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6-1 MAKING FUEL CHARCOAL FROM SEWAGE SLUDGE
FOR THERMAL POWER GENERATION PLANT - FIRST IN JAPAN

Toru Oda
Coordinating Supervisor, Planning Section
Bureau of Sewerage, Tokyo Metropolitan Government
Tooru_Oda@member.metro.tokyo.jp
2-8-1 Nishi-Shinjuku, Shinjuku-ku, Tokyo, 163-8001, Japan

ABSTRACT

Sewerage Bureau of Tokyo Metropolitan Government has launched new project in which
dewatered sludge is turned into fuel charcoa and sold for thermal power generation plant. This
project scheme isimplemented for the first time in Japan. This project is expected to strongly
promote the utilization of sewage sludge and the reduction of GHG.

KEYWORDS

Sludge utilization, carbonization, GHG reduction



6-2 STUDY ON SEWAGE SLUDGE GASIFICATION

Hajime Takahashi
River-Basin Sewage Headquarters
Bureau of Sewerage, Tokyo Metropolitan Government
1-7-26, Nishiki-cho, Tachikawa-shi,
Tokyo 190-0022, Japan

ABSTRACT

Aimed at creating new technology to reduct greenhouse gas emission, the Tokyo Bureau of
Sewerage has developed a system generating electricity with a gas engine using biogas
generated by pyrolytic gasification of sewage sludge in a fluidized-bed gasifier. A 15t/d
demonstration facility was built based on a dehydrated sludge and demonstration tests were
run for 3400 hours from 2005. As aresult of the use of the present system as an aternative to
the sewage dludge incineration system of the past it is possible to more than halve the
greenhouse gas volume emitted from the sewage treatment plant. This holds promise of a
very major emission reduction and energy saving effect.

KEYWORDS

Sewage sudge; Biomass; Fluidized bed; Gasification; Energy saving; Greenhouse gas



6-3 Reclaimed Wastewater Supply Business in Tokyo and Introduction of
New Technology

K. Yamada*, O. Matsushima* and K. Sone*

* Bureau of Sewerage, Tokyo Metropolitan Government, 2-8-1 Nishi-Shinjuku Shinjuku-ku, Tokyo 163-
8001 Japan
(E-mail: kinji_yamada@member.metro.tokyo.jp)

Abstract Tokyo Metropolitan Government (TMG) has managed “wastewater reuse” business to
utilize limited water resources effectively. In this business, municipal sewer wastewater is highly
treated and reused for various urban non-potable purposes. The area-wide recycling systems which
supplies reclaimed wastewater for toilet-flushing use was began in 1984. Now, average amount of
8400m? is daily supplied to 129 facilities in five areas and two more districts will be added to
service area. Moreover, reclaimed sewer wastewater is discharged into many urban rivers whose
flow amount has been decreased along with rapid urbanization. Additionally secondary effluent or
highly treated wastewater is used for washing, fire-fighting, road-spraying, recreational use in park,
and so on. On the other hand, to meet users needs for quality of reclaimed water, we have
developed a new wastewater reclamation system with “ozone-resistant membrane” which can
produce reclaimed water of high quality in relatively low cost. We aim to expand “wastewater
reuse” in the future by securing hygienic safety and reduction of the production cost.

Keywords area-wide recycling system; ozone resistant membrane; toilet flushing water;
wastewater reuse
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DRAEIT IR,
twoZEThsb,
3. ERER

FEBIT, RO 4 BT TEME L,
1A gk 184 10 A 6 H~12 A 1 A
2\ SERk 184 12 A 27 H~Yik 194 2 A 5 H
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EiRERBERMAK MG T D2ERTIT., FHEAMSTSIHEOEE TOR 250m %t D X[
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MBI LTS D TH T, JERD A20 LT 2 & SUSTETE RFfE] 24 1 2 W R AR S L2 A
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2. ThETOREE

M) AT v 7FAXA20 HEDORHF

(2) Rk 11 410 H
(3) Fpk 12 3 H

(4) ¥Rk 1245 A

(5) Rk 12 4E 11 A

(6) YRk 1343 H

(7) 15k 13 4F 9 A

(8) ik 14 4 1 A
(9) Fhk 15 4 6 H
(10) Fpk 16 4= 1 H
(11) “Fpk 16 4 5 H
(12) Rk 17 45 12 A
(13) Rk 18 4£ 3 H
(14) Fpk 18 4 12 A

(15) Yhk 20 4 4 A
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PN IF OB 2R L., —BEAT v 7HMAFRIC K DR
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3. BHRBME
3. 1EAGF

AMigRlL, S EKEA YT —EYRdr BB R ICEAS N TWD, MR E 2 1125
—g—o

=AEKBEEUY—FEEK

ELirR
EARS

1 EEREAER
3. 2MEREAH
SFEHERAE 28,000m? H

SFHEAREKAKE 35,000m?®, H

3. 3 EtEKE
F LIZEHEPEAKE B X OWEKE 2 R~T,

=1 FtEKE

KEEHA S A K E B AL KB
BOD (mg/L) 140 10
SS  (mg/L) 120 10
T-N (mg/L) 40 10
T-P (mg/L) 3.5 1.0

3. 40—

MEHRO 70 —13, R20LB0 THS,
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B E) ORME B, R CERZ D ADKPICREM LiBAFRE L 22 0 | ACEEE B H A R
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3. 5 MmEOLH
BOGHE DR £ 2 12T,
&2 MEER{LER
mem | g—mmem | g-wsn | gosmre | gowse BE
# m (m 9.9
R 15 10 15 30 15 5
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*8  FKFHMIEH & X ORI T 55

RaipEgE B ST (S HBIE S EalipaprS
S % 28000
mnImkE m3/H Ejﬂj TEHBICEDESE AIBIKE % IR L = EAE(E
i =K 35000
o BOD <10
[: 44l
& | mmxe mg/L SS DO m, 8 xsaER) FrsiE
T-N <10
T-P <1.0
L ERE mg-N/L-#8{%K/h >100(1[E, 38 AR E DT-NZE Bk L =R EEE
RIRRIE R %/ E 1>15/1,12/1,3/33/11D4EAIE |[AEEERZRREE
MLSSZE mg/L 2400|1El~H x #HCER) ALIRKE # Mok L - EAEE
B | REEREE % 50|17 H x&B(FER) ANIBKE % N0k L ==& E
L | miarms 5y 100[1E B x BEER) WEKEE MK -ERIE
BITEX 05 LK B BRUT-E#EE
¥l xrvmman - M THEBICLHERIE RAREMRL-Rii
®Ex 05
; . - % - - HREFRELERATYTIA208REDLEEIZLS
~ - Pl — 16FEEEMEIZKD AHEER EEETEA20 L IR HE 2% & 0D [ B 45T HE 85
5. FHEHER
5. 1 JERE

D

4\

31X, FEL 1 TEEIRFEOLI K E THD, k1 TRLEZEAMNSTHICZOT CoE IR, DTA(RKS
ThFa—T 2T L —4) SO O 5 - AR, £72 % 2 TRUZAAE K EIL T IX, KELBEF

R T D10 OMAHH THL (UL TORIZIHWTFEL),
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BEF=7.0mg/L, &£YA=0.5mg/L THY, MUEEAR - TWD, £7z, FHH B i KK BEDO AR 27
7210 H Btz DI 2 2 TH I EEZ /2L TWD, ZOZENOAMERR I, LBEK & - K E &b FEAlh 55
HEE 2 R L TWD LRI T&E D,
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4/1
5/1
6/1
7/1
8/1 |
9/1
10/1
11/1

THR1TE4R1B~FH185F 3 A 31 H

M5 MEKE2 (22FR. YA, BW)

LinL, R VAOT =X &N HLER T —2 TR EME LB L0085, EFI1L, 12 4
IZLDHTD 0 EF UMD 1~2H FAICHT TEEE THS 10mg/LEB L THNDT —2R3dbD, 20
RF]IE, BOD, SSIZOWTHEAL TEY, WBEKE BIRNANLE LIRS TS, TOERIL, RDOEF
DNTHD

BJ61%, MLSS, SVI, FEHEE Th D05, AHiax DR e L Tl B R [ 2 8 32720 MLSS ZAh o 5 3
(ZHB LT oD (2R 8 GHmE : 55— 55 Z4F U1 2400mg/L)IL TV, ZO7-EM 2l L TSVI
MR D T D, 1l H OBRETIR AR THAVULE LB C OB 75 BEDS B AF THAUXE R E ~DEE
WERERTHLD, AR, BRER T I F 2a—T 27 L —Z TITo T AR MBIRR 22 50T, K
JEAE DR (K : 13m F2E) FTREIAEND, 22RO K~OEMRIL, JEN(COHE 1, KRIEN B
T 572K EL3m TIE, B OEFEDNK PG T L2BR N BLD, B TR KIR I, K
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DENEZAET EFTDEKREDE FIEWAERL TWZE B NKRICH VIR %2495, %
KA MLSS (A BT 5D TIHIRO AT EN TR0, (HREZ2F LR L& LRERICKE IZ
MLSS 235% EVER T EERBEL /2o CTLED, D72 ARLEE TIE, 5 4R 01 MLSS Sl &
A%z BET D720 OPLEME 2521 TD, BUIROHERR X, OB OBERENS R+ 3 72 7o DB e RN E X
LG LIpo TS,

ZDEDTARERR VL, it 5% FI ] BR2NDTE TR A &b LV & 03 WRFE IS 2 CALBR RS ] B A D 726D 12
i MLSS SEER S B2 Z LD SVI N ELHERL 580 ) DO BN E 2D | 85—k Beth T o[k 4y B
AR 43 L7220 FB AL ANVE F A2 100em & F Bl T\ 5, FEIED R ERBRE 2 W EHET 572 MLSS
TR 2 B BE I T 1 2(1000~1500mg /1) Z & TEMNBRKIZ T TEWLE D% E 2 T3, BikdH -0
B MLSS IZEWAKEBEALLAED  MLSS 2R 2 2@ HT-H0 O MLSS % EIZFED S LoD
MLSS WL DB Z—RROMRE R K ~DEE PR EIN-ZEE MLSS IREZ BT Ui
R R ERST-ZENAKBEIR T ORK ThD, ZOKEIE TSRV K IE Tk R AR5 AR O Ry (b B
HIR F L7z, MEK DR RN ILEE BB LB 2 5ND,

S % EFRICLDH e igk 25t 25 613, A Z + 75 ISR T HEEbIc, KT NE I
WO B i Rt 2 N2 22N EE LN R D,

3000 700
2500 600
i 500 —
E, 2000 . g
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2 BRE || 00
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0 i A — . . A L L — . . 0
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< [Ie] © ~ [ee) [=2] o — ‘(:l — N o™

FER1THF4A1B~FR18FE3A3H

X6 MRS HERB S (MLSS J2 T, SVI, B 1R )

D A DBEALIZ DT, {000 HEALER Bt & BRI TS L B B B U T, B s Tkt &
5 AL DAL A I o TR O — IS Z D LS 72 B G 3 g6 A2 5 2 813, Bk o0 i BE LB C L3R ]
BETHAMN PAC OTINZ LV L. FTREL /25> TUND, 1 TAEE OFH A 1T PAC HshN& 3266 L Cu N7
WA S YEE AR 2 - A 3 o 1= 28, HI8 4E 12 PAC W& 320 L7-F9 KHE(11/20 (R & 30mm>)3H
AT BITIERT I OISR CE T, AL, PAC AN OB EIE LD & Tl
DN, FHUCEOR R G TH 2 E LI AMLEL AT RE Td D,
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O ENEAEIND EWVWR D, K8IX, ﬁ%ﬂﬁ@f%ﬂ‘b?ﬁ‘b@f%fﬂjl B, 80 mgN/L
FRMBBEChHo72hy, 6 AHRAaNG 7 A RANICHIT T L 7 iz (5 (E(DTA @ sl
RESET L7, MsROBFBBEIBRLICEA L, 9 HEZEND i%ﬁm@1mngMLﬁmmr
BREICEL, 0%, KKEMEZR212H006 1 AT TH 100 mgN/L #{&/hr %
LTWe, Z20% 1 HHFANLIRT 2480 2 HZ¥E20 3 AMOIZIT TRESKTL, Lk
ERT IR AT E ST, HLHEMET LIAD 2 R10 1 A HAICHTED & 36 0 BKE 24
DAL L CWRF AN S 5 2 & 2 & UG PN O JUERLIR 35 0> 28 4L 73 AL LA Gl B 09 (2 mg AL o )
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1L, EEHRFOMEE Z KIEIC ERl-> TR, BITE,
ME % & THHERIZOWTOREZ KT TV
Do

5. 3EIREH

APATE ) o OB ER SR A O HER A 1 0 1 11T,

(1) MLSS #2JE
FEFHE I, 2400mg/L Toh o 7=, AR D X 9|
WZEY) BRHEDOIKR T RAE U720, KE~

DL RIE S 720 F

[ T MLSS 2 % 1500mg/L 2
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1 l l
P.Il_\li(‘ | |
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I KEICHETOREN T,
(2)?’57)@5_%4\
REHE B0 D 50%D RTHEIR ATV,
(3) AHAL A B =R

PEER L DORLFHEIL. 100%(1167m3/H) T&H D A3,
WMTOBEKDEEN RT3 THDZ EnbREE L THMARBIROBHMN AN, Z D7D

I S 0 ¢

FTEDKENFONT,

(500m3) AR X 0 5 ik

SO 2T AT OEEREERELE 100%)°5 50%L L7-, BEOBRERKTHRA X
W DEEE TR 80% HHEfR L TRV | Fiikd LB &AF(C

X, RENTH T,
(4) AT v TN

ATy FHOBRFHEIX, A, %E 0.5 THoTo,

WERET T D, BREREFRODKRTNT

LinL, BiSl oz &
TSNz, ERRERNREKRITRD L HIZ nﬁ

BEHR

L., BIBE0.7, %E0.3DAT v 7L &5 2 & THEIFEHK 80% 2 Mefy: L7,
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5. 43Xk

91X, RiELE FXOax bR TH D, BEBEICHONVTIEH, A7 v 7T A20kE,
HEGREIC OV T, A203EL aRX F 2L O TH D,
(1) &k
WLEREET) 2.8 Iim 3/ HEURDOKIS X v 7 ik Lo a0 & Iix, ZER%E¥ThDH, K
EORIGS v 7 BFEIE, A20DIFIFFEASTHLZ &b EAREIT, 6TWREICMZIOND D
OO, HEEE B L, DORmWEMRIFEOBRERE L L TREDOD T A% O Z &
BT D2 LD OEBEREERIL. 2.7 Lo T D, F MM EORAULICEVER T %
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BLA200D 1L2ERELRD, 20D, LARE TOREBG SRR E . B &
FHFRINTWADZ ETRIZEL W I & 2o 72,

@)= axh

DTAZDOBMBRIEICL2E AL, MEDODA20ED 2.6 EFTHY | EHIERE2IKD 80%
UEkzEHDTND ~ﬁMOTi7%&VT&5 ERTIXEF O A20 ED 2.2 (FRETH
%o ARk, Ffﬁzyézt%c@«mﬁéﬂﬂﬁaﬁfﬁr;@ﬁ%ﬁ5_k#f%éb:%@ﬂ\ E T S et
7o TWA,

&9 IR MHERE

28/t/m3tEEREHEELI-5E 17EEEE
BEE(EM) EEL {2 E (F1/1000m3)

IHE A | RTYTA20 EH AREdity A20
TRE 17.55 26.33 BhE 2460 940
MR E 12.92 4.76 EnE 28.8 14.9
BREREE 8 6.84 ATFFUREX] 364 364
- - Z Dt 89.5 33.8
=1 38.47 37.93 /it 29423 1352.7

1:RMEER I, BTEX DI=D AT F U ABEBHEEL TORND TAZ20LFILELT,

6. T&H

16@#’&@Lkﬁ¢%%x%y7Aﬂ)%@%%ﬂﬁ%%ﬁbk&*%ﬁ?@#%&ﬁo
Too TRB. AKMiFE TR CEA LML, MERAYEE LE (1%/4) % KiEic
FElofeZ &b, BUEMELED TRAEZMEL TWD,

(1) @fﬁmg%ﬂﬂ%btmkﬁﬁ L. UHIOFRKEFHEZ 72 LT,

@)@@mgﬁ\ﬁﬁwﬁ®mﬁm%ﬁtbfwtottb EHRIZOWVWTE, A ORE
FIRE WD FERER 72 E OB L 0 KAKEM T MR EE2BA2 0 boT0, F
7oy D AE, o FRUT K 2 @ AR & [FAR, FERFFICEREFO 1.0mg/LA B 252 L0 H
ST, PAC ORI LY +32x s TE 5,

(3) AL X, BREHMEZ LT L iz LT gy, 2 R AABEERE ERREHME 22 LT
WAHZ EMND, KREICEBW TIBREDORLEETH 4 T%é *?\mﬁﬁﬁﬁbf
WS ZENRKETHS,

(4) FEIRMIE, REFRBOARZFEO T E THEOKENG LA, MLSS, LiEE
BRE, A7 v 7EAKIIT, BEAEARREE W) MEEMHIKOF ToREME LT MLSS

1500mg/L, 8% 50%., A7 v 7Ll 0.7, #%E 0.3 72 o7,

(B) Afigk D=2 A2 MZOWT, ka4 E L-gd®IL, 2.8 7 t/HOBE T, A7 v 7 A20
CRIBRELRBL LN, £/, B2 1 7TEEEENOETTH L A20 &L T
221 EOEHIANTH o=,

AR IL, YRICEAN L S Th Y EiFMiEAERE AR, FHEITMEHE L CHAM O
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B LA OBER ESRDORFHIKM T NERKODOMENRA SN LT, 5%, HEE
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REBICFHRAELED DY TH TN TZ W HRIRINEEAN PT DA =D % 72
bR = B AREAE 2 —DFRRICED TEH LT LET,

[&% k]
(1) = BEFEY & —BE Y]t R e R e A it iR S £ (H17~19.3)
(2) 27 v 7 ARBA « EELFE - i RIERG~ =2 7 V(%) (H14.3)
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2-(2)-2 EWMEEVLEBEISVFYABRERAMBHEREIZONT

S R RIS R AT AR AR R RS — AR VT IR

1. FLC®HIC

BRTIE., HRAEOENLEZED TWVWDHR, TOHERENLEIEHD > HO—>ThDHH
EGIRAEE 7Z » bBRAET DRI AKIT. AEY., BERY. VAFEDOARZ L&, Rk
KEZTANTHDWEKEBEL X —OMIKKEIZEELZ RIZTL TS,

S%. BICHROENIRED D — . BmAKICK T 2HEHBEGENIX, RREBEOER
BN —mMICIBEINRNZ EE2F RICBIEIATHWSBEMICH D, FiIZ, EFLDD A
WZDOWTIE, 20 4 A XY THROBEELZRZMRTIREICET 2561 (LT
REEHERSGN) OWMERERREINDI Z LiICL, AR —E@imilbsh b,

ORI RN ERE X, @ET7kﬁiJz‘/5(~ IZBW T, Bk iz (GRESBI% @ A0
B) OBBRN/EL TS, ZOMFEOBEEIC CEBRICOWTIEHEH O BSEN RIAE T
L0, D AIZHOWTIE, RBHEIO @##l%ﬁﬁ%?ﬂﬁiﬁﬁééhéo

T, AR, HEBRLE T Z » b ORETHRBAKFTOY AAREZIER TS % H
e LT, bABEEA (BEAD) BMRELEZHE LAREBLIZO T, ZORNFITONTHE
T 5,

kB, KEFHICBWTRICERE LA, OLEMITHREHE 2857 T 2. @
FFERMEZEZE L-RM, O A MN2BE LR HEEMET LI L TH D,

2. YVARKOWBLEM

2. 1 EHIREEDEE
AT T Db EE L WHELEME X Rk 20 F-1. YARERGIE BAEL: (mg/0)

4 Ao A S5 BB RSB o R L ES 7N HrHL ) A
@I‘T“f)é (iﬁj’ﬁ e B I (X D HT K AR 4.5 3.0
X —DAE. D AR EOLAEMN 1, 704kg/ H
(H20 4 FE @i) WXL, BLRAEK) 750kg/ H
THY L BICRBRD D), TDED. W //
EHEAEECOW TR Z2HED 5,

F-1 ICWETAKEFEE X —ITBIT 5K
WEAK DD ARSI E (BEE i 0% a) &
KT, T K1 T Lo, BIEITY
h@%ﬁﬁﬁf%éSﬁmw%%@ﬁﬁb
TW5b, 2L, 5% BEITHIBEN D E
DL AKLEBR TIRAELENARLRY PR T TP
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L TW BERD D,
2. 2 BRKOYAREKEOLEMIZDOINT
WETERLE 7 o )b DR K 2L LT

WBEIA T A Y X — 0B S R REARMC s ik 1 1
b 5 R AK AN OBIAERE K2 1R, ss

B KA L, COD RV SS Iz Tk hizs o

FL72NbHDD, B AIZTHONTITEEKEAN D}

SULEEEDTHED, KLBEIZE > TERTE 2 0 50 190 %
WE[G Lo TN, M-2 BEHABEREE2—I2HT3
B A0 AICE, FEMIED A (ERMICEE BAKKFT/ EHRARH

NTWB 0 A) & WHEEY A OKIZHEREL TWH

D0 h) BNHDHIN., 20O BIERMGED AT, KL %
HBRICB W CAENRECH L - oMEL R B :

Tb\éo . mz'r;u/uso o0 %
BOACEDBEMIED LOBEER B DR @y yARICEDERE

ﬁommﬁwhwﬂ X 3EIREL 2o TEY ., YA DES
WRIKFEA Y v & —~ DR E KA RO E BT R

Th b,

3. BRKbPDY AHIBAEIZDOWNT

3. 1 HIENKERETEZIYAIZDODWNT

HGRAK P OIEVEMEIED A DREITHBEAZEL TEHBY, 0.4mg/0RRE L/, Ko T,
BRAKD R VIRE A 2.5mg/0ERET D &, BIMAKIZEEND D A D 8 FILL 28I il
DALt d, 7B, WHEVADITEAET T ABEEY AL (PO,-P)] ThHd, TDR,
SEOBFRFITHB VT, D ABEMEDY A (PO,-P) ZHITE % & LM OMEICTMA T,

3. 2 EBF|AKIPDY AHIRAE

WIAKDOD VB FIEE LT, WAARAWNOEBNICS FEICHIE TE ., MELDENHF
TEXDFHER~OY AEEANRMCE 2 HEEHRA L,

DABEERCLAERALETRIZB T D0 AHIEA T =X LIZHOWTHAT 5, D AR
EREMAT, wIN%EORRIZ O TR -4 IZRT,

OIZ, 0 AEER &2 BN L 7
WA TH D, BN TR f <YA[E E & &> <YARE EHl &M% > \

ANENDERTFOYD LD B, FE 13 & Y A B 5E #
VEREE O AETETR & & b ICBEH & Em”*_ﬁ%;
FUBEHIK I . P REE O A I3 A - 5".‘
Ik 2 BTN WA L LR Sk A ;l
NPNBITT 5, v
WCCDEIE%"E%ML?”:%/E} YADEE 3
T B, WA TR & \\‘ ® mREUL //
ﬂt@hlmﬁ_ib\@ﬁ¢@ OO0 srmmiy b

WRREYED AT, 0 A BEER T O &

B4 YABEHEMI-ED Y ABEAD = XL
N T I ] =
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MO AL (DADEENR), WABEARZRMLULEAS G, FEEMEMHED ATBEAIKIZ,
WREPE D ATRFEAKICBATT 208, 0 AVBEED RIS BWEHEY A ORI X0 o BT
EHARTRBARKSBITT DD AOEIEIWDT 5,

ZOESIICLT, WABREAORMIZEY, BEAKTOY AAMEIRBT 52 &N TE
Ay
3. 3 VYABRTERODETE

REMNRERRBEFNTHLL2TAIR (RVELTAI =T A BEELLT VI =T L),
PR (RUBERSE —8)., AIKZE (HAK) oW T, WABEER &L Co@Etasmat L
oo TOREER, 8% (GRUMEEE 8. AKFE HAK) BEANIZ, FEORE, PH &
ik, ~EBEELEZYVAZHRHTZ2EVIBERL IO, 40O H® A
TERWI LR VY,

TIT, ol T A IRBEATHLIAVELLT VI =T A (PAC) KB EE LT V
=0 2L (LAC) IZoWTHEBEZRATZONEK-2 THDH, RN DITHIRT O A % [#H
EALT D70, MEEET VI =04 (LAC) OFBENATNDZ EBNbND Y,

ZDlH, DAEERE LT, BEELT VI =0 L (LAC) ZEE LT,

WREALT VI =7 5 (LT LAC) DR AE&R-3I1CxF, LACIZ., PH 2N 1 BLF (R D
BA)LIFEFITEWED, BEOMEZIZOWTEHZEERLETHDL, —FH., EENRE
SHE, BHRVWER SR, TORTHMERFEHEMEZZELL-ELRE VLD Y,

ek, LACIE., YRIZBWTIE, AROFMCBNTHO TRATIEMLTH D,

%&-2 LAC & PAC & o L8

LAC PAC i &
D A TE E 2 R 0 A % %) % 1% LAC 28 PAC
O A 1.5 R, (ERRR T —21C
£%)
175 Ve %k 56 % R} A O
o8 & o N zfﬁ i1, LAC 7% PAC o 1/2 &
R fli | vABEDERPEL FLT | BHEDREDE VD VAR

NV, B R ITPACIE EARGREZLESHIED
EWIfECERWCD KWL ER W E R D DKL ~DE I
SORMITITES T GR ELTND,

~OERMIZHE L TWD,

woa H E O A
£-3 LACOELMHER

fHoopk AlC1,
I5a H #)1.25
p H L LUT Ut o 45 4)
& 8 R v PN
B L | ERRW LA A
JIS #l #% 2L
E R BLE | EERRHE L
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4. YARBREFDGHMEE
4. 1 YABRTEHRRME

LAC IRIMNERAFITWHT KB AE X — OB AKF O VIREZKERGELUL T ET5 L5
ICHKET DO THDL, LEB-> T, HEFBERLE 7 > M6 ORGKIZE £ D A
YA (DAY A ZETHRETILEZ RV, OO, BEHREY A OHIEEIT5
EORBHBBEEIC, SBZRTITFEDOES - THROARLEDOHEKFLEE L Z —D
BOBRICEATDHIVAREMZTZLONDL, HBM % (A,075) EERBEBIZHE S D AHIK
mAESIWEME E LT,

Fo, SRIEHFORRKY AHIBLEREITES - P - AO0XBROSEZRIEICE W
TH 860 (kg/H) LHEELLARMAELARE L (B, LACHD AL & ABHED A LD
FOGSENHITHEME LY 1:0.7 L L, LACHFD Al EHELZ 5.0% & L7z Y9, ),

4. 2 YABRTERRIMARFTEDETE

BT _7= L 94z, BHEATOD A&k 2T /’
BRETZHEIT RV, ZORD, &b RBIC WET £ 5 R
0 h % BIC X 2 TR R I5 TR % R L E A R 2B
Vol ]| R I TN D

HWEBETRALAE 77 > N TRE L TV D ETE
JEro BRAK~NEET 2520 A0OEE%ZX-5 (1T
T UV BRICEB W TR, KRS DY AR, BEERE
BB BE D ST B L S — i b DRI \_ (A 3 | )
ENLLHE L TWD, HRENLICK D2MmE M-5 RERMBEEMNSEHT I Y
Z—n D OBMETRIE =W ERE CiTbh 55 S DEE
Lo TWNWDHTED, ZORIZILSHIHITH
FHZENTHRIND,

ZZ T, LAC IRt &ihie e LT, VABGHENEZLS, IRMWICVAZEETE 5 =1
Bi5lRE®EE L,

4. 3 YABRTERAZMEDRE
4. 3. 1 FREWLEIO—

WEBERLE 7S 0 P RO KBAE L X —OFERALAE 70— %2 X-6 277,

e, K-6 3L TH, VAGHEEDZ W =G D O EJRIGIE L O BT 43 %75 JE
DHZEFEREL TWND,

B XV RSN TE BRI, HEEBIRAE T Z > N O & O KA E
A—DWHEHIITZRIND, TOHIHLRHEHICTZIRINTHRIZ, 22 CTEHETIRER
I, S5, BORBMBCHrT o ®, BEGRIFEECEOND, —FH., EHHIC
TZEINTHRIZ, T CHEHODBRMIN, ZOEMINTCDEIRRGR LIS, 2656
LIRAMGIRRITEEICELON D, BMGRITFEEOHIREIX, 510, EBOBKIZHT b,
RAKBICHEALBE SN D,

~

WETREIEIR
(BfE) 1%

=ZMBERE
(=#E) 46%
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-6 REFRELEITS Y FRUBEKBEELV Y —OFELE O —
4. 3. 2 HwitE

K-7 ICITKEFAEAE X — K
O BB IR 7 5 o b o P if ¥ /
ZoRT, HHEETIX, TXTO
= B 5 IR & kP42 LAC Z i
HEWIEBEZDOT, =W EIHIRRD
ZUEHE T H D PR K OB A &
LAC OWRMEGFT & L THRE LTV
7=,

LU WL Tn D7D,
b mAE A Y YR SV LAC
DWMBGBAT &35 2 L%, HEFFE
M, B2 A NEORTARFT
» 5,

TITARGHEB N THEL 2 ®-7 F%ME RO LB R
DX BMEREMRET D720,

WG RWE 7 Z > Fl O &I
LACZIHRMT HLENIBADOT T, HEMZ LACOIRMGEITIZERE L THRFALED -,

ZTORER, LAC OFRMBGFT2HEMOLL LESA., RKOEEIZLY, HITE20 A
DENEREN, RERHEZBEET27-DICKLERED Y ABHIHTERVWEANL S 2
EDHEB L T2,

(DB ICHEML TV DR MBS ko B g

BE, WEREZHEHOE LT, AEMICRY MBS 82BN L TV, ZTOEIKE
IERELT, WAOEEERRXH S, L2rL, TOYABEEOHFEIT KN LO
ThHy, BHoORBICEIY, YAiz+s2L 08 s25 VY, kHasnzo A
X, BEAKICHIET D ZEND, MELELTHRYFBRE 8o KEDOHRMIT, LAC I
X220 DI AELET S Z & &5 (X-8),

=2
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Q) REHRLE T T N TORBICE DL T 0 —DEHEOZE

HEBIRALE T 7 N Tix, FROZELHEZITH BT, WAKRFICIEX, BITKFE
A —IlhbrEHEMTOZNEBEZREZHOL, M TCOZREZHES LT
Lo DO, MRKIZBWTHEMICHEET L2V AD0EIT, lEREEOK 65%& i
WA h, TS, B A~O LACIRIMOLTIX, WAOHIBELNRET S

BENb D,

P —
WAEEET B . K RS
A1 JILM LR 563
(LAC =& 3 i — g |[ LAC =811 Y A
YA EEE = P&
055 A 38
F53k
=Ag
BAER

mEr
REERE P

\E’i‘ﬁ(t’)

K-8 ABEBICAMEINSIRVBBE-_HOYABEICET 2ETH
4. 3. 3 EmMHEE

TR 2 0 A EEF ORI . .

B B . B EE - PTHZREE .
Fre 3 51F0, AIEOMEZ M | prcpnesgsss

P B0, RNUBEBRE 812 .

50 Ao nBRkT LT
WL LETHY ., 7. WKE

ie
TOY ADEH RN DTG R
WBAEZIRL TS EKEERIEE e

FIZH LACZIRINT 52 & 2/
HLm, Zhick ., LAC @i
B O AKED APEE O T HE

2' HOEZ R

|

T, T RCOFBERENERICE 0 0.5 1 1.5 2 2.5 3 3.5
WCEBEE R LR REMW K Y AR (mg/L)

R B O ST A ATRE T H D

EWV ISR RIZAR o7 (M-9) (K M-9 MEHKBEELD2—OKRRKETFAE

HOR L, REE» ST o (ABERUVEMEBEMEBICLACZERAMLEES)

LA RC,2.5mg/L & L7.),
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5. XERHEHRE
5. 1 FEXHEMHME
5. 1. 1 RBREKLBESRZESH
FEAEOKE S ITIL LACIRINIGFT Cb 2 F M & R HIRIFEMICEE L TV 5 R
ERIBIRALER 7 7 o NECHI N o JHEERE AT AT & L 72 (K-10),

4444JE
B | e ——
ﬂ ) 8 _ _ _
E %f%% IR 7 K A0 IR 2R 4 % B 15 AR
r;’%ﬁﬁiﬁiﬁﬁ?gﬁ e~
. W
| —r [

H-10 "B RENETS > P EFEE
5. 1. 2 FTEHBRHPE

ASEIHRETHHEBOME L2 FK-4125RT,

FHEEIRIT LACTEAR Y T RN LACH TR X > 7 Oftt i RAKFE LK OFmRAKR Y 7 Th 5,

Pred i & R C LAC M EFE AR IT R 508, A REE L7 LACHEAR Y 7 it
BEHENATRETHY, W ~OFEAENF R 7OHEEEAN CTXHIGAEETH D 7
imoMtERE L, 1 EEZ THEE L THFIIHISETEDLLOICLE,

Fo, LAC EHREDEAME., VA LORIEHEDO R L2 B & LARKERMEZx T 7=,
HRERFIFEZITD 20 FE2EAL, fiRAKRTRAZRE LT, 2B, ARAKMEE
Z20fFICEE LA, LACEARN 7O HEREICEY, FRERLEHT LN, 5
ERELEZR TOLEBHHEA THNIZY ADOBRESRIZLZD LW, FWIRAKKR Y 7
EEEE Lz, fRAKRY 71X LACKLEREAZOENZZE LIFHEMA & A cHik
BT, Rx THEEZR T,

x-4 FTEHBWE

B %5 4 Fr i =X & % E P

LAC EAN | AT T LR T 36 | 1. e R AT AE

N ¢ 50X0.5~12.0L/min 2. JE A 17 3

LAC #7# |FRP 8 20 ni 2 | LIMEMEND D,

By 2. ZEN D B,

A Bk Rl & |¢ 50X 0. 17 nf /min X 20m (B4 K8 ) 26 | LEEMENE < EK

RN Ko7 ¢ 50X0.24 mi/minX20m (FHE AL ) 2B | BNb D,

A BROKHE | A BE R SE K R LA | LEEMER &< FEK
() 6.0m Ndb D,
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//, LACER B 5 > & ERAKRY T xB24
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5. 1. 3 LACEEMMEIZDOILT
AR L REEME D LAC Z B4l 9 72 . LAC 254 2 840 (S 9 2 M IS S W TR 3K
mPEICENTZ LD EREE L, UWFICLACEKRH DO E2MEICoWnW TR,
(DLACHEARY T (XA YT T L, RNyFx 5
(DB ALk =T A = J i
(B)Fr & S (v & 5 E )
W Ff¥E: 77 a8l
5. 1. 4 FERBFOSEAZEIZONT
(DLACEAR Y U To A& SN TH D,
HEAE—EGE : LACOEAEN —EIZRD X HICHET 5,
WAL BIHEIE BRI Lz LACTEARICARD KD ICHET 5,

EBRICEHL TCWSH TR RN REHMEFELZRBIRTH5ZENRAIETH D,
) FWRAKR 1T lcik 7=k oIz

2T O HIEE LT D,

T 7wuy, PVC#Y
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VEBERCTSE L, LACIEAR L HE LT
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Th o,

-
—
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SBHTOEBTEICENT ZLICEIDVERTEZZENTE, ORVTOIZODWVWTIE, W AEEH O

BEKCY AEERBRMG T 2 REGRLAE T 7 v F~ERNT L2 LickvmbEazXD
TEMTELLEEZEZTWD,

LAC ¥

T, LACUREIEALT VI = )XY [TV THO THATLIELTH 5,
RKEHOEBEOEBHIZOWTIEH, BELZALA G L TR TNNERLZ2VES D
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HED5IMEHEMMELOEEL T+ ICH> TWE W,
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DARMB . R AKORMLILIC L 20 ARETIEORR., EAH T /KE R IR E S
# (2002)

2) ARMIFL IR AKD RN L D0 ABREFTIEORIE (20 2), BAEHE F/KER
fifT 7 A 47 i (2003)

)P HE A, MW E ., R BIRAE TR~ DOBEFRIMIC X 5K ARED
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NEFKFBAEES =04 —1FRIT, HEHTRIDOAT v 7 A20EHEE T, FE 1 944
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ATy T A20kEF, BFR - VABREZEHNE LoEmELBLEDO —F T, fFRICER 2%
< BrETEDHHETH D,

M1oXHc, MAKEZBEEICH T CTHREORBSEY V 7ICAISEDLZ LK %&ﬂ
[RE VT TCHL LI BB EROERES 7 THRER TR L THET S Z &#T% D
A20IEIZHERTHALIRTER A > 7 O8 )12 RKIBICHIR S &2 2 LR TE 5,

L LZDREDICIEE R F 7 TRamb L, B omMBREL 7 THRIEICHREIEDLZ
EMEEERD,

B X —OWMAKIT, BBEERZEATHFETERDTMAL VDT, BRITA
BB E S KLBEPE L WL ZARDHY  WEAKOT-NLEWRIIZCH D, ZD7d, EHRER
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ENTVELIHTH D,
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MRIC > TR Y| KB L OEREY 7
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F-1 FEKE K-3 RICERAKEENEBZRKE

BEHKE [ 16,500m/d| (690m/h) ERETIE

AfAKE | 21,000m/d](875m /h) KEIEE | —EidK| Zikidk
BOD (mg/2) 140 10

EHEZEAKE| 23,000m/d SS(mg/2) 120 15

n BFEE&E K 1,300m/h T-N(mg/2) 35 10
T-P(mg/Q) 4 0.5

-2 RIGERE EECER19EE)

BESAE 720 m 6% BOD (mg/2) 140 3 (WUFRK)

F—EBERIE 486 m 4% SS(mg/Q) 43| 2 (BUFRIK)

F—IFSHE 3222 m 27% T-N(mg/2) 28 10

E_EERE 3312 m 27% T-P(mg/2) 3.5 1.1

F_F5AE 4410 m 36% EARMWBHEEERA  10m/d

=11l 12,150 m 100%

AT
NTPLEA
OVETIIHE

BEREYIZ

KAt~V ==

A20E T, AIBEOMA G B ERMEI N TWIIE, & _BgEEY 7 T
HOT, WAL 0.5 b ZN7E T TMER 50%I2785, ZHIFEHEDA2
LIRTEER R 100% ICFHHY L, PR I ERZRETZILIO0RMHMTH D,
BEHLEERATIROEBY T D, (27 v 7 A -8 3R -4 UG
TOV(R) VR 1 44 3 A R EHES FAKE REHEFEEE ] L0 5l

Xa2
CNOX.eff: 1 —fRI‘i—Rn CTN.in

Cnoxeft : ALFEANOX- N £ (mg/0)
Crnin @ ROGZ 75 AT-Ni# # (mg/0)
a : MAT-NOOIHIHEIZEHLT-NO
a2 : BEEAT YT

Rr : mieEkt

Rn: i tdsg it

T, TOXRTEIND AT v FIRALL L BEHBREROBBREZX S ITRT, Z0
BHUZ Z L, AIEEA~D AT v FHALEZRELSTH13E (=%E~ODXT v AL ZE
INEL T 51T E) EFERMEHRER

100 Em< 75, —hH0ABREIZON

o5 THHTEE~D AT v T A& K

50 LT HIEFEE R F 7 Tl

/"’/ RERSND 0 AOEIGHRIYZD

N
B w ““,/ T EE LT ABREN TR L5
f%é 75 “, / AbiD,
R / Ll i~ 2T v 7N
% 5 /  HEREERL=1. O kxR RELTHE, BHED
e P Eﬁitiﬁi@%tt:o. 51 A20EICESWT., O KIS
5 ORERIE0- O 4 o ) oML S S B2 F 28 -
mm 03 04 05 06 07 08 b, BoMBRS 7 TOBO
. D/NEMETF L, &oh< Al

K3 =REmbREE
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T L7 ERZORERN R+ 0D, BRIWAT v FHORENER
W25,

3. HEHER

B —7Tix, Fk1 9OF4HNGR 1 » AR, LHEE LEFIC L 2ERKEZIT-
Too BRETIEHNIEZ V7 HAKDS S 120mg/0E L, BEOFEERKME CERK 1 744
FEEY) 40mg/0) LD RELSFHEEL, BHEML S S% 2,500mg/0E LTWie, TDO7=HR
HIEA T BEML S SIZEDT 272D RENGIE S K& 2 M s 472 < U CEER L7225,
f 7 1, 600mg/QRRFEICHE E o7, ZOMORREGIRELIKEIZTIRO LB Th o7,

4 7 8 HE CTHRENGIRS & 0n/d
4H9BMB15HFT 50 mi/d (SRT=30d)
4H16HMH30HFET  EH76n/d (SRT=20d)

ZFIZT, Yo —TiF, REGKTHEOYR 1 9FE5 AFars, Fk2 042 A
FHETH »r HREIAH A ZITo7c, R4ICRUN 1225 RUN 8 OFRAR K%
FLHle, RADOHFRREHFHFHMEIZENZNORHEHHANOFEEHMETH 5,
3. 1 #EBRXTvy 7 H0.5THHAE (5/14~6/21)

RUN 1 Ti&, WLBIKE 750 m/h CIREZITo7MR, B W E X 7 THENIZ
E5E T LTV,

3. 2 BEBEXTyITHO03ITOHREE (6/22~10/9)

LERKE23 850 m/h (RUNZ2) & &, 5 MgEEY 7 TOREBITZETET, M
FEPERENEE L, £/, WEAKOT U E=T7PERHE L, WHEAKEN 80 m/h (RU
N2) FThRHIFEAEEEMLT S, 1,000 mi/h (RUN3) TiFD LEZELE,
ZLT, BOAE, KEAFMORKREWIEI>NIEFLZ (RUN3),

3. 3 #EBRXTyITH0A4TOHHAZE (10/10~2/4)

RUN4 LT, B _WBEEX L7 TOREITHERAT v 7 0.3 & 0.5 0RO
ETHo7-, RUNAITHERHFAZLRL, RUNSERUNG TIEHEEDITI NEAKC
ODMREMN- OB K LREMM AR ZEBL Chbo b RIFE-Te, TV E=T 1%
EHEOMEIZ, RUN 7 HERFIC—REAYICAEE K E 1,200 m/h 2725 72 & & § 5221k
L7z, ¥72, RUN7 EERUNSOFHREHM P ICHAKOERARMNEL 720 | HikK
DY PRI FERED 3mg/0iF FTLEH L2, PACOKEFEATLOW,

x4 REPDEEGZEHEKE (1 9FE)

24hiRER B &R EHER A FEY
3298 BHR| BUR | 547 MRS |SE2MER |IEK LK |AnEEK

T FAKEREE [BIRE |#E5RE | KB |KMLSS| SRT |$NO3-N|%ENO3-N|NH4-N [T-N T-P
RUN |7t A L | ER & #AR (m/h) [(%) (%) [&A (°C) [ (mg/Q) | (B) [(mg/Q) |(mg/Q) |(mg/Q) |(mg/Q) |(mg/Q)
1 0.5 [5/14-6/21 750 AL 1239 | 1488 87 1.3 0.3 0.1 9.8 1.2
2 | o5 [6/22-7/30 850 izl 254 | 1261] 7.8 4.6 2.2 0.2 9.2 1.0
3 7/31-10/9 1,000f ,, 15 F 265| 1.259] 6.9 1.9 2.3 04 9.6 0.9
4 10/10-11/6 1,000 AL |1249| 1,168 6.9 3.9 1.1 0.2 11.4 1.4
5 11/6-11/29 1,000 izl 232 | 1.248] 75 0.9 0.2 10.1 1.1
6 | 04 |11/30-12/28] 1,000 5 213 | 1653] 84 35 0.7 0.1 9.4 0.5
7 12/29-1/24 1,000] 30 0 5 19.7 [ 2,025| 8.2 28 0.4 0.1 11.0 1.0
8 1/30-2/4 1,000 40 5 192 2030] 8.2 0.0 0.1 13.2 1.6

3. 4 ENEMBEERAOHER
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HEEEGEREZBATLZZLICE T, WHAKDZEE, VAT EDBIZKTFTLEZ, RU
N4 LRUNGSGIL, IREBAUANLFE CERSH THRAKE LIZIER L TH -2,

‘ I BRKE
20 —‘4—1?&MIE7K EHiBlsR B FHE —0—4-1% RE%K (mg/0) 200
s o 4-1% £Yk (mg/D) 180
16 f 1 160
14t 1 140
S 12 f 11203
£ 1005
a
i €& ¥
, 8 80 X
z e
R 1 60
4 40
2 l 20
0 0
41 5/1 6/1 /1 8/1 9/1 10/1 11/1 12/1 1/1 2/1
b
o] ] o)

1000
o | [ BEH (PAC) EARW)| |

4/1 5/1 6/1 M1 8/1 9/1 10/1 1/1 12/1 1/1 2/1

4 4-1RRTyTA0EEROMEKE LY F (FR19FE)

4. EBER
4. 1 MNEKEIZDWT

TEORER, HEIEFMEITBREAT v WAL 0.4 TRBEKEZFHFHME (690 ni/h) X
D720 201,000 mi/h IZ L7z E E/d BFRKEIZ o7, AT ORBAKE L, £
3OBAEKE (LK) LR E BRIFBFEFEALELEBY E57B, D AIZOW
TIHEXTRBY, AEMOREEH O -OENDBEHBEBREZBEAL TV THLZDMHETH -
7=,

— M AKOBODIFEFMEEFUT, VAL LABRWDIZZ ) WO ERICR ST
DIX AT » 7R AR R - R - RER T~ =2 T V(R U T ~=a2T7 1V (F)]
LT DX TOERT — X2 LIMER LI D THY  NEFKBEEV X —DFE
BlZOoNWTEEEINLTWANnEHEEZLND,

AT v 7T A20EIE, BEE - VABREZEHNE LEEELBETIEO N, U AREIZ
DONTE, RROARLEREND D, [~==2T7 /v (£)] Tk, AiEOHMALEZ K& LT
DIFERELEDABRENAIRIZRDELTEBY, £, VANRERLEZEZIIPAC
DEANET> THRLTZEENTODLIRAERBEI»O L ZNNEMIT BN,

4. 2 EBEFHLEKE

B2 —DAKIL, SIREERZEHT 2FETEKOTARIIC L - TEH N
REWZD, THUHLKIZHEREREEEZHEZ TVWLIbDEEZLND, ZDD
AR OB T L DB AKE DOEALD, MAKEDEIMZEHA AT TLE IR
HDH, Tl OERIT HEBERAEE X TREAT v 7 AL 0.4, LE K E 1, 000
m/h Z_X—Z L LT, LEAKDT-PMN 0.5mg/0LL FIZ/e o7& &2 THEERE 15% T
BIRPEER 21T\, Img/0AE M X 7o LIFERIE 1L L T\ 5,

4. 3 ERETFEHLERDEEDEL
4. 3. 1 HBHAFHELEBEEDEL
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B Z—ORAKEIT, £3DEBVKFMELD S SHREICE, £Z T4 —
1 ROEGFRMEE T~=27 v (%)) © T &FFEG) ICETED, ZetRE0 S
ST % 40mg/QIZ LTV Ialb—varix iz, TOMRIIES ODEATOFOKIET

£5 HRAHEREFE-F-VIaAL—PaYy

1 RiER bl ST BERRERY
RIGA2 25 AIKBOD (mg/2) 140 B ZE BE
" S-BOD (mg/2) 93 mxE b
" SS(mg/2) 120 40 43
" T-N(mg/2) 35 Gk 30
" NOx-N (mg/Q) T-ND75% B Gk
" T-P(mg/2) 4 Bx 35
" PO4-P(mg/2) 1.7 [ZE BZ&E
A-SRT(16°C) 10.2 kS 8.3
RIEA2 7 RIEHFMLSS (mg/2) 2,500 (*1) 1,374 1,420
BiERIELE 0.5 RZE 0.2
WIEFIRIRE (mg/Q) 7,500 4,122 8,520
THALRIBIREL 0.35 Gik3 0(*2)
BIEERTYTRAL 05 BE 0.6
BERXTYTRAL 05 BE 0.4

(%1)4-1REEFEHBEDOMLSSIL., SS(120mg/QRFEDNDLDMNZNDTID LSIZKE=LY,
(%2) BEE ATV T 04T, COFRAKE(T-N=30mg/QF=L. 5t E LI RBBRIIFAETH D,

2 BREGHH

BRI IMLSS 3,750 2,061 2,840
FE—BEBRRIV - E—IFKRIUMLSS 3,426 1,883 2,840
FAKE(m/d) 16,463 Bx 21,000
FE—FRI Y EER (h) 452 4.44 3.1
F_WFRAIV VB (h) 6.19 6.08 413
ME—IFKIIBF= (M) 3,101 3,046 2,713
QFE_FRIIBFE (M) 4,246 4171 3614
E—EBRI U BEERE (h) 0.65 0.86 0
FEIEBEFRAIVFEERM (h) 4.65 6.12 5.59
E—EBRIVIBF=(M) 446 590 0
FE_EBRIVIBE(M) 3,190 4,198 (*3) 4891
HRAVIBFE(M) 686 686 875
EYMRIGAIEE (M) 11,669 12,691 12,093
ZHCHBITHEWMEL Y FBERE (h) 17.0 185 13.8
(*x3)4-1RDIAVIBEF . FEENMEVDENT EXRELGMLSSEEREL. FTELTHT
ERELDT,. EEDOMLSSTHET L L. COKIIIKRELGBTENREITLSHH,

BIZHZBXZFEFRETLTWADTEBOREIZE 2N TEWNEEZONS,
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®£5 DOo=
3 REERE hw SIS PERRERT
3.1 BHMOBRILICKIMFREEES
(y;fjd?wz F—BERIVIITRATHNO-NETE 101 b 34
g(;gﬁ/?d’s)ﬁ@‘zbI:Blféﬁ%#%wﬁﬂtl:otéﬁﬁ?éiﬁE 469 A% 924
ERmEBRIIITRAT HNOX-NEH B (ke/d) 216 RE 284
é(ﬁﬁfﬂ)bl:ﬁﬁéﬁ%%@Fam:é: [FEZEA 271 BE 495
32 WHILICWELKERE
E—FRAVICB I ARILIC L BEEREE Bke/d) 987 RE 1,296
EIFRAVISBIT BRI L BB R L E Bke/d) 987 RE 864
33 NEMRICKIBREES
%—dt;%%s«wl:;s%mzuwn:;é@% 1,275 688 925
%iﬁwm:m%mzuwu:;éw\;“' E 1274 688 616
34 BAHEBRZFREMRBICVELGCERRHEKE
;ﬁ{;gg@gmwé;@ﬁaﬁaﬁ;ﬁrﬁﬁﬁkw%am 33 A% 05
zéggi;ﬂ\ﬁ(Té;ﬁﬁﬁ&i%&%&%k%%ﬁﬁ? 46 G 38
35 EWEMRE
E—REAVIIBTHLBERRE (ke/d) 2,764 2,177 3,170
EIRRAVITET LB ERRE(e/d) 2,578 1,992 2,013
3.6 FKBELERRE
BRIV VIBHBEKBEBERR R (ke/d) 4,133 3,255 4,740
EIRRAYITB B EKRENERR R (e/d) 3,855 2,978 3,010
37 WEZERE
E—REAVIZBIH BB EESE(M/min) 53.9 424 61.8
EoREAVIZBIT BB EESEM/min) 50.3 38.8 39.2
5 WEKYARE
51 ZEJICHTHNEKYARE
FHEFIEE(ke/d) 2,083 1,125 1,559
BREVASEER 0.029 0.054 0.041

[RARFREYVAEFE: 004

5.2 BEFRIAME
ALRINE[mg-Al/2] 3 RE BE
PACAINE[me/m] 476 EF EP3
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RAERE
65m /min
RAEEE
50m /min



HD, (772 LML S S 2,500mg/0% D F £MH 2 EIXFHANTERVO TIEIRERHR
ENHEE LT, 3T4mg/0E LT2,)

Flo, Yo —Tlid, EBEOERICEWVWTHMEL VX0 OKRED U TE
TWb, TOHEZHLNCT S0, Yt X —0BROBAKE LBET>TND
EEEAETOY I a2l —a v biTol, 5DEFOEETHS, A—SRTIZHOWN
T HERE S =11 LD T8 3H LR T, WLIKIEER IZLBEAKD T-P A 0.5 mg/
VUL FIZ/ ol EDH 15% TITo TN D N, EEOKISHEHEAKT-N (30mg/0) T,
MOBEAT v 7H 0.4 Ty Ial—yvard b BROLENRLNI ENRDDo T,
FREMAKEFEIL, 1,000 i/h & LTWER, BiiZKEODL 2 WERENSH DD T
1 HOMFAKREIE 21,000 i T Iab—3a v L,

4. 3. 2 REHE

PR DRBEREIEL, SSET 40mg/0 LTy Ialb—vary L TChHRFHMELIF
ENEEDL ol Flo, BIEOEBRFHE TV I b —rar LELEAIX875 m e
o TE2OERM (720 m) LW REL oD, WILIREERENSAECTHDLT-0H —
WRFY IR Z 7 E L THEATE2OTEH 1,200 mERY LBEREZHTZT,
HRA2 72O Th, SSTET 40mg/0E LTy I alb—v gy LELEaIT&itmEe
FEAEEDLRN SN, BUEOEEREFF T Iab—va r LESAIE. A—SR
T#83HICLEZEE, SS&E 43mg/0C L7722 & CTHREBRNEL 20, F—HFK%
2,713 m., RS 713,614 mEERBEIV NS ol

MERRFZE X 72OV TIiE, SS7EIF 40mg/0t LTy Ialb—varLizfa, F 8
ek, B _HMBELLMLBEBREN 2%WEM L=, /-, BEOEGLGSME TV I 2L —v
gy LSRR AT v 7hZ 0.6 005 0.6 IZ#ML/ZZ L ML S S 2500 mg/
0225 1,420 mg/QIZi L7 2 & T, WEAREMIA 4. 65 Refl 6 5.59 ReficHgmL . #
NIZONTHERFEGHEE 4,891 mERVERRE (3,312 m) KRy KEl/o
2o L2LEBROKLHEIZEB DT, REIZIZIERZTLTWS,

MRRFE X 7 ODREIT, SSTE1T 40mg/0E LTy I alb—2 gL TH 4,198 m &R
ALY RIBICKELS R>TLEIZENS, RFBWORELAEE LU,

4. 3. 3 WMEERE

B OBRALIC L ERIRFZ R, LEAKENMLEZZ &, MLEMEEREZIThR VN
ELBREEREAK T LEZZ ETLIFICR- T2,

WAL L EARREREIT., MAKDT-N 35 mg/07 5 30 mg/0IlfK T Lzd 0oL
KENKIEICHIM U720, 9%8nL 7=,
WAMRICHERBEFEREIT, MLS SR TN LD 40% A Lz, £72D OMEFFIC
Vo EEIL, KENEM L7290 24% DI E -7,
INbEFELEODEFERY 7 TIX15%EMN. 3§ K2 v 7 TIE 22%WA T,
HHET3%WD L, ERABICHET D EH KX 71X 61.8m3/h, & MR F v
7 TiE39.2m3/h & 720, EHITHRARERELL T TH D,

4. 3. 4 WMBKYARE

4 — 1 FZXKMETIE, BRAOVAGHBEZRIMEDOIHIREAERL D VAR LTI
21— a2 0L7T0.029 EHHLBARIBRVAEGEHERLMUTTHDZ L EMRLT
W2, FHEOYI 2L —va &S SET 40mg/0k LTITO &, BAEFHRENSN .
(54%) WA T D720, DAEGHERIZT0.064 L7d, T2, HEDEREMETITS L&
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T-PILFHED 88% 7ML S SI1E 57% TRIBIZEK W= DHEREEEN VR, VA
FAHEN0.041 L7220, EHICRAGHELBZATLE I,

LorL, Rl OFEDOHRT YV AGAFRLERN LRI, 0.02 205 0.03 (B
0.026) Tholz, O ENDH, YU X —DWNEKY LVBEN A — 1 ZXFHEL D &
WOIX, DAEZWRINT 20K BEBRAEBMPBAEL TWLTZOEEZOLND,

5. ZTDIEIDEE LEDHE
5. 1 Jo—4%9>
Wy o 7 — TR EER (A7 Lo "xaR) RO, 1 H3E 7
n—Xr] W) HEEVHIEEERAIT > TWAN, ZOEETESENREZEIC
D. DO TFTZHNWTREKRKDOY AN ERTDHZ BT, WEAKDT-P LK HET
K 4mg/0 fHirEF CER LI R BT,
ZOTHR—FTUORER, P2 0F1 AT 2 ARHBRBOBEMR KNS b
XXV HABND, HME5DFHE KA 7D Ly RERDE, broE¥7Tun—4y
UPTONEREREE (1 6K, 2 2HF, 4KF) (2, HED AT TT v E=THEHEN
BELTWD, ZIIW0ESET v E=THERIIROFE MEEY 7 TREINLW
DTRHAKDOT-NEZmOTLEI Z LITRD,

BRI RimftE
F—EBRIY

. 35
O NO3-N(mg/2) %0 O NO3-N(mg/Q)

w0 | B NO2-N(mg/0) B NO2-N(mg/2)

. B NH4-N(mg/2) 25 B NH4-N(mg/2)

. I 20

. I I 15

10 I I "

I ;

0 II ° 12KF 168F 208F OFF 45% ‘85#‘

12BF 168F 20BF OFF 4BF 8K ‘ ‘ ‘ ‘ ‘ ‘
EomEpRaLY EoHRSY
% 0O NO3-N(mg/2) %
L Tme -

30 B NO2-N(mg/2) 30 E mgg-mig |
O NH4-N(mg/2 N

25 (mg/Q) 25 B NH4-N(mg/0)

20 | 20

15 15 F

10 10

0 0 o o

5 4—1%R24BHEABONLYF (1/21~22)
Ltp. Tu—X o ORBEEHO LT, DOKRTOHELA LT LOHEEEY LD

HFNRNEVWERNTOLERSDL EEZ2D, CER2 O3 ALK, 7rn—X v % 11
WO LR, DOKTII®ESNZ, BFEE VIOV TIIHFZRATWDELEZATH
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%)
5. 2 BREEREEODRA

W —DFAKIT B XIENICH D5 AL SN BBREEZREKDO -,
A20EBXOAT v 7 A20ERINITOD ARERNLIFLIEMHESND (K6),

ZORE, KD T-N, T-PEAMTHEALEZT-NO RN Y FER->7HDOTH
L, MALELORTSHEHEND Z ETEHARAVWDOT, HLETHLEETHINEHE
EREAKRT-NEZP & 2R LTS,

AftBH 1 HIZ800~900kg D T-N2AFEHH SN &, BB X —D%/KEN 8 T~9
Tm/diEnsZENETTT-N%Z 10ppm 1L EIFTCLE 9, LablaoynHEEsT v €=
AN TR TEMBEDODERTH 5,

ARITH Uik, BEAKRED 50 mi/d R Tl d D 28\ EF 1« AR i 7% & B K
BHRE{REOFHLAVWRNITLR, BIEFALOB ALY L CHEREHSIRDS KD
iZ72o7, L2 LUAHT1TEMSEEO C—EIZHEn=2tnb 0, kKo T-
NS H B EHES T 30mg/0 fAHEE TLER LEFMES H o ZNBETIEE VSR S
nTWnsb,

CO A T-NEEAE (ke/d) BRIk~ DAL () 252

20 —o— FIKT-N(mg/2) == 2000
—o— MK T-P(mg/0)

18 1800
~ 16 o 1600
S o e 0’ "‘ /_a
tén 14 ,'{K:'E,‘ti s 1400 Eo
?f 12 % ’ ° 1200 g
; 0 I 1000 E
L8 I 800 Z
é,{. =
g O 600
B 4 400 <

2 200

0 0

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 121 1/1 2/1

M6 SREZEFRRRAOEZE (FR195E)

6. SEDRE

InFEFTHRARTELEICY U —04—1FR1F, BEICHOVWTTIZIEAEKE %2
BHZENTEEN DAICOWVWTIFLERARZE THISICEE L TNWDHEZATHD,
6. 1 THhFETORIE

AhEa%iE, WA EFFEOMIEE LTPACEATLIEIF ISR TWD, HEICYH
IWINERTBHE, PACOBRAENELL oo TIHEMBR~ODEELBRSSNS, £7-.
BHIZCPACDOH VI NI EREBRICH TN RN TERNE EITET-
POMTRELZBZ TLEIRNLD D,

VA1 91 2HANG, DAO EFMEMMA R OO TERD D MILIRIEER 2151k L
oo TNTHEKZ20F1IA L 2 HICRREERZRBKOEETHIKAKDT-N, T-PN®
EHL., BEFRZEEO T-PAEN 1 B2 TIEH o720 3mg/0 i EFTERT L LN
IfEIR VIR Ao Tn, ZOEEEKAITTRLTIEE DI, PACOREEANEZIT> T
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EDRIRIENER B2 I K oMz T,
6. 2 ZHEOXIE

BAELEKO Y AN EF Lz 21k, ROICHLEMEREZEIEL TPACHEALY TX
BIETFATORNEIIT LR, DADOHMKEEZHEL WD, LILLMAKDERE
MA@ RO TINZ Y ZIZHATLE, MEDOTHDIZBODBHEINLTIY ADH
WX S E S, MEAKOD ANRBER T2 0355, BEIXLEKOY ANRA LR
LT 2.0mg/0ZB27-ZbPACEEALTWVENR, ZDOEERISH 7 HAIKEALT
LA ERH D,

ZOxE LT, P2 OFETETKIEX ZIMAKDOT-N PEtERET D TE
Thh, HEINLNWTEBGHUEEZITo TROOMNIENTEDH LT b, 5% b LKA
KOBZENEA LI EZIT VARHLRBEOR WK Y > 7 HDWIXERBRFEX > 712
PACHAZITHI ZETHHERRBSVALERISEE, FRF Y7 THRINLRTNIERL
PN ADAMEROTIENTE D, ZRICE > TEWBR~OEENGESEEINSP
ACOBHAEAKRLEOTZENTEDEEZDLND,

6. 3 HFXRORIE

L2, ZTHTHIEMHBRICWETHIPACKHRL REbIT Tk, E#MMEANT
NITEEE NSNS, FRAICIE kD EBAKICPACEZIEAL, YA ERIGSHE
729 A CERHMEIEMBZITORIENLELEZ XD, HBOLWIXE _WMEZX L 7ITAF )
—VEORMERER ZEATIIE. DAOFRIGENMFFTE, PACEANDREZ
LA REELH D,

FIABOBRFICHN > TE, MTOXHICEEREY V7 LR Y V7 BEET D5y
2|z, MBEFE - HRELDICHEZD L H % Hf%éﬁ47®f#%% RETDH b
#%iﬂéo_@ioﬁ7V#v7w@%L LTHFIEX, KESLKELE), EEESEM
DEFIZERZICKIETEDHEEZEZLND,

ek

FIHR

X7 ZRAEBHEOREME WAHTOEZS)

7. EF

AT v 7 A20ET, MAKEBRIEEBRIIDTTHRAIESZ LIC . AL A
WA 708N 1% A 2 OBICH_RTKRIBICHITRS®E D Z &N TX, 7b>oj<é°7‘oc%$[$‘%£
REBFDHZLENTED, LDLZOEDICITEREY 7 CTHREIINESEDLZLENE
BEhhD,

NEFKBAEEZ—D4 — 1 RIZ KA THRYD AT v 7 A20ERMER THERHK 1 9
AR X0 ARKEE L,
APFETIEWMAKE, A7 v 7, HLIRERLEEZE X TREKDOERRERDLE
fb%EZ2FE L, B ¥ —FMAKODERAMMPRELS, LRI AT v 7N
0.5:0.5 CRRAFSNTWDHTD, HEKEIZELRWI EBE o7, RE KT
ERTFEE LV ERE T LN TET,

SHICHENFZRBE LIEMEREUTOMANE LN,
O 4-1FAXEFMEOEEMLS SIIETEITHEICAGDLDRY, BBIYYOETICLD
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UERHIM P IX, BEML S SICIEST 272 ORFI Sk &% M2 6 LSS %
1To7=72. §i/F 1,600 mg/0lZ Bﬂioﬁo

@ EERLMIT, BBEAT o WAL 0.4 TULEIKE 1,000 m/hicLiztE o b B
WRAKEDFEONT, ThEABE 2 THEEOEKRIIZOEEELEX—RITL TS,

@ AFEAKE 1,000 m/h EWVWIHIDIE, 4 —1RZHED 1.5 FT < DARET, ZHIFE
HMLCH BHRLENTONAEBZH O T D700, et EAICEREREOE
HREHFEZYTEOYIalb—rvarzilhl, TO/KE, AR LW R Z &
DL T2,

@ 27y FRARBER-EPBFE- G RIERFT~=2 TV () ) ITRROKRFERE ¥
—DOKEREE LK IGO0 EBMT 52 L 2RET D,

25 LK
1) AU T KB R EFE AR 0 27 v TR ANBR - R E - RIERE Y =2 T
(%)
VK1 4430 FARUES T K R R R
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2-(3)-1 KEEEHBER~NDEY HH

Wk TOKEARBEINE A E—SKEBEE X — K KK
1. FLC®HIC

W T KEARTANTET DL 7TOoDOKEEEL 2 —D9bH, 6 KkBEAEEyZ— (K—1) &
ZENICHEFEL TS, BIE, 6 KEA® L Z—0 FiICALE T 5 %) FEEM# S Tk,
ALK B ZE)NOFNNAKEDOK b F A D D%, KEEOWEIIX T 2k F/KED
FENIEEEEZH L TV 5D,

SN ERARFELEE 2 —

‘{ k2 E_ S KEERL Y ¥ —
ﬁ%%jﬁ,’

NEFKBEE X —

L E—-SRkELEE S Z —

EBINAFAEE X — % B2 1| R4S

P2 BERELE 2 —

Q@ KkFAEEZ—
n % FE )| D G

M—-1 ZEINCKRLTVWS6KBEELYSZ—

Bl —2 IZZ BN OO FARE S &REEZENOKEDOREEEZRT N, LB DK
B, mERBEARENOET 30 FREZ Y26 ZE)EE o LiFLeElic Lo, Eik
NHET . B 40 ENRLBICIZENORIETH 5 AWML FHBEZERE (BOD) ok
W2 2 2R Tz,

ZTORD, M A3FEND ZEMIB O MK T/AKBEFREICEF L, B 46 12138 £ E K
HAE X —NEBEEHAG Lz, & FREO TKESLREIT 20% TH o720, FKEEMIC
vy, BB 50 AFEARE IS TKEE LEN 50% B2 5 L9127 d & LB OKE TR~
Wl EBINTEE, 510, FRIOETAICITBOD OoRELYEL TR X H5I2RD, F
A 13 4 3 AT, ZEENIHP IR O BREREN CHEM L BEM ML I e (F—1 oM
T AESZR), TOME., KRIBEMEENFZICEERLEONRER L 2o 72,

UL, ZEINOKBEBEEIIRE LY (5,000MPN/100mL) % #55F T & 722 WK I 2 e
<&, FrHMERECHMzZ2 I CHBEE RS> T,
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Z 2T, T AKEAT TR 18 FEEICR T D K O KB E RO S B HFEE

100 fi /em® LR (HF KEF) & E DT,

BEBEHARI P T2 b B,
A R

hicbhbbe T, EZ2E—-FKEFEE ¥ —TIEK

S5 95 2 A 00 T R ORI B 00 RS 20 T
MAEAT > 2O THET 5,

COTKEZRE (ZEIFRE)

—BODIZfEE #  -o— B I R4EDBOD |

100 — 15
90 - o []
80 - agl 112
70 - ]
2 60 - "Q A 49
& a
§50— N ﬁv/\ \ g
- a
HD 40 - 4 6
i . J\j{ \ z
Eso— \ \
20 — 3
H we| o P T
10
0 | | | | | | | | | | | | | 0
34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 1 3 5 7 9 11 13 15 17
B3 #0 TRk
K—2 ZEINREOTKEERELZEINDODKEORELL
T—1 FANOEERE®E
EWitE R
. _ FEYMEE BEBRZFE=E .
45 7 o H BMEZERE = ’ = SN AR
(SS) (DO)
(BOD)
6.5 Lt
AA 1mg/L 25 mg/L 7.5 mg/L Ll £ 50MPN/100mL
8.5 LLTF
6.5 Lt
A 2 mg/L 25 mg/L 7.5 mg/L L E | 1,000MPN/100mL
8.5 LI T
B 35 e 3 mg/L 25 mg/L 5 mg/L L E | 5,000MPN/100mL
m
8.5 LLF us g & ’ o
C 6.5 £ 5 mg/L 50 mg/L 5 mg/L Ll E
8.5 LT e e me N
D 6.0 2LE 8 mg/L 100 mg/L 2.5 mg/L Ll £
8.5 LT me me o me N
6.0 kL E CHEDFHEMN
E 10 mg/L i 2.5 mg/L Ll L —
8.5 LT me R AR me

— 150 —




RKIGE B O HALIZ DN T

KNG B RE R 0 M E 13, AR RS Hi v (18 /em3) R0 0 il 805 (MPN/100mL) 23 & 0 () GE 5 15 1
Ko THALZEWE T, MPN &%, Most Probable Number O I§ TS &\ 95 E K T,
AN =—DORERFFERICRLEZL D TT,

TAH R ClE, EHEFHIEE THIE LTV 2 0 T8 B H Lo HALIEE/cms T,

2. t2E—SKBELEVF—OBRRKREFAB
%%@*%mﬁéﬁy&~$ﬁm%%f3:fﬁ %ﬁy&—i1~3¥ﬁﬁﬁﬁﬁﬁﬁ
B, 43208 A0 7o TV D, Bkl LR Z L ICREHEFZmE T MU 7 A ANR D
RIT b, WEEMAELESTH LR %ﬁlm:mmbiiﬁwmbfb\é #H R & CAB K
DRGEBEZZRET 20, HEAMOREBIARINORFEESFZRE T U U A3 AR TEK
L, LBEAKBHICIECCTRALEZbOZREE L L, WEZORBIZZERINETHK LED
BERKAKEZREBE LTS, 205G, RANZTEIZEFMEZIT> TV RWED, #EIZ
HEINTWDIREIRETCE o,

ZIT, BRINTHOWVWTIHER - HEROKRBEBHOEERNELITo-, TORKELE
F—2127-7,

M—-3 dt2E—SKBEEL Y —TEHEH

K—2 RINNKGEHBHAE(EKR 18F 6 A 15 H)

ERE RE R T
% 5 F R LE AR FrUSLEAR i (m;/L)
KIS E B (@ /cmd) KIS EEH (@ / omd)
1% 360 220 0.9
2 % 370 53 0.9
3% 200 28 0.9
4 % 840 600 0.9

F) A2 RFIBEDEH. 4 RDFEINFLEL T
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F—2 06, 4 RIFRHEEZERT R T LAOEEMMA Ry 07 2 A THEIA L AT REME N
oL, WERFERT M) VLAEABRORGEBEE NS P EHHIINDS, £72. 1
ROWRFERFZELT P U LAEABRO KRG EBEEPIEEEEFBREOT TEEHEWI &b,
WHERB T PV TV AFEAERNAREZL TWVWDLHEEREZE X LN D,

LEDOFRERNG, 2FRINORBEEFEHE T Y T L2OFEAFEREZ 0.9mg/L 205 1.0mg/L
WWERL, TONREERT27-DIC2EEORINMNKIGEEROEERELZITo T, £
DfERZER—3ITRT

K®—3 RINKBEHHUAE (FR 18F 8 A 21 H)

REEREBFT P YL | REERBERST N YL | REER (mg/L) T
RE | GEAR ABEEY | EAZ ABEBEX e ﬂZQu
3 3
(f&/ cm®) (f&/ cm®) 8% = %
1% 300 260 0.07 0.00 1.0
2% 210 0 0.51 0.08 1.0
3 % 250 4 0.53 0.11 1.0
4 % 1100 100 0.10 0.06 1.0

E) A1 REIZEEDEH, 4 RDFESMNEFIELTULE

K326, 4 RIFREBLERT PV LEARORIGEHUAPNEHAREMEEFALTH
ST, MECEHAEBEUTICT2720IC0E, b2V LIEALREZ LT OILEND -T2,
Foo 1l RFEARLZ LT TS, WHEEBRT M) v AEABRORBEERN S < ATEIO
ALERLTH, RKBEHEEOEIERRON R -7z, TZ T, 1 FORIMERRLT
U LADOEAREZWBT D22 LIT LK,

MR TIETZEdRE+DICLThDb, M—4 OXSICREEFEET MY v LA0EAR
ENS 1A IC% T TEEOEARZRD L, EMAOR, REERRT LI v LA
DENAPKFIZE > TVl  EAREZKEND bem (EED L A TYHIW L THEA
BOWRBRMEZIT o/, o, AHORMERET F U U LAOMER OE & 158 D LEEK
B L ENORERER T PV LOEAREZHE L, ZOFREER 41T T,
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| W E®RS LY v AR

X —4

I1ZREERBRT NIV LIAEDORESE

R—4 12RBEZFBFTFLF)ILEIAEFAE(ER 18F 8 8 308)
REERBES FUILIAE | REERET PUILEAE | o P
8t = | & % = I & it B & WmKE
(L/h) (L/h) (mg/L) (mg/L) (m*/H) (m*/8)
20 6.6 1.0 0.41 47,820 7,190

REERBFF)DLOAMDESR : 14.16%
) 1ROMBKEIZ, MEAOREIT LIV T BRI TS D, ALK
mitEMAKEZAFLEMEN 1 ROLBEKELERD,
B, EFHEAROHBEIILTOLEEBYD TH D,
HEAR=FAENL/MXKEEEZER T Y 7 LEBE(%)+-100+ L F K & (ms3/h) (X &)

E) Wl FER T MY 7 A0k E(@em3)ITAK TS (B 1.1~1.2 g/cm3)

=6.6(L/h)x14.16(%) =100+ (47,820 (m3/H)+24+7,190(m3/H)+24)
=0.408 g/m3 = 0.408mg/L

WEKDOHELEHZEEETICAKETHAELLZZD, ZPORETHDL OO, FE

L DWHBERERT Y U LAOEARIT, REEAR 1.0mg/L DL FOETH > 72,
JRRNE . IR T P U LAOREF DA EFEICFHAL TR ® EHER L7z,
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FAEERELPO 1 ROREERBERT MY 7 AOFEAENERNHE T 1.0mg/L 275 K 51T,
HEAEZ 1.0mg/L 725 1.5mg/LICEE L7, 4 2D A0 {E s 1T ETG MEVG IR IEIC A~
T, KIGREBEPNEL 22BN H L2 b, EARPEEEEFREL Y &R ET
HZ LWL, HEAERE 1.O0mg/L 75 1.1mg/LICEFE L, 7. 1 ROKREHEBST NV v
AOBEANBEINTZ-O, ERBICHRBKOBERIERFOBEREBRILEZKE L, 3 [AH
DOFRINBIRKIGEBER O ERERELZZ BT, ELEFRFFIC, 1-220RFEHEFEBRT NI ¥
LAOFEAERELODOE TITom, TOMEEE 561277,

-5 RINMNKEGEHHBAEZECER 18FE 9 A 12 8)

REERBT LU IL | REER®S FUOL | BREEROM/D |
5 | EAE KEBEEN | TAR ABEBEY — ﬂﬁ@u
3 3
(f@/ cm®) ({@/ cm?) 8% & %
1% 1,100 62 0.45 0.01 1.5
2 % 2,100 29 0.37 0.06 1.0
3% 960 12 0.39 0.12 1.0
4 % 2,500 15 0.28 0.08 1.1
F) A-1ZREFITIFEDED,. 4Z20ESNFELEPRTH - =,
K5 b, AEORECIHKEHEERTF FU 7 AEATO KB EEEER LRI CE <
Teo -, RRHITRKERERT N U AEARO KB ERELAEEEEE 100 #/cm?

%T@Ofb\égk%ﬁﬁumfgﬁ_o

x—6 1 2FZRRBEZFHTFFMI)OLFA=EHAE (FKR 18FE 9 H 128)
b, E&H I b/ %= I
& :Zﬁid-; )L & %ﬁiﬁiﬂ-; ) D L I K | BRI A
) T T B Bk &
mEE K AlfE B% 7E fiE = AE (m?/h) (m?/h)
(L/h) (L/h) (mg/L) (mg/L)
1% 28 15.6 1.5 0.9 2,226 240
2 & 15 13.2 1.0 1.0 1,776 90

FX—6 ODWREEEZER ST N DV LAEAERTEITZ, 2RI TEETLTETH-o7-RN, 34
FRIHEEZEREST P U LAEARBOHEELE (—4W), Y7V VTR RA[ETE -
710)(1- RO HBMEEIT > 12,
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F. 1 FORMEIEFER TP Y LAOMEFIT, AR OFRFAE & FRICE & KX ERN
oz, —FH. 2 RITIHEEFEEMOMENIZIETRETHY , HARRIREMWEBY EA
ENTWDHZ ENEEBTX -,

M—4 3RREBEERESIFIILIEIARE CEAR)

INFET, RIBIKRBEBEEAEEZIT o CEERN 4ROV TIELHEOEZD, 4—1 20
4=2 RO ELLYES L PEEL TORVRETOKBHEBERE CH-72, 22T, T
FRTH,. 412KV 4—2 R0 N EEL TWARFICKBERERELIT-72, O
FER AR -TICRT,

-7 4RXRKEGEHYEAE (TR 18FE 11 A 18)

o REERBEFT YYD LEAN | REERBF YYD LEAR | BEIAE
- KIEEEHH (E/ cm3) RKIBE#ESK (E/ cmd) (mg/L)
4—1 % 1,000

61 1.1
4—2 % 1,100

FEORER, £—7 LV, 4 FORMEHEFERT NV 7 AEANEO KB EFHRITE B E
il 100 ffl/cm3 % FlEl-> TW5HZ & NfERTE -,

3 RORMIEFER T NV VLAOEAEBEREIHE LOMBETHETE 222, Tk
184 11 AIZ 3 RO W EmT NV 7 A DOFE NS T THEARE VDNKE T2 FNA R
72, 2T, BFAREZRMOER I CODLE T, RKBEEZEM ST NV v 7Y v TEE
ZREL, AEZITo R, REERZEBR T N VL20MEBHOBREN DRV PR
T, TOMEER-8IZRT,
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MTEDEFAMYVMATE, o, MBI ER O R BRIV Sl o kK 2 3RS
EENTVWDIN, ZHLEFELEL, HIFOMEKD—RTHD LBEZD,
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FERIZOWTIEH, T—XERXARRE L, RIEDX+ 02 SN TWd EiTWnzznn, 5%
HEZME L TS ZET, IREBEHFETDHIENTEDLHLDOEEZD, BIEHE. A
N7 ERHEE FEERR L, BGoABRELRoY o —Ror~AF A 2HEL T
AR
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4. EROEZFE

(1) A KEF A
1 BaEKkomEB o R

(2) FiRERERIEEM
1 HMERBRZARALE-ERFERREIFICEAT &4
[ 6 22
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4-(1) -1 BEKLEEMORH

|
W

AEWES EMAEE KB 6
B

(B dkZE_S5KEEE ¥ —)

1. FLHIC

BAKIZ, T10 FZORE] IZBWT, BITOEHERELRKER & L THE L 2850 CTH iR
FombElliERT 2L LT, 4% bl &EHE. BEKFMHBAEEZHEL TV Z
L TW5s,

—FH. ZU T RARI UL, )AL REOKBEREEINESMELLTEY ., B
EARFIHEFEEIZBW TS, HAEFHNLEMEORRIBREL o TWVD, ZO XS RRWD
e, BER@ERERITHE4 A TFKOLEKOFRHAKEGRESE~ =T V] ZFKREL
TW5,

ZOXSd, EFHNREEEON EER LT, EHAKEEE X —TIL, EIfTL
TAHY VIR AB S AT L2 HEALT WD, LML, Ry AT ATHEAT D E S T HE
BAHAWMBEN LHOBELY L EMICHEE T2 EKaXA MO EARBREENL TS,

ZIZT, AMETCZEENEVEEKRKE, Ka XA NTEKTLZVATLOMBEELHEL
7=

2. AEEE

FAFEOBAEELE LT, LT LB REL,
2. 1 BELGLEKE

(PR AKOBHRAKERES =2 T ] CERITHE LA EHERBEEA T - Hik
A R FOKE K OVE L HINECRR G ICED b B KA KEREL | BFHITEK
TELOHEMAERBE T 22L& L, FFIC, WEIXL1EDT, AEX3ERELHEL L,

*1 HEXKEHE

[ A CBLK oK) ERLY/
N AN K H AN K H
ialis 2 ELLT 1 ELTF
& B 10 ELLF SERE
pH 5.8~8.6 5.8~8.6
418l RRTRNT & PN o A R
R AT & ATV &

2. 2 EaRXREK
WEAKAESIA 3,000 m / HOREE R T, a XA MW 63 M/ m* U TE2HEEE LK,
2. 3 HEEBEAR—XR
M BRI T, RERAL—Z2RN 600 i L T2 L L,
OB O AWM G A B LB o 2 2 MR,
PR Y AN KRR ORRE 2 T E LTV 7o & T O,
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3. A&k

3. 1 =BG
ZHAKEE Y v F — BV RN
3. 2 ERBRYM

ok 18 4 8 A ~FRk 21 4F 3 H
3. 38 HAEVATL

AEHFETIE, maE TZEERNEGS . BREMICENTBEKRKZEKRKT 270, BESH

e LTI Iy 7 HEERERRL -,
3. 3.1 35399 [E
(1) #HEE

1, RMEI I v 7ROMEFLZ TS, REE I I v 7BEE _EHOF v 2L %

HLTWA, —DFFEAKFrr R, b9 =D FWNBEKF v RLTHB,

AKofiive LTI, BRARKPEFTHEAKF v 2B AS R, FAKF v RIVEEHE O KR
Az @ L, AEAKITAHEAKF ¥y X VICHAL, LHEAKEKRKZY v MZED LR

%", 7 I v IBEONE~PEHEN D,

LR KK AT » b Jﬁiﬂ(%\‘/‘*ﬂ/ WLER K F v RV

v

[

1) 7 I v 7 EONE 2) F xR

BAKFroRIL NEKFv 2RIV
(9 ¢ 2.5mm)

/
::::: HIBA SRR b
R /ﬂﬂ% \
& 538K

3) KO

MY T I v 7 ROMEF

=
S

1
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(2) Fri#
7y 7 RIE, ERORERR AL LEEERE W, TO7D . MHAFEENE .,
OB S B AR ORMEEHEEZME X5, £/, 87 I v 7B ES LRICE
WTEE, BRERAICH XA D0, i TRICHED 2B oE BRI AR T 5,
B, HEHBEAAOET Iy 7 EITEEMEE L TCHAENARTH S,
3. 3. 2 S IEABVRTL
I I v IEABY AT AE, (1) AWLETRE, (2) &Y U EMTE, (3) BET
B, (4) AR TRERO4A4SO TR THERT S, K2icve—MExRT, £/, £ LEOH
Hix, L FoEBY ThS,
(1) £
JROKHIC G T 2B LY, EWFPNICBLT 2, 202 LItk T, BEDFY
B TRICBIT DAY B RNME T 5,
(2) A B
F U HADRNEBIL NI T, WR -, KOAEYERBILSMT 5, 2.
NITIVTRUANARED —HERNGET H2D, WEHIERBIHFETE D,
(3) %EtE
BERICL-T, FAbomMEREDEZHKILT D, 20 LT, REOKEAE TR
BT L EHAENMS TE 5,
(4) A
AR 0.lum DET I v IEICL - T, BEABMEITV, WMEEYDE SBERET
Do TOZ LT, MERCAELZRBT D &b, BAERNLLZEERM ET 5,

. AT IR I SETFE l ﬁﬁé%iﬁlﬁl

_____

BV UEE

D ......... .

B KAE

NS
(2 B¥)

BEK

T e mdie

A e

B
(BB IIESEE~)

M2 ®I7IvI7KEABUAT LA Tu—¥
%1 Poly Aluminum Chloride #&% #l

%2 Pressure Swing Adsorption W3 I iEILEE
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3.

3.

3.
3.

3.
o2l fey N7 oEEZ N3 EOK4IZ A ey NTT7 2 NOBEREERT,

3

N4y kT332 b0tk

2 Ny FTT DR
T X i N T Iy VERY] | K2 T I v TR
| R in’
o HLA F R 10vol %
B2 il £ 70L., /K 1.4m 340L., /K 2.8m
. I A& 20g/h F ) % & 50g/h
: A F A P “ R 208 by v LR 50g/hr
F ) AL B R 140g/Nm? B R EE 210g/Nm?
PSA JgE 4B 4ANL/MIN &4 & 6NL/MIN
FeZRE 90%LL I MeFEERE 90%LL k
pH 7 #& il 5~25L 72~ 360L
IR 4 L EE SRRl Skl 5~ 25 144~ 360L
T RLEl Rkl 5~50L 144~720L
®30X1000mm X 3 A ® 180X 1500mm X 1 A
108 AL 7 I
i A 1t AL R 7 v I BT RS 0. dm? X 3 A R 24m? X 1 A
M3 YTy
X4 KHBEITIvIE
4 JREK
oK, EWMAKFAE ¥ — WAVHR B 3% R Kbt o B K (CRALERK) W=,
5 HRAERE
5. 1 RBUNEBIEDEHZNSA—F2DKREIL

N T Iy 7RI M N T, HFRABETREROER NI X =2 ZEEIC

JUBRAR DL 55 7 B B R e HR N T A — 2 & {I W LTz,
3.

5.

2

R EHE R
EELRHEOMEHEOE T I v 7 BE2HEH LR LT I v 7 KRIZ AT,

BlhEH, 0

3. 5.

1 THLNLE LEEEAT A -2 LD RYERERZ FERH L, LHKEXRDTY AT LD

3.

3.

3.

5.

3.

5.

5.

3 X

4

W E M S & R AT LT
5.

FERE

212HSNWT, 3,000 m / HOlFMBHMKDOKR 2 A N &
HEAR—RAHE
212V T, 3,000,/ H DM D
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4. R -ER
4. 1 BIFBDEER/NSA—F2D&KiEI
4. 1. 1 #FIYHEM=E

FY OB OBELREL LT, AV w2 = NRED
RN 0 R 2 A L7 B0 RS ISR
ERERS5ICRT, BB, My b gs X\

T b T RN SR E R & 3 i; L

LRV, B34 Y v R T N AR
RO A UMBR PV UEME R D 5 | a3
A UB) BaRrLZ, M5 TIX, £V 0 5 10 15 20
BENONDS 10mg,/ LE TOFPMICE W T, ATIVHEE (mg/L)

Y UEEREICKMEBEL TEENK T LT
WD, AV UHEE 10mg /L 2L EIZEW K5 FYURMEICXDRARHE
T, ERh2BER TR NS,
L7 Ho T, AV U EEEIX 10mg,/ L 2N
gchs &MWL,

4. 1. 2 PACHmME 60
PAC IR N % 2mg, /L Je OY 3mg L IZF% E

L, BEEEZHEMELE LT, PACIRIED &K
WA 2 FEAR L 72

T ORE R %K 6 IZRT, PAC & 2mg,/L T :
WMLEHMBE IR EEENRES LT L, 30 °

L 2mgAl/L _ 3ingAl/L 2mgAl/L _ 3rgAl/L 2mgAl/L!

g 50 | ‘W\/VW\W‘NV V‘VAV
;ﬁ [ M/V/Vv
K

AAWW

40 L v I’AV 1'4

Mo ERF B H o 728, 3mg,/L Tl 2007 6/28 2007/8/29 2007/6/%0
BEGEE O L BE B L, ERBEmIERS
nNrenoi-, L2 -> T, PACHIMEIX X 6 PAC IRINEIZ X B EZEE 0 4 &)
3mg,/L 23 % L ofI M L7,
4. 2 ERHEHER
4. 2. 1 EHMEBEBILERR
ZE W S0 R T 35 0T 2 R Y R R AL R IR & 15
TR, Q R —— JRK (¥ LR IK)
WELA D W R R L RS PR
1y ABREICHT THRAICIETFTL, 20%, §5» »

W ing/LEEUNFICLZELE, 2%, oL
HIEZBLT 27201, F91 - AR A2 L
oo Fo. HARDOBI L% O dh 6 B bR %5 E E
1 100mg" /LE* e hr RETH o772, Z DOFE
KD KO HE Y e e 3R D 8mg/ L2 S
UTFTThHIEX, RKEMIZE > TEAMEN
AfEChrERETED, "B, AFED

HHEERRERE
(mgN/LIB{K - hr)

0 0 100 150 200 250
o TR R IR S B E T LT B 8. R A=) °
CORERIZ. EAOEMBREENET L
W TH D, ®7 R R LR
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4. 2. 2 BESFOHDE

KT I v I7BERINZ LDV AT 2O RMERER TIX, BRoWEEHiEE L TR
EOWRBEHFERY — XL %E, ThEZn—EOREMERCITo, —FH. Zbo
ER 2 EEIcElbo T, MEEN—-EUL LI ER LSS, AR L D02 E T
Lk E LT,

B8 IZ, MEVE D FEMFFY . KO EEOEBERN Z /R T, BBYEEHNSLE L7225 RH M
bRk, HAKKEOERELZZTLH-0, L3 L —EMBEIERoRholen, a1, A
BETbhoT, ¥, WEFOZEHZIERTDH &, A OMkF HEIZ L7 > THREEIZ
HrICERT N, BEHEERLE LT -HER LEBEEEN YW OME CTHIEL -,

INbDZ eiE, A T4 TORMERELEAZEZET LD TH D,

B
H—_A33

-y

D 0 O
o O

o

N
o

N
o

VHEEE
(kPa at25°C)

o

8/6 9/5 10/5 11/4 12/4 1/3 2/2 3/3
ZEB%(8)

X 8  FRULH DR

38 K &
v VRN L D HBEEORK R LT, FUBTEROKEEZE3ITHRT,

4. 2. 3
PNl

#= 3 JRAK K& OV TR 0 AL B K E
ik 7] b AN 5 5 i o g
AL ER K AL 7K AL B K
SS mg/L 0~5 0~4 — <1
BOD mg/L — 2~4 — 2~3
coD mg/L 8~ 14 8~ 12 5~8 3~6
T—N mg/L 13~26 13~26 — 13~26
NH,—N mg/L 0~12 0~11 0~11 0~10
N0, —N mg/L 0~1.7 0~0.7 <0.1 <0.1
T—P mg/L | 0.2~1.8 | 0.2~2.1 — 0~0.6
8 i BE 1~4 2~3 0~1 <0.1 <1
& i B 13~22 14~23 1~4 0~3 <3
K - — — A R AR
B — — — R RH TR
P4 =) — — — R TRY | AT
pH 6.2~7.0 — — 5.8~7.0 | 5.8~8.6
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K3INH, FUHTEONREZUTO LB BET 5,
(1) stk
R bic ko T, WEAHEEMEEEN 0. Tmg, LU TFETIKFLAEZ, —J., COD, SS, 7
VE=STMHERFIZONTIR, AL OIBLIETRO N0 T,
(2) sk
AU Lo T, BET 1~4mg L D 80% UL EORRERER L, £,
COD X 5~8mg,/ /L THY, 0% RBREORERTHL-T-, —FH., TrE=THELEIZS
WTIE, Y VI XD RISITERD o Tz,
(3) AL eE K
FEREAWICE > T, WEN 0. 1ng /LU TFTETIKNLE, £72, MERKTOREICE
Lo T, BEKFRCODIZONTH I HIZKTFLE,
WEKEO BIEMEIX, WE=1ET, AE=3ERE, KIEH=F"Hmi,. &5k 04
Bl=FRECchnwZeThrN AEHMMEP BEABLBEKIZENGZ T XTEMRL L,
4. 2. 4 WMEBEKEOREM
AWM IRAK DR EMEZFFMT D272DIc, REFE L THERTAEORAZE K9
g, HEEORM, FAKOBWEX 1 ENS 4 EOMBE L& T 5720 C, LMHAKOD
BEIZ, T O0EICNEK LE, 72, FHAKOEAEIT 13ELDS 23 EORFE CTEEH L TWVWD
WHBELL T WHAKOEEIT3IELU FICLE L, b, REFITWME & I 100%
Thol, by, BEABLEKEIZFRKOKEELEHICEDL ST, EFICEL TE
EL Tz,

4_ .\ - [AK
_. 8 ; —=— IRk .
gz- .\d?,qj'\ k.—.-"’/.\f‘
i ¥ w -
E1'
U_—'—'.=I—'-I-I-I-I-I—I-II—I—I—I-I-I-I——I-'I-I-II-I-I—
~ 100 ¢ i — R
gm'
# 50 ¢
g 40
B 20 |
EO:
25 ¢
0§ #’K\‘-LIAWL'/ \ﬁﬂi\”
# 15 | b=y
B f
R
5 b
g‘%;—m‘,—,ﬂm:mhwl.—
B F
e
& 40 ¢
# 20 F
@ p b L — — L

H19.86 H19.9.5 H19.10.5 H19.11.4 H19.12.4 H20.1.3 H2022 H20.3.3

9 WEKEORKHZEA
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4. 3 aR+DOHRE

NRAnvay N7 72 MX D EW G EER D

L7,

4. 3. 1. FHet&H

(1) ALBEEK &

3,000m*/ [

(2) £

IR FEE SR 10vol% . HRT : 40 4y
(3) A&V Bfik

F AR ;- 10mg—0,/L. HRT : 10 4>
(4) %t

VEEEAIVE AN B - 3mg—AL/L, HRT : 2 4y
(5) BEAH

AR - 4m/H ., BEHFE : 90%
4. 3. 2 FELHZELH

(1) B9 e se i 4m X 3. 5mX 5mH
(2) & o R®ER 1, 250g/fHF
(3) & v pfil i 1. 5m X 4m X 4mH
(4) ERER 1m X 3m X 2mH
(5) 7 I v 7 ¢ 180mm X 1.5mH

ZHEH oW,

2 1l
1 &
1 14

1 A

36 A

B A 1 B O

i L Bk &

)

(6) FEAHM=2=y b+ TFvr GRS T, BkEH., EREERK., 77250

4. 3. 3 #aRXRF

UTOBEERWICHE > TaRrbEzRE L, EEasE£4 17T, BREF23.7H i,
MEREHE X 24.8 M,/ m., a2 ME48.5 [ Mo, LIEN-T
FEBREME=3N/" Mm% +SICERKTEXALDOLHMTX S,

. BT ER

£4 o pr@E

et (TH) 450, 000

EBAE (M/n®) 23.7
MEFFEBLE (M /m’) 24. 8

(W)

1. #EwERAMA (6.39)
2. HFEafR (2.81)
3. ERHE (0.62)
4. JEBEEE (0.03)
5. MAmflies (4.93)
6. ANMHE - XM (10.01)
wax b ([H/m?) 48.5
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BLE AR
(1) #FEEROANR
EWAER . A VR AER . AV VRIS, BERN., KABBE., LHEE.
T OVGE % &
(2) BEHEORE

(P+D"

A=(B-C)xP— "2 _
(P+1)" -1

A fEHE (H/4), B: @#&% (M), C: ZAFflik=g&k%&o 1% (M)
P:FIE 2.5 (%), n: MHAFEE 20 ()
Im* 4720 DEANE=A (H/4) =365 () +1 BAHEKE (n°/H)
(3) HMekrig BR#y

1) &\ 14 M /kwh

2 ) W AZ #A M 10 4

3) R e v B 4K 4 [a] /4

4) RUEAT LI =LA (10%PAC) 40 [ /kg

5) WHiEFRmM ST M v A (FRhEFRIRE 12%) 70 M /kg

6) il  (96%) 25 M /kg

7) NEE HALE 14

8) xR A AE B BBERBEOOI>DL LER - ERELZHRVTEHEHD 1.5% /4

4. 4 BERAR—ZADHE

3,000/ HOE 7 X v 7A@ Y AT AORMARERKZXK 1 0ZRd, RIZ, M1 0%
BELLTREAN-AZRET 5 & #4500 (28nX16m) LR-o72, LA~ T,
YHNITHE L7 HEEE 600 Mz, T0ICERTE D0 LHETE 5,

28m
7m | 7m | 7m | 7m
| | |
e HEYINEERE S Y i
s A0 7K g | R 28K
22y 2UY
K2 153
= )y o ms
sk 7 wwrm RSP
v [ |
il A
B| | oRERO | me s
- AP y
ol B 88

10  #fmldE X
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5 F&H
TARMBEAND BAEKEEKTDHEMBEEL LT, ¥ I v I7REzMNEZLE Y ZXT A
DEIMLEERET T2, TOFR, UTOMAEHI:,

(1) AWHE TR RKERER ST A —Z Z2E L,

(2) EMEFEIKICL > T, LWEOLREMEZ EFEL 72,

(3) WBEKEIX, EHOBKHKEERELL T THLY, BIEZERL T,

(3) a2 boREMEIT 4851  mMThHy, AEM=53MH bl FZEKL %,
(4) ZHBEBANXN—Z2OREERIZ B0 THY . HEM=600 nf Ll FE2iERK L 7=,
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4-(2)-1 MERBRZFALE-EHRELIXBREMICET S

HEHEIZDWNT

EEBERE G IEEE , WE BR

1. BE

VT 204 7T H, AsMY Iy FABRMEIND, TOEERT —~< X THEKRE)
HbH, KR FKERIZBW TS, BEGFH 2007 ICE 33X, A= X NLF— T AT A~
DS, U A 7V AT AOVERICEMEAL TWD, 4R o EAFZE (EFEFEE
WRE FAKBEY—E 2 (), K777 bT ¥ (k). (k) & ) 2. HIREHIK
ZREE L TCRESNELEAHEM CHIREREIREZ, BERBREROKBEM O —# &
LTHIH)RURMICEA L., It RUBRMOMELIToT b D THD, HRITH T
ST, 2—VE%., pH, TERELEEZX U - FNIZEBL, BHG~0HEANICH
TOHHEHMTH L ENHERTE,

2. FL&HIC

(1) H =

W 23 XD FKABEIZFEW, FEE 100 5 b OB AKFBIEDZFEAL TWDH, 2 OMK
HRIZ, 2EREALBELL VDI, TR TR, M 4755 F K OBEHRIKN
FEALTWD, YFHTE, TORFAKEZERE L T, XA MR E G MR EHC
HHLTEBYD, FRK 1I8FEHERTOERLEIL 64% &M EEZK > TETWDHN, 36%
FHOL TS EZIT>TWVWD,—HF RKHEMIEIH R GOMEPIEERZ &5,
BAEEHLTHWLIHE O TLHOLEMIERROLNTND, 2D LS RO,
Lo —jE, BFREHKOEFEIALZXD ZENEETHDIZ b, 5IREAKZ FE
ELTREREIRE L ARHEM ~FIHIERT HZ & & LT,

(2) koEFMREK EIX

BFLEFREIRO E2FHB®REZT, UM A PORBESSHEH 227 —FNEREa
7YV —hFZW®BHFEOa 7 ) — M OMEMELTHERINLTWD, BLAKIGIEDBE
HIR BB L v T2HELEL0 T, BAROWEEE G ESNH, T AH
BEMELTHERHARBE RS, Bk AF, BMILTAVI =0 AEEERSELTE
D, MMk CTHRAAEEZERL TV D,

3. EBE

BHAE, YFTHITLTWS 23KHNDY — L RTHEMNSEATLIEREHIZ, B2~
FNREBEMIZED, FA4MIBE L (200kN/m) & LT, THLGHEOE LM E L TH
AahTwad, &R Eto&FFERLELARDOEND ., 4%, BEMOZ AEORKL N
RIAEND2ZEDLL ., HlRhZ ALOHBENPRBELZoTDE, T AXEDODEZL X, [5H
SFEALEE + (400kN/mi) 2o ¢k (p H5.8~8.6)) ThHhHIKE L2 ALUEL L
TWb, PHEBEZMET 5272010, “ A2 RUBEMO M2 ERERKICARES S
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s E#7 (BT x® 1 MR EFIE

b FE AR EE IR N D HERIEH BiEE SHER T £
WERE | BIELEL W0KN/m) | HEO-TOD— R
: Y5, :
f;%jﬁ 7 - ; pH hflE (5.8~8.6) +EERD p HRER
ST BHER + R B &R EAOB
e ERIRBIC & B . o e
BF 25 H RS 0 Erotig | BELEARLAGULCE | BR. - UEHEER

ZANEELFHETIHBELOREZMHAET DI 0D, K1 DO XIICHEREL,

4. ERAEZLER

(1) kLFEFEIR OB G =%

FAZHORUBMICH T HRERFRBEKOREREGEZH N T 2720, PHABRSE L
TENRREIT oL BERRELOREFRERAVBXREMICL2EE OB EREZ[ &
B 12 R OMEXHE SO L (—2HEEH 400k N/l E)] & Lk,

BEiE®REORERBILT, ERELZHGATCEKE L, H3IMAR LT L L TCHFME
T, HMRELEAEKRICLIVE LAAIEERDIOE 12 % EHEEL -,

FENRBRCHEALEZR T D 30% (&K 62.7%) W 50% (& KK 47.7%) .
Wi 70% (&K 28.0%) O 3FMEMEA LA, EEEL 1 m?H 0 ok EFHEKA
Dk BM o R E 1L, 30kg/m?, 60kg/m?, 90kg/m?®, @3 XA FL L., ZD3 XA
T2 REFEIRKOBEEGHEEZ 0%, 10%., 20%., 30%., 40% D 5 % A 7l & LT,
Thbb, ERELIFEBEICHL, 42, XBEM 15HE (=3X5) ITkoT, e
Bro(B) 217w, 22—

ViEsEF I L, 1% B430% 1205RH

.4 30% o IR+ —~— SRR 0% = HE IR IR 0% - K% R20%
coWT, B E 2T il FEE 3B BE PR 30% —a— i1 [T 5 2 PR 40%

JIZRLEb ORI 1 T 700 | |

b, BEME 400k N/ 500 H A a8 Pa

m % il 2 3 5 KL A KK
AV BEMoOEMEIRS
7780 BLEFHEIXO
BLE =2 0%.10% . 20% .

1

500 /. //,/,
400 lﬁﬁffz:;t—ﬂnnl— L.
]
—

300

J— 4880 [k N/mf)

'__,_,--‘" L

30% ., 40% D & &, K x T )

55kg, 70kg, 75kg, 90kg, 90 Je—""]

kg DL kL 72 o7, 100

WA, AEEFRE 400k 0
N/mEWMRET S0 0% 30 B0 g0
KR B R A D S B4 O B DENE (ke/m)

5w " o
;?t?b®ﬁﬂ%%ﬁ M 1 HEAREREANANOAMEBIINTZRERS

ZORE, AERMITH T DRERBIKOBE RN 2000 L&, BEMNTH DL Z LN
RAEICKIYVRD BN,
(2) S EHMIC LD ENER
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ERNEERBROMBEICE SR ERBEIKAVLRMA, BEHLTICRHWTH AR
ThHHNEMRT DD, FERICIVELEZITY, WRLOMERRBZIT -,

HEREIL, ENABREFAKIC, ABRMITRERBEIRADD ZBEME L, BE®REIZ
R 12 FFM%. B3MEAE Lt (72— B 400k N/ odh E) & Lz,

fEM L& tix, A GER 70%., &K 59%). Je B (MRL5 29% .
WK 46%) o 2B E L, FRETRELLERELZH VI,

RL B KN D S B A O

WX, V- AE 90kg/ T x 2 jz&%wﬁ% e
3 = g HE 2 . JE FH JE JE
m© (9 B R K WA 90ke/m” 55ke,/m”
20%). VLB % 55kg/m’ &R SEERN | 12BERN | OEERN | 12BERS
(9 bR EFEIKIT 20%) O—28E# (kN/m) 235 422 200 404
Lot p H 1.21 1.28 1.67 1.47
RHRER STEEEUT | & CEREBUT

AR e ok BB I & A
L7zlebix, 2~340TCTRRILICELAEZXB LR, ABERICKX VT NT7 v 7 T
MHEHTEXAIRETHoT-, R 12EMBOLE LOMREY, E4BHOEHKRIT
F2, X3DEBY LT,

WREMEITHEMCTH D 400k N/m Z & L, p HiZH Mg (pH5.8~8.6) D&iH
Thote, 7o, BHRABROKERIZ, MEICLXVIEIS2Z23H Db D002 THAEM
TE o,

x 3 EEEEOBRHFERER

BHEERIER EAE(E FTEMRSME 5 IFEIEL
(mg/L) LA EXB

No.1 No2 No3 No.1 No2 No.3
TILEILKERIEEY)| i Shighl & 0.0005| AR | MR | THRHE | TR | FERE | TR
#akER 0. 0005 0.0005| Ft&H | & | THEH | TR | FEE | TR
HEIHL 0.01 0.001| A | AEH | AEH | TR | T | T
Eix) 0.01 0.001| FEEH | AR | R | THRE | THRE | T/
7o AL 0.05 0.01| T | P | FEH | R | THRE | T
Uk 0. 01 0.001f 0.007 | 0.004 | 0.003 [ 0.004 | 0.006 | 0.007
LY 0.01 0.001| FEEH | AR | R | THRE | THRE | T/
T RSN & 0.0005] A& | & | THEH | THH | PR | AR
PED 0.8 0.1 & | 0.4 0.2 0.4 0.2 0.3
INPE 1 0.1 0.3 0.2 0.3 0.2 0.2 0.2

(3) MR B
WELEERREPHRRECEBEL L X, KA LORENELLAR V% MR
THEILEHMICERMLE, BRICEAHRELEEZAMCEIVBERY, a— KR
B L7z WREE MM (H19.12~H20.3) B W CHR LT R bRz, £,
TF > 1 i)
WRMET, £40K5IC, HIER % 4 BEBRARERE

A REAR L7 E £ .8 I PE o S—odEH (kN/m)

TOMERIN SRR T X . 2k, | BAERRR | 12051 | 2580 | 65ER | 108
BB IS D Ly A % | BEA | 422 | M8 | 480 | 523
CEBEYFUmEMIcE s bors | ELEB | 404 | 480 | 513 | 560

bbb,
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5. E%

KGR DOBEENIK Z ik & Lo b ERBEIK PN ERRE LXBEMELTHOITHD Z &
WHERTE, Z0Z&iE, BOLTLS L TWEBEAMRKASERAEME LT, HE
FEilT&rZ2&nb, BEAMBBIZCOLRR2HbDOTH D,

F, BOL TS L TCWEREZRREECOWTS, F3IFHEOUE L L L CHMERR
CICIERTE LD (THEHERRE LV A 7 LIS ICX D) 2&nb., AUh8oEdm
fLicHEE5ETHr LW TED,

6. iR
(1) HEELT2UEME 400k N/ maz e T d7-diiE, B LomRick?y
FLEFREAND W RM OBRMEITER (B SELI2LEIETH DN, AR
H O DR EFEIKOR G HFI1T 20% E THRTH D,
(2) ZotltcoKELrtopHIEFHMEThHY, THRBEREZMET 20 TH
AR
(3) MRIBRBIZHE I XBRLOBRER ELIZELCLRVWEDOTH D,
AlE, HICHERBLERERBEXKZHVWEAZ ) ZREEMOFEALIZOWTIE, &K
BtOZALELDZALEOHBEN B> T-ERBETHEHALZHY I ZWVWEEZ TS,

— 188 —



5. BBXOMEI

(1) H#HFEEREMN

1

© 0 N O o p

—
o

HrroEBARESX (S 5—AFAARVERRILE) OBEAIC
20T

SiRERIEKRBBO-ODFRERIAEEDRRE
VTUVEZI—DUR ~REREHOBRRZEMLT~

ICPHESHEZRAVEKEBRACORAEMEIZDOWNT
FISHEZRAVW-HILtEEOKRYH

AL E ORI E
BHBEETICEFTASMLDOAEIZDOWNT
CHKBERLVA—ITBT5LERRAAHTICEHT S —ER
BEELEEHEOLLEVHEEOHEIZDOWNT
RAKEFRBERICEBEKEIEICHES KREBRKR
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-1 HE-LEBAREAX (S 5-AKXRVERAEIE) OEAICDONT

=
R
uits
ez
Hvkj
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B
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%
e
2
Nt

1. FLC®HIC

FEHERAORBIZ, SHO L ICIHEBRES DB ET HIAIE T, MEETHRZTE T L2HE
DB ENEROBE SRR - KHE, HFEMERSZ2EL TCHELNEFREATESCEHKIC
ERNTHETHEBERE LTEHINTE R, /0. ZORROTKEFEIT, TLEOD
ERICESAZESHREZRZED TELILLHY, S FCEREBRORRIEEITEE
HWEN TR o T,

WHRATKERIZ, 19 94FICELEMBLLIO00%EEMRLLLUEZ, BROFBHEFR
EWZABMICRYVHATE TS, BROFBEEZDIRVICED Z-DITIE, BERERD
Wz +o iR LFEHEL2RETDIIENEECHI, BHEAFAEIX., 29 LslE
DREDOIE ), i, L, HFEEHOETON %fﬁ%Kﬂkﬁ%K%&kﬁf%é
OO ERAMFRKER CHEROBBERFELED I ICHTZ > T, BERAFAEOEZIEN
ZHHDTCRETELELIC, BICAPNBEEALZ Z LR TERWINIREREORHEICHEHA S
D 7 vehATE] oMb =20 FEOREMAMICIVMEAL TS,

2. EBRRNAETOEKERE
FEHEAMNEOBRLEBEZFAEY NCHEREEOME L ENT L2 LU TO@EY THD
(1) SRAm COHR &L FHE
DEHATIET A ATONERESCKHEDIZN, XL —FOHEOEICL FHAERKEIC
NI XRELRT UV,
2) kDT Fu F HFRON A TRE BB LEAaH WMEB O MG ENK L, M nE
xR+ r—2n0nd 5,
) WRDHAETITREMEMA AR A LGS, 7V EN AT OETE2 —R{E1E LEM 7228l
KaendBe LBEGMERMIES 2D,
(2) EMREMHmD COIRK & HE
DEBEHERNPET AT —TICNEENDZ ENOLBERIEREMRT D OICEEER- 2,
2,
D)HEBIHERE LFHERDIDEEHINDIZENORERBROEERENTREL S LWV,

3. ERNAZTOMERLICE (F 1= 8B R D A

INOLOMEMPEOTZDH2 00 OF X FHHEMOFBRBICEY A, FizEFBRAMED
FELELT I 7—FATFT Vv Een AT 27A), FRENmERKLY AT &), TEHRERKR
EZWXE AT A BB LI,

31 ES5—AKXTLEAWASTVRT LA
WRFATETVEIATOAN L —FITHEGHTZBATLH2LETLVE AT % — HIE
IEL, MAEAFRMOFEMBAEZITOLERN D 72, Z OFAE ST IETIHERO MmO HE D E
MR TCE RV EPDBREEDOHEEZ AL —XORRICEL ID22H/ 20 E.
BEHEMGEOBRERH 72, -1 CZINETOTLEDIRATLEIT—FRITELDTLED
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AT OREEEEKRT 5,

2 R/)5TkVY

RT-—FRTFLESATOWEHEKN

X — 2

R 7 -FHFAT VB S XT ORI

X — 1

RT—HA T LI ATOWHEK (K—2) THEZEHEICHHAT LI E, 7LED XA T ITHE

iR 5 ®£T ERmOESBBRERZDZOIC, FERIT— (FH -

RS &0 A7

~y FIZEEZELTWD,

Ml AL, FTFEHE T, RIC, BIEELZEHLTCCDI A TIZHIAAR, T VX)L
ECT LEBEICHEBEIE S,

— ., BAEERICL BRI FEGSIZ, RIECARDTLNL, REZHLTCCDI AZ
WCHLY A E N @ﬁ¥@®W@’F@éh I, 2T XTI AT OMEL
JRETH B,

R T—FFXKTFTre s AT (K-3) X, ~FOHRECTCEHETLIZ T TEED 360° HEG
MOBEBGEE L VAR T 2 LVEHBHE#RE L TELIZENTELALLELICHRTROFE
REfl 2 1 215/ 35670, EX00FEAEEB LEHEN T 5,

( ¥ 7 )
T o FJAEERR | 2T — (EERERH
7K 330m FE | 7 KA 330m FE it
" 1§ 132 84
BN B A 214 62
AEEEEb) 83 59
E 429 205
F—1 2T —FXTFT1LvUEhRArT LR

B AT OB R A R O b

M—-3. X7—FXTF71vEeHr7
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3.2 EENEEMEILRT L

BREANEERRALY AT 2E, 275X T7 Vv Ee0 27 CHRELZEENT O K Y ®HE
ERAICTETEHICT XA 2-DEBICEBRTALOT, 2k, SRZKE =
ftL, AET—XORFNERHEXKD,

Flo, TVANT =X IFRTPCHDOT —FX—2A~HViAEN, K-5 OB XEZEHR
HAEREEL L TCHEDICRE, HORARETHDI L LB, IRENMLERL TWND AR
DEE LI KR EEICBITTE 5,

IO, ZOVATLATIFHREMNEO —BEEXELIERAIETH D, WHRFETIE, 7
FAHATICEVHFABELZEBL, FAEERICT AT —FROREREL L THEEFEIRLTWVS,
L2l 2OTF = R_XR—=ZAV AT A TIIHEEGEFTORBREFEZ KIFICHRT 2 L & 612,
BROFEMLREBLZDEMICHEL, BEROMESCKBREZIT) ZLENARTH D,

B —4 ©F7 ARG LB G
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R B & R 3R
FIR R XL AT A H )

1 =B X R =
Ny ay bEommic [ERREKM
(8 & & i 5 &5

BJ. THRGE1 .
1 BERFEN D,

BX1ZXAVOEED
EEES R
: Zo®EmE» S TEE ), TR
: cTodm), [EEETIEREH)
H CBATTE B,
M EEREFE R | AP -
. ]
EER RO X TR : o : ‘
: : ForORBLEMEIC LD EED
: : SHERDOENCINETO LT T
5o, . Mo kS ICHABEE RS 2 LA
P suvs o s
. - < .
BEEFORREE 4 3 .
L] * [ ]
: Y : 3 G KB E
BERRS A7 0Y | “ i G X FHAE Y v /550 L
S o= T Y AR T O dk K 5 & KR
O Tx 5,
L J
.
“
%, 4 AR, MEKSR E
%, R OB LA A1 b 15 B T 00 4R 3
*
’ R, WEEBRO ~BEALEEERT
*
x5,

‘%k$E§ﬁ§47D7

BRXK1ANRNVDEERN
BYEBREZBE THE

BEEMIEVICRMSERE
MEFDIHLREE ERT

X —65 J&BI XKD —
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% =

i7-s%7 Konk | KEows | soomn | meme | &7 |

LRBE | B |y BEE | TR il
EiPE o B s AL T LA/

TA3E i ® s Pl I Y3

LRRE gomin B s AL B e B2
HEE | B e BIEE & g
R o ® e BT ———-Tp
HERE o B e PR —r
HERE o B e BIEE s 207 2100
HERE o B e BIEE —r T
A o B i BT o 552 162
LR omm ® e BIRIE R
LR o ® e BIME ——a
R e ® e BT | 1% | B4

AL o _ RLRTAN IR h e MR ART

CRPS

|7 J'JI.IAP& ga@@mnn
iﬁlﬁ‘-q J K%T - Mictozoft Word ||H(iﬁﬁﬁlﬂ'f —hK. Microsnft Excel - festl | fﬂ f 004

EEAREECIREL-BEOEHR |

X —5 JEBXKESE DOl
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3.3 BEREBRELHMXEVAT LA

(EREREZWMXEC AT 21013, R 79—FXTLVEDAT VAT AITIHREL, REL
T UHVEBRE [ERENEREBEXEY AT A X BRI LZEGE T ¥ F L
ErAOEEHBEZANALTCEROBELLAHNICHET LS Y 7 M Th D,

200 2FITHB LIRS AT LTI, HaxleT a3 X hE ] TCERDBEEEFT O
BEx2IiT>o TW5,

X2 ARV —2RBITOT7 3T/ NT LEDRATICLVBETHIATZHHEL TE
RoOBEGEZHETLIRME., FREREZHM AT AT ANICL 22BN TCOREH ERH %
RTR, MARBATOEBNFEED 1000 1 BREORM CHEZHETE S,

L, BHERICERET AL, BIRATOIEREREZWH XEL AT LTI, v 7
Ty 7 LT 2BEEGHEITBNEREOBREGENZBZI 256000, BB R EICIE., £72
AN EEZ VLT DR Ok _XREFELH 5,

LML, A%OT—2OBEF»DL, MERNRNTA—XORESCH 22T LAY XL
Mk, 20ZHEMICEVWEBELGLILORBELHO TTETLNEZ I TWVD,

(R BRI R 1€ ok T3k MEDW RS 2T A
(mm) (m) P WrRE (53 0 B) P W (5 0 B)
250 44.50 24:38 2:41
300 36.25 44:31 3:12
400 46.35 25:09 2:30
450 42.50 24:46 2:22
500 61.90 43:43 2:55
600 46.10 23:13 2:00
700 52.10 28:18 4:17

K—2 WROFELBREDWSE D X T & & OG- E R E O L

4. CATLOEMERAE

T AREZERNERMAM Y Z7 51 ZHEBYSHRI0EITHICERNT LED A THAE
D —H#HTEM I, 2002 FITIX T KERKRFEHR S A7 A (SEMIS) &V 27 L, 2002~
2007 D 6 » HF T, K 130km OFRNFEMSE RPN EBARKEE L L THRKER AT AICAN
BHTHDL,

ZORER, BRERC AT ANTEHERGER (FROBMIERE - B%F]) . BEAEKR
(BRDOIDH - WATE), BRZE&ER CHEEE), EHNOKET -4 X—2 5 ERE
bELZZEICEY, REPOEMRICERNERLZLETCEDL LR o7,
TAREEROMBEHEBICBTO2AHAMELOEIEN FIEEZLTICRT,

41 ERNABHBROT —IR—RELITKIDEFRBEROAELL
ek, BWRNFHEMRLOCREEHEGIE, N — 2 0RERE &0 6 RREPT 2 K
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LHL, 4T 2BBOETAT 72D REVSLHAETLIZLICLVBREL W
77,

L, BHKT =2 X=X L TFTKERRERV AT L2E2) 73852 LI2X0,
X EOBBREHETNIE, ZYTH5RROBHENEZESERENSH ZELICHET S
TENAREE D,

FIZ, KON — 20 EBICEBIN TV IREEFTEFET X IIAY 2T 4
WBWTHLH A THY, £HRELEORBESENOZ AT HETOREMAKIREZESE IR
NEIEZEDHICHT) - BEATETH D,

ZOEDIE, RO FETIEET AT —FORBLERMBEEMWE ORAICEL T
=% KM EZ RIBICHEBETE 5,

4 Bl ERSEA QS
SEMISE#HTFr

aEMIC
\ : ] / :D (SEwerage Mapping and Information System)

TPARIEERIFR AT L
TEERTEER B2 HITTFAN—r—T I
EE %% EES % EES %
STHE-BEAALBERBRR EEDHERRR 5% 7 BRI~ - R 7 0 B R
THpA SRR T N, THpAERE
EEHE BB B, o ey AEtEREE
EEE—IFHE EREWBEAER ey PR 4 B
e BB HIERE K77 A 13— —T LRt
S LB CRE R D) B R R

BEIEREIHAR-EF) BHEZEHRES SRS ERER

Iﬁﬁ.ﬂﬁ*ﬁ%af [ R ke |
AFL- B - T

® T

#zs—H | & @ [ semsem Ty e ire oo <5 10

M—6 TFAEBEEH®RI AT (SEMIT S HE)

4.2 EEEEOEMAGEELINICEIDCHE - ABRUVBEEHEOERTE

BN T — 2 X—2A L FTKERIRERC AT LAY V7 3HF5Z2LI2ED, AIE LR,
i ECHEL TWDERE EMICIERET 2 ZENAGEE D,

INIZEOGg T2 7 2ENLOREH - XA FEN S ATRE & 22 0 . BRE T
DECHMOL B, BEEHBORE~NIEHTE 5,
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4.3 ENREFORIE - ARIEBEEDEH

FAEMBICESEHE WRTLELZERLELS, RET — 2 XN — T LHEEREZ KB
SH, BHHERAEHF TN TE, SEINLOBERIIFHFHIATEAEAT D Z LA
RETHD, ZORMEREZFFRA2ME - LB LTEITBEOHHELEFTBRE~NTHTE %,

5. PRATLOBRBELRXRE

ARV AT LAOFRBEIL, FEREZH XE L AT 2BV T, BERBEHEIZOV TR
HEIZWIA R TH D2, MUNRBEICOWTIZY vy 77 v 7 LT 5866 T s EEE
PDHEEEMZBZ 25808350, FEANRHEEZLELETDIHATH D,

Flo, SHOBLLELTIE, VAT L2 EZBRICEHT2WMBOERZIZIS L, KVIEHL
RTWNWIVATANKELTWS FPETH D,

6. £&8
BB RHAEFEELT IR 9—-FXTVvEer 2727 a0, [EEN@mERRL>

AT AN, TEBRREZBXE AT A 2% LT,
ETNOOERNREBIZLLTO®EY Th D,

(DI T—FRTVEIAT VAT A BEKEHOBEZR LSE 520, BHiET 572
JCTEKO 360° MEGFMOEBRESDZENAIEERY, TEEBNEOE ST — X
ETFVANVETET =T~ TE 5,

Q) IMEBNERAXIELC AT A ICEVIT—FRATLEDI AT TRELEZERONIEE
B ZERT D2 ENFRELRD,

@) TEBREZH R AT A INEERKZ ZICERORREZ AN T 52
ENFREE D,

INLDOYAT LAOBEBARITZUTOEY TH D,
DIT—=—FHATVENAT VAT AT BHETO1LIRYEYE LEPNRITT J 170 R
TD2MELRD,
D)EBNEREMAMALY AT LRVCEBREDH XE I AT LICLVEBNOIN 2 F
BN TRk T2 LA AREE 2D, RENICEGRLEZHMERITIT -2 X—21T 2
ENHREL R D,

DEMAKEHE I VERO KK Z ~HTHRET LI LA TE, RER L HW 2 WTHE & 72
2o

DEBRAEZEE Y AT DL EBAORARE S O FE LR Z 80 T 5,

B) 7T =4 _X=2E T 5 2 LIS KD ERIEROMBENIETICHEHMEL L MRICET D KH
RO 1/6 L72D, SHICETAT =T LHREFORMFAR— R Z KIFIZHD S
TAHZENARETH D,

60) ZNOLDOHI AT LEMNTORENSL T —F_X—2T 5 —#HOEZEIT kD F
EELRBEDa A NTHEBTE D,

5T, FAREGERH AT LASEMIS) LV v 7 S22 LT, RIEEHR AT ANT
FREREROREME [FHE - FR] ), TEMELEREROLD H - 01T7%), FIRDZH
MR CHERNE), BHNKOET — X 2ERDHZLICXy, Bl > EMICERENERZE
BETEr ool
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BRI, TRKEOEF - HEBEHICKNT I LOTERVWEELREAT -2 Th
e TNHDI VAT AEAENERTHZ T, 5% D FKEFEEDLRMAIZKWIZEHE
TEXLHbDEEZD,
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5-(1)-2 BREREKREIBOL-OHDFERTEE DR

W

t A il B g ER
A HEIA
T XN
(B8 B A 36 55 A P AR

1. BW

HRHESXE CTix, JBIRAE O FN 2K D EDICEHLEEZED TV D,

BROEHMVEOER & & BT, NARMICETRERE - RIS kb n, =
DZEIWZEVBERENTITBROBBMAEST L, fifbKkFE (U,S) SOFTAZEHT 5 LD
W25, IHFROBRIZE > TELCLET AT, FREATEHIMEIN TV D ZDIGIRNICHE
RELTVWAHN, TR/RMBRICBWTRKJEICHBEERD &, i (EHEE L) ORBHRES
ko THEFICEALL CTHBICHEET 222, 2L TAD5 BEFICHS X, =
YU — FRARRLEBEMOBRIFEINE R D1F ., FERELZE/LAIE, GREICRD L
FEREORKNE LY 2 5EREMWETH D,

AR, Fk 1 6 EEMICHEE AT v 7 T v MEMIBREOZ B Lo & iRE
® H,S (200ppm) MIHM L., T 1IN H AV EILIZ/A D &) FREEZ 2T, RS
BEEZIVERPEITL CRRBEICHS 28 AT 2WmEREHREZASRICL T, WENTF
B X > THEND H,S (gas) Z0BE - BRET2HMAHEEL, SAOAEZMRHMN LD
DTHDH,

2. ATk
2. 1 fERR0E
LR OGREKLIIEH DO > THLMEMAT v V7T McERESATE B (B
TEIEHRL WD ,) 2RI, MEEZIT- T,
2.2 {5V I 4 i

X — 1 |7 JE IR A Vi 2 T Sz a2 E—
g 1;@@mﬂK§@%¢%L§TfOK% EEEﬁ % JEESEY
BB LA L T AR T PR e e
Ky FD3oDFE L FTHRENTND, Ak FHHR

BEOARMKITHfE & ML MAEDEIIE O R MHR

u . EXEREH
LT A7 NORET R E R 55 oA
B SR ST b, :
SIECHE

BIBIZAR IR AR > 771 L 0 5 A9 12 il & 58 & 12 fit
Wwans, BRAEEICEANINZFERIZ, &&EE
LTV rICERLZE, BONICEY S pese PR
ST H vy ONEEICEZE L, NEEE RORIC 7R 5 =& B
THEY I TFEH~EBHL TN, ¥ 7 NEITE
R TICEDVEICEOEZEEIZHREZNLTND K -1 ERBRESEBDHEE
72, HRPICE TN D H,S (gas) T —HDYHE
W7 fERICE Y, ERMTHREI PR IND,

7
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AR L 0.4~200 m/h OWBREE ) 2 H >
12 0.4m/h DWEENEZFOMBELZFEHL -,

2.3 H,S (gas) DM E FIE

RKIEWEHPIZEBT D pl & H,S DFERE & @ B4R
X — 212K T,

H,S (/K&K @ pH 12 )i U T H,S (aq) . HS™,
SO 3OO THIET D, ZHbORES
FELTIE, aUVEREESAT LY T L —
WS EEIC X b EES, A48
RIECKEEL T VX =7 AW ERIC X D IR
W OPMEEN ML TWVD,

ABFGETIEL, *ERIGIE T O Rt ¥ 55 3 AT A
ELTHAETLIHREME, TRbOBIBERNEAT
% H,S (gas) BAERRNEZKBEIEDLZ L2 H
& LTnWbd o, fiil L7z fllEFiEiLFER
EROFMEE L TELTLLEY TRV,
IO EMNDL, SESEREROBRIEEO
ETEM) 72 HyS (gas) HAERNDEZWET D728
2, MFTER - Fhi L TV DRI %
fFlL-MEFEEZH NS Lic Lz, ME
FHEOWMEEZX — 3I12xR7,

COFIEIT, BHRICBWTHEHEDHR %
B4 52&T, BELTL D HS (gas) O
REA W ARMETRHET HHDOT, HRO
Ffo H,S (gas) FEERE T & 3B 2> > filf {# 12 FF
flicx 5,

-
=~

3.
3.1

2 R
H,S (gas) F/ERE D ZE AL

B

®Bxxie

S A GLSh TWVWD A, KWFFET

0.10

0.09 N\ N\
008 \ [/ \ /[
007 \ / \ /
< 006
£ 000 H,S HS™ s
S 0.04
= /\ /\
003
o0z J -\ /A
oo J k J
000 — — .
1 2 3 4 5 6 7 8 9 10 11 12 13 14
pH [H,S1;=0.1mol/L
2 H,S DR 8 & pH DB 1%
o 1 E Ty 4

HaomLoZERERY S
TH®REIL. EEOTHE
BMEFRERITEMR,
B E 1@ 100mL & 5]
THSZAEL T,

250mL 35 i 5 #
Baen

[250mML B8 H S5 X k%M

FBREBADHIEKEZDRE

X -3

BIEHRIT H,S (gas) BARENEGLS ., FICESOSHEYICHEFICR D, Tk 18 FED

2000 35 = ;
A SFRH2S R E
1800 * o o A P
: - “.“
1600 - o %« »e o 1 30
2 ws ® %o C
1400 %‘.—A:—.}f
- ’1 .“ D>
1200 > o 25
E *0 ®e A A * ?‘ 0
1000 oo A"
2 - a °
800 " - A 2A—A A | 5 [o}
P S = =
600 fﬁ“—‘i
A A A
400 [ A : A “ 'S AA A A AA Al N 15
A A A
200 | q“A pi‘tﬂ‘A 4 4 Ai A A
o A a 4 A R A, A 10

4/1 7/30 8/29

H—4 H,SFELREEIK[EADHETR
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TR (4 A~10 A) OBFEBIRO H,S (gas) EAERERBEOHE L, K — 41277,
MRV EL 7% 1T HyS (gas) EMENE T T 2HMAAEETHDL Z LITMA., BEROEN KX
WZ ENbnDH, HEMMEF O H,S (gas) FEARE O FH I E XA 400ppm TH > 72,

3.2 HEZEMLPRIC X D H,S (gas) BRZE%h 53 o R

BZEWMBONREEZHERTH2HMNT, HLEERZIT- -,

1000ml O H 7 ABERIRIT 250m] OFEFE AT v V77 MEIEFBRZE AL, K %2 E
ZER T TCHIE Lz, WE% OBRIZ O W T, B0 EFIEIC XY 1,S (gas) ZHEET
HIET, AEABOREHAB LI, HREE - 1ITRT,

x—1 ILEEBRER

ETNEEHE | RO0E | EXLER &
—80kPa.” % 300ppm 365ppm | A %L
—80kPa.” % 300ppm 370ppm | F8 % (L
—40kPa./ & 305ppm 355ppm

lo, BZEENRERLD LBRNOEETDIREAHEML T LRMEO L5 20 REBI2RY
WaBEST 22 EBRBIR I LT,

3.3 THUIE MR E & V7o AL B SEBR
3.3.1 i AUAL PR SR R o B EY

RN KEEOBIER & L Cik, B2 (EH-67k Pa), [BI3AHIZH T 2R
M (%1 4y) ., R oEEEE (LR 1650r.p.m) O3 2O0NH 50, HEoFESKK F
DB EMER LT,

HZZREZ DWW TIE, —40, 67, -93kPa ® 3 FHTHRELZHKLILE A, HFMER
IZBWTH,S (gas) BREDFR L ERZEICHBEITRS, 29 0% LORERLZERL
TWbLZeERbholz,

WHERMIT 1360 b A HHEKRAZEWIZE H,S (gas) REZRIT
o To, £, OEEEEEE DL EWITE IS (gas) BRERLIBVW ER Do T,

S ORI ONT, 600 F TORKMIMEERZIT o7 L 2 A, 10 77 #k i % )
5 H,S (gas) WENER SN, ZOHHBE LT, MBETEIC LD H,S O FAEREN
E2zohn5N, WEKBHOEREIEELT LERRLBICHZELRITI RN ER”Db
Mmol-. BAERICOWTIZHERT S,

U EDRERNS, MKEEOEIESM 2, HZE-67kPa, WREFEM 14, /B E R
$ 1650r.p.m & L 7=,

OB T D H,S (gas) BRERITIFIE 100% & 20 KK EE O AR TR
T&T,

3.3.2  EfgE AL B~ oD i
BB OEHENRHER CTCE 0D, HLBE~0mEHZ /L7,
B2 A -93kPa IC LT CTHE AT b 0D, WABEOHER S O H,S (gas) X

— 203 —



BRI OME EITE A EEAAN 2L (BB EOBICKRERENLDZ ENHABHL -,
MERDBRMAEEIZOWVWT, B 700 100

22 i -93kPa THLEE L 72 HaS 600
e 22 38 0 4% I 25 (K % [ -5 12 % T, 200 1
15 Ve &2 18 O R Tl e AL PR &

H2S(ppm)
w B
S 8
1] z
(4, =>]
o o
(%) F IS H

{7729 & HoS BREFITES  FH 200 | /“‘;:::ifii;/% §§
L T201%ThoT, 100 175 10
’ 0 1 2 3 4 5 6 7 i
[ 7y ALEE T ALER AR T R KR EHREERE (h) ﬁi;;ﬂ
R RS BPET, 759 1S L B-5 fRDBEBAKEI&DEMNBHER X REE
TAO VL DELIVBEANIND N, Z 700 100
DB IETR T O H,S (gas) 23k 600 | 1o
SRS SS. £IT R [ e . 1B
RLHEORD YV ITHMNDERE  F 0| | 51;1
AL TEBTHI»OHREBRT T 00 | {30 &
T5Z LT, S (gas) DBRED 100 | D\D\h 1%
Rom ExEX o7 (F 2R ER 0 | ‘ 0
J5 ) E % R U Y emmmew | emE
T BRREARE HeS FREFROMHRE  E-6 SERSBEFRICLIBIAREHSREEDOBSR| < Bis
Z X6 12T, 700 100
G ML B 0.4m3/h 12X LT, 600 | A N §
BEAUA R 1 {50 0.4m¥/h OB Eiﬂﬁ i | o N;‘i,’;
HoS B 5803 78.2% . 2 ff o 2 | ng
0.8m3h D 96. 5% IC# L7z, T 00 | a0 &
TOORERL LB AR D 100 |- D/D\/ z
HbOD, FIHRPICE DI 0 ‘ ‘ ‘ ‘ 0
BRI O WS (gas) WA L TH T s emE
WIREDREREML . LALOTE g aepErstciiREEHSREEOBE | x mie
RSO H,S (gas) FAEZ K HR 100 — 05 40-0 0
FUTFlCETMRTEDZenb O 9OfM>()~,,
#Zkiﬁh P E % oo | S ’:’“:‘ M
HIEZERBER ST AT, HRM W 5 | $
REERSMOUGERLEE D G O
7o RGN O G W B AE fg
M (BERE) 252 THEZEFTO 0
Hﬁéﬁ%{ﬁ@ e S N E N . 0 300 600 900 1200 1500
Sy BB O TS BLER S & A0 L B8 FARNOSBARONE | oxmmmmes

FHEEEERL AHEEZIT- 2 (E
ZehERIVER R ), B2 T CoRERWESE G RXIC oW T, HEZEE L HeS BREER DK
Z -7 2R,

BZERR ST ROBES. EZEFEN-10kPa DIKEZE TH HoS BERIT 92. 2%ITEL
oo WIE OkPa TORRERIT 425% T, BEZOEENRKRET VW LR bMh>72, -10kPa
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B 78|z

/\j:

PL Rz g@ T B LI E DAYy MiEAR < -50kPa THEREFRIL 90.5%ThH - 7=,
WEZE SRR TR & B RERE G R oW T, JEIBIRO HeS #E & HeS RrERD M
1% XK-8 12T,
BRSO TP FHIEELREL] ALY &, FIGIEDO HeS & E 72 300~900ppm
OFEIZE W TE W HoSBREFRZHEFF L 72,
ZTRZENOHFRNOMKKEZRK — 512, ESMHEE R — 2125877,

#HiaP #HiarP

BRIHRie TEEIFRIZ&Y
(SEUL: €0t KiazHibic
H.S 2H%AE SEHTEZEIC

ZhE FYSEE

REER BRSEIE REER
HEHP P
—{ DRtEDOFRBESEE | EPEEEETEVEY PEZREREE AR —
X — 9 #ERM OGN AR EE & BRE e IR &
#£—2 HUuHEFXITBT DKM
O DIBERBEIER | Q% E2LggER A @B zefiE[al it 75 2
15 IR LB & ('’ /h) 0. 4 0.4 0.4
HZ2)E (kPa) -93 0(HE) 0~-50
Sy BUARIETHR K (min ) 1650 1650 1500%)
R 2 (n/h) 0 0.2~0.8 0
SONRMEICHEE LB BEOEB A RE hoz2d, 1500min ICHEEE 28 2 72,

THLE—HEHOHLBIZE D,
WEHHRZ T TR L,

WEROFEPRPMREE OFFOKIEEREICT L DIHIEDRBEME
HyS (gas) BREWCHR L LIZEBEZHBE T 2 LN TE T,

3.3.3 {5H » H,S (gas) O FERK
BLALEIC X » T, WWERE# OEIRF O H,S (gas) B XM/ H R A LT IR T
7z, L2L., {BIEH O H,S (gas) X, MMETLHICK > THIEFICE F TV D HE

AFOBRITTAERT LI LN, BRLAHIZ K > TH IS S —KFAYIZ HS (gas) %

RELTH., MBS A EMBECE M EEFEL T, H,S (gas) RHOAERKR L TL
FOoENEZLOND, SEHOFERPFICH, 3.3.1 TRRXZ LD ICEFRMOMEFERIC

BT, HS (gas) OBRENFEATLIHIRNGERREZRE E & I
HIZENERINLTWVD

T 2T, Gl D H,S (gas) DFAEREERT D0, RALEGIE & LG e &
EHE CEEMRMFEL, HS (gas) REZREMICHIE LZHERZK -1 01277,
FFDOH E S S (gas) FARITIRFM ORBIZEWEE N L7228, KA G JE TIEERRE

H,S (gas) 234k L T<
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700
_ 4

% T 400ppm. 6 FF[E&EM@H% T 620ppm 600 ,7':
(i L2y, BLAULERIGIR <k 6 WERy g 900 [
®il%TH 310p pmlcBE o2, 0
UEDOFERENS, KA IZE - T 8K 300
\ ? S mamEER
AR LD H,S (gas) FEAERE & I T 200 /
TEXBHZENDbIo T, 100 «OM
O |
3.3.4 FART S HS (gas) O 0 1 2 3 4 5 6

FEBEFE(h)

AL B AT PR BB S
S MY 5 HS (gas) 10 B4R L 7= H,S 2 0 8

ZWHIT BT, RNUEOHRME R
KB OFRIZOWVWTHRE LT,
. ~ . . . 100
ARUSKIC X D HEMMLEE L KU BT 90 —o— RYBRMDH -
M+ BB D O LB 21T > T 5 & 80 —— R SRR+ S AL IR G

>

D, B 6 KFRT O H,S (gas) B % E ;g -
M —111cxR7, B o
AU SHEMAE TiX, 500mg/]l DR fﬁ)ﬁ 40 L
£ 30|

MTAR L7z H,S (gas) JEEEH 30ppm

20
Tholmolzx L., OF 0 T 10 \ \T
0 L L L L L L L L

100mg/1 ®E I T 30ppm & 72 0 FyE
o ‘ 0 100 200 300 400 500 600 700 800 900 1000
BAE 20%ICIKB T, £, FRAQ

BB 2R U SIRIMEZ 200mg/1 & RURME (me/L): B R
L8 Aacik. 6 Bl o/ e e MARVEBERIMERILEBEOHFADSR

2ppm & 72 o 77,
PLEDORERNG, RYS+FRKALABEOFHIZEID ., BAKRT 5 H,S (gas) R HEMIC
melcExr2Enbholz,

3.3.5 3R koBE
BB ETE (BB FR) BLORYEEMO 2 SOMEFHEIZONT, a2
PREZB ol MAICHVEREZR-3 IR,

x-3 HEOBRHEH

H H BRESEH
4 [ & 5 8 1508 (54 B/ :6 8 ~10A8)
FIREMEE 1525 M/ h(FAE RSV TSV RERE)
RUSKHRME 500mg/ ¥
R 1) & fill #% 25 A /kg
1kWh ER K 10 M
BEEIHUME 80%

BRBKEEOEDHRH N 2R -4 R ERMEEOBEDRH 2K - 51T5RT,
K—4 FEBRKEEOEIRE N (1EHY)

— 206 —



18 R 1 2R BEEHE H(EHK)
NEEH GEEREE) 11kw
BEZERLT 15kw
HmaRT 15kw
BEHART 18.5kw
B 1 4% 3.7kw
=R 63.2kw

x—5 RUBAMEEOEHHE

18R AR BEME N (EHK)
RUSFEARST 0.75kw
RUBFREE 0.75kw
&t 1.5kw

MELEaAMEZR-6I1TFRT,
K—6 QX MEFHBER

BEBRIIEE UK 37l
A=x)LaRE
) 1, 200, 000, OOOM * 92, 710, 000M
MEEL+ESRE
HEEHSUZVUYORE
14, 561, 280 64 800
(1508 /%) & F
EOSUZUSORR
— 68, 580, 000
(1508 /%) &
BEBRENSL-UTIAR
ARENI =73k 218, 419, 200M 972, 000
(15%EM)
EESU-USaXRM
- 1, 028, 700, 000H
(154%EM™)
ERHAE(155F/E) 1,418, 419, 200H 1, 122, 382, 000H

*REIACDOBMETHELLE

AEOa X MREIZOWT, AUSKEKM (FEAER 500mg,/ 7)) 12X DR L KFE R RIS
HTHTIARMNAYy hERHET I ENTE 2o,

4. £& 8
EHEERREICL VBN ET LHERICOWT, ZRMTAEL S H,S (gas) 2 RE
KHREFTZ2ZLZEMIC, BEOHENRKXEBICXRZMA TEMO TG %2 BE LT,
Z DRESR.

1. GlRBMREBEBICNTERKEEZ 4595226 T, BEEENMRWVERKSEME (-10
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kPa) IZBWVWTH, H,S (gas) BREERZ 0% EIZEmD D EN T2,

2. 5B LB REAE®BIZE > TH,S (gas) ZBELEZHZTH ., #7212 H,S (gas)
MWAERLTLEISRE BROBBRAD D EITL TE ST, H,S (gas) OAERE
KNTHHMBBREEL TWDEEA) Tk, BAEKRZIHE T 5 20 8ERNE O
MEEDOHHNLEL D, HRMEREEICLD2BEROLEBEEOSELHFHFTE S
N, EEWMEEEDO _EHEE LD, WX NBHENT 5,

3. HEHAT vy VT T U P ~DEALFRICTAMNKELZLLE A, HRERMXERE
DR KRLHEEHE (200i/h) THLEORENLEL D KU EKIKRME HEEL
TEHETIE, 2 XA MHBIORMORE RO A TOEMETREEE R o7,
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5-(1)-3 L T7UEZAF—DUE ~ BEEREBOBBREENLT ~

E|REIT TR e R BUTGIE SUT N i S SIS N S
JUE R GRE—) . IR FE BAR R0 KT R GEE).
At i (GHEREDR) . ¥ KekE GRADED)

1 [FL®HIC

IO TC, I LB (Y1) ICRW T, U7 VIS X B AR ORSREIR TS D ERE)E
LTV CEROoTE 9 A, %mﬁmATm2mwgﬁw ZD LD RN, KEBEREVH
— ORERBREXHERFELYE K OERB(EA HAYE LT, P4 FE L0 BB XIZT T U E=
S =B ALTAER, BUETIE Y 7 A RIBIRR LR & 2l R 221 T\ D,

ZOEMOWMBETIEIIEIER NI TIARAECELTUEHTIERPoTcb DD, ZOHE, T
IR D RIS % BN U T BR A AT S FNs- ot B . BRSOk 2 AR TR L, L
T&/, ZL T, ZOMABENPTRBRN, SEOYFEMEE O L TENhESND 2 &k
77

ZIZTE, FARERSRE LIEGAICEFRE TOREWENENNETH IR, KOS HE

T AR AR ﬁ#é&%@ﬁbmﬁ$ﬁ%ﬁﬂﬁéo

Il

2 TKOKEZERAETAHAIILEORHS
2. 1 TKRKEEWSELWRETOAE
TAEEEZ LNERND FT/AKOKEZHET D701, RO =ZEMEO 7 vt A T{Tbivd,
1 TAKRZERL,
2 ZTHEED,
3 HEST D,
2R LT R E, FAROKEEZRET HOITLROZLTHY, Hx THER
LHETHRNWIETHD, LorL, ZOFEMATEHERZ 08, TKRERERNSRE T2 LB
ZEEL W, FERREDIZE A LD TTFKERT) [ZH%WD) 7o AR FRTEE TS Z
EMPBELEDIENRNVZ D,
2. 2 FBEhICHEKERIES
PAd b STV DL ORER T, FICIAE 72 E OB X R K Z G L Lt
DTHY, AT A LOFAERETKROREICERE SN TV, 07, ks Tnd
KERERR T I ARZEGRET S & R OWRE CTRIERR L 2D 2 EBZU,
2. 3 TKETOERRBRIE
DX, TAKREEZ L EWND FAKRZEGIICHIE T 21213, T/AKRKORMEICEE L 72HE
VAT ANKETHD, L, TREZRHGRE LT 1 — v REFFT 2 WHIESR A — I —
2. ZOHEMEZRD D OIFEH L,
ZOFEMIE, FARETORWEBRAZ2TEES 2O TERWERiTth 5,

3 YTFUEZA—ITBVLWTALIE M TLDREE
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YR TE, 7 =2 — 2B AR EHIRST A2 Ehi L CE 722, Yo RNHIC L S
RN D 72 B FE T T,

Z OFERNIIHEY) . Btk FE e EOREY EWE . BNKRMEEE TKORMENRFIEEZT b
D EHETE ST,

BEAFERLAL T FKZ L ERNICIIE T 27201213, FAROFHEISER U2 HERE 2 ) RES 2
DAL YIRY. ST W

4 SFUEZZ—DOBREDEY HAEH
AT Y LY REBEN AIE L ROL & EFERL W BICER Y A EH BT 5,
VT RS —DEART oL OERGBETE,. X1 IR,

71#"/7_)

HoS BREsis H—H
G | | A

AR O R S

B D B

TEIR A

EEEEEX S

(FrE=ss )
K1 L7VEZA—EXRIDO—-—RUFHREER
4. 1 FKEHBOHEB (K2)
4. 1. 1 HEEEDOEZF
BRI T D 2 F -ICEXL U TORICHE

L7,
RGO EB T b. EICRARTES L T ok o ek
X7 ECHBI N A LTk, n o
BPNIZHER LT D IBIRE A E R T b, [

4. 1. 2 BARBYZRRES N

W] 1 & B A — LT,
BN E BB LTHIRATES 510, =y | 40em 1
AR R (500ml) 2% TV, W30 % # AR Fo
— R (40em)I R LT, .
HEHNA~DO T IDRAENIET 5720, FHMAD T r-mnmn- T
KAAD £ D EED THE—MEOKT D EEBIC, M o ne aazasly
ERE I 7 ¢ v 2B, —EH AR RET X 50 <>;57
L7
= DR S RHERTB IR DR\ VAT & B3| A oD B

ST L, B LK R D D LB TE I,

AN

I DBDIR
TR R
K2 RKBOBE
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4. 2 FAEEOHR (B3I)
4. 2. 1 FHERIBIL2IIREDEZS

A OWD T Td 5 T, HIE DR L 7o T o 588 % i K3
HTZEITHE LT,

F AT EBAL LB ST, I IFRBESE R LA L LTHHET 5,

R 2 HEEHREL L, i I AR ThRET 5,

4. 2. 2 BEREZR%G

B ORE (LJB) 12K 2RI E@%@ji T
ZED CFAKICE T2 T & EEKO
AUCTRHE THAKRT 5, MBI, BT &0
RS CTHfid 2 (BfFED 2,3 kT
%)

RS O JEEEB I HERE L 7215 1%, EHIRY
(ZERESR & BIPA LTI A DR L R
RN TO FARDIER A <,

PO TS = BREA LR
£ 9. MERMKEZRIT 55020 2.,

HIERR~WGT 2 E/T, FARICE N
72 23 &2 L B OMET A LR
=T 5,

ZOfER, I OWVARIZ L HWB] T 2 —
7 O B K ORI A~ O BT KIFIZ SE S vz,

4. 3. 1 HEERAKEKOHE
TS —RIEOWLEHKED, BN 5T
MHEVE SN TWe, 207, EENOHEIZL VAL KEKDH L L) NE=X
—ARIENTHEZ | R LT,
PR U 7KER 2 EIRICHEK (543 2W5ffE) T K2R L (B4),

HRAKEE >

55/ 28fElE B

X3 FHBEOUR

I fm 5%

X4 PeEHKEKDOKE
ZOFER KEKDOBENIZ L DHAENGESI N, HEAAEIITbND X9l oT,
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4. 3. 2 FEKFRBREZEEDEM (5. 6 : A—h—RBEET—42&V)

WAL AKRFIC E DHERELZRI T2, ~ A% 7#] (FiBESH) %0z THb A B2 LT
T2, VT UL EBEETYAXF U T INTLED Z &L, v AF U TIEUSOFT-70hib
KRFBBREMRPME T -7, £ 2T, fitfbAkFE (-60.7C) &7 AbKkFE (25.7C @ FiRfS
i) OWEDOEWEZFMA L, TAKRZHAH - 1T 5 2 LI XV KRFELZRIRICERET 548
BEABENRE LT, 2O LICLoT, AU I RBIZ K DR OREDME ST,

X 50%, FrkicB O CREEZZ (40C,
30°C. 5C) X, v 7 ViRE DKM Z L2
ELTRERTH D,

HEENEWIEE ST OB NEL . 40°CT
X 1RFIZETIRERLS R T LE -T2 DITK
L. SCTIE 2l TH, 1/2 < LT

Y
K5 KIBEICBITD YT UERFIREE

\ DRI
61%. 10mg/L > 7 > % 10me/L Ftw e

a2 IRIE (5°C) BE FIZE L. 1L/min 10 mg/L cyanide vs 10 mg/L sulfide in 1.7pH
DOIEH 2K TIRR L TR T AR EZJE L
TRER (Bt <h D,
H2S [ZELRFMH] TR % & 41, HCON (LR FFHIZE A7
T2 EnfERI N (PHETOERER G I
EFRERDOFRERDBF O,

0O 2 4 6 8 10 12 14 16 18 20

Time/min

4. 3. 3 RIGEICIERKIEZER

SABIZ R TR O IR EEAL D72 2
CIZHEB L, —ERE TH HIEIEAKE D T TG
SHLLOIUBLIEEZA, FERE FRHIRN—RATA4 V) BDEELTHLND XD ITRoT2,

X6 RRGOERE Ptk %
HCN & HeS OFEAFIREE (i)

5 BhUIZ

VTR Z I T VMMM ORI R E S HEBRL TV DS, RIRFIZAER 1 5 0 mlZEZ
DIEEATINC L DM BAEL TRV, sHEE EENR TV, HYREORBICESTH Sh
FRIELRICEY, W ER#IIRE LIeBER AR L, RER N T 7 FE T TV,

Z TR LI AT IR Tlx b 523, TAKEOWEICHZ TH Y, L ISHAREZR D &
EZTWD,

S%b. YR OEMICHT- > T, DROINERERERD /) U T Z{EN LN, LM
1B 72 BEURHI MR 2 X > T <,
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5-(N-4 1 CPEENMEZAVKRAETDAEEMEICONT
Wi P BB I (R E

1. [FLC&HIC

BT, FREMBOMFELOCAKHKIKOBREREFICET 720, 1 HEFT% &
XDLBHEELOIL, BEHNPMLELERLFEG~ONAREZIT V., EKIEEZIT- T
W2, L2L, ZOXI72RUOFTTH, BEKLIEIEER O RHECEK L EICLY, FEY
N FKEBEIZHEMENRRAT D ERND D,
ZOX)BRAKEFENFEALELGEITIE., HEZ H/NRICEZ 5 72 DI85 722 5 i 2 3
LHENHY, TO—RBELTHEVEHREODIEENRH LD, ZThHETH, REEH
MCIIKEFM R AERICBRAMICIHA SN TZREHCOVW T, HEBECOMEREZEOND &
N, VT RSO FOHBOHTEEORT - ALY KNI CPHENHIE (LT, 1C
P-MSEt33)AEALIEEERSEL YR EOELBEO —FON?2) 70 & 05T R &
Mg At~ B 2 1 T & 7=,

SlEl, AEEPIEFICES . ABETIHEMELRBEDNLECRBIZOMEREEDL Z &
WEELWAKBIZOWT, TCP-—MSZEHLERERSHI HIEEZRHMN LD T, i
WwET 5,

2. RENBRUKER

2. 1 HHMAHEDERE

211 ExftRFRALEELOHME
NEBEBICEDKESHTO 7o —13K 1 LBV THY ., HERBIELZET -0,
IHFRERDEFEONDET, RIETAREMBE»ND,

| o 200mL |

250mL (2 A RTF v T |

=TEEE SmL |

<—
100 1T F (1)
< EhREE 10mL Tonl
m
50g/L BIvh 2
o/t Eed R [(mrmtrmst mz |
MILER 20mL
| RuBtE 5 HmmE x| (5 #7E5R - 240 %3]
V/LNMI=BE ) gesEzrse. LEA
AILEH 10l 15 NEHTHETBY LA VB
[ kmmcmamorc 2mm | R,

80g/L 1L EL DY
TYEIILE R 10mL

!

M1 ExsbtRFREEIHFI7O0—
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2. 1.

2 1CP—MSHOMEHDKRE

KERDATICET 2 A EE L, EHERBRIEZET 208, BE - BEZTRNVESDONAT
WHHETHD, —FH, Al SWEHEEZBRFLIZICP —MSIEIH FI U ALK
FOBEGRBERNPELTWVDLEOKBESITITITHOA RN DD, K2R LTEE
BO ABELERD ERETEN DL ERE O T 25 mEF>, £ 2 T,
KEBIZHOWTHLELSBEFRBEICICP —MSZHMAL CRERSTRITZ D L.
(1) ICP—MS~DOREBEASLMEE (2) B ORTLESEM, 2OV TR EZ1T

> 7,

| HEEE |
—— ERSEE 2. 5mL | BiikTHMLIZART v T |
%2
| mmkcsoson |
| ICP—NS % |
| immmm Qeocr) | [ 5 47 85 F : 120 53]
X1 HkwRy rFL—Fk X2 ATBERYMLHDZBE.
FTemEt 3 0.45umD I ILE—THA

K2 ICP—MS ICKDEEEMH 70—

(1) I CP—MS~DEHE ALK
Bt W CHBEERHELIT > LG, o GEICREZEALLL &
WCRAEBRA— " 77 —HhIZEE L2V E S, —EOHRERFMZHIT TS,
KEBOGE A2 2WEIZH L TEWREEEZRFESLNbALTND Z b,
A= H T T —NICKBEREET D LT, SHEBEEORT (AU —%)
R) WAEULDAEEREV, 22T, KEEODTCP-—MS~DAEIU —hF %
B T2 L9, A= o 7T —0WEFHERICOWTHRMNE2IT-> 72,
1) ik
ICP-MSIZffRESN TWb A — 77 —0kiFkEM%Z 35 # (HA4
BN DOSME), 458, T0 D 3 BEERFICE b S ¥ 72, TRPEBREHED 4 504
Tho 20ug/LIEHRENER., 777 (BHAK) ZHELE, ZOEEZS
FE# IR L THEL, BRETHKBIBELHEE L7,
2) it R
FERAEZM 3R T, WiEHkHE 35T, AFY —& LT 4.5ug/L (IR
WZxF L CHI 20%)  PE IR 2 45 FPICHEIX T & AE U —1L 0.61u g/L (K9 3%)
Thole, THIZKHL, 70 TIL0.24ug/L (K 1%) &7 F/KPERRMLUE
i (5ug/L) ® 1/I0 L FE TR TE7z, 2T, WiHKMZ2 710 & ET
HZ iz,
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5

A
5 \
>
X 3
o \
28 4
Ity
ey
%0 | | ]
%

30 40 50 60 70 80

SRR (F))

B3 F— Y T5—RERREICEZKREBREOLL

(2) BB FTALEL S AF O B E
ICP-MSTHIEZITH>HA., M2 LizsBn, RE % B ChnEfif
LTCKHPICEBREEMRITLILEND D, Z 2 Tl KEBSHTREDINE S fiF 1T
RIS DEE LT, MEE L OHERZ v, [BINERE ONE SR O LG 217
Stm, B, MASMEOREREICONTIE., KENREH LT WVWERETH
LHZEEBELTC ESRIMICB T 2FERETH S 260C L0 &KW 200C
IR E LT,
1) 5k
AR 50mL ([ZAKERAEHER Z WL, 5.0 g/L OWIRAERB L7, Z DEK
IR D W TR 2 2.6mL 2 7=, 200°C T 1 BRI MEAS iR 2 L7=% . 1 CP
—MS TH5E#EDKRLHAEZITV, EHHEE & -7,
2) it
KILICRABRERZ AT, WBE2HER LZEA, BIIERIT 36% Loz n
S, THITK L, WMEOLEIZIE., BULE 101% & BARER/E LT,
ZIT, MBULEICHEAT A E LTI, BBEAEAHVWD L E L,

K1 BOEBEWVWCLLIEHRHBLEERE

W E 5.0(n g/L)
R E (p g/L) B AR E(%) EFEICZY
i 12 1.8 27 36
R 5.0 3.1 101

(3) W&tttk E
PLEDORERNG, KBIZHOWTIE, MESXKHER2DEBVICRE LT,
T, 97—l OoWnWTIER4DERY & LT,
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%2 ICP—MSHETEH

HeE i3
PIIE YA O S R A L fiF§ 12 H R
Ay N7 b— D ERGE R 260°C 200°C
F— bY 7T — Y R 35 70
| M EE |
< ;%iﬁﬁfé 2 5mL | ﬁ%@ﬂ(t 50mL [Z A 17‘77 |
X2
| mmkcgsol |
| ICP—NS 5 |
| iepamam 200c*) | [ HTEF - 120 5]
X1 kv kTL—k X2 FERWAHHHE.
Ty S 0,45 umMDT 4 LR —THB

K4 I1CP—MSIZ&KBKESHTI2O—

2. 2 FHmMEUIEER
2.2.1 BHKADRME IR EER
FEIZ WS U 72 53 BT e fF CREMK O BN B SEBR 2 17 - 7=,
1)1k
HE K 50mL [ZAKERAEMEWR 2 s n L, 0.5, 1.0, 2.0, 5.0pu g/L DK % i
L7, 25 OWIRICHRE 2.5mL 212 .200C D& v b7 L— b L CMEVLE L |
ICP—MST5HE#HYIKLAEZITW, FHELZ LT,
2) it
B 5 ICAE R A RT, BEIUEZ, 0.5 g/L TT5% &K >72h, 1.0~5.0ug/L
TOI8~101% & Bl RknfGonl, £/ SR EREICB T HILEHMEE D 2%
BELTTHY, FEAFELDXTIRONEN ST, FEHMIT, 1.0ug/L YL E
DEREREICH L TO0.991FTHY, FHEEL SV ERER SN, ZO/E
Mmoo, TCP—MSIZEDKEDHOERETRMEIZ1.Opg/L EEETE, TK
PR EREMETH L 5. 0ug/LBMMEFBETHDL Z LR Do T,
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e PAEDIES IKERIEE
120 10 6
- . 5| y=09936x
~ - R =0.9997
80 S R
3 < 6 3
; 60 & <~ 3 r
E 40 % 4 t-_ll 2
& w
20 27 0—%\ w1
0 0 . - 0
. ) . 6 0 ) . 6 o 1 2 3 4 5 6
BERE (ug/l) BERE (ue/b) HERE (ug/lL)
5 BHMA~NDHRMERER
2.2.2 JRATK~DZFMMEULEER

ALK ~OUMEINEBERERZHE 2T, KFAEECZ —FAK UNE. Fr
Wy, HEF) ~OKERIEMEIR Z IR L. KBOBEINEOMRZIT 72, 2B, FEBRIC
AW AKIZ, DO LOKERIRHB SN EZ2HEL TS,
1) J7 ik

KEFEE 2 —iAK 50nL I[Z/AKBIEEZZABIML, 1.0, 2.0, 5.0ug/L WK%
B L7, ZHICHRE 2.5mL 2., 200CDF y FFL— h ETHMBLE L, I
CP-—MS THREEIZONTHE#HEVIRLAEZITV, FHHEEZ L -7,
2) i

fERAZX 6127 T, BUX#EIL, /NE 58~68%., &7 I 54~T71%., HE 75~93%
Elrol, THiE, ARWESORBIZLIVNUERICHENEET TWVDLI LD LEE X
BiLd, ZORICHOWVWTIE, BIZHET L2HERXNS DL EEbND, £, 2R
IZOWTIE ERELE BIC 10%RELERGFTHoTZ, L, /INE, By EEOH
BKBAE X A TKIL CEHENRREMEEZ FRILZMEICH Y ZHZEh 0. 66,
0.69, 0.91f5 Lo, WTNIZOWTHEWERMEEMEEZRL TS Z &
D ORERERIMEIZEY 1.0ug/LLUL EOKBITNAIEETH DL EEX LI,
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@4 = EHRN KEBRE
120 10 6
100 | g 5 yZ: 0.6624x
~ 2 ’\ 5 R? = 0.9942
S 80 g % 54
. 60 f —" & \\ 23
B 8¢ 4
= 40 & T~ )
E[ %Q( 2 Q
20 g 1
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0 2 4 0 2 4 1 2 3 4 5 6
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INERATK
EEVES LERE KRRE
120 10 — 6
100 g | 5
" e - y = 0.696x
g — g6 Bk R’ = 09901 /‘
. 60 [~ e 23
i:t W 4 * Jal /
= 40 & =2
= | 7
20 w2 B
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0 2 4 0 2 4 0 2 3 4 5
BRERE (ueg/l) BRERE (ne/l) HERE (ne/l)
FrBRATK
[ 4% 3 EEHEHK KERRE
120 10 6
i y=09134x
100 /o 8 A5 R*=0993 /t
;\; 80 e § 6 :04
~ 60 | =3
B E 4 ? 3 -
é 40 & v\\‘ L;%Z /
20 | M2 B 1
0 0 0
0 2 4 0 2 4 2 3 4 5
BRERE (neg/l) RERE (ne/l) BERE (ng/l)
FERATK
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3. F&H
ICP—MSZHWEKBEBHEDAEMEICOWVWTHRFNZ2IToEZA, UFTOZ N
Do T,

QO I CP-—MSIZLZ2EEBOSWTIAZISH L, KBWEO FEEZMSL L, RIET
DOERTFRMIX, 1.0ug/L THoTo,

@ WATKEZHOWZERMEIEROFE R, EULEIL 50~90%RE TH D50, &ERE S
TEEIE E OEVYF I IEES OVERE EHBEEARBOOND 2D, EERNICED 1T
CP—MST, 1.0~5.0u g/LETHIENARETHDIEEZDLND, BIENEE T
HZHEAE L TAHBMESORENEZLNDTZD, FICHETAILERND S,

@ HTFREMIT, AEETIEN 240 2 ET 208, EERMICELSICP -—MSIZLY ¥
4y DRI 120 /IR O EREL N ATRETH B,

@ THHEKICKT 2EAFEEMEICOWTIX, BIEHBTT20ELNS S,

2% SCHR

(1) HES : SoRBOoWMHAA— T F 74 F =12 XD FEEFYKRDITES O 2hFAL,
HORUER T /K38 JR) BN A 4R ) 2006,
http://www. gesui. metro. tokyo. jp/gijyutou/gnl8/nenpou2006/4-2-5. pdf

(2) FES : TCPHEDIIEIZEID0HR, BV MEORRM, Frk 18 FE HAUH
TAKE RKE EIFIF 5 R S Uk, PRk 18 4F 11 H . p 16~17
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5-(1)-5 FISHZZAWEHEIEHEEDIRE

WFIEA Y 3 ek B RESHEMR AH &®—
FEL RE g
WEHOE
iy HA4
B BE5

1. FC&®HIC

HEHE FAKER TIE., B KIBE~OREAWMEZRET 5720, KFEEYZ —lZH 0
THHIL IR EI O EE 2 ED TV DN AFOMLAKIEI 72 DI EITLIZS K ARE
ERAWMBEIRI L 256005, 2O X5 RRWIT, MEBEEROEMITH S QB KE
DEAR, WEIRIT A TH L~k Z%EHR (N,O) OZERAREIZORN DD, £
DOFK - FHIENRKRERFPEER> TN D,

fbix, 7o' =T HEEHE (NHe-N) DS E (7 =7 B0 . 35 5 L
@) OfEIcEy, WEEEEFE (NO-N) 2R CHEBMEEFE (NOs-N) ~Libtansd
KIETH Y, ZELEEBBEEHELZIT O 01203, MALMEOFERRIEE R L0 %E) 41
BITAHENEETHD, MILHEOEEELE LT, TAKRABRFECET BERBICLISAER
B THEEBECE D EREE) o208 TwsY, UL, THEEICKDERE]
. BENEMER LSRN SO ETICLy AU EZEST 5720, HlER B2 EL
fEFk OB E IO IE L EIIRECTCH D, Fio, Bl - HELREEE L THIES
Nz THREBEICE D ERE] b, AEEEFHOKNA TP, RIERHEAE W (10°
~10%ells/mL 2 ) R EDORENDH 5,

— 5 T4, PCRIERFISHIER EDO G TAMZEN TIEZHOWEREKRED O R T ., #
MBNIELITbND X2 TEL, 2R HDOHFETIX, BMBAEYICERN LR EE T %
BT B0, BREOFVBRERTETHD, LLL, ZORIECES FAEWRICNT D
BHR R HINCHBNEREND 2D, TALAEOHY CRHT S Z L3 L»- 72,

AE, IR ORAL M E MRS > B INitri-VIT) (Vermicon #:) % W T, FISH i X
5 AL ORI D W TR B 24T o 7o AR CTIXLV R F > M X 2 LM o i 5k
e OV 7K IR 1 0 SEALER fii 5% 12 35 F 2 LM O FERILIZ > W TG T 5,

2. TNitri-VIT) Ik S MEIEHMBORE HiE
2. 1 FISHEICLIP2HEREDORE
FISH (fluorescence in situ hybridization) %1%, @ WE CTEH L2 Z@B o /N (7
0—7) &, fHECHMBENICE W TERN ST 5EEMWE (DNA X RNA) &R EICH G
(NATVHEAX) S, BNBEBECBEIT L2 L THOALEZMETOFIETH D,
MEZ RS 256 BT 2ME ICRFEMNRERFEERSNCHIET 27 e —7 %
WHLZ LT, MEOMEOHZBIRWICHRET 22PN TE L, £ BROMEEITD
T.RABEATASA R TRACEHELZRECHRBTE2720, IFEBIRORESL 72 v 7
P ORI E & BEEM T I AR TH 5,
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2. 2 FXYILDEE. HE
INitri-VIT) @ % » FNEIEZ, RIRE AV R
FE (AWK Btk . Coik . D1#& . VIT # . Positive Control
# . Negative Control ¥ . Finisher #&) . BJS % %% .
3= () AF7A4 KT AThHD, (B1)
AK*xy FOERFRHIZILULTOELEBY TH S,
e xRIZT., 7T =T ML ES3IR
( Nitrosospira J& . Nitrosomonas J& .
Nitrosococcus J&) & . i fif B2 B2 b 0 14 2 %
(Nitrobacter J& . Nitrospira J&) . BT AR AL B R Y RTNitri-VIT)
& 7 UE=T LM L A ERAME LY, —EOBRETKH L THRIET 2 Z &2 HE,
(7 v E=7 B E L REA, SRR ME RO RETERIND)
o Wl (5D Age) LEJLBMBILIAIC, Rl A nIEE L,
O ANFFHFRE L HRFM OBIECH R ZEGE LN S,
® X v ORI, 1A &H 72V 6000 2/,
o D LRAFWIRIT, HILMEFT T6, ALl L,
2. 3 B¥EFIE
AKxy NOBEFIEIZT, UTOEBY TH D,
(1)K O [ E
ATA R EDIFEHROY =L (“—" T = )b “+7"T =/, “VIT"D = )b) IZTEMHHTR
B2 10uL o F L, 46 C TR S D, MEE, £V VI AREZ —HT 2
TL, 46 CTHBEIEDL, ELITBHIZOWVWTHLRKOEBIEELIT I,
@NA TV A= a v~
“—71 = L2 Negative Control (& DOHIE AR L Z2Vv), “+77 = /LT Positive
Control i# (R TCOEEME &FG. ERT D), “VIT"U = LIZ VITIK (7 E=7
Mefv i kOB ME e, E%T2) 2. T ENLHT O FT 5, £0
%, Coli Z 15T T LI ISHEBWICA T A4 FE A, FFHK T T46°C04 [H #iE L .
NATIVEA =T a v EITD,
@YK7 v —7 O Wi
Ve ik (DR Z A K CTLOFICAHIN) ICA T A4 FZR L, RONICHETBL%46C
TISHFE T 5, ABAKTTTWER, B Czl s ¥ 5,
(4) 1 i
AT A RIZ Finisher 2 FLCHN—H T 2 &2, EAHBEMKSE CHEZIT .,
“VIT'D = VIZBWT, TrE=7MRAGME T G Bt T THRE . A w56 M @ X
B B FTREOENZRENT D, “—" V=L “+"U = LOYERN & BT D
ZeT, RBBENEFITITONIEELZHAE TE D,
2. 4 HMEOHFEEDFMAE
FISH VEIC XK 2 MIE O H Cix, BEAME T T BHRFHESSEAG AN 2 12 L0 HE B o
EREITO ZENAIRRTH L2 IEHEGIR O KM DL WVREL OGS BE o E &
TOOTIWRHEETH D, AHOMETIT., 1HEH OMAME OB RN 218 (FEF
A7) ~55 (JERICZ V) OBEMICHE L, V= L2l (15~200 B RE) DFY
RERD2DZ T, ABHPOMILMEOHFEELFMT 2 FIEELRMH L,
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3. ERBICETHAE
3. 1 HEHE

FRR19E2H ~38 (IEAKEH) 10, 7AEA L % — (9%4]) OIS H v 7 K T
L7-iEMEREASKZZE L LT, TNItri-VIT] 2 X2 LME o 23 -, FaY
HORRINIES > 7 Kb O MAEMEZE R OGFAEF G RIBR20 LB THY | #L RIS O i
ITRWMA D, TRROIT NV —TIZHETE D,

(1) MW EHEITR S (NO3-N O E A 2385% Ll FE : OD~®)

(2) TRYERAL %51 (NO,-N D4 2320% LA E 72 >4.0mg/L L | : @ ~®)

(3) MALfE 1R8I (NHge-N O E| & 2385% L £ D~©@)
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@ dh)I| Z24E% - THAEETRE
™% 1 OF =3 E N
son || | @ FHyE Ti1FR
® RHT & - BIEER L R 5
@ FIE ®W3%R
0% HE BARFR  HIEELRT
® @ ® @& 6 ® @ ©) Q@ ZiH ARFEE

2 BRIDOBILKRE(RIGFAVIXRIFGICETIEHEZRDEE)
3. 2 BRUE#HR
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A Bl O FHA TIX, OLYMPUS % & UM 8 BX51(H X 7 4 v ¥ —:U-MWIB2[B Jih iz ],
U-MWG2 [G ihiZ]) KON BX60 (&3~ /v 4 — : U-MNIBA [B ihiE2 ], U-MWIG [G il
f]) ZMEH L, FR2200G CBEZITo 7, K7V —7OREMRBHRRZR3ICRT,

fH1E 1T R 5 BiHERE RS ML LRSI
15050
IIHEER () WER % (®) HOEBEERE(®)
P8 (D) ZHER(©®) HyIBHIR (D)

3TUVEITHIEME (LR CEHBRBLEE (TR)ORERE
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FEARLYD LR A D2EBROE ZITIEGHEBR TH D 58 < R L TV D IR 23 i Ak Al
Thd, 7o E=TBACMEITREAIC, BB MEIERaicELL WD, kT
RIN(EF]) TIHR . ZEOT vV E= 7@&1!:1'*113-9:%6% AL S S e ook LTy
A L R A (R 31) L biE IR Ry (G5]) Tk, 7o' =7 BRI - daH e R (b A
HEeblZIFEAERBEIN o7,

EMHGIRT COMAME O MRIIT, EEOENET L THEMAL TWVWDLIHER, K
FHICHAEL TV IHERERBICE > THAx Th o 7288, LT R ﬁlJfri LE LT IE
PEVGIE 7 0y 7 B SV, 7 v =7 W bl B & i A e LA S AV ISR L TS
THMEMEMN D o=, — . A E
bR & AL IR R B Tk & M
Hle 7 m y 7 B8/ &< Akl
HEELTWDI ENENhoT,

B4k, FricLE L CxEamMlb L
TWeHi (22 8) o8
ThH, —DDRERTa Y I D

HICZ D7 vt =7 B A
L .
EHHREMALMENERD & O
KOWWEELTHFAEL TS Z H4mHtEBEORR - RA—BH1HEICETS
AR T B TUoEZTEHREME (D) LEHEBEEBEME (B)

2O X DT AL E O TE TS
‘A TOHZARRL. T =T BAbME & AR EOMNERERR ENBETE D
DX, FISHIEORERF K TH D, 4%IFT. ZNHDRITHOVWTHHRAEEZITV., X
e DEEME DREBRERIEL TWS TETH D,

3. 2. 2 MWtHEFEFEFEEEOIE
BRI DOWALHE DO FEAEREIZOWNWT, 2. 4 T2 HETHML 8225 RT,

~N

D&
@Il BEER - TEEEIT R
Q%S Mk

@Fri ' %k
GmE % © EREEE RS
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DFF~ri W3%R
OHX FiEEER ( BILELRTI
QZH KARiFE J
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HALHEIT RS (OD~@) T, 7 U E =T BALME N F¥2.65 (2.3~3.1), g1
ME N 234 (1.9~28) LW FnbEWAKERY ., ZHOMILMENFMEL TWVWD
ENERINT, Thicxt LT, HAEEBLARIO D B MBS R ET (B25R)
LTWEHR,rIFEERLIZ (@) T, 7o E=THAbME - BB mE s bIc178 L
BRBEOCHFEEZTHY ., TRUNOFEMERIL RS - HLEIERY (BD~Q®) TlE, 7vrE=
T AR S 145 (1.1~1.9), dAEER R (LA 2 12,8 (1.1~1.3) & gk f B 23
FEAERE SN ode, T =T BRCMEE - HAYER R E ORI, KIS v
7 KUslZ BT 5 NO3-NDOFAEE G L OB TERE AR r=0.90f2 & & WA 2 R 7
— T, NO;-NODOFHEEHE ELEOHBEIZIR N - T,

B, RrEHEIFZ (@) T, TUrE=TBACHESL.9A ., AR ER LA S L3 L
MEOHFERICKERENAONT, FRIIEL, KIit¥ > 27 Kl NO,-N, NO3-N 23 % &
AMEGHELRODNRICERT% TORERERITEHVRITH O | MBS O B2 BOG A%
FIZEE TWDLAREMEN S D, HMBBEMENZTE AL EHFEET T V=T BIME O
HENEL BHEINTEZ EF, CORISICHEBRL TV EEZLNAHOTED B THRIEL
TWE W,

4. FELHESHDERE

ASBEIOMEORKERE, UTOZ ENERINT,

() FISHIEIZ L 5% > b INitri-VIT) (kv | fifEr>REICHbMEZMmETE D,

2) ¥y hZHWDZ &T, IEEBIRERFT OMAMESAREBERTE S,

(B) Mxy NMZEDMLMEOERIINEELN, FAEEEZSEBETMT 2 FEICIVE

BORK/NMNILEAETH D,

(4) AL O EATIRVL & LM E O FEE L OMICITMEERH 5,

A%, @RI 2 D ARAIR BN 20T T RS AL R O 17 7R B0 oy A R P & R R R I I A
THZ LT, ALAE OB ERUOZEAC, WL ERBRIC X DS EE & OGRR &I
ONWTT—HEZNEL, T2 LOERSCHMBEEERLEBROFRLRERZLE . Axy o
BN RIERAEERFTL W FETH D,

2% Xk
D) FARREBRTE & 1997 £il-, BAT/KER =, ¥k 94 8 H 25 H, pp608-613

— 225 —



5-(1)-6 HHILEMEDBIE
HEVEELEGET  SAKEAE X —  KEEHR
FRESSE-E Aot

1. [EL&IZ

OGS4 v 7 OALTENEZ NS 2 Lid, EROBEEZITHZDICEE R Thd, /XY, hl
LIEHEEZHET 2D L LT, LME AT 2 FEnmohTng, L, EICKRH
MPIND, EEE BEOMIEOETIRWA —F LAaWEInH 572 8, W opES bR S
T3,

LG EREE T2 L D 0L DD kL LT, Re (BEFAEE) 2FHT2L0085 5, Rr
DORERNC ATU (7 U AVFARE) WML, ATU %I Rr &R Rr Z2HIE+T 52 LT, i
LA HE L-BE» DMEEEZHEL LY LI b0 ThDH, L, ZOFETIET v
=T RCANEE & HAERRRA A OB FEIHE A XBIT 2 2 LR TE R, ﬁm&yamﬁmﬁ
R TIEE->TLE D & 92 REBOR 2 & AR LA OIEMED A T2 & o 723
TH, 5OFETIXENDTER,

Aal, Re OPERFICB W TCHETOTLRET L2 LT, TNENORHDOIEEZ 51T THETE %
AREMEA AT Z &N TE DT, Z ZITET %,

2. BIEFEOHE

AEIFEZR LT Re WIEFEOME L LLFITRT,

O A [E] & H ] Hi Ei)%ﬁ@k@“é

Q@B LTt %2 3212 31T %

@1ABIZZDOEE Rr Z2HIET S

@2 AR HIZATU % 10mg/L (2725 X228l Rr 2{ET5

® 3AHIZATU & NOo-N #E#EHE 2 2 E4 10me/L (2725 X 5 2H L, Rr ZHlES 5
it & Rr OBIRZ K 117, 2B, 2 TIIWNAEMROBEREEE & BOD b OBEEEE O

C-R o+ [ NH-R
B r e [ NHRe | [ NORr ],
Rr ||= + =7 - =z =z
pegg |  EF
BODE1t
[ATURMN C-R . NH-R NO-R
i r Lt 1 | Bt
Rr | = T STHE Xo kmx X ez
mamy | ER
BODE&1E
ATURN C-Rr 7w & NH-Rr sy [ NO-Rr | —_
Rr | = + =7 x— EEEB -
+NO2-N PR 25 PR 2% HER
BODE;{E

1 FHIE& Rr DR
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Ast%E [CRr), 7rE=TERALMEOEE TH 25 NHe-N->NO2-N Ofis#£iE%E % [NH-Rr), #f
BRI (LA E O & TH 5 NO:-N—NOs-N D% % INO-Rr) LIEEZ L1215,

ATU ¥SE 7 =T B O A 2 [HE U, HEEBRICEIZRE L2 EE X TS, b
L% 95 THhHE, ATU WINEFIZ NOo-N Z i35 & NHe-N—NOo-N DO inTiEE T, NO2-N
—NO3-N O EOHPER T T TH D, T7hobb, ATURME NO»N RNz MAasbEs 2 &
T, NH4s-N—>NO2'N & NO2N—>NOs-N OfEREE L~ ICREST 2 Z LN TE 5, 2k, AlE
OFAEITHHEESAFET D & NO-Rr OIEICHET 5720, BKIT AR HEHLE TITo 72,
3. T—TILTRFb

2R LTZRIEFEIZ. ATU IR 7T €

=7 R AR 0D 70 A BHLSE L W RS A TR (LA 1 1
BB LN EEFHEE LT3, 22T, & 30
Mgk COREZAT ORI, T —T VT A N TH 25
A RERT D Z LT LT,

20

3.1. A&

ARBHTEHAF LAY v — ARG A (5]
IRAW Z W=, SLE—h—%5fHEL
FNENUCHEZ 5L AL, R—L 7 g L F—
TIZT L—ya v B0 AZ—F5—Tid-< 0 - -
D LR LT, F O B — D b T A 0:00 1:00 2:00 3:00 4:00 5:00

NH4-N(mg/L)
> o

T, M LT, SIHELF MY T (o)
5D M2 7YVEZT7HZERHROFMEZEIL
O MmN
@ NaNO:2 10mg/L %N ~0-(DATU: Omg/L —8-(QATU: Omg/L
. NO2—N: Omg/L NO2—N:10mg/L
©® ATU 10mg/L #¥n ——@ATU: 10mg/L @ATU: 10mg/L
@ NaNO: 10mg/L il XU ATU on-tomae - NO2=N:10ms/L
10mg/L {fﬁj][] NO2—N:20mg/L
® NaNO: 20mg/L WMl #BLO ATU
10mg/L %N 30 .
T LD 1T 30 404, £ D&% 1 KRER /
FHCRBHE BRI L, EHIcHilE Lic, HIRIC 2 -
ST, NHeN, NOyN, NOwN %, BAIE | 3 2 N
(ZOWCEERAH#EE (Rr, ATU-Rr, NO2 | ¢
WU ATU-Rr) %M L7z, 7%, NHeNiE | 10 | ,
o BLi 15 NOoN 45 1 OV NOs-N [R5t | 2 10 L4 -
W SCEEVETHIE Lz, 5
3.0 fEE 0 :
G2~ 41RT, )2 LY ATU IR 000 00 Ay K0 %00
MU=t D% NHe-N 235D Lgoiz, 20
Z L. ATU #Z NHe-N—NOo-N O s % 3 TMHERHMEROBMEZEL

PHET L Z 2R LTS, M3 LY ATU &
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NO2'N DM 5 Z#M L 7= b Dik NOs-N 73 30
ML=, ZoZ &k, ATU I NHeN—
NOz-N DOtz % HET 57 NO2-N—NOs-N
DS E LanZ k%rbfwé‘itl
4 10 NOoN [TT R THREMEMIZIZO0 IR -
72o WIN L 72 NO2-N (Fa{L S %Bﬂiﬁ“é -
L TRTNOsN 2k LTz,
3.3. NHuN B EES & U NOs-N EILERE
& Rr OFERE

NH4-N B #E & NH-Rr OB T 7 %
X 512, NOs-N #h#E & NO-Rr OFHEI 7

NO2-N(mg/L)

0:00 1:00 2:00 3:00 4:00 5:00

BFfEl (hr)
7 %X 6 IZFE NIRRT, B ITIZIEOF B
R, MEGREL BB TH - T, -0—(DATU: Omg/L B (QATU: Omg/L
NO2—N: Omg/L NO2—N:10mg/L
NH4+N—NO2-N |[ZBIT A2BEBEEILIT = ——@ATU: 10mg/L @ATU: 10mg/L
TEALMIELC £ % 5D, NO»N-NOsN I=3 Srr: tomare - NOZ=N:10me/L
J ORI MABEBRILMEIC LD b0 T NOZ—N:20mg/L
HbHEBEZOLND, SRIOERIE. NH-Rr B X 4 HHEHBREEZROBRZEL
O'NO-Rr 2S5 Z & T =7 BRLME
BROHEBER L E OIEEEHEET D ENTEH I LERL TN,
25 10
9
20 8 ® R=0. 9433
S i
J5 L g °
g B S .
£ < 4
< 10 « °
o o 3 °
5 1
:/ 0 : ‘ : : : ‘
0 I 1 1 ] 0 2 4 6 8 10 12
0 2 4 6 8 NO3-N#& /m % B (mg/L/Hr)
NH4-N;5 4> 3% B (mg/L/Hr)

5 NH4+N#A EEE NH-Rr OHEES 57 6 NOs-N #hEE & NO-Rr DRSS 7
4. EMFBICBITHHAE

F—T T A MBOT NHRr BED NOR r OFBMEAHR TE 722 L5, IR
TREOHEZITV., ZOHEIMEIT OV THRGE LT,

4.1. Ak

FHAWIMIT R 19428 A 18 H~17 HD 5 HIH, HRRBRAFIM L CHEM Lz, ZHAKEE
T A —ARRERE R, ARRIEME, HROZNENDORISHE AR HEAK L, B 2.0 5L
&Y C-Rr, NH-Rr., NO-Rr Z#liE L7z, &R/# I LICHET 5720, Rr (3R2FHEFHEE &K
(Kr) ITHE L7, &512, D BEOAHKIZHOWT NHa-N, NO2-N, NOs-N ZiflE L, Kk
ﬁ®mm%ﬁ%mﬁbto&k]ﬂhNi@ﬁ$ NO2-N 5 & O NOs-N 1255 AW e LT
HIE LT,
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4.2. #ER

D R OEFPERMFZE 7, NH-Kr B XL i
ONO-Kr DHIEFEREZN 8 ~X 9127, 7 B NH4-N -
B, RIT5 HEOEBHETH D, 10 - oNo2-N [ | [
7 X0 ARG BT AR 2 TR D DD b g ONO3-N | | |
R & CRYILANE A T IR EE, AR | -
TEEASD 7 < BRSEE CIL % > COBIRIE. R | B 6 —
HIZIE SRR LTV B IRIETH - T2, . L
8Mmb ., %K%k E b NH-Kr iX 20 fiits H
¥, NH4&N—NO2N OFJEIEMER < #HA T 2 *
WHEEZBND, —H, HIOND, R 0 _} —
» NO-K r OEIZEVA RSN, B, A% AREBR  AREEE £
GAEVE D NO-KriX0iZe->THY, NO2N
—NOs-N DS TR EHERITE 5, 7 BEHDEIRNDERAITHER
FERE, B 7 OFERTIL, ARREMPE LI 0 ;

BOWTHIEATMEE TIEE > T Z &

5. EMiBORCRE: Ke OfE-ES & | 2 [
LR & otz, i 20
S 15
4.3 Kep o BRBOSEERET S L . o
NH+-N—NO2-N % NO»N—NOsN o | 5 ° | 19.2
WA MLSS 1g %70 0ZEHER (mg-Nhr- | T 5
g-MLSS) IT#E L, 20K 5 = Lok . ‘
D NO2N OEREEHET HZ LN TEDHM0IC AREHE  AREHEE R
SWTHF L7, £%FHO NHKr B LO
NO-Kr & H M5 L7 fE 12 £ 11277, 8 £%R#dD NH-Kr
NH-Kr #EEHME T2 L1092 &%,
MLSS 1g B X1 Kffl& 72V 12 NHa-N 225 g .
NOxN 12k L= BH B A2 RDDH 2L ThHY
THUET /b NO:N ML L 725, A | 9 6 |
(2. NO-K r M2 45 1E NOs-N Bk %ﬂ
FEerd, ZOoMmMEFEZELSICZEIZX L 47
D, EHBOREEREND, SED NOFN A | © 5]
BRTSHE S AN TR D, R1 R0 K | S P |
FIE LB X EAZEOTHY . NHeN 1D | & o ' 0.1
Bt L7 NOoN IEIf U T NOs#N ICEME |~ | ARBER ARFEE =%
LTCWDZ ENRDOND, ARG & A RERE 2 L
PiiE 4L EOfiE R LTHY . NHeN—
NO2-N O DTN E W= NOs-N ~Dfiefl, K9 KHR#HD NO-Kr

DIBWNOWNTWARWNWZ ERNbnd, FEEE, K7
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PRERERD L\ AEIOHEN L FH D D ® .
ﬁ;jlﬁ%ﬁ&#ﬂiéi*ﬁbf:ﬁ%&iﬁo“(b\ g!\g;;g%: gfl%gr%: D=2
KRIFER 6.7 1.9 48
5. F&H ARFEE 74 -0.7 8.1
Rr %I L7 R{LIEE ORI E IS0 Rk 5.6 5.0 0.6

THETLTRER, RO Z &R bhotz,

(1) Rr#JEFEZ ATU & NOo-N 2
WERMTHZ Lk . 7oE
=T R b & WA L& XB9 D Z LN TE T,
(2) NH-Kr # XU NO-Kr DS, 7 oF =T B bR 3 L OME SR LAl OTEME 2 7l &«

(B{iI) mg-N/hr-g-MLSS

(CHERICE D ATREMED N & 5

(3) NH-KrBLXONO-Kr Z#ZEHEHAL, WZFDOEERDD Z LT,

BRI C & 5 WIRERED B 5
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5-( -7 HHEFAETIZEITASMDOBIFEIZDINT

T OKIEESB ZMAKELEE Y — KEEHRK
BHEH AR KEMRES

1.[EFLC&HIC

BUIE. R FRKERKBAEE X — KEFEBELRPIT > TV DKERBRIC, IR EMmE
ERWIEEABRFZCIT, DOORERD 5, Z OWEFIEL, W EEE % RN I %5 R
SELIH, EVHEICE2PF LD, MERXBORMLESCHEIZE L THHLMNIT
ITHOZENRARETHLITED, K<HWLNTWS, LaL., SR EAL TY DG
O DO ZMREEMECHEST 2. MEMPLEET ERETLETL, 202 &b,
APFHAETEHHMEREHEL TWLIWEHEORE L, MEROFRMHEIZOVWTHRE L., kK%
LT THET S,

2. BHW

KA v — O R R IK LB i 3% 00 VR TE R SO 12 F5 W R b 23 R A R T RS 4K
o TEYD, EEIK CTHMEBNEDL L) R AERRAKLBEIZR > TWD, RKISHEIRE K
TR AEEZE LT, MLDO)O JIE OB, BHE T 1 OERO X 5 ICHEEBHLH L T 20~30
MRECHEMMNZET D8, WHEBAEBEE CHEEL TV D EEEICE W TIE AR ORI
MBICHEENMMRTL, 20 0BFE LT EZELRY, M1IZBWTHIELZREBHT, K
SO foe RS [RT S & R P SR SRS F Ie AC R O OSSR G TH 0 . R LI ER B o %
FHEBOREZET., 208G, DO BIET2BOBERNSFERTIERNEE X, £
DX NEZ KD DT DICHEEIT - 7=,

®1 H1OAEAHMOERBRORE

RR2E[FHESF]

NH,—N 00| 178

NO,—N 0.0 4.0

° o0 FrfH [sec] 1o o NO3_N 82 02
BT [E[mg/L]

1 MDOZBELEEEORMEL
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SHAERER
SFLEERDTDERAMENETE
EERTOMENIRK THL B2, TORRNMELZHRET HILOOWELITo T, H
HEAMEERRE 2 10mg/L (12725 X5 ICHMET NV v AZRMLEKEARFIZ, DO HI
ETCHWTWDEERTOARIE (7 I NHiEE., MERE LKy, BFER., MiXk) 22z
NHEBERML, COREPHEMMBUEER LIS L TV IPHELLE, TOMEELX 22
T, M2 7 I FBAERMLELOD L DBEGFEBRERENMET T EICR -T2,
oLk, HEMMEEHESFEFT MLDO ORIEEZMHEL TWHOIHWEILT 2 iR T
HHZ ENRDbMNo T,

rl::-l"'i"'

",
!

vel
1
i

o

2 EWHBUEZEREE Ong/LbcsT2EERTEAEOHMEL

3-2. BB L 7 X FHEEBE DB R

7R A A ARSI LY KEEZDAERT DHZ EiTHmEI AT
W, LxL, DO Z2HET AL II XM oBGonNRholr, T Z CTHMEEA A 12 &
LZMMFEMHEERMET A0, BT OT I RAiEE & R #E (32g/L) 0 /K 7 & B (2 Hi 6y g
TRV LAKEBEKRERMLT L EOBEFRAREOBLDEORMGEZ T T, HREK 3 I
T, MICFE L X212, 2mg/L~50mg/L 2B W T, BRI EERE & WD LIEEG
MR XL BIBIMR TH o 7-, 50mg/L UL ETIid, KBRETOBGFEBEMMBE LI LS
SEBENHEEINDIZD, WHEBRTHDL LIIWETE R ol
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0 10 20 30 40 90 60

M3 HHEUERRELHILLBEERIREOER

-3 BEERDFM

B ERICHEA L TV EREOREEDOBIERE L, T E=THEFR, B
MERPIBEFEL TR WVWELGFRAKLEN TN TWAHEIEOIEMEBIRE 15 47 L Eig
KLU BHFEfm LA ARELEROBER EFEEICRDI X2ICEREREML,
ZTOWGEMABEEORFMELERAELZ, TOMBREEZK4IZET, £, ThLENORIE
DO1IREMEA7Z0ICHD LEBEFBRABAREZR2ICE T, ZOMBELGEERICHEHL T
LZFTRTCOREIZEZERFORFERIZA L, HROBERIZI=FHEORAIKEDOHEHIRIC L
DERE N Z@mD TN D,

R2 ELZREO1EHBHLYIC
RO LEBEBERE
SHE-
i O L-TEREE
[mg/L]
iii {0 9,008
HEEDEER 0.775
TRGREED A 1.500
FRESERID A 1.729
BMlsec] B DA 1.593

M4 FHAETHAMLEERSTEESRERDPOD
BEBRIORMZEL
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34 F7IFRBERUV-EERDRAE
HHBAEAETODOWMEMEME TH DT X Nl Z B & CHWIIT, HEfE L ik
FARKFIKEROBEEZE 2, DO YIEIC+ 0 BHE N 2R OB EREZRET DM
EAT o 7o, HEBE & Wi e 8 LK Fn ) K TR WK % B & 72 R & C R E R 2 1Rk L. 96k o [ E K &
g Lie, F 0O ETITHREE WOIEZHWTEIFMAEIT > 72, HBEZERHWT
WOEERZRM LT AN 1T RETEHAD LEBEFREBRECST S, SEHET D
FERE & Wil K Fn KSR OREZ B X B ERZ WM LU I2 > 7 v 1R TR L
IR HBBARE LT D, DF0 ., BMEAS1LICHWVIEE, RELEZY 7V EEERE L
TENLNTWDIEE 2D, REBRTHOWEMERE X, BARLAEEZITo TWVWHIEHHRE
50U EEBRR LAV, ZOMBIFZERIICET, ZO/ENL ., HEERHE L KY
EFEBECLTOLEAEAREZCE L L2 ENDbND, —FH., BFBIIEREICT 5 F
W, BRE AN EN DD, DFED, HEEE S EE K OREER T, EXR DR
BE Lk LT, B
R VR OO R E % 3 ®3 HBIFEBRIAAKNYPOEEZEZARLZTOREIDELE

10 Rk 5 K — RO E AR
R O % [ U TIRBRERIZOmL 5 r > 3

C L& & oREE o (111.601 | 2.265 | 2.135 | 2.300

WS e b B 08 EFER BB D 2.100 1.737 | 1.526 | 1.479

1
Ho, EEwr L [EAEEICL] 2 1.822 | 1.563 | 1.542
3 —_

TERTWS Z L 1.750 1.2117 1.265

Dol

3-5.  FEE R DM EE L
34 THROUBHENID D - -HBR & WERHE L AKMY ORALOBEEREZ AW T, /ERAW
TWHEEREEMEROLBEZI T2, ZOFERBRFIEIX, F—%71LDOF %MW T DO
ELFIT TV DRISHIRAREZTR KL, TORK LY 7 IZENEN OB ERZ RN
LT, RBECHUELL, MRE2RAICET., F—% 7D O O RTEIEWHIEfEO
VYAEBTRLE, 2OZEED, HLLIBELZEERITIHEMMBUEERIRENSVWEA
PO TaL, HMBEEREENMEKVWEATL IO REREEZALTCNDI I ENDbNo Tz,
x4 WHXOBETERLERERELE-BEERDMERELE

o Sl MLDO[me L]
MEERT BE lte—so b0t |exmEEE [REL-EDE
A2 = 28| 187~204 232 2586
FiF2 = 36 | 334~3542 321 321
e Ik 45 | 254~258 2 76 2 50
T 08| 407~412 3 62 409
P 15| 188~175 1.99 212
P 21| 206~315 2 71 317
e I 46 | 270~283 2 40 2 94
A2 = 24| 212~225 2 75 2 49
FR2E 13| 287~a0¢ 315 3 07
FFR2E 13| 287~303 327 3 01
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4. FED

ZOWENDL, FARBREICE SN TV 2REEMEIC LS DO B EHIETIX, @
MERBEPSVWICHEREARTOBEAFABAREIZIERICHNECE VW ERHB L,
SEOFHABECL > TIRELLEECHKZA VWS L, BEBOAFECEDLS THENATETH
Zaxn

ASEORECIVRE LB ERORE ST EIX., FRBEE LK 50g % 500mL @ #fik
WAL, BifEA T5mL Az, MiKTIL ELZbDTHD, Z0OEERE XGRS IRK
100mL Ic%f L. 1mL OE & THEMT 5,

2 & XM

DHER.BHREF.7IFRBICEIISHKPOEHBREZRONEYR ., 5 21 5.
B65. KIREFRE. 1998 £, 353-359
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5-(N-8 ZHKBEELUVE—ICETLEERRAGHICEHT I —FE

TESPACEFSET ZHAKEA Y 2 — KEEPR
RS ZEHE  BMET AR

1. XLC®HIC

CHAKE A 2 — DR AKDZERZEEIL, - ZHE., A% - HAE L BT 40mg/L Z#B 2 TE
D, K18 o Z—DH T—F@mMEE 2> TW5D (K1), Rk 16 4EEED 5 BEER /K QLEL
IZBIT2EHRY AORBERRIINEASH, REEFASE CIERRERVNHEL L THBITLND
7R, BEUEERESEEIIFHLONBO LR TS, LvL, SO ERIL, HRI1T
AO &, RRIIFEHEETHY, WINHLERLHEZ AN E LD TERVORBIRTH S, Bl
£, BRPEDE OV FKEZBRAZICE O CLET 5720, KEFERITD & LY, EREHER
OREFHRE GO —2ETRYVHA TS L ZATH D,

D DEMOREFRNHEEE 2D LIZEW T, ZTAKDO LRI & ORIK & f#iH 9
HIEMEEELEEZL, 22T, FHEIMESBIZZOBREZEZEZ LA, BHADBLD
WMANANGEZAMEHE CZDAEEZAHT N TE 0T, ZZ2IcHfET 5,

50 E2EXR —
O7VEZ7THER

40

30

20

10

£
R%
EER
KEAEHR

Ea =i PE RET | HH INE g # o

M1 HEUF—ICETHEERREOLR HITHEE RAK)

2. BERBEIZTDOVTORIHER
2-1. ER 23RO A0% %

BT CIIALROTF — 2 2R — 52— ETAB LTS, BEEHEENARRL
TWHHR 23 KOKMAL, BEAD, MAANOEZR LITRT, TiE, TAD)] 20v) SR
MARZET, LoL, BRFIHEEINERZLEFICBO L, BEIAD B EBICAN TRAANZ
EBEZDVENDD EEZD, £1 056, FK 23 KOBRBA D EKBADIZITEONS R ST, FF
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(2o D 3 X (FAVHK, frX, #kX) TRzl T, BEA RS HEICE <, WEARRN
sz, 2D DORKITHAANANRZ N L s BT o (iR L OB s N O
X HETR) B OMAIZI Y AADNKIEIZHENL TWE Z bbb, BRI, ZOHEL 3

K TEHAEX O U B2 T D,

x1 RE2ZROAA (FRITEE)

®EARQ | BEADO | BAAR wEADQ | BEADO | BAARQ
FREERX 41,683 | 853,382 | 821,518| #AK 199,280 | 542,803 | 401,537
PREX 98,220 | 647,733 | 575,030 FEFX 310,392 | 285, 636 19,270
AR 185,732 | 908,940 | 762,132 | #i#EKX 522,582 | 439,379 | 103,572
ER 303,808 | 770,094 | 550,027 =BX 233, 141 378,475 | 224,517
XRR 189,564 | 336,229 | 214,080 X 330,345 | 307, 317 90, 984
BREX 163,528 | 303,522 | 183,853 | FJIX 191,163 | 184,021 53,617
SHRX 231,092 | 262,514 | 106,174 | #RBRX 507,799 | 456,425 | 112,404
IRK 420,827 | 490,708 | 214,694 | #HWHEHEX 643,687 | 530, 628 83, 285
anlIlX 344,883 | 505,034 | 272,164 | RiX 622,500 | 539, 309 91, 666
BEK 248,749 | 271,320 | 112,535 EfaX 424.823 | 343,039 58, 488
KHER 664,027 | 657,209 | 184,915 || ;ZIFJIX | 653,805 | 534,942 79, 639
HAXRX 820,320 | 736,040 | 185,516

2-2. MERXHOAOSHT

HL 23 XD N O A 2 FABXBNCE VIR 72 b O &R 2 12T, 7ok, FHl A DI HEAE T
AGBJRFFEMEE CE 19 FERR) KV SIH L7z, $£72, FLBEXBOHEEA I OWNTIE, B
BREFHRONOT =2 2 FWBEXOEMETHELZ O ThH D, —HlaZF 5 &, L)X
KR DB VILERXNCE FL D05, FHHXIIWITEXICE E 5, FHHMXOmEIZLT)
KARDHEFEDK) 10% THDH Z L0 JLFJREDOAHEFAAD 5 5 90% % & PEALERXIZ, 10%
ZRPETALBRIX | Z, 2R Y /0 TR L=,

2L nE, FHEADEEMADZ, ZERLCTH-o7, ik, FEMBICEHEHE TN TH
LA, KEAOEZZIZL RO ONTZAREERE W EA2/R LTS, £, KREA
O ERBRBADDEIZOWTIX 10X D 9 5 SR XIZHOWTIE, RE BT R LN o T,
L2aL, AR X & =i BRI OV T, KIEIA B & BB ORISGEVWDR R iz, F
2, ZIHAEX T, BEADRKBADD 4 ELLESZ0, DFE D | EHRERXIZBWTIE,
SHEA R D 4 (ELL EDO ANBERNEMICHFEEL, TOHDOTKELELTWS EEZOND, BEIA
A EKMADDOZET, BEEFREICEIDIMANOTHY, ZNOLDOANTZHLRTKIEICEX DA
FHXURF L EBZDONZETH D,
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x2 FUERICEITHEFBEAOSEUHEAQD

(BBL:FAN)
#mAD | wmEAD | BEAD | maan | SRRk
nE

ZiH 684 768 3,569 3,000 569
=S 811 777 1,202 676 526
RO ET 960 714 753 330 423
INE 326 330 307 91 216
MEXZ, &E 781 722 890 406 484
i 2,109 2,078 2,170 755 1415
INE 264 232 260 33 227
=X 757 823 672 95 577
il 1,658 1,674 1,426 299 1127
=S 743 623 539 92 447

X FEAQRRRETKEREFRBE (TR 19 FER) ORIEESIA
¥ BEHAQTLEROEELTHE

2-3. £FHKICBIT22ERDERE

[FAGEMREEHE - BEHES & fiFR) (2L D L. ARPKICBIT o aERAMT 12¢g/A-A T
bV, TOWNRIZ, LR : 9g/ - B, EIEHEPEK - 3g/ - H & LTW5D, CHRIZ L » T &
I (BEFBAMIUGN-BRE) 2HFELTCWELD0LH 50, SEIERHEH OB T E2H -
T, ZHLEXICBIT 2 2ERAmBEERA L,

TP, UK OWMANDIZBIT 2AMEEZE 2D, MANDITMOHIENSIRALTL 5
NETHDL b, AREOFEIIE TUR :9g/ B ZEMALE, 512, 20 [9g/A-
H 1 IXEEIRREE 2 PRV AETERFREIC L 2 b O THhH Z & n, HEIRIFMZ 8 K& L, 7%V 16
R RIT 2 AMETH DL B2, Lol BECEEIZL VAL TL 5 A% OIFBIRERHEIX
16 FFH LV B VWOREBTH H 2 &b IFBIREZ 8 IFf & & % | A& OFHEIZIZ19X (8/16)
=45 g/IN-H] ZHW, ZOARMEEZRAANDICENT D &, 3,000 T AX4.5 g/ \-H=1351t/
H---@O &725,

F7o. BEIAOLIMAANDZF W A%, BREMZ MO TR XICFE L TWDH AT
D, TOANEBHIFHIRICHEEL TWHWDALZBTHY, ba VLSS b YEESCR 252K 2
LTWbHEEZBND, LIzR->T, ARMEOHREIZIE 12 g/ A-H) ZEH L, ZOARE
ZREIAONOHRAANAOZS W2 ABIZHT D &, 569 TAX12 g/ A-H=6.82t/H---©@ &7¢
%

RLERXAZ 31T B AETRHE KSR D EHF AR BT EFLOQDEFH TRDH Z N TE, 13.5+6.82
=20.3t/H Lt72%,

-4 THKBEEUI-ICEITA2ERDATE

SR 17 FEEKERBRERICE D L. SHAFEE X —AKDOEERZANEIT 30t/H T
Hol,
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EFE@)TRO AR S OAME & BT 5 & EHKELEE X —ITBI 5 EEEAN
B30t/HD 9 b AEHEKE ROEFZAMER0.3 t /AT 68%., AN A HkDZEHZA MR E(13.5
t/ANX 45% % HDO DFER &7,

2.5 thDMEBRIZHITE2EEZNERE
FR@)B L VW & FREOHEZMOMELXICB W T BT 72, fiR 4% 3127, EiEHEKH
%®%$ﬁﬁi®%é(B/A)mm®@ﬁ8kk%ﬁéwﬁﬁ6ﬂ&#otﬁ\ﬁlkﬂm%
BRAMEOEIS (C/A) FOMEKIZHERTEWERE -7, 2 FEHICEW = EL
@E(23%)kw&f%%ﬁ%ﬁ5(45%)ﬁ%®ﬁf%oko:@:&#%\%ﬁ@@E
(IMLOMLIRX & bl U CTiAN AN HROEFAMOFNEGNE L, TP ERRBELZHI LTND
JRKTH 2 E-Bbhd,

x®3 BURERXRICETLHERATE

(Bfz:t/8)
RAAOBEE | RAAOHBE
W _ | mmEEek wsEgk |0 e
LERETE | __ _ . A EHEK A EHEK
EXREF=E NEE o - -
(A) ERATE NEE
(B) (B).7(A)
(C) ()7 (A)
] 30.0 20.3 68% 135 45%
=B 13.0 9.4 72% 3.0 23%
RbHT 12.5 6.6 53% 15 12%
NG 6.1 30 49% 0.4 7%
KA 0,
B L %8 12.6 7.6 61% 1.8 15%
HylE 34.0 20.4 60% 3.4 10%
INE 43 29 67% 0.1 3%
F=Yiic] 8.6 7.4 85% 04 5%
S pCI )= 174 14.9 85% 1.3 8%
=3 ]| 5.0 5.8 116% 0.4 8%
X PETAER MBI KEE L 4—EBRKBEE L A—DEDS T THE
EHONER(IEAKBE LU A—EhBHKELEL A—DEOEHTHE
FARELBER AR KEE AL ZRKEE L A—DBEOEHTHE
2-6. BMETIERDFLHEER
PLEOFER, ZHAFAEE X =BT 2 REEFATMED I b, RICHESIT L 2B FIC
FOMOHIENSHAL T AAXIZEDHEDOTHY . LR > THOLEXIZLETLROE|

anmE<, BREE, LVbI 7= HERREEZESLS LTWAHFERTHD EE 2
77
TOLEIBRBANDDOBEMMNRERITOEEEED FFHITERSONTWA L EZ A 51F,. FOK
ERBERNTER DR 2 M HED DTV D RIS - B b THH LT 20N URTHA
Ve ZD XD REHREE DB, FTARBAKZICREREEBLZRITTZENHDH I ERNbIo

77

A
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3. TUVEZTHEZREEDND LR ELEZFDEEIZDOINT

BHAKEEE A —ICBITAEBPEEE, HICT UE ST HEREED FAOFRREHET S 2
ENTEXOT, BELEFOTH, Z0OEEZONTRFEZIT- 7,

3-1. ToE=THEREED LF LZOTH

2\

SIIARFR, HARMAKDT =T WEROBRFEENERT, W & VK 18 FEHND

50 LM EZ R LTS, BEFESZH T ERREZRDZ LA, AR TIEK 0.8mg/L/
£ R TIE 1.0mg/LAE L 2o 72,

TP 2 725 & £12RIR Mk L TR Y . Z OB LD <13

50
45
40
35
30
25
20
15
10

5

0

E (mg/L)

NiE

by

=

<EHBbhd, bbb

—T-N
— T-NF B 15

NH4-N —
—— NH4-N#BE) T 15

AZRH1 H12 H13 H14 H15 H16 H17 H18

50
45
40
35
30
25
20
15
10

5

0

NEE (mg/L)

K2 T-NENHA-NORBEZEE(ERZR FRAK)

[\ A Lt~ m———————
- '—\A__-/w_/—]

* B Y T Y

~ N Vv
— T-NFEIF 1S L
| —— NH4-N B
— NH4-NFEEI T

EE N H12 H13 H14 H15 H16 H17 H18

K3 T-NENHA-NOBREEL(ER HRAK)

AEEKBIMICELE SND 2L TEH 203, #Hl 4 KTORFE - 47 4 2OmBIIEIE £ Sk
TS | BRRE LRITRIETS 3FREIIHS THA I,

2\

3 TRICAFOREIBENFHME KE SBATND ZENDND, AFORE LRI,

TEVEBIROBEDN KT RIS H T2 | TORBEIRESR2bDO L5, 5% ZOMANKE
{72272 bIIRASITMAT 5, ARAE), FEHABZ ST HOL LT, K4 FR 1947 A,

5Tk 20 4F 1 H DWRAKDT =T HERORFHEEB DT — 2 R Lz, KH, 2R
TP ARBRNRE N S FIINT TE LS R o TV DN, ZHUITKEOHEZ D 72 DI
HMETo T2 Tho, AR (EE) MAKITHAA, BERTAKDIE 9 SRFFZEI K E
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3. RNV  REM, I KifE 72 £ 0%
KIBERERDPET L TNL72DTHA 9,

3-2. TUEBE=STHERERE FHORE
LIRKEA Y & — DA R T F A

mg/L

60

50

40

30

—Fatﬁfi———na—x%ﬁAm

Z#EP
1% 80mg/L & 72> T\ 5, AT »E=T 10 —o— BRAAK
ERBEENEZETEH 30mg/L #8252 L, 0 S
fe]:= 1368 178 218 185 5K

AZETITHEHIETS 30mg/L %2, &6
WA HIT R RMEA 50mg/L 1IZET 5 2 &N
EZ NS, T T HERIIEETH
L7128, ZTERET DICITML - BiEELT
DRTLZR G720, BURTH —4F4B L T
LA ERL 21T > TV A DS, AZF &2 T
IR IR BRI TH D, LLTFICBIRTO
MR 22T 5,

i3
M4 FRAK NHA—NOBEREZI H19.7

P Q

e AN

—— Sk

- K&

ZiEP

O 7TrE=THERRBEELKEOE—T N 10 -O-HF
Hg > TBYVAMEENKEZ N, Tl . e
%t UASTR TIEANLOTE VE TR, (KB, OB 88 17H 21K 18 5K
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6-1 MAKING FUEL CHARCOAL FROM SEWAGE SLUDGE
FOR THERMAL POWER GENERATION PLANT - FIRST IN JAPAN

Toru Oda
Coordinating Supervisor, Planning Section
Bureau of Sewerage, Tokyo Metropolitan Government
Tooru_Oda@member.metro.tokyo.jp
2-8-1 Nishi-Shinjuku, Shinjuku-ku, Tokyo, 163-8001, Japan

ABSTRACT

Sewerage Bureau of Tokyo Metropolitan Government has launched new project in which
dewatered sludge is turned into fuel charcoal and sold for thermal power generation plant. This
project scheme is implemented for the first time in Japan. This project is expected to strongly
promote the utilization of sewage sludge and the reduction of GHG.

KEYWORDS

Sludge utilization, carbonization, GHG reduction

INTRODUCTION

Sewerage Bureau of Tokyo has promoted utilization of sewage sludge in order to contribute to
realizing recycling-oriented society. In Tokyo, whole dewatered sludge is incinerated and ash is
disposed of by ocean dumping or provided as raw materials to cement factory and so on.

To enhance the contribution to environmental preservation, we has launched new project in
which dewatered sludge is turned into carbonized material and sold as fuel for thermal power
generation plant. This project scheme is implemented for the first time in Japan.

BACKGROUNDS

Reduction of Greenhouse gases (GHG) emission

Sewerage Bureau of Tokyo is emitting 43% of GHG attributed to Tokyo Metropolitan
Government’s activities. So Sewerage Bureau is greatly responsible for preventing global
warming (Figure 1). Especially, GHG from sludge incineration occupies large portion, which
should be mitigated (Figure 2).

Until now, Sewerage Bureau has utilized thermal content of wastewater or made effort to reduce
energy consumption. In September 2004, Sewerage Bureau formulated “Earth Plan 2004” in
order to carry out countermeasures against global warming willingly and actively. In this Plan,
emission amount of GHG shall be reduced to 94% of 1990°s emission amount by fiscal 2009
(Figure 3).
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Sludge carbonization project is a quite effective project and bears 20% in total GHG emission
reduction in the Plan.

Figure 1 - Ratio of GHG attributed to Tokyo Metropolitan Government’s activities

Bureau of
Waterworks

Transportation 15%

12%

Bureau of
Sewerage
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GHG emission 220 million t-CO2
(fiscal 2005 )

Figure 2 - GHG emission by Sewerage Bureau of Tokyo
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Figure 3 - GHG reduction target of “Earth Plan 2004
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Utilization of Sewage Sludge

In Tokyo, some 2,700 tons of dewatered sludge is generated daily and whole dewatered sludge is
incinerated to reduce its volume.

In fiscal 2006, 64% of sewage sludge is utilized. But this figure is still insufficient. At present,
some 20,000 tons of ash is dumped at dumping site in Tokyo Bay. To save the dumping site, it
IS necessary to utilize whole quantity of sewage sludge (Figure 4).
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Figure 4 - Ways of Sludge Utilization
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SEWAGE SLUDGE CARBONIZATION PROJECT

Adoption of carbonization process

Carbonization process was adopted for following reasons.

@ Small quantity of N20 generation

As carbonization process proceeds without oxygen, N20O is scarcely generated. In addition,
carbonized material is biomass fuel which is so-called carbon neutral fuel. This contributes to
reducing CO2 emissions at power generation plant which uses this carbonized material.

@ Efficient utilization of thermal content of sludge
Carbonized material has more than 8.4 MJ/kg calorific value which is half of coal’s. So it can be
burned with coal at thermal power generation plant. Mixing ratio is around 1% of coal.

@ Easy handling

Through carbonization, dewatered sludge is reduced its volume to 1/12 and its offensive odor is
deprived of which enable easy handling of the product (Figure 5).
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Figure 5 - Fuel made by sludge carbonization (Granules with 3-10mm diameter)

Project scheme

In the project, carbonized material made by carbonization furnace is utilized at thermal power
generation plant as fuel. One of characteristic points of this project is that design, construction,
O&M and carbonized material dealing is entrusted to a private company collectively.
Carbonized material is to be accepted by the power generation plant for 20 years under the

contract.
Operation will start in the latter half of fiscal 2007 and will continue for as long as 20 years till

March 2027 (Figure 6).

Figure 6 - Project scheme
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Although, carbonized material has been made from sewage sludge previously, carbonized
material is firstly sold to power generation plant as fuel for long period in this project.
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Project cost

Construction cost for carbonization facilities which can treat 300 tons of dewatered sludge daily,
is around 5 billion yen (around 42 million dollar). O&M cost is around 5,000 yen (around 42
dollar) per each ton of dewatered sludge. These costs can compete with usual incineration-
dumping procedure.

SLUDGE CARBONIZATION TECHNOLOGY

Carbonization process

Firstly, dewatered sludge is dried in sludge dryer to reduce its water content to around 25%.
Then dried sludge is supplied to carbonization furnace in which sludge is heated at high
temperature with shutting off the air for about 1 hour to produce carbonized material.

By adding sludge drying process, carbonization furnace can be compact and efficient compare
with direct carbonization of dewatered sludge(Figures 7 - 10 ).

Figure 7 - Carbonization Facility
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/

[ Carbonization furnace ]
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Figure 8 - Carbonization Facility under construction

Figure 9 - Schematic Diagram of sludge carbonization process
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Recycling gas produced by thermal decomposition of sludge during carbonization
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Figure 10 - Sludge contents changes through carbonization process
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Plant Capacity

Carbonization plant is composed of 3 units of dryer-carbonization furnace system which ensures
continuous operation of the plant during examination or repair of the equipments. As each unit
can treat 100 tons of dewatered sludge daily, plant capacity is as large as 300 tons per day for
dewatered sludge.

Principle Equipment

@ Sludge dryer with paddle stirrer efficiently recovers exhausted heat from carbonization
furnace and prevents odor generation.

@ Outer heating rotary kiln type carbonization furnace has simple construction and widely used
as medium to large furnace. Heat resistant alloy and sealing mechanism enable carbonization
under low oxygen atmosphere and high temperature which ensure stable carbonizes material.

Improvement enerqy efficiency

Combustible gas generated by thermal decomposition of sludge during carbonization is utilized
as heat source for drying and carbonization which improves energy efficiency of the system.
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EXPECTED EFFECTS OF THE PROJECT

Following effects are expected;

@ Greatly reduces GHG emission

37,000 tons of CO2 equivalents will be reduced. It is equal to that of 103km2 forest absorption.
(Figure 11).

@ Strongly promotes utilization of sewage sludge
Carbonized sludge will amount to 9% of sludge generated in Tokyo.

Figure 11 - GHG reduction by carbonization

37,000t
47,000t
10,000t
Usual incineration Carbonization

CONCLUSION

In sludge carbonization project which makes most use of private sector’s know-how and ensures
project effects during 20 years, utilization of sludge is greatly promoted and GHG emission is
largely reduced with the same cost of incineration-dumping procedure.

At present, carbonization facilities are under construction toward starting up the operation.
Sewerage Bureau plans to examine plant performances after operation started in order to
introduce carbonization facilities to other site which contributes to preservation of global
environment.
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6-2 STUDY ON SEWAGE SLUDGE GASIFICATION

Hajime Takahashi
River-Basin Sewage Headquarters
Bureau of Sewerage, Tokyo Metropolitan Government
1-7-26, Nishiki-cho, Tachikawa-shi,
Tokyo 190-0022, Japan

ABSTRACT

Aimed at creating new technology to reduct greenhouse gas emission, the Tokyo Bureau of
Sewerage has developed a system generating electricity with a gas engine using biogas
generated by pyrolytic gasification of sewage sludge in a fluidized-bed gasifier. A 15t/d
demonstration facility was built based on a dehydrated sludge and demonstration tests were
run for 3400 hours from 2005. As a result of the use of the present system as an alternative to
the sewage sludge incineration system of the past it is possible to more than halve the
greenhouse gas volume emitted from the sewage treatment plant. This holds promise of a
very major emission reduction and energy saving effect.

KEYWORDS
Sewage sludge; Biomass; Fluidized bed; Gasification; Energy saving; Greenhouse gas
1. INTRODUCTION

In recent years there has been growing interest in the problems of the global environment,
especially in the issue of global warming. This has led to intensive research and development
of a large variety of energy saving technologies. In Japan, too, the sewage service is a large
energy consumer sector. With the further diffusion of the public sewage system and the
expansion of advanced treatment, it is predicted that amount of sludge generated, electric
power and energy consumption and the greenhouse gas emission levels will increase. To
meet these challenges the Tokyo Bureau of Sewerage is engaged in the development and
introduction of new technologies and as a planned commitment it has drawn up a global
warming prevention program and is aggressively promoting GHG emission reduction
measures.

The purpose of this study was to develop a new technology. Attention has been focused on
the organic parts of the sewage sludge that has been treated by incineration until the present,
and the new technology is designed to convert the energy inherent in the sewage sludge that
has remained unused in the incineration process up to now to a usable energy. The use of this
technology opens up a promising prospect of a major effect in terms of resource and energy.

2. ENERGY SAVING SYSTEM FOR SEWAGE SLUDGE INCINERATION

Fig. 1 shows the sewage sludge incineration energy saving system. The sewage sludge is
dried to a moisture content of 20% in the drier and sent to the gasification chamber of the
fluidized-bed gasifier. The fluidized-bed gasifier used in the present system is an internally
circulating fluidized-bed gasifier. The dry sludge that has been sent to the gasification
chamber is pyrolyzed at a temperature of 650°C - 750°C and reformed with air to a
combustible gas (biogas) containing mainly H,, CO, and CH, in a downstream gas reforming

— 2711 —



furnace at 800 - 900°C. The reformed biogas exchanges heat with the recycled preheating gas
for drying the sewage sludge and then washed in a gas scrubber. After this, it is converted to
motor power or electric energy by an engine for driving an aeration blower and an engine for
generating electric power. The solids, unused carbon, and condensation water removed in the
scrubber is fed to the combustion chamber of the fluidized-bed gasifier and submitted to
combustion treatment for stabilization. After heat exchange with the fluidizing air and dust
removal, the combustion exhaust gas from the combustion chamber of the fluidized-bed
gasifier is discharged into the atmosphere.

After the recycled preheating gas for sludge drying has been used for sludge drying it is
demoisturized in a demoisturizing tower and decontaminated. After preheating with the
above biogas and the gas engine exhaust gas it is heated in the heating furnace to 400°C and
used again for sludge drying. High efficiency thus achieved as the waste heat in the

respective locations is recovered using recycled preheating gas and used as a heat source for
sludge drying.

Fig. 1 - Sewage sludge gasification and incineration energy system
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3. INTERNALLY CIRCULATING FLUIDIZED-BED GASIFIER

Fig. 2 is a general overview of the internally circulating fluidized-bed gasifier used in the
present system. For comparison, it is shown with an overview of the commonly used
fluidized-bed gasifier. While the common gasifier is supplied with the raw materials, steam,
and the oxygen source such as air in a single space for pyrolytic gasification and partial
combustion the present gasifier has a structure that separates the interior between the
gasification chamber and the combustion chamber. It is characterized in that pyrolytic
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gasification and partial combustions take place in different spaces. The gasification chamber
is fluidized with steam, and the dry sludge supplied to the gasification chamber is pyrolyzed
under a steam atmosphere and decomposed to biogas whose components are hydrogen,
carbon oxides and hydrocarbons such as methane, as well as pyrolysis residues such as char,
tar and ash. The pyrolysis residues pass through the aperture at the bottom of the gasification
chamber together with the fluidizing bed material and are sent to the combustion chamber
(Arrow 1 in Fig. 2). The combustion chamber is fluidized with air and the pyrolysis residues
sent from the gasification chamber are completely combusted (Arrow 2 in Fig. 2). The
temperature of the combustion is maintained at 800 - 850°C with the heat of combustion. The
fluidizing bed material heated in the combustion chamber is returned to the gasification
chamber (Arrow 3 in Fig. 2) to supply the heat of reaction required for pyrolysis in the
gasification chamber. As a result, the raw materials are not partially-combusted in the
gasification chamber and their temperature can be maintained at 650 - 750°C. In the
commonly used gasifier, the combustion exhaust gas after partial combustion mixes with the
generated biogas. Since in the present gasifier, however, the space in which the biogas is
generated and the space in which the combustion takes place are separated from each other,
the bios gas is not diluted with combustion exhaust gas so that a combustible gas with a
relatively high calorific value is obtained. The pyrolysis residues that are difficult to gasify
such as char and tar are selectively combusted and this heat is used as the heat source for
pyrolysis so that carbon losses are low. Furthermore, as the residues are discharged after
complete combustion in the combustion chamber, the ash that is ultimately discharged even
though it is gasifier is discharged in the same manner as the incineration ash, which is
discharged from the incinerator before. It is characterized in that it has almost no
non-combusted components.

Fig. 2 - Internally circulating fluidized bed gasifier (left) and Commonly used fluidized
bed gasifier (right)
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4. STUDY RESULTS

4.1 Operating results

Fig. 3 - External view of demonstration plant

An experimental facility (Fig. 3) with a

treatment

capacity of 15t/d (based on

dehydrated sludge) was erected and operated
for a test time of 3,400 hours starting from
September 2005. The demonstration tests
were conducted with a treatment volume of
1,750 ton of sewage sludge. The tests were

concluded in July 2006.

4.2 Biogas properties

Table 1 shows the composition of the main ) o )
components in the biogas and the calorific value. Table 1 - Typical composition of biogas

Figure 4 shows the time-related changes in the Flowrate | m3/h(NTP) | 200~250
biogas flowrate and the concentration of the H2 VO'Z/O 7~10
main components. Both the flowrate and the co vol 0/0 9~13
composition are stable with variations of +/- a g(l—)li VO: (;" 418"';20
few %. It has been demonstrated that it can be CoHa VOW" O.5~1.0
adequately used as a gas engine fuel. The biogas CoHE Xglfyz 5 62~0.08
obtained from the _ pyrolytic ga3|f|ca_t|0n of CaH6 Vol% 0.02~0.05
sewage sludge contains, at a concentration of a
- : C3H8 vol% 0.1~0.2

few thousand ppm, hydrogen cyanide stemming 0

. . H20 vol% 1~15
from the nitrogen components in the sewage N2 Vol% 50~60
sludge. In the present system, these components LAV MJ/m3(NTP)| 5.0~7.0

are captured in the scrubbing fluid by wet

treatment in the gas refining process and separated out from the biogas. The solution after
scrubbing is supplied to the combustion chamber of the fluidized-bed gasifier and the
treatment in the process is completed by combustion treatment. It can therefore be concluded
that the process has no impact on the environment.

Fig. 4 - Time-related change in biogas flowrate and concentration of main components
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Fig. 5 - Siloxan retention rate in biogas per unit dry raw material feed amount
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During power generation using the sewage sludge digestion gas, the siloxan contained in the
digestion gas is known to cause problems in the power generating process. With regard to the
siloxan that is contained in the biogas generated in the present system, Fig. 5 shows the
siloxan retention rate in relation to the gas reforming temperature and the dry material feed
amount. The siloxan yield rate depends on the temperature of the reforming furnace: The
higher this temperature is the more this rate tends to decrease. The tolerance values for
siloxan given by the gas engine manufacturers is around 4mg/kg-DS when converted to the
values in this graph. In the present tests they were around 1/3 — 1/4 of this in a gas reforming
temperature range of 800°C or higher. It can therefore be assumed that the biogas can be fed
to the gas engine without needing to install a siloxan removal system.

4.3 Gas engine drive blower

Fig. 6 shows the time-related changes of the engine speed of the gas engine drive blower and
of the blower speed while the biogas is fed. It was possible to confirm that both the engine
and the blower speeds were stable and that operation was possible. Also were the load change
following behavior, the responsiveness in start, stop and restart and the possibility of control
at the level at which it can actually be used as an aeration blower.

4.4. Gas engine generator

The time-related changes in the gas engine’s power output when the gas engine generator is
operated with biogas are in a figure. Control was possible as the power output of the gas
engine generator remained virtually constant. Fig. 7 shows the average changes over 24 hours
of the gas engine generator’s power output for 10 days, the power generating efficiency, the
calorific value of the biogas/city gas mixing rate and the mixed biogas/city gas (mixed gas).
Steady continuous operation has been achieved, and on conditions that the biogas/city gas
mixing ratio was 50 - 55% on conversion to calorific value, the generating efficiency was
around 31 - 33%. It has thus been demonstrated that biogas can be adequately used as a gas
engine fuel.
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Fig. 6 - Time-related changes of gas
engine drive blower speed
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Fig. 7 - Time-related changes of gas
engine generator output
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5. PURCHASED PRIMARY ENERGY CONSUMPTION AND GHG REDUCTION
EFFECT

Based on the results of the experiments, Fig. 9 - Conditions for Calculation of Usage
the effect arising from the introduction of Benefits

the present system in a sewage treatment
plant has been calculated. The calculation N
- o
conditions are base_d on the case that the Cg\ggﬂrgfggggm ‘E@m o l
power generated with the present system ‘ I ﬂJT @)
is 3,000kW using a mixed biogas/city gas, Powerplant 5% . i 7
with the purchased e|ectricity amount Incineration system Sludggéreltaytment 100t/d Wastég;:téﬁatment
being roughly 3,800kW and the sewage

Heavy fuel oil, city gas, etc.
&

Sewage
treatment
plant

treatment plant having a dehydrated Heavyfuelo.. city gas, etc. tfegvtﬁggt
sludge output on a scale of 100t/d (see weroutput Q
Fig. 9). As a result, as shown in Figs. 10 @C;f;;";;c;aggm |ecmcpﬁer 4 senglyletegnfwrator
and 11, comparison with the previous powerpiant  Sewage

2y Dner

combustion treatment shows a roughly  The present system ce et Fruidized L’ waste gas

bed r%;asmer treatment system

60,000GJ/year reduction (19% reduction (it gas + Biomass mix facility
against the conventional system) effect oo™ 300
for the purchased energy amount of the sewage treatment plant. Moreover, the calculation
results have evidenced a roughly 17,000t-CO,/year reduction (55% reduction against the
conventional system) of GHG emissions. The fact that the GHG reduction effect is greater
than the energy reduction effect is due to the suppression of N,O formation, a substance that
has a global warming coefficient 310 times that of CO,. In recent years, high-temperature
incineration has been used for sludge incineration treatment in order to reduce N,O emission.
With the present system, however, the gasification chamber in which the raw material is
heat-treated initially, is almost anoxic and since N,O formation is suppressed to the extreme
it is possible to achieve a GHG reduction effect of approximately 4,600t-CO,/year
(equivalent to a 25% reduction) also in comparison with high-temperature incineration. The
energy that is inherent in the sewage sludge has until now been converted to heat and has
been lost unused from the sewage treatment plant. It is fair to assert that this system makes a
substantial contribution to the protection of the global environment by converting this energy
to an energy form capable of being utilized.
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Fig. 10 - Comparison of primary energy consumption
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Fig. 11 - Comparison of GHG emission levels
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6. CONCLUSION

It has been confirmed that as a result of the effective use of the unused energy that used to be
released into the atmosphere as heat from the sewage sludge incineration until the present, a
roughly 19% reduction of purchased primary energy can be achieved as a reduction on
maintenance and operation costs, and a roughly 55% reduction in GHG emissions as a
measure to prevent global warming. The Tokyo Bureau of Sewerage is intent of developing
this system for practical use in an endeavor to reduce greenhouse gas emissions. Furthermore,
research will be undertaken for further advances in energy saving and a greater reduction in
greenhouse gas emissions by utilizing a mixture of woody biomass such as wood chips and

sewage sludge.

Conventional High-temperature
Incineration Incineration
(800°C) (850°C)
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6-3 Reclaimed Wastewater Supply Business in Tokyo and Introduction of
New Technology

K. Yamada*, O. Matsushima* and K. Sone*

* Bureau of Sewerage, Tokyo Metropolitan Government, 2-8-1 Nishi-Shinjuku Shinjuku-ku, Tokyo 163-
8001 Japan
(E-mail: kinji_yamada@member.metro.tokyo.jp)

Abstract Tokyo Metropolitan Government (TMG) has managed “wastewater reuse” business to
utilize limited water resources effectively. In this business, municipal sewer wastewater is highly
treated and reused for various urban non-potable purposes. The area-wide recycling systems which
supplies reclaimed wastewater for toilet-flushing use was began in 1984. Now, average amount of
8400m? is daily supplied to 129 facilities in five areas and two more districts will be added to
service area. Moreover, reclaimed sewer wastewater is discharged into many urban rivers whose
flow amount has been decreased along with rapid urbanization. Additionally secondary effluent or
highly treated wastewater is used for washing, fire-fighting, road-spraying, recreational use in park,
and so on. On the other hand, to meet users’ needs for quality of reclaimed water, we have
developed a new wastewater reclamation system with “ozone-resistant membrane” which can
produce reclaimed water of high quality in relatively low cost. We aim to expand “wastewater
reuse” in the future by securing hygienic safety and reduction of the production cost.

Keywords area-wide recycling system; ozone resistant membrane; toilet flushing water;
wastewater reuse

INTRODUCTION

Tokyo, the capital of Japan, is one of the largest cities in the world, with a population of
approximately 12.5 million and a population density of 5700 persons/km?. As for the geography,
Tokyo is located in the middle of Japan and belongs to humid subtropical climate with four seasons.
The rain falls long and often severely during rainy season and typhoon season, and the average
annual rainfall is over 1500mm. However, because of the high population density, the available
water resource per capita is only 900m®/year. This value is one-third of the average in Japan.

Water Recycle Master Plan, Tokyo

This situation leads to more water resource development, the demand of rainwater harvesting, and
wastewater reuse. To manage sustainable water recycle system in urban area, Tokyo Metropolitan
government (TMG) drew up “Water Recycle Master Plan” in 1999. “Secure stable water supply”
and “maintain healthy and comfortable water environment” are main targets of the plan, and
sewerage treatment effluent is considered as a valuable water resource because of its stability in
quality and quantity. In Tokyo, municipal sewerage service covers almost covers whole area.
Coverage area is 2187km? and 5.5 million m® of wastewater is treated in a day.

WASTEWATER REUSE IN TOKYO

History of wastewater reuse in Tokyo is long and reclaimed wastewater is now used for various
purposes (see Tablel). Quality standard of reclaimed wastewater set by TMG is shown in Table2.
The proportion of wastewater reuse has reached approximately 9% in 2006.
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Tablel. Major Events in Wastewater Reuse in Tokyo

Year

Description

1951

1964

1984

1987

1989

2003

2004

Reclaimed wastewater of Mikawashima Wastewater treatment plant (WTP) was
experimentally delivered to a paper mill. (and operated in full-scale since 1955.)

Reclaimed wastewater of Mikawashima WTP was supplied to industrial waterworks plant
as raw water.

Reclaimed wastewater of Tamagawa-Johryu WTP was discharged into a dried up
channels, “Nobidome-Yohsui”. (to Tamagawa-Johsui in 1986, Senkawa-Johsui in 1989)
Ochiai WTP also started to discharge into three urban rivers (Shibuyahawa and Furukawa
River, Nomikawa River and Megurogawa River) in 1995.

Model business of area-wide water recycling system was started in Shinjuku area.
Reclaimed wastewater of Ochiai WTP was delivered to high-rise buildings for toilet-
flushing use. (afterward, started at Ariake WTP in 1996, at Shibaura WTP in 1997)

A park was opened next to Ochiai WTP. Reclaimed wastewater is supplied to an artificial
stream in the park.

Reclaimed wastewater of Morigasaki WTP was supplied to incineration plant for
industrial uses.

Road-spraying used reclaimed water was experimentally started at Shiodome. (and at
Kasumigaseki since 2007)

Operation of ozonation-MF system with “ozone-resistant membrane” was started at
Shibaura WTP.

Table2.
Transport

Quality Standard of Reclaimed Wastewater Reuse (Ministry of Land, Infrastructure and
, 2005)

Toilet flushing Spraying Landscape irrigation ~ Recreational use

E.coli

Total Coliform
(CFU/100mL)

Turbidity

(mg-kao
pH
Appeara

Color

Not detected Not detected - Not detected

- 1,000 or below -

2 or below 2 or below 2 or below 2 or below

lin/L)
5.8-8.6

Not unpleasant

5.8-8.6

Not unpleasant

58-8.6
Not unpleasant

5.8-8.6

nce Not unpleasant

40 or below 10 or below

(Color Unit)

Odor

Chlorine
Residual
(mg/L)

Not unpleasant

Free:0.1 or over
or
Total:0.4 or over

Not unpleasant

Free:0.1 or over
or
Total:0.4 or over

Not unpleasant

Not unpleasant

Free:0.1 or over
or
Total:0.4 or over
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Uses in Wastewater Treatment Plants

In wastewater treatment plants, a part of secondary effluent is treated by rapid sand-filtration
systems and used for various purposes such as scrubber water, washing of facilities, and cooling
water. This type of wastewater reuse is introduced into all wastewater treatment plants in Tokyo and
accounts for 80% of whole reclaimed wastewater use.

Industrial Uses

In 1951, a rapid filtration system was constructed in Mikawashima Wastewater Treatment Plant.
This system daily treated 15000 m® of wastewater, and reclaimed water was supplied to a neighbor
paper mill as industrial water. This is the first example of waste water reuse by TMG. Afterwards,
secondary effluent of the plant was used as raw water of industrial waterworks, too.

Environmental Uses

Many urban rivers in Tokyo were reclaimed along with rapid urbanization since high-growth period.
Additionally, increase of impervious ground surface using asphalt or concrete causes a decrease in
the flow amount of remaining rivers. In this situation, reclaimed wastewater has become to be
thought as attractive water resources in urban area for stream flow augmentation.

In 1984, tertiary treated wastewater of Tamagawa-Johryu Wastewater Treatment Plant treated by
rapid sand-filtration system began to be discharged to a dried up channels. Ozonation process was
added in 1991, to improve the water quality. Ochiai Wastewater Treatment Plant also discharged
tertiary treated wastewater by rapid sand-filtration system to urban rivers. Daily average amount of
reclaimed wastewater used for this purpose was approximately 110000m? in 2005.

Figurel. Change of Urban River Appearance: Megurogawa-River before (left) and after (right) the
start of reclaimed water discharge

Toilet-Flushing Uses (Area-Wide Water Recycling System)

TMG, is now promoting the reuse of wastewater for toilet-flushing by area-wide water recycling
system. In this system, the secondary effluent of municipal sewer system was treated by tertiary or
advanced process and reclaimed water was supplied to buildings for toilet-flushing use.

In 1984, a model business of area-wide water recycling system was started, which supplied
reclaimed wastewater to commercial buildings in Shinjuku for toilet-flushing use (Maeda et al.,
1996). This project is the first milestone of area-wide water recycling system in Japan. Now, 4000
m?® of secondary effluent is treated by rapid sand-filtration system in Ochiai Wastewater Treatment
Plant, and supplied to 28 high-rise buildings.

This type of area-wide recycling system is continuously introduced into bayside redeveloped area.
In 2006, approximately 3 million m® of reclaimed water (daily average amount was 8400m®) was
produced at three wastewater treatment plant and supplied to 129 buildings in five areas. And, two
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areas will be added into supply plan. To promote this type of water reuse further, TMG asks owners
of buildings to install dual pipe systems when they construct large buildings having a certain scale.

Other Urban Uses

Some wastewater treatment plants supply reclaimed wastewater to artificial streams or ponds in
parks adjacent to plants. To ensure hygienic safety in recreational use that occur human exposure,
reclaimed wastewater is treated by reverse osmosis membrane (RO) system to remove pathogens.
Secondary effluent of wastewater treatment plants is also delivered to various facilities, for instance,
incineration plants of domestic waste, a railway company, and tanks for fire-fighting use.

Recently, the reclaimed wastewater is used for road-spraying to alleviate heat island phenomenon in
the urban area.

(@) (b)

(c)
Figure2. Various Usage of Reclaimed Wastewater: (a) Discharge into artificial stream in park (b)
Washing of railroad vehicles (c) Road-spraying to alleviate a heat island phenomenon

NEW WASTEWATER RECLAMATION SYSTEM IN TOKYO

As previously stated, TMG runs three area-wide water recycling systems. One of them is centered
on Shibaura Wastewater Treatment Plant, which is one of the oldest wastewater treatment plants in
Japan. Tertiary treated wastewater by rapid sand-filtration system was supplied at first, but opinions
from users requested more pleasantness in use of reclaimed water, especially improvement of color
and odor. To meet this need, we have developed a new wastewater reclamation system with “ozone-
resistant membrane” (Ishida, 2004). A schematic description of the system is given in Figure3.
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Toilet-flushing use
etc.

Figure3. Scheme of the newly developed system with ozone-resistant membrane

Principle of Treatment

This system is composed of 4 processes: (1) Pre-Ozonation (low rate injection of ozone), (2)
Biofiltration, (3) Ozonation, and (4) Micro filtration (MF). To combine Ozonation and MF process,
membrane made of PVDF (polyvinylidene difluoride), which has ozone-tolerance, is used.

Organic matters are degraded in Pre-Ozonation process and reduced with ammonia in Biofiltration
process. This contributes to reduce total amount of ozone injected through the system. In Ozonation
process, unpleasant odor and color are reduced. Microbes and bacteria are disinfected by ozonation
and removed with other turbidity in MF process.

Existence of residual ozone prevents membrane fouling and enables high rate water flux
(5m*/m?/day) in MF process, which are useful for reduction of maintenance cost. Estimated total
cost of the new system is almost the same as "rapid sand filtration - ozonation" system.

Operation Result of Real Plant

A real plant of this system with treatment capacity of 4300m*/day has been operated since April
2004. Till now, the plant has run well without major troubles for more than two years, and quality
of reclaimed water keeps high. As a result, users’ complaints about color and odor were disappeared.
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Table3. Annual average of reclaimed water quality in 2005

Secondary after After Criteria for

Effluent Biofiltration MF process toilet-flushing
E. coli (count/100mL) - - ND ND
Turbidity (mg-kaolin/L) 3.0 15 0.0 <2.0
pH 6.2~7.4 6.2~7.5 6.0~7.6 5.8~8.6
Appearance Light yellow - Clear Not unpleasant
Color (unit) 15 16 0.3 <10
Odor Sewage odor - Not unpleasant Not unpleasant
Residual Chlorine (mg/L) - -* Free: >0.1, Total: >0.4

* NaClO (sodium hypochlorite) solution is injected to reclalmed water before supplied.

CONCLUSION

We believe that wastewater reuse contributes the achievement of “recycling society” which can
reduce environmental burden. But, the reuse rate of wastewater has remained only 9% as previously
stated. To manage the reclaimed wastewater supply business successfully, we have positively
expanded the usage of reclaimed water to various urban uses. The other hand, we have developed
new technologies, such as “ozone-resistant membrane”, to reduce the production cost and improve
the quality of service. Now, securing of hygienic safety is strongly needed. We try to examine the
behavior of pathogens in the reclaimed wastewater such as virus.
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