 2011, we
started continuous N,O measurement at two more WWTPs in Tokyo from July, 2012. These
three WWTPs have multiple processing methods (Conventional activated sludge process,
AJO process, A%/O process) and this will enable us to compare the difference of N,O
emission behaviors of each method.

Furthermore, laboratory-scale and pilot plant experiments with different operating conditions,
which are controllable in actual plants, are planned to find conditions for N,O reduction.
These conditions are planned to be adopted into the three WWTPs which we are conducting
continuous N,O measurement to investigate whether N,O emission from wastewater
treatment will actually reduce.

After confirming whether it is possible to reduce N,O emission by the surveys mentioned
above, we would like to take a leading role in establishment of a new system for N,O
reduction. Concretely, we will propose to the central government to set different emission
factors by different processing methods or operating conditions, and we will work on Tokyo
Metropolitan Government to apply these different emission factors to GHG reducing
obligation by an Ordinance of Tokyo.
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