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Abstract

This doctoral thesis was compiled several studies on the development of novel nitrogen
removal processes using non-woven and acrylic pile fabrics as biomass carriers. Bench and pilot
plant nitrogen removal studies on the wastewater from dye factory were carried out. Nitrogen
removal process by nitrification and denitrification process using pile fabrics as biomass carriers
was established. Anammox process, which is now attracting much attention as a new nitrogen
conversion pass way, was investigated to achieve higher nitrogen removal rate. Up-flow
anammox column reactor could be established using activated sludge of Wakagawa domestic
sewage treatment plant as seed sludge. Partial nitritation (PN) process using acrylic pile fabrics
as biomass carriers was also established as the pretreatment of anammox process. Simultaneous
occurrence of PN and anammox reactions was observed during long term operation of this PN
reactor. This reaction was quite resembled to single stage nitrogen removal using anammox and
partial nitritation (SNAP). Therefore, studies on this SNAP performance were also evaluated.

A novel nitrogen removal process setting non-woven biomass carriers unit in the aeration
chamber was developed by the Wakayama Industrial Technology Center. A novel nonwoven
support-surrounded cell (SSC) process was established and its bench-scale treatment studies
were carried out. Fifty six % of total nitrogen and 90 % of total carbon removal efficiencies was
obtained under hydraulic retention time (HRT) of 1.3 days and T-N loading rate of 0.2 kg-N/m?*-
d using synthetic dye wastewater supplemented with organic carbon and phosphoric acid. Pilot
scale SSC reactor was set at dyeing factory and continuous nitrogen removal experiments were
conduced using actual wastewater. By the combination of pre-aeration for 12 hours, in which
normal hexane extracts were removed from dyeing wastewater, and SSC treatment process,
38 % of total nitrogen and 70 % of total carbon removal efficiencies was obtained under HRT of
1.5 days and T-N loading rate of 0.2 kg-N/m®-d without external organic carbon
supplementation. However, some problems remain in this treatment process for practical
application. One is the slow nitrification rate and the other is the low substrate diffusion rate for
thick biofilm formed on nonwoven biomass carriers.
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Pile fabrics were applied as biomass carriers for the improvement of nitrification rate.
Several kinds of pile fabrics were tested in nitrification and continuous
nitrification/denitrification experiments. The specific NO,-N production rate based on unit
surface area for pile fabrics was 3.4 times higher than that for nonwoven biomass carriers.
About 75 % of nitrification efficiency was obtained under T-N loading rate of 0.5 kg-N/m®-d
and HRT of 10 hours in the continuous nitrification experiment using acrylic fabrics biomass
carriers. Furthermore, continuous nitrification/denitirification experiments were carried out
using acrylic fibrics in the base cloth with mesh structure for improvement of diffusion rate.
Biomass accumulation on pile fabrics was limited, so that high diffusion rate through pile
fabrics could be maintained for long time. Fifty six and 77 % of denitrification efficiencies were
achieved with influent T-N of 200 mg/L and TOC of 450 mg/L under HRT of 12 and 19 hours,
respectively.

I have succeeded the establishment of up-flow anammox column type reactor with
non-woven biomass carrier using activated sludge of Wakagawa domestic sewage treatment
plant. Also, PN reactor with acrylic fiber biomass carrier could be established using same
activated sludge as seed sludge. During long term operation of PN treatment using acrylic fiber
biomass carrier, PN reaction was converted to SNAP reaction and the highest T-N removal rate
of 2.05 kg-N/m*®-d was obtained. Reaction equation for SNAP process corrected with
heterotrophic denitrification reaction was well agreed with experimental results. Results of
bacterial consortia analysis based on 16r DNA indicated that SNAP sludge attached on acrylic
fabrics contained ammonium oxidizing bacteria (close relatives of Nitrosomonas sp.) As to the
anammox bacteria in the SNAP sludge, Anammox bacterium (close relatives of Candidatus
Anammoxoglobus propionicus) was dominated under low T-N loading rates and Anammox
bacterium (close relatives of KU2, which was found in anammox reactor operating under high
T-N loading rate) was dominated under high T-N loading rates. This obtained SNAP sludge was
stored in the refrigerator for more than one month and used as seed sludge for the re-start up of
SNAP process. In this re-start-up experiment, T-N removal rate of 1.5 kg-N/m*-d was obtained
after 3 months of operation.

Based on these doctoral research works, two kinds of novel nitrogen removal processes
were developed. For the wastewater containing organic compound, treatment process setting
acrylic pile fabrics biomass carrier unit in the aeration chamber is effective for simultaneous
nitrogen and carbon removal. For the wastewater containing no organic compound, one tank
type nitrogen removal process of SNAP was proved to be effective.
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* gerobic «——--» anaerobic aerobic <«---- anaerobic

Fig. 1-1 Mechanism of nitrification and denitrification reaction
with nonwoven as biomass carrier

F9, BEEMIIREE PSR E S AL, BB OINBIZAFRCIRIE & 2R B 47 R D
BALSS N EITT 5, — 5Ty ARRAT Tl S 7= B E LM N RIS B RCIRRE & -2 =
EDNFRRICR Y, HEKMEOME OB EITTH I ENTE D, IHIT, HEICLEL
IROEREWL. EEAM PN ORI S AW 2 S AT R %m%&kﬁé Lz k
> TR IRBREDIR DN A EZ @5/27Ak&01w50

EI3H HLWERRERN

1—3—1 ANAMMOX KtDH R,

WA ER DAL - LR VE & 135 72 DIEWC K 5 EHRBRESIZBE T 2 0F5E03,
¥ HENTWD, ZOHTH, BT =T #{kiE (ANAMMOX: ANaerobic
AMMonium OXidation) (£, &7 > Z DT /N7 N LR RKRZEOHIE 7 V—T12 L0 FKA,
. 1995 FE YD Tl e LTHRE SN FHIETH Y, FEMFNERRE Y
ot ATHDH 20, ZD3 LUK ANAMMOX SJsizxt4 27E R IFFEFICRE <, EHW
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1 NH4* + 1.32 NOg + 0.066 HCOs + 0.13 H*
— 1.02 N2 + 0.26 NOs + 0.066 CH2005No.15 + 2.03 H20 (1-1)

DF V., 1 mol ® NHAZERETH7-0OIZ, 1.32 mol ® NOsZ 4B L L, AR E LT
1.02 mol MZEEFEH A (N2) & 0.26 mol O NOsZ AT 5, Z DT HERZSLMT
TEZIY, A ELEL LRVWMSIRBAEMIC I OKIETH D Z b, 1EROH
b« WS ST R E R LWRIETH 5,

Ry HANER (L — ANAMMOX 7' 1 & R EERDOEL « BEIEO IS % i35 & |
ANAMMOX SIS IZ BT, ATB OE 7y fifEiz b TRIZB W TR A NHa OR) &%
NO 2T 2 721 OiEFEMIE T s, Hn L ERERITH 6 EHIEAETH S,
ANAMMOX G TAEKRT iR BRET 200N EITN 1ETh s, £

= BBy AR L IC > D AOB & ANAMMOX i, s e s tmAem cdH v |
oy AR —ANAMMOX 7' 1t A0 6347 H15TE & S KiERHAHfF T 5,
“hbDZ L kY, ANAMMOX 7 ut® 228\ Tlid, EEEHE T O KIERE T 2 JiA
TeZ LIRTE, MEROML - MEEIRDVELIFERERRETu A THD,

1—3—2 ANAMMOX RNt

ANAMMOX s % & b= #E %A 7 /L % Fig. 1-2 12779, ANAMMOX S )i T,
£7 NO2x bt Fr¥i /7 I (NH:OH) IZiEjmsivsd, 2@ NH:OH & NHat7)»
bt K7y (NeHy) DAERKRT 5, NeHy TR T A~ S, £ L7ZE T2 NOy
DOFTIZHNON D, ZOFE, NOzs& NHaHEZEHANRESND, FRAERK
& LT NoHy Z8EHT 25 Z OSUSRRBIIRER ORAL « BLZE ORI & 134 Bip-> T
W5 3D, Z DS 3 FHOEEE | HiHERIE %R (NIR) , B R T 2 ARkl (HH:
hydrazine hydrolase) &t N7 YU ig{bEER (HZO) MRE5T 5, BERORH & MEE
BT 2478 bt A TR Y | ANAMMOX FE /) bR 7z HZO OME #E ST
W5, 7272 L, ZOREEEIT NH20H OB EIEMEDR RV T2, it Szims i Clie
Fex o7 I UbEEE (HAO) ERFEN TV 39, E LD RMEZ D NHat &
NOg DEF T A~OEHEUS T 523, FIRFHZ NO2 2 NOs~fb st s, Zaud,
WA OHITEIZAE DN D IRFEDEE DT DR TS B A EAT D20 & E 2 HLD 39,



- | HNO
Lo LN =i, 4T~ :
N,O H
1 I = - » Nitrification
1 NHoH| — = Denitrification
* % > ANAMMOX

N, |< NoH,

. N

Org-N | = =»| NH,

Fig. 1-2 The metabolic pathway of ANAMMOX reaction and nitrification
and denitrification reaction
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ANAMMOX 1 NH4t & NOg % B8 &3 2 Ofthlz, FRIEFEEE (1) A3 0.0027
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30, S pH FEOHFIZHE T 2 & AR~ TG b ST, £oEi pH 1%
7.0~8.5 (B RHEIX8.0), FEMIREIX 30~36CL INTWD 37,
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DR 2 S DRI FTREICR D, FTo. USRI OFRARDIZIL, 1ERDOHAL -
Bz 7 a2 CTHAET D LD RlifbER (N0) (3FHAETT, ERET A 234X
D EVSTERREN 2, 6D Enb, ANAMMOX Yrv XA &2FHL7-E5%
PrET AT MIREAMKOE CHENTZHEIFTH 5,

1-3—4 —E% D ANAMMOX it

ULAE, AR ED ANAMMOX BICERBLEIGRE I A 5 2 LS LT | &
DFFIEZ LD LT 50 HAERRLEOS & ANAMMOX fisZ& —- 2 O SUGHET1T 5 — 1§73
O ANAMMOX IS DBAFESEA TV D, ANAMMOX S O SUGUEEL T O
LolckREND %,



NH4* + 0.85 02 — 0.44 N2+ 0.11 NOs + 1.43 H20 + 1.14 H* (1-2)

RONCTHE S —i3 ANAMMOX it id CANON (Completely Autotrophic
Nitrogen removal Over Nitrite) Td 2 39, Z ® %I, Sequential Bach Reactor
(SBRYD ANAMMOX V 7 7 Z \ZE DS 2 ik 5 2 & THii AT % NH OF) - &
% AOB O &2 > T NOIZEH L L, — DO T NHADRENEITT 5 H1ETH
DM, ZEOFREBWEL 0.064 kg/m3-day L& ~7=, LorL, FAUZ N T~
X &ffio 7= CANON £ TiE, 1.5 kg/m3-day DO EWEREHRE G HIL TV 5 40,

PALTEEG Ve 2 AlAE L 7 SBR Z BRI IRAA Tl d %5 & . ANAMMOX #DOEH
BREENEEN, — T NHADBRETE 5, ZOM0PEEIL OLAND (Oxygen Limited
Autotrophic Nitrification-Denitrification) & 41 H 7=, SBR % 7= OLAND ik
TlE, EHRREFHEIL 0.05 kg/m3-day SV 4D HAM ORI Y 77 X112
ANAMMOX /%G Je% fiife L OLAND £ Tz L 72355121, 1.06 kg/m3-day D= E
FEREEENFE LN TND 92,

F7o. RRARKZETIE, [EECEZ =355 das R LA D R W 7= 5 &2 E M
ERRETT A2RBOP T, — T NHaDrES NS Z &2 A Lz, BEEIKRICE
[ S TR LIS METB TR O NEBIC ANAMMOX FHOEE I L2 RENER Sz 2
EWE-oTRISTEHGETH-T- ¥, ZOIiIE SNAP (Single stage Nitrogen
removal using Anammox and Partial nitritation) & & fHF Hi, T-N AR 1.0
kg/m3-day DM THI 80 %D T-N FREFENEMR SN, £o. £ D% HHFZERHTEN
#A, T-N ZFEANT 0.6 kg/m3-day DS CiEls X7z SNAP 7ot R (2B 5518
1% 0.045 mg-VSS/mg-N Tih o7 L HESNTND 9, X5, Mo L —
7T Ay ML ER AL RO & ANAMMOX s (2 B %8 SO & AL 2~ 5 o 72 SNAD
(Simultaneous partial Nitritation, Anammox and Denitrification) & FE{EAL 5 —FE 7

? ANAMMOX FGHE &3 ST g 9,

HAM ARCOHK LR

ARFRSCE BRI A B T S RERE AT 2 7 DT 5 2 L 2RI L LT,
TRk 14 0 HIT o182 £ LD bDTHD, LT, & 2 & CIEEEARE LT
AT 2 DT iSAL « TR S 25 JZHOWT, AR EHEK S D2 HFEREICH
W%, B3 ETIE, AR & V2R - RS 2T MZon T, AT
BHZ A 1y b A — L OB 2 3% L. R EHk & OB RREHMICONT
B E T ROV TR, 4B T, PR THICBIT5/ M 1y hAr—
JVRRBRCRAE LI RO D 72012, BELHR L L CRliA O/ A A & Tl
L - BB 21T » T RISV Tib %, B 58T, L0 SRR LR
DR DT I ANAMMOX FG A5G 2 2 & &2 B L. Fndki L o & AR
DGR A FEIGIE & L7 ANAMMOX M OB R AT oo/ R & /3 ik % [E
EALHR L LT E BRI LS (S8R T SNAP BUSICEATT %) 1220
TR ZITOTMRIZOWVWTIHR RS, 6 ETARIEEZE L O S,
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F2E REMmzHRA=aRRaFEKOmMb - BEas

F1E B
BRI, A I & D B DEEEE DM A G HEIZ K VLD Lo TV DD,
ek X5 7G84 (BOD) aniZ < &EN28KOHEITIE, BOD fRED
R b EZ A TWD, bk - BERISIZLL T O 3 Bz L TIThivd,
(1) FAHeRe=FHRIEL. BOD ko a o7 o ME GEH OEMEGTES) OFEMRIZ X
NH ARSI D,

(2) NHaE, b TRIZBW T, i EMEOIEHIZ L Y NOz, £721% NO2 & #2H
L TNOs iz = %,

(3) NOz., NOs|IMZE TRIZHB W T, MEMEOIERICL > TERTAITE LI
Do

UIEDOTRIZE Y, BEAKFTOERBNNTIERT A~ERQPITHBE S, BEAKF X
DERESND, TNENOLETORISIE, &< EZR2DMEOERIC X - TSI
1T 570, HEIRTERTLIMEICHE L-SME2E 2 52 L NEBEIR D,

FT b TRICITFEIEOME T 5 Nitrosomonas <> Nitrosococcus  AOB <°
Nitrobactor % ® NOB OIERIZ L » TiEde, T o OMIEIIEMEREMEICE L, £
OFEIITA M 2 LB L L7 0 s, BROERER Yy & BT D72 DIt L2 H#
IZXFL TR 0.1 %D RN bBEE Shbd, £, ZHDOMEIL, B OTEHIGIEIC
x| ZOBREE L U2 020 BT Th 5, £ D7Dt e SRT 1% 7 H L

WZTHMERDDL EIND,

— 5 RE LRIZB WL EFIESR (DO) BFTE L2 WEKSE T C Pseudomonas
LEOMEMEOIERIZ LY, BENEITT 228, ZOMEKISTIE, NO2X° NOs &%
FAANIRITET D OICE T GARLE LTo BOD BNEICks, ErfGkL LT
pEKH1 BOD ZHIH T 2561213, WIROGHICHH SIS BOD 255 & A
EHRD2~3ED BOD &R NEE IND D,

IS DL LR KO E TRIZES 53 2 Ml Z [N IR FF T & 222 BOD flsy
DREBRFFICAEEL DV AT L& LT, MINIR TR M 2 —TIIAR Y = R
T NVEIARERAT 2 5T E H OB EAEEE L THWDBEEM 2B L, 2 oEEk
MZBRKIECBANT 5 2 L2k o T, GRUT KD S DEFEIREDN ATRE & 7 5 BEKALHL
VAT LTI LT 299

ARBETIE, ZOBETEIMIC X DYEFEKOEGRHL « BEAE Y 2T L4 5

TA R EBEK 2 U T YL BE K 1 DA R 73 D3RI KT T B D W TIli N D
ZEEENET S,

E2H EBRHIE

2—2—1 HRER

HEEVBIR & L Cid, — 77518 & L CRaR Uiz & 2 R | AR AL O TR M5
ﬁ%%ﬁbf\@@ﬁkbfﬁwto;@%X%ﬁ%ﬁﬁéﬁ%ﬁﬁﬁ?&<k?l
BHKBMA L TEY | FEEREGIRIEIC L VB L TV 5,
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Flo, KORAFKIZEISL TWD &B X b D AthDYeth TIHEE KL O1E M
{GUHE O bIEGIRZ BRI L7, 2 DYt T O AL BRI E I WV Tk, $RYe TR
B PR S D YRR A AR GG IRIEIC K 0 LB 24T > T 5,

2—2—2 A

IGIEftE OB AR E LTHARASS Y —2 (BR) ##o R Y = X7 VB
MB-T9-P Z [EE{bHkE L THW, 2ORBAOME L L TIR Y =27 VT hH
L0, BROMBREALES DL ZLZAME LT, N AT LMHEE 4 =LY
VO AFLraR) v—4 SbEICERAET 5 2 & TR Y = 27 UilfEL 77 2
IS AHE L7 b D ThH L, SREMAWIEAGEMIEK 9mm DEALEZH LT
(AN

2—2—3 [EE{b# (Support Surrounded Cell: SSC)
Fig. 2-1 (2 L= E @M 2~ 77, Aiiix SSC Oz i 3 #t9 ok v
b L. 7 b A CREHAIC R L7z, SSC ORI IR Y HiF 7= Fllfs DT 50 cm?
(10 cm X5 cm) , SSC DK F-F7 MO NEErEfEIL 17.5 cm? (5ecm X 3.5c¢cm) Th 5,
BEK35 X UFDO (LR fAT 23 L C 02 SSC MBI A B = & ASATRE & 725 & 5 ICakft L
TW5b, 2B, 20 SSC NHEOBFES /7y DA AT 175 cm® (5 em X 3.5 cm X
10cm) Th-o7-,

3.5cm
astonat =
wastewater - rame
5c_n1/' 15
ﬂ <«frame
frame
[mcm
effluent
e—
5cm
<::: nonwoven
\wastevater
Nonwoven support-surrounded
cell (SSC)

aeration tank

Fig.2-1 Schematic diagram of nonwoven support-surrounded cell (SSC)

2—2—4 HEEK

Table 2-1 21 L7c B kbR D A~ T, TOC IREIL TASADERNINEE
LG5 Z Lz k- T, TOC = 118~250 mg-C/L O#iH T&E L S87=, T-N I
200 mg'N/L \Z272 5 X HICIRFEZRM LTz, HRERE (IC) REZELIEDH-DIC
REEKFZT N U LORMMEEZZCS T, FEHI DWW TR E TS T ST
5 OGHEFO N, 7R ; Cibacron Red P-B (33 %), # ; Procion Blue P-GR (40 %), # ;
Kayacion Yellow P-N3R (33 %) 3 fifA DYt 2R F 729kt & LT Lz, K&
Yephix, v — AR oKEEE & RO ST T YR TH Y | ke, TR
W7REEA ) EORGYNELND D, PR EIZEN TR, RSEHS TV,
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Flo, FTRZIE, RETHTASHEHIN TS m-= FrX B AR CEET B
U 7 DIRIE(20 %, BITBHIEFDL T VX VR b U T ARG %) HESIN LT,

—Ji. BB RIFET IR TN DB Z TR D120 Table 2-2 DAY EREK A
iz, #£h, Al Yekte m-= b e XU B U 2R T R U T ARIE(20%) i
Mﬁ#\)/ﬁ&bf\)/kémﬁﬁ)ﬁA&)/% KFEHIV U LZRE LR
W=, BTIZAICYEZNZ7-% & Lz, CTIEIBIZ m-=haXyEB U ARy
i) R U D ARIEQ0 %ETRIMLIZ%RE Lz, DT~ > H SO EITTRE TS
buﬂiﬁ“ Fro, VVRELT, VVEE—KBAV LY U _AKFEHL Y U LORD

DIZ, Yt TGP C, U e LT BIICHER SN TS 8%V V%
whnti,

Table2-1 Compositions of synthetic dyeing wastewater

Components Concentration
Urea 0.40 g/L
NaHCO, 0~ 040¢9/L
Sodium Alginate (5%) 1.72g/L
Starch 0~ 0.80¢g/L
m-Nitr obenzensulfonic acid sodium (20%) 0.20g/L
Cibacron Red P-B (33%) 6.0 mg/L
Procion Blue P-GR (40%) 5.2mg/L
Kayacion Yellow P-M 3R (33%) 6.0 mg/L

Tap water 10L

Table2-2 Composition of synthetic wastewaters

Synthetic wastewater s

Components A B C D
Urea 040g/L 040glL 040¢gL 0409L
NaHCO, 040g/L 040glL 040¢gL 0409L
Sodium Alginate (5%) 172g/L 172g/L 172¢/L 172¢gL
Starch 0.20g/L 0.20g/L 0.20g/L 0.20g/L
K,HPO, 173mg/lL 173mg/L 173mglL -
KH,PO, 68mg/lL 68mg/L 68 mg/L -
H,PO, (85%) - - - 7.4 mg/L
MgSO,-7H,0 10mglL 10mglL 10mglL -
CaCl,-2H,0 2mglL  2mglk  2mg/L -
MnSO,-4~6H,0 3mgL 3mglL 3mgL -
FesO,-7H,0 3mgk 3mg/lL  3mglL -
Cibacron Red P-B (33%) - 6 mg/L 6 mg/L 6 mg/L
Procion Blue P-GR (40%) - 52mglL 52mg/lL 5.2mg/L
Kayacion Yellow P-M 3R (33%) - 6mglL 6mglL 6mgL
m-Nitr obenzensulfonic acid sodium (20%) - - 0.20g/L 0.209L
Tap water 10L 10L 10L 10L
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2—2—5 SSC%AWEEMEL - BLERER

HEERIGIE & AR K IRAAE (it 9 cm. A§29 cm., £ & 19 cm, & 3.8 L)
[CHRIN L7212 SSC # 3fEf& A L, 1 HZ5EA (1.5~4 L/min) 75 Z & TGk
B ARRARCAT S E E L STz, ZO%, ZXBREITORN LM 1 B Tomiy
B FE K 28I SSC WERICHERG L7z, ABRIEE OMAIX % Fig. 2-3 12, F7-3lBrsk
% Table 2-3 (Z/R L7z, RUN 2.1 Tidk, fE{GIEE L TR ARLERYS O 1EMETS IR
ZHWe, £72, RUN 2.2~2.5 TiE, F{GIE L L CHE TGP ABEE i D15 ETG e
X0 BRI L 7RV 2 AV 2,

()
>

@ o deo e
©

@ _d__
Fig. 2-3 Schematic diagram of bench scale reactor using SSC

D-®); SSC, @; aeration instrument, ®; aeration tank,
®; influent storagetank, @; feed pump, ®; effluent

@w

Table 2-3 Experimental conditionsfor continuoustreatment of synthetic

dyeing wastewater
RUN21 RUN22 RUN23 RUN24 RUN 2.5
Seed sludge " A A A A
Initial MLSS 2,500 5000 4000 2,000 2,600
(mg/L)
Aeration
Limin) 40 1.0 40 20 20
Addition place D2 ®2 O] @® 23
Inf.T-N (mg/L) 218 211 170 167,179 199

Inf.TOC (mg/L) 118,179,243 167,226 149,217 148 170,210,250,310

Inf.IC (mg/L) 22 25 61 66 70

W: activated sludge from a domestic sewage treatment plant in Wakayama city
A: activated sludge from a wastewater treatment plant of the dye industry

2—2—6 4 HE

T rE=THESZ (NHeN) 310 7 =/ = AVERSEERICL v ERLEZ (JIS
K-0102. 1998), MefriEZ# (NOx-N = ffgfeZ# (NOsN) + differesE
(NO2'N)) 18« I R UL BT LEL—FT T7FNTF LU VT I URIEREEIC K
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DEE L7 (JISK-0102, 1998), T-N. T-C B L O I-C IZE LAt LB AT I8 D A 7
-~ MEE (SUMIGRAPH GCT-12, (B%) Ffbaotrt #—H) <HlE L7z, TOC
X TC 75 IC 22 L3IWTsRk7=, pHIZ. DKK-TOA #o> HM-20P THllliE L7,

FE3H FEBRFERBIVUEBR
2—3—1 HEHREEREKDERML - BERER

T ) R ALER S DOFEPETB JE &2 W T Table 2-1 (2R L 7= A AR YL (R K O BigE il
b« 2R A 4T - 7=, EBRSA: % Table 2-3 (2773, #18H] MLSS 1% 2,500 mg/L., Ji
KH D T-N #EE (Inf. T-N) 1% 218 mg-N/L T&H - 7=, —J5 . 5k D TOC #2 (Inf. TOC)
1% 118, 179 . 234 mg/L ® 3 ERBEIC B b S W7o, JFUKIXEEA D 2 17T (Fig. 2-3
DDOEQ) A LTz, WHHE% Table 2-4 @ RUN 2.1 (277 L7z,

Table 2-4 Treatment results of nitrogen removal for synthetic
dyeing wastewater (RUN 2.1-2.3)

RUN 2.1 RUN 2.2 RUN 2.3

Steady-state period 5-15days 5-20days 5-25days
Eff.NOX-N 32 mglL 64 mg/L 84 mg/L
Eff.NH,-N 80 mg/L 69 mg/L 23 mg/L

Eff.T-N 202mg/ll 160mg/L 149 mg/L
Nitrification efficiency * 22% 55 % 62 %
Nitr ogen removal efficiency # 7% 24 % 12%
effluent pH 84 75 7.6
40days after Eff.NOx-N 5mg/L 4 mg/L 6 mg/L
Eff.NH,-N 114mglL  116mgL 56 mglL
Eff.T-N 140mg/L  137mg/L  91mg/L
Nitrogen removal efficiency 36 % 35 % 46 %
effluent pH 8.8 84 8.9

*Nitrification efficiency = {[Eff.NOx-N+(I nf.T-N-Eff.T-N)]/Inf.T-N}
#Nitrogen removal efficiency = [(Inf.T-N-Eff.T-N)/Inf.T-N]

AR ZY 15 B H £ TIXLEKF o TN RE (Eff TN) B X OmbrEz% (Eff.
NOx-N) IZZZ 1) 202 mg/L & 32 mg/L Tho7o, £ EBHRRERITEHT %
ThHY ., ZORFOMLRITTY 22 % ThoTo, 2 b DOEITEL S YDA T/KEH
WTHHE « IWE 2T o TG B DERRER 75 %, b= 90 % &L T, /hal
Rolo, TR, GHBEBEKPTICE E D YeEHOE ST IEF] 72 E AR R KIGIE T O
EEOTEMEZAE L TWD, E0BERRERD R RN WS BRRAE X bR
7

Z ZCRUN 2.2 Ti3gs e TH R AR © BRHR U 7o TR PG Je 2 VL T e
fEAL » i 225k 217 - 72, FJ8# MLSS 13 5,000 mg/L. Inf. T-N /% 211 mg/LL TH > 7=,
Inf. TOC 1% 167 mg/L & 226 mg/L @ 2 BEICAE b S W7, JFUKIZEE(A D 2 71
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(Fig. 2-3 O, @) [T LTz, WEpkfE% Table 2-4 ® RUN 2.2 |{Z7r L7z, 20 H
HE &£ TO Eff. TN 137-%) 160 mg/L, TEHRREFIL 24 %, Eff. NOx-N /% 64 mg/L
THHEFEIL 55 % TIFT—EEL D, EHICRUN21 LV b EL Rote, THH DR
FEO ., HEEGIEE LT, YRR IEAl & W o 7RIS ﬁbfﬂ%éhfn
Lo, T BE K AL BRE Wwﬁﬁ%%wéﬁ#@%@mm%rim<ﬁé & DR S
koikgmmz1miwHE@#%gmmzzfi%BH@ﬂQEEMkN@
DR AW L, ABEEH O T =T BE (Eff. NHeN) 2L, 7oE=7
DERIGFENEL TeoT-, ZORE, 4LFK pH (X RUN 2.1 Tix pH 8.4 225 8.8 12,
RUN 2.2 ClZ pH 7.5 5 8.4 £ TER L7, Zo Eff. NH+-N O EHIT, REFRA L
HL<IFBRAKFORGBEEL TNDLHDEE X b,

—J7, 250 RUN 2.1 3L U'RUN 2.2 (2815 5 TOC OULEERLAKE % Table 2-5 (2
ALz, ELHOERIZEBNTH, #BugH T Inf. TOC % EH S TH Eff. TOC 1%
40 mg/L DL F & #ERF L, TOC FRERIT 80~92 %I LT, M ICE e b 2 &%
Aﬁé*&*;of\%ﬁﬁ“®@ﬁ#38Lﬂ633L WD T 560D, D%
MIRNZ EDHERTE, WEROIGMIBRIEDOEE b+ RT3 2 L oisks Z &2
o7

Table 2-5 Treatment results of TOC removal for synthetic
dyeing wastewater (RUN 2.1-2.3).

RUN21 RUN22 RUN23

Steady-state period 5-15days 5-20days 5-25days

Inf.TOC 179mg/L  167mg/L 149 mg/L
Eff.TOC 36 mg/L 14 mg/L 17 mg/L
TOC removal efficiency 80 % 92% 89%

40days after Inf.TOC 243mg/lL. 226 mg/lL 217 mg/L
Eff. TOC 26 mg/L 28 mg/L 38 mg/L

TOC removalefficiency 89 % 88 % 82%

2—3—2 EHIERIFFINCE 2L - RE~OEE

ARG BE AT LA ORFEIR E 725 IC (REAKFET FU 7 L) ZIRMLIZAZTO
EEREAL - 22 5BR A FEhE L 7-, EBRSMHE Table 2-3 RUN 2.3 (2R L 7=, #J# MLSS
1% 4,000 mg/L, Inf. T-N (X 170 mg/L T& v, Inf. TOC % 149 mg/L & 217 mg/L @
2 BRI b STz, FUKIZEE(AM O 1 7 (Fig. 2-3 ©O) IZHFEA LTz, ALERL
#% Table 2-4 ® RUN 2.3 (278 L7z, HEREER]2Y 25 H U £ T Eff. T-N (374 149
mg/L TEZERERIT 12 %, Eff. NOx-N T 84 mg/L ThiLRIL 62 % TH -7, RUN
2.2 LR U TR LD B < T2 o 7o DIXIEHSRE R B O BN i@@ﬁ%%%ﬁf%é
LE OIEEN ER o Tclob B2 b b, —FH T, BRRERMMEL 25720

FEK DA T RUN 2.2 TliX 2 BT TH D DI ﬁL/RUN23Ti1ﬁ%T%6
72, RUN 2.2 O HFEKF D TOC ZE 5K L LTRIHT 2% nEm<, LD
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ENEITLHL 2570 Th D LM STz, F7-, 25 H HLKE Eff. NOx-N 238
»1L. 40 HHTIZRUN 2.1 3L O RUN 2.2 & F#EIC, Eff. NOx-N 78 10 mg/L LT
FETFNY Eff. NHaoN 728 56 mg/L £ CHIIN U7z, SERERE IR 3R O URINITAELIE 1 & 2
BT 2NRITRO NN, ZOREEHM, ZE L THRFTL2Z 08 TE R0
72o —J7. TOC OULHERLAE % Table 2-5 ® RUN 2.3 {2k L7z, ZOfE%E, RUN 2.1
BLORUN 2.2 L [AEEIC 80%LL ED TOC FREREHERFT 5 2 L3 Hsk=,

2—3—3 Mt - BBICRIETEEARS DEE

Table 2-1 (2R L7= ARG R K 2 I T2 e Al + i 28 AUBiaBR C I ALEE B 1 7%
20 HAIZ CHILIETEDIR T3 MEER S e, ZORK A 5202 5 HAY T, Table 2-2
(2R LT IE PTG IR AE ) O BEFEIZ LB 72 X R TV 5y e AVTe B Rt BEK Z vy
T IVEELY DRYE « BLEEIEPEIC IE TR OV THE L7 (RUN 2.4), EBRSRE
Table 2-3 ™ RUN 2.4 |25 L 7=, #J# MLSS % 2,000 mg/L, Inf. T-N (% 167 mg/L (74
HHL 179 mg/L) TH V., FUKOEANIL 1 BT (Fig. 2-3 D) & L7, Fig. 2-4
(ZEgER L - BEERBR O RER EHRIRE O B L E R LT,

] A 1 B L c | b
200 Inf.T-N = 179 mg/L
Inf.T-N =167 mg/L -dlA _____
-~ s AL — — — = = — JLETANEEN
N A AN N A
%EI”150 - Ao NN N Y N A
£ A& A M M
e . - 0
8 O o oU ] M
2 s o g O @O o
gloooAAmﬁjﬂj %D@ Mo 90 o o
8 &
5 | .
g 0¥ o
b
o) ao & oo 3¢ @
DS F @ Ty 5 T 0 @p
0 o
0 10 20 30 40 50 60 70 80 90
Time (days)

Fig. 2-4 Changesin effluent nitrogen concentration during continuous treatment
of synthetic dyeing wastewater swith various influent compositions (RUN 2.4)
Symbols: O, effluent NH4-N; [, effluent NOx-N; A, effluent T-N; = = —,
average influent T-N

Yupts OB IEA] (m-= F XU P o 2R UBET R T L) EEET, U
TFROWETENY v F 25T (KA Fig. 2240 ~ 32 HH) TiE. ALPEBRAA
B 6K 14 A TIRIETHFAIREEICZ2 0 . Eff. T-N (37 157 mg/L TEHRERELR 6 %.
Eff. NOx-N (3% 102 mg/L TR 73 % 720, 30 HZ#Z THRLIEIEIME
TT2Z eiFehodz, WIZ, BRZTNMT 252 812X 5% (KM B: Fig. 24
32 ~ 62 HH) BIXOEILH IEAIOWINC L 582 (X[# C: Fig. 24 1 62 ~ 74
HE) oW THRf L7z, 2R HOXM T, Eff. TN XY 158 mg/L TEHRE
5 %, Eff. NOx-N 1ZF-#) 100 mg/L THLFE 65 % &7e b | Yekb & oohhb ATt
\ZVBIRDOREAL « BLEETEMEIC R E B LW LR ST,
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F-. ZOHBFORETO Y VEE (Inf. T-P) SAERF OV EE (Eff. T-P)
IEHE LK 40 mg/L TIEEAEHEE I TWehoTe, 2D &G, Table 2-4
127k L7ZRUN 2.1 %5 RUN 2.3 £ TOALPERBRIZFB W T A BIEEINME T2 i,
YBROE L IERI OB TIE R, VUVRARTHDL EEX DI, TOXLEEIT TS
PETIVWEDEE R, 2T, RUN 2.1 ~ 2.3 ORBRCTHW - AetBEKIZY
IRE LT VOB ZEN (Inf. TP = 2 mg/L) LMk - Bzl a17 -7 (XM
D: Fig. 24 74 HELRE), UV VEBEHWEOX, Yt THPE LB 12 3B\ T
UUPie LT 8%V VIRIAK AL CTWA-DTH D, TOME, Eff. TN I3
164 mg/L (Inf. T-N = 179 mg/L.) TEFEREFE 8 %, Eff. NOx-N (FF#) 131 mg/L
THALRIT 82 % Loty ZDEEDY U DOWELIFLEALRD AT, Inf. TP,
Eff. TP & HI2 2mg/LBRETH -7z, ZDIZ LD, B LI 2 R W22 R
FT5720l2i%, DEDOY AEOTMNBAFIRETH 5 03E OIRRFEIFE mg/l TRWZ
Lo T,

7o, MHEHARM T OKRER FE DO %8 & Fig. 2-5 (R LT-, B2 L CEWv TOC
DIFZNRBHERF S D Z & HEENE < HEEOIEMERmW L E 2 65 IR T
E. LB OREIRE 7225 IC OEHE L RSV LB RSN,

A } B e D

200

Inf.TOC =148 mg/L
L A

100

50

A
M
0 A A A @I
ol T R @ Rar (57 3 % ! 2
0 10 20 30 40 50 60 70 80 90
Time (days)

Carbon concentration (mg/L)

Fig. 2-5 Changesin effluent carbon concentrations during continuous treatment
of synthetic dyeing wastewater swith various influent compositions (RUN 2.4)
Symbols: [, effluent IC; A, effluent TOC; ___ ,averageinfluent IC;

, average of influent TOC

2—3—4 mt - BEROKRT

LI EDORERN G ARG EBEKIZY Y IRERAT D Z L2 Lo T, @O EIEES
FEWZERICHERF CE 2 2 &3 R STz, & 2T, Table 2-1 (278 L 72 A RCAL ABEK
WU UPRELTY VR (Inf. T-P = 2 mg/L) 21800 L 7= AR K 2 F O Tl iy
bz 21T > 72 (RUN 2.5), B Table 2-3 ® RUN 2.5 (/R L7z, #IH]
MLSS 12,600 mg/L, Inf. T-N {3199 mg/L T& ¥ . Inf. TOC %2 0 ~ 47 H1% 170 mg/L,
47 ~ 68 Hi¥ 210 mg/L, 68 ~ 86 HIX 250 mg/L. 86 HLIMIZ 310 mg/L (ZZF %
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NELSH7=, FAOFEAIZO ~19 H
(Fig. 2-:3 D, @),
2-6 |ZJEHE

Inf.TOC

170mgll | 210mglL

<

1 7 (Fig. 2-3 D),
33 HLARE ; 3 AT (Fig. 2-3 D, @, @)
SHRERIZERIRE O H (LA, Fig. 2-7 12

19 ~33 H ;2 BfT
(c&fb s, Fig
JRERI R IR DR AL &2 7R LT,

250mg/L; 310 mg/L
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Fig. 2-6 Changesin effluent nitrogen concentrations during continuous treatment of
synthetic dyeing wastewater with addition of NaHCO3; and H3PO,4 (RUN 2.5)

Symbols. O, effluent NH4-N; [, effluent NOx-N; A, effluent T-N;

influent T-N; —— , average effluent T-N

, average

8

8

§

Carbon concentration (mg/L)

4@m%%%@m%

20 60

310 mg/L

120

Time (days)
Fig. 2-7 Changesin effluent carbon concentrations during continuous treatment of
synthetic dyeing wastewater with addition of NaHCO3; and H;PO,4 (RUN 2.5)
Symbols: [, effluent IC; A, effluent TOC; ----, average of influent I1C; ——,

average of influent TOC

A EERIZOW T FUKR DA
Lz, HIE=RITAY 80 %
NPT 2 N S T2 56

20

Fra e Lz e
EHERFT D 2 E KT, LB —E & 72D DIE, FUKOHE
Th, IR EE STV D AFRE O AR IC 2 A 72 < |
b3 TOC DIREIKAFE L RN TH 2,
FTatgod 2 & CIEEN M E Lz, BAE

BLUOTOCRELZZEMLSEILGE

—J7 ., BERIZOWTIE, FAKROEAE
Ay 1 i o4 Eff. TN 73 183 mg/L



THEZR 8 %, 2 WETOGE Eff. TN 28 172 mg/L THLEER 14 %, 3 WATOHA Eff.
T-N 728 159 mg/L TIHZEFH 20 % & LA L7c, FUOKOBAGEFT AT Z LI L 0 e
BERDA) LT 2 OIE K ~D TOC ORAN LY s o 7zoE G548 L LT
® TOC OFHENLES N IO ThHDH LB LIV, FUKOBANEFZ 3 5T
L L2 FE TOC BEZIIMESE S &, Inf. TOC 7% 170 mg/L O Eff. T-N 1% 159 mg
/L CHiZEER 21 %. Inf. TOC 7° 210 mg/L ®FRf Eff. TN /% 130 mg /L THLZE 35 %,
Inf. TOC 2% 250 mg/L O Eff. T-N |3 137 mg/L CTHiZE = 32 %, Inf. TOC 7% 310 mg/L
DO Bff. T-N 1% 88 mg/L TIZER 56 %Ill7/2~>7-, TOC BE L SEI-8A. it
ERITHEMT M0 H D0, BIBERICITR R o7z, ZORKE LTk, TOC
PRI SN D &0 bR AT RER D ORI CHE SN TLEI DT
bdEEBEZLNTZ, LEDOFRERI Y | Inf. T-N IZX LK 1.5 58D TOC A B AT 5
ZEITkY, WEFEB %L EAERT DI ENARETH D Z LAV o7-, Table 2-6
\ZRUN 2.5 OfiRA £ LIz, RTOHMAZIBEL T, 80~90 % DIfbERAZHH Z &
Dk D LI, TOCFRERBIZIE 90 % UL LA MiRiT 25 Z Lk, £/, WE
FILTOCTHEZHMIEL Z LIk >TH0% LLEIZEL, bz & kv, YutafE
K226 D TOC fisy & BRI DRIFFFREITH LTRSS AT AO#IGATREME A <3 2
& DR,

Table 2-6 Results of continuous nitrification / denitrification treatment

for synthetic dyeing wastewater

Addition I nfluent Nitr.if.icat_ion Deni_tr.ifica_ltion r;r-n%\C/:al
RUN place TOC  efficiencies  efficiencies o &
(mg/L) (%) (%) (%)
251 ® 170 79 8 92
252 @®®@ 170 86 14 88
253 ®@® 170 88 21 90
254 008 210 93 35 93
255 ©@® 250 90 32 92
256 @0 310 83 56 97

Influent T-N=199mg/L

A FES

B #93.85 L OBEEM 1z R Y = 2T VEURERAR & V513 B o [E &k
A& LTHWEZEEH (SSC) 2L TAMYLAFEKDOML « Bz iR 21T
o 7o, HERIBTE & U TR (LT O RLERG OTEMEIBIEZ W T2 56 iIEED 22 %
RS, FE72 156 AUBRICHEREMET L, L& LI LB AT 5 2 L IidHik7e Do
7o —J T, YEFEKIZHIE SN TV HYEZE A HOIEMETRE W2 85A101%,
{ERIL 55 %ICWFE SN, RF 0, 20 HLIBRICEERMET L, Z€ L bl
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BRIk hole, 207, MLEORFRE 725 ICZRIMLTZ & 2 A, HkiES)
X162 %ETH EL7, LOLARRS, ZOHAICH 25 HURICHILERIMET LT,
THOEDOERICEBWT, BLEEME T 5 DI%, Ak BEK T O DFIN T2
WrhEE R GEBRIETTHEA], ETCEH ORI OV TR Lz, T ORE. M
bh % RINZERNCHERF T 572012, BREFKTIZY SRZRINT 2 & K&k
RN DD Z LRl 22T, U UBRE SO RGLEFEK OEEEAL « % 0
RERZIT o7& 2 A, bR ITRBRIIM A8 U TR 80 %Ll LA HMERF 2 Z & A3 kT,
— 5, PERIZOW T, GRGREAFEKOTMGHT 2L T 2 Eick-T, 7~
8 WIEET S EH L., & 512 Inf. TOC k412 EIF, Inf. TN O 1.5 {5 &EIZAHY 5
% Inf. TOC = 310 mg/L Z i L72FFIZ, K 56 %DOMEFRIZE Lo, Z OFERWIFEH
1%, TOC 53134 90 %FEE DR ThRE SN,
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HIE RETRBEKNDDERRE

I B

FERILRIC I 1T DR TR, RBEZZEICHEHAL TV LD, BEANLD
ERRENRERPEL 2o T D, PEEKPICITIRFHROGHEERN LG
EFNDT0. ZNEWHEERN T 5 12T E P ABEREEFE A NHACEH L2 T n
e B0, S HIC, PEBEKPICIIERINI G L OFEWR G EINLTNDT29D,
AR B L 72D, Z DT, %< OFRYRGLESE CIIAEEIG MG IR IE SRR IL
JVERYE IR EYESE O ALBR 52 fL A A D TR 21T\, HEkIE % 7 V)
7 LTW5,

Tz 3R U = AT VEIARKAR 2 TR IEB IR O B ELIR & L CHW D EE M %
B L., TNABSICRET L2 LICk-oT, AR TANS DEHZEBENARE L 72
LB 2T KA L V29 | K a G Lz, ZOWES 2T A EHNTE
YL FE K DEGERNAL - BEE LB BR 21T > 72 & 2 A, HRT 28 1 H O IZ[E E
b ERET D EICE T, ERRENATREL /2D Z L 2R L7- 99, Z Oy
AT LOFEAMEE B L. Fx TR PG A EDOFEKLBRHIZ A vy N T &
RiE L, Qe EFKOEGH « ERBR ATV, REEKLEL Y 27 LD FEPMEIZD
WTHRFTEIT 272,

FE2H EBRGIE

3—2—1 [EEMH (Support Surrounded Cell: SSC)

Fig. 3-1 (M L7z@EE(M 2 Rmd, AARASAL U — RO R Y = 27 /L EUARHE
i MB-T9 (it 75 cm. 450 cm, /£ 9 mm) % SSC Oz 1 fe £ 721 3% &
RTEy L, 7L —ATHRERICETE LT, BEABLOZERII A A28 L TOH
SSC WEBIZAD Z EMAMRE L 72D K O ITERGEF LTV D, Zeds, 2D SSC NEDHER
5y DA AR FEITK 63 L (60 cmXx14 cmx75 cm = 63,000 cm?) T - 7=,

14cm center frame

frame
nonwoven

75cm
105cm

Fig. 3-1 Schematic diagram of nonwoven support- surrounded cell
(SSC)
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3—2—2 NXfuy hFI70 AR

TR T OERY e ta3E AL D TIGNIC & 2 BEK B AR IZ Fig. 3-2 1R Lz 72—
DORA vy NTT U MEHRE LT, AR TE DY S BRIk L
T, pH SRR IR HEIS MR RIS & TR BV L 0 BEKEE 21T > T D, ARl
NRA |y h7T 2 N T, pH A% OIS IERE I A D ERTOFE K 2RI L, BRI
iz,

influent

\ phosphoric SSC.
rout B | acid tank
>Z YNrout A ; air
aj r AA
' — effluent

N Y N2\ vV WV
SSC reactor

pre-aeration tank

Fig. 3-2 Schematic diagram of pilot plant using SSC reactor

700 L OALERFE (€ 124 cm, #8611 cm, & & 93 cm) (2 AfEOTEMEETE (MLSS=
2,000-7,500 mg/L) Z#& A L7412, SSC ZkiE L7-, SSC &A%, 1 HMEZEARA

(40 L/min) #17\ SSC 2Bt EEEIL S LB 0% SSC Y 77 2 &
ME5), & D, THaxlin o pH FiHE% OFEKZ I L T SSC U 7 7 & OIgERE (4F
RER) F721E SSC R (BESGH) 1A L. HRT % 0.7~2.5 HIZZ b S Ty
1t - BLEALERER A 1T > 72, SSC U 7 7 X IIZLREMIsREE 3", U XA TOME
Z1T-72,RUN 3.1 £ RUN 3.2 CiI M L7-FEKk A = D F FABMEICED L— b (Fig
3-2, rout A) Z{Hf L, RUN 3.3 & RUN 3.4 TIIFEKZZERRAR LT HALEEEIC
H— b (Fig. 3-2, rout B) Z{#H L7z, En5:% Table 3-1 12F & 7=,

Table 3-1 Operational conditions for continuous treatment
of dyeing wastewater

RUN 3.1 RUN 3.2 RUN 3.3RUN 34

Initial MLSS 4,000 2,000 7500 7,200

(mglL)
Addition of NaHCO,' - + + +
Feed route A A B B
pre-aeration - — + +
* 300 g/day

bt B & U CIR] U A 77— /L T OREHETEMEIGETE  (conventional activated sludge:
CAS V7T 7 2) IC LD NHEABREZ1T 7=, CAS U T 7 Z I\ ZIFMERE D% B Ih kA %
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RIE L, RELREZZTRBY ., B 0.8~1.0 THERZIT- 72, R TIEFEKDOE
FRAYUEEE 2 Table 3-2 10 L7, U UIRICOWTIZ L O BEAMIRERH T & IEMEGE
Y VBRI E BRI L TV 2 Enn, AEIOA vy MRBRIZB W TH T
FEIKIT 85% U % 1,000 {5 AR L7 % 2 mL/min TSN L7z, 7235, Table 3-2
o pH EIX, RWICIRAT DBEKIZ pH B3 72 RUN 3.4 D 70~92 HDFT —
AU IS A ATy

Table 3-2 Composition of dyeing wastewater

COD wn 330 = 80 mg/L
TOC 210 = 80 mg/L
IC 130 == 90 mg/L
n-Hx 145 =+ 10 mg/L
T-N 210 % 70 mg/L
NH,N 60 = 60 mg/L
NOx-N 1 +0.3mg/L
T-P 1.120.7 mg/L
pH 8.7+0.8

*n-hexane extracts

Fig. 3-8 IZ@RE LM vy NFT 0 hDOFEEZRT, (A) 1ISSCUT 7% (SSC
 _fERARE) 0FE, (B) X CAS VT 7 20FHE, (C) I L7 SSC DEET
RN

SN ©)

Fig. 3-3 Photos of pilot plants using SSC reactor; (A), CAS
reactor; (B) and SSC; (C)
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3—2—3 JAINA~AZTHUHHBE (n-Hx) BRERR
AfEOTIGEEK 2L 2 B — 7 —IZ A, ZEZ5E% (BXE : 20/min) 217V, ufn
BEAKHIZE D n-Hx LEGFHERE (DO) BEORFEEL 2T,

3—2—4 ZWHE

fefeRez=# (NOx-N, fHEEREZE%E (NOsN) +iHfifiyfeaezE (NO2-N)) 134 - &
RIDAHTLETL—T 7F AT LT I U ERE (JIS K 0102-1998) (2
IVERLE, 2%#F (T'N), £2K#E (TC) BLUEHKIEKRE (IC) ITEb kit
A RO A7 v~ MEE (SUMIGRAPH GCT-12, (BF) {Ebothtr % —f) <
HIE L=, AHRERFE (TOC) X2 REMNSEEERFELZ LIV TRDZ, nHx
X, R —R Y (JISK 0102-1998) IC LW EE L7, pH, DOEEIX, =hZth
DKK:TOA Co. ® HM-20P, DO-21P Tl L7z,

FH3H ERERBIOELE
3—3—1 NAnmy FJ v Mk 2ERRHELRHER

F9°. SSC VT 7 X DHLREN B LT 572D, Y3l Atk pH %% D
QetafE ke ZDFEE SSC U T 7 Z DBEKERICHRA (Fig. 3-2, rout A) L., Efgfid{bid
Bra1T->7- (RUN 3.1), D=2 CAS VT 7 X2 X 2l LBk H,17 - 72,
#H MLSS #R £ 1X 4,000 mg/L I1Z3¢E L7z, Table 3-3 {2 RUN 3.1, 3.2 |Z351) 5 4LEE
FAE R LTz,

Table3-3 Treatment resultsfor CAS* and SSC reactors

RUN 3.1 RUN 3.2

CAS SC CAS SC
reactor reactor reactor reactor

Nitrification efficiency 0 0 53 0
(%)
TOC removal efficiency 37 35 71 67
(%)
DO 1.0 3.3 0.8 2.2
(mg/L)

RUN 3.1; Inf.T-N = 182+65 mg/L, Inf.TOC = 201%+44 mg/L
RUN 3.2; Inf.T-N =197+80 mg/L, Inf.TOC = 201£50 mg/L
*CAS (conventional activated sludge)

RUN 3.1 CIZ.CAS UV 77 % £ SSC UV 7 7 Z W b L SUGITHEST Lo 7=,
Z OO SSC V77 B L CAS U 7 7 # ikl ©ON-HiRIEITH 28°C, ¥ pH
I3 7.8 RETH o7, Frx OLRIOWE BN TH, GGk zE Hni-5HE
12, MERERE IR BRSO U IR EORBRARICE Y . ISR T35 2 & Z s
LCW5, AE 03 Clisdedeta ik o TP 21T Table 3.2 (kL2 X 912 1.1
+ 0.7 mg/lLEETH -7, ZNICY VIBERINT 5 Z &2k > T, A#KkF D T-P
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BT 4.8 £ 2.1 mg/L THfF L CWe, —J07, BEREREIRRIIL SSC UV 7 7 # B L
CAS U 7 7 X Wiz BT, # 60 mg/L FLEERTE L TV =y, & OISl biEtE 2
T 5412, RUN 3.2 CIIERIRER L LT —HH7V 300g DREEKET MY v a%k
FABEAKICTIM L T, @kt ikBr 217 - 7=, #ABRSMET Table 3-1 @ RUN 3.2 (2R
L7-. #J3] MLSS #2E£1% 2,000 mg/L Tdh -7, ZDFEHE, CAS V7 7 #IZ L DU
TOERITF 53 %llleoTz, ik, R IISHIGIROF kAT 220
2 T2 T DI 28 RAMTHE T, AL O BEFEZ 153 e 1B IR IR e (SRT) 23
RSN THD, TSk L, SSC V7 7 & TIILE AT Lie o 72,
SSC DIEREMIROWE (M55 HMHELTEHY | ERE COMLEDOAF I
TSN ATREMED @,

7. RUN3.1 B LV RUN3.2 TiZSSC U727 ZDTOCKRERIZCAS V77 4
® TOC BRERLIZIFAEFETH Y . TOC oy DI EREI N DWW TIE, BEEEMIGIRIE
& RIS DILBREE ) A MRS 5 2 & D3 HIk T,

Fig. 3-4 |2 SSC U 7 7 # OilEGTR (A). CAS U7 7 ZDihlk (B)., Y LiGIR
SN LEB L2 (C) OFHEEZR LT, SSC V7T 7 ¥ OFEGIeiE X T
#1180 mg/L FEEEICF TIK F L. CAS U 77 # ®» MLSS (RUN 3.1;* %) MLSS=5,300
mg/L. RUN 3.2;°#) MLSS=4,400 mg/L) & tbiliz U CIEFITIRL e o7z, RIEHER
DR Y | BRI REOYUEEDRRBD HiL, CAS V7 7 ¥ T1mg/LLLFToh -7 DO
MEREER SSC U 7 7 Z TlE 2.2~8.3 mg/L 12 % T 5H L 7= (Table 3-3), Z» = £ 1% SSC
VT 7 X %5 2 CIRREOHBNARETHLZ LE2RTHLOTH S,

= e -
(A) (B) (©)

Fig.3-4 Photos of sludgein aeration tanks
(A); SSC reactor

(B); CASreactor

(C); dyeindustry’s plant

3—3—2 i A~FHUoHHYWEORE

THMOPH SN D BERTICIE nHs A E N TR Y, 1) SSC £l COMILE
DEFITERBEL 2 T D EOHENS, n-Hx OFREICO W TR E21T- 72, Fig.
3-5 12 n-Hx fREF L DO REORGELZ R L, BXBI4A 6 FF £ T DO
A L, n-Hx OFRENSHICHEA T, ZD%IE nHx OFRENESHIZ/Z Y. DO
RN ERICER U 7o, RAEMICIE, IRRHEGD 5K 12 REEFRE C, n-Hx BREZIT 70
~80 %P, DO 1L 5~6 mg/L TIRE TR o7z, ZDOFETHEIFET 5 n-Hx
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IFZERIRR T CEHBRENRELWE THL EEZEZ DN, ZOZ XD, THEPD
PR SN D BEAKTIZE D n-Hx DBREEIT O 721213 7e < & B 12 FELL ED
ZERMER PN ETH DL Z Nl B, AR A vy N7 MERRE LTZY A
T OPEAMER TR R T, RN ORI ; £ 12 BFfH) IS8V TR ZAT
I EMAHRETH Y . nHx OFREFEE L TESKBERZ W, L LN, —f
B I BiEe & DM BREHEN A #IS 3 iuUE, LVIKT =27 a2 X hToO n-Hx
PRENHEEIZRD b O LRSS,

—~ 100 10
S =
& 80 C ° 8 E’
2 & o L A 6 ©
% }7 ....... 'S A =
) AA =
T 40 Eﬁ L 4 o
3 A 4 3
: c
; Q
5 2 A 2 &
E “ ‘:' D
< 0 0
0 10 20 30

Time (hours)

Fig. 3-5 Changes in n-hexane extracts removal efficiencies and DO
concentrations during aerobic treatment of dyeing wastewater
Symbols: O, n-Hx removal efficiencies; A, DO

3—3—-3 ZEXBRIOYBE

Ze MR EAT O 2 & THERBEAKT O n-H x ZHEBHED ICRETE D Z ENHL )
[Zhp o2 2 L, ARBRERAEIC Fig. 3-2, /— k B TR L2225 IRE5ME (Im3n &
7 2 FEEANCERE) Bl 22 TEIBERAIT) 2T, BEBEOSSC YT/ #T
DAL IZ ED X 9 72803 8 % Hait L 7= (RUN 8.3), £ 97 . MLSS 728 7,500mg/L
DOIEVEIB IR 12 FEZE KR AL 21T - 72 BEK 2 TR L CREEHEIS MEVGIRIEIZ L B
PR EAT - 72, BEAE T HRT 1% 2.5 HIZHHEE L, Eizh 3Gl okE H L EiTh7
o 72, NOx-N B & T-N B E O HZ (L% Fig. 3-6 |2, TOC {EE DOfk H 2/t % Fig.
3TIZENENR LT,
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Fig. 3-6 Changes in effluent nitrogen concentrations during continuous treatment of
dyeing wastewater with pre-aeration (RUN 3.3)

Symbols: O, effluent T-N; [, effluent NOx-N; ~~" , averageinfluent T-N
] @ ;@ 1 ® |
200
S, L Inf.TOC=190mg/L
150mg/L
é 150 .-.I:n.g{.-
(2]
& i o 110mg/L
= 100 - o
o o o© 0% %
2 e ©
8 5o P° ©s50 %0q OO %)%)OO%S)
O
O e 8o o0 © © %:
- (@] o o
O I | I |
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Fig. 3-7 Changes in effluent TOC concentrations during continuous treatment of
dyeing wastewater swith pre-aeration (RUN 3.3)
Symbols. O, effluent TOC; --- ,averageinfluent TOC

HEERBAAATR 10 A HEL X 0 BLSOGAHETT L, 40 B 2 2 TH @O bIE A MRy
Ehi- (Fig. 3-6-O, Fig. 3-7-D), = Z T, 47 HHIZ SSC 4 fifl % B8 7% E L,
SSC O EHFOWTHET L7z (Fig. 3-6-Q, Fig. 3-7-@) ., FEAKIFHFEE I ismL
7. SSC 2 AE%. MR O NOx-N OIE FAZEH S, Tk, Ak T-N
EMETFLTWDZ EMDRENEZ 722 EOMIZ, SSC 2% ET 52 LItk » T,
AN DIFRERST DEFEHHI 750 L 2> 549 500 L2 L, —BFIC Y 7 7 % O
TPETFTLEZ ENRRTH D LB X Bz, SSC ZBERMEICRETHZ &1L b,
W SR HR O VRIS PETG IR IE SSC AT B EL ST L E W, HlHEHGIEN I & AL
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RO BN ol FIHEMEBRSBRLIMEFIITE A EFELRVIREETE, SSC
DOFEND 10 xS E72 58 AE LV FOREIEMENS EH L TH v | fibE2 SSC
O ECHEL7ZZ L 2R LT\ D,

WIZ, HRERICERI L T =it AZk &2 SSC WERIZIRINT 5 £ 9 ICEE L, Higihy
(LI ZE UEE AR ER & ke L7 (Fig. 3-6-@), Fig. 3-7-@), fEd., ALFAKF O TN R,
TOC ¥ O F-HMEIXZNZ I 125 mg/L, ) 50 mg/L (2720 F¥) 46% D iz %
FERT A ENTETZ, TOCDEGFL TWAIZHL Db 6T, WERNM E Lo
T2 Z D ALK IR LD TOC BRI D L D TH D 2 L ARIE X
Nz, FERC, A TH THERASILTORFERINOHEHT 5 &, FEAKTIZIERY B =
VTV 3 — VOGS DS R E N E EN TR . L OMENERE LT
b0 LRSS,

3—3—4 HRT 0%

LI ERBROFE B, Yetd TIRFEKICK L TZERIRRIC L DRI 2 12 BEf TS 2 &
IZEoT M my FFT 2 MZBWT S @EWI TG R I ERINCHER R D &t
2, BERIS BT T2 Z LR TE L, 22T, EXRBEXRUC L DRI Z{To 7
BE/K % SSC OWHERIZERM L HRT % 24k S 7=dfe i LI 22 AL B8R 217 - 72 (RUN
3.4), RABRZAEIT Table 3-1 @ RUN 3.4 1Tk L7-, #I1#] MLSS 1% 7,200 mg/L., 225
PR T HRT 1% 12 B TfT - 72, SSC ZBREAE I 4 H%E L. FEKITZTNEh
? SSC NERDBER I I ZENENRM L7z, SSC U7 27 % T?D HRT ##@ A% 0
~36 H1£2.5 H, 36~71 HiZ 1.5 A, 71~94 H{X 0.7 B, 94~113 HiX 1.5 A, 113
AL 1.0 BICB b S8z, a4 s LT, CAS V77 # THRE L HRT TOM
HERBR 21T 572, Fig. 3-8 12 SSC U 7 7 Z h DLk NOx-N JE & T-N JRE DR H
BAbw R~ Uiz,

HRT=25day| 15day | 0.7day|1.5day| 1.0day
, 300
S Inf.T-N=230mg/L 280mg/L 2301%1/ L
g Q- - - - <O-  210mg/L @% Lo.0
s 9 §% % 4 8020 210mg/L. G oo

00 o
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Fig. 3-8 Changes in effluent nitrogen concentrations during continuous
treatment of dyeing wastewater with pre-aeration (RUN 3.4)
Symbols: O, effluent T-N; [, effluent NOx-N; ~~~, averageinfluent T-N

Fig. 3-9121X. SSC U7 7 % & CAS V7 7 Z DRHIK TOC Dft A2 k2R LTz,
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Fig. 3-10 ICiEAFEAK L SSC U T 7 Zthd pH O AL b Z R LIz, /-, £XMT
DEFZRER, LR DORER % Table 3-4 I2F & DT,

HRT=2.5day| 1.5day “0.7day‘1.5da¥ ’ 1.0day .

w
Q
o

| Inf.TOC=
130mg/L
200mg/L

200 .

5.5".;0'.:% 5@ somglL o
100 o .Qoé§ 8800 o 3 70mglL
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Fig. 3-9 Changes in effluent TOC during continuous treatment of dye wastewater
with CAS and SSC reactors (RUN 3.4)

Symbols; @, CASreactor; O, SSC reactor; --- ,influent TOC
HRT=25day| 1.5day ‘O.7day~1.5da¥ 1.0day‘
12 T + ) .
°
%
°
10 0
~ o,o‘oo
I eeedpy S, 3
5 oW PP % SHC adne
8 | 9 @ Uha(
O52568 Y
050 W 20
- 0 @ % g@

0 20 40 60 80 100 120 140 160
Time (days)

Fig. 3-10 Changes in effluent pH during continuous treatment of dyeing

wastewater with pre-aeration (RUN 3.4)
Symbols: @, influent pH; O, effluent pH
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Table 3-4 Results of continuous treatment experiment for dye
wastewater with CAS and SSC reactors (RUN 3.4)

Nitr ogen removal Nitrification
Time  Inf.T-N Eff.T-N efficiencies * Eff.NOX-N efficiencies*
(days)  (mglL) (mg/L) (%) (mg/L) (%)

CAS SSC CAS ssC CAs SSC CAS SsC

0-36 233+46 234+41 185+41 0 22  179+24 121+25 77 72
36-71  207x42 176x35 134+27 15 38 149x3 102+ 87 86
71-94  258xs54 212+38 211+44 18 19 90x19 38t 53 35

94-113 206+19 164+27 167+20 20 19 133+2s 90x43 85 62
113-143 227+46 175+35 200+38 23 13 66+24 73x17 52 44

#Nitr ogen removal efficiency=[(I nf.T-N-Eff.T-N)/Inf.T-N]
*Nitrification efficiency={[Eff.NOx-N+(I nf.T-N-Eff.T-N)]/I nf.T-N}

EHAEIAAT: 10 H HE X W SSC U 77 # B L WNCAS U 7 7 % O ikl THL SO 75
Z, HRT 7% 2.5 HTILSSC U 77 # Tid, WELFRIT Y 72 % TRERIT Y 22 %
\Z72 0, CAS V7 7 ZTld, BRI T7T %272 o720, MERISITET LD
ST, E5IZ, HRT % 1.5 HIZ L72ERCIE, SSCUT 7 X4 BIWUNCAS V77 X TD
ERIZZ N E N 86 % & T4 87 %, MERIZZNEI ) 38 % & FH) 15 %l
Tpotm,

PN ZDEIZE EE o7 Dix, BMERISIZHERKBHEAR L L TORERSE
BFERRRELEbDOEEZLND, LU s, AEKIZIE 50 ~ 100 mg/L @ TOC
DEFELTEY (Fig. 3-9). BFET S TOC BREOEFHEEMA L LT TV
W2 ERHERI SN, ZORIZOWTIE, HRT % 0.7~2.5 HIZELSH-8H581C
ALFRK TOC I IXIFIERRE TH o722 L b, PR FICER LT\ 5 TOC K4y
IRV B =TV 3 — LR E O RIED b DO TH Y | EDOKFRMEGE L L
TR BELMETHD EBEZ LT,

EHI1C, HRT 2 0.7 HEHHL 5L SSCU T HZBLWNCAS U T 7 XD )T,
LR, BZERE LK T Lz, ZhUE HRT B o2 b~ NThb EEZ
HNDHD, ZTOXMBTIEIpHI LLEDOBEKPHRAL TS 23 %X, U7 27 XN pH
N EF U720, bE EEEOTEMED pH OB TR FLZbDEEZXLND

(Fig. 3-10),

D%, HRT Z#H 0N 1.6 HIZRET &, Wb3RIZX SSC UV 7 7 ¥ THH) 62 %, CAS
U7 7 XTI 85 %lchE Lz, —FH T, MERIELLDOU T X TH 20 %fe
ET, &K< eoTe, ZAUL, ViEA TOC JREEH T4 80 mg/L TH Y | MZE DA
FRELTHHETEDLDONIFEAERD ST THD, D%, HRT # 1.0 H &
L7=WRCIE, AERIZSSC VUV 77 # THI 44 %, CAS U T 7 Z THHI 52 %2 £ T
T L. HRT ORERRBD BT,

AEIOERTIX, WBRTIHHEARN S OERRELITH A2, SSC U7 7 %D HRT
1.5 HELEE L, K 12 R O 228 KRR CRITWEE L 7= BE/K & SSC U 7 7 & OB
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SSCEINT 5 Z Lok o T, AHERFIROTINZA LIEBRK 38 D EHZENKRETE
5 REME 2R 2 L N SR T,

A S

SSC #RE L7=/"AM vy N7 T2 N HW TR LIGEEKOML « iR 2

ITOWIRDFER Z 1572,

1. SSC VU7 7 % TLBFEKZ BRI UIZH L « BLEAFE 21T 5 &, MR FIEO
BRI DD BT, EUSITIE E A CHEITE T, SSC OAWIEH Eizd v RO
WENAE LTz,

2. LHEEKE 12 BEREZESIBELKIC L DML Z I Z L ik - T, BATO
n-Hx % 60%LL EfRET S LR TE T,

3. ZERIBRAKIC X DATLER & Bl L 72 BEKICK L SSC ZFRE L=V 7 7 & CHifgiL
L., U727 ZNTHL - BERISDRIRFICETTT 5 2 & 2/ LT,

4. ZEKMEEAECO HRT % 121/, SSC U774 TOHRT % 1.5 AL LE+5 2
& T, BEKA~D TOC RO LIZ, K 38 DMEHRE1525 Z & B3k,
AWFFENZ BT, Fox B3BHZE L7- TOC iioy & BRI D FIRFBRE S AT L3, Y
BEAKMBRIZ#E I CX A AREME A /R T2 ERHIkT-, 7272 L, ERAOBITITL VERE
BhERD S  INORE LT IE N2 T IR B, £07-0I1ch, SH%ITAKRE

RFETROTNRC, L0 FHOHE R TOLIRIZOWTORGEIT O RERH D,
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BAE AW E AT QB READ D DEHERE

F1E B

2 TRV = AT )V BIASEAT ZAE VB IE D 25 EA AR S U CTHOW D ETE A 2 BAFS L
THNVEIREHEICRRE T HZLIZL ST, B FARNOOE R IR ED AIREL 70 DFEKUEL S 2T 2
ZBAFEL D29 | BEFEEUGUTZ, ZOMBL 2T 2A T RRYLEBE K OB L - I 28 4L
HERBRAAT 7L 2 A, HRT 231 H OIRSHE HIZEEM AR E D520k T, BHRREDN
AT TAZLEMER L 99, SHIZ, ZOMF 27 2D FEAbA BFEL ., Fox 1 TfdkiLicsdh
DS YLt 3D FEKALFRRAG 2 A 1y b T MR B L, Yeta FZFOK OGS - i 22 i BR
AT RPEKILEES AT LOFERAMEIZ DWW THREETo72, ZOREF:, HRT 1.5 H OBGET
FEEEL . ZFRANM 0.2 kg/m3-day DFM T, BRBRERN 40 %, AHEEREREER 70%
ZRERL L7267,

LIAL7ei D, LG DOFEBROFER, Fox OB LIRS 27 2% FZHUET 2 2121
2ODRERIENE-Tz, —DIL, HEHEDOUETH D, Fxr ORBRTIT, Jefapik
% NOs|ZEHT 2RI DA, 1.5 B> TEY . ZOMLIEEDOSEI K & 7258
BT oTe, EBIT, b9 —mld, Mz LI-wEBS 2R <R 28 Th D,
RAmy T2 MBI ERTIE, BHIRICO 0 BRaikid 5 &, ANk BES
FONEL, BiFeWEBE 2 R, ZERNCHERFT 2 s CRREN k- 7=, £ 2 C, Fx
AL - BLEENROUE: L ZE LT WEBBIOMER 2 BIZIC, BEEEEE LTRY =
T VBIAAT ORI, AV = W BR 21T Z LI LT,

PRA DX, FIRILRORIGFEED—2>TH Y . ZOMER L UOIRETE 2 1Zi%E
5 LRS-, BIRMNERNOBEELHA L L THERZ A Vi 2 iat - BT 5
CLNHRETH D, FIT, HxlE Ha O S WA AT L. WL - RSO0
DEEAEE L TOREZOWTEHE 21T 272,

E28 FERGE
4—2—1 #E5E

PEERVB VR IR L T 2 2 R0k | SR ALBRG OTE MBI E W, ZORRABRGIZI
ATEBEAKTZIT Tl b TIGHER IR AL TERY, AR MBI IV A,

F7-, LOYAFEKIZHIIEL TODESE 2 HD AR Yt T BE K G OTEYET G JeAs )5
DOIEMIBIELFETHIEE L THW -, ZOYE T O PR ABRR I 23V T, IR % TREMGHE
HHEN DY FEK A AEE S MG RTE I Z KV AL R AA T > T VD,

4—2—2 RANVEE RO LEE ORIE

MBI KO 72 5 6 FEHD <A NV (A —F 31 UL, 5 cm X 5 em, 6 42
BRIV (Fig. 4-1), Yoot im MG IE & SRk apé/K (Table 4-1) &4 L, MLSS
IREEZ 80 ~ 100 mg/L IZF#&E L7z, BREUE (iE 9 em. 29 cm, TRE 19 cm., &4H 3.85
L) (& Az AL, HRT 1 A TARGLERK 2 itda42 2 & Tkt 217
WV, 1EMB OB EREZE#E ( NOx-N = NO»N+NOs-N ) o4& RIE Lz, £z,
belget g & L CHANA U — RO R Y = 27 VELREE AR MB-T9-P (R U = 2 7 /Lilk
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Mez 4 B ) VU AT Ly aRl v —4 RIS E RS 5 Z L TR U = 27 Uil
HEZ 7T AN TAfEE STV D EA 9 mm OAEAR) ZHWCREEOREBR 21T -7,

(Pile-A) (Pile-B) (Pile-C)
P:acrylic 100% P:rayon 100% P:cotton 100%

B:rayon 100% B:rayon 100%

o
h

B:cotton 100%

(Pile-D) (Pile-E) | (Pi IeF) |

P:acrylic 100% P:acrylic 100% P:ester 30%
B:ester 45% B:ester 45% + cotton 70%
+acrylic 55% +acrylic55%  B:ester 65%

+ rayon 35%

Fig. 4-1 Photographs of pilefabricsbiomasscarriers
P: material of the pile part of pilefabrics
B: material of thebase part of pilefabrics

Table4-1 Composition of synthetic dyeing wastewater

Components Concentration
Urea 0.40 g/L
NaHCO, 0.40 g/L
Sodium Alginate (5%) 172 g/L
Starch 0.20 g/L
H,PO, (85%) 7.4 mg/L
Cibacron Red P-B (33%) 6 mg/L
Procion Blue P-GR (40%) 5.2 mg/L
Kayacion Yellow P-M 3R (33%) 6 mg/L

m-Nitrobenzensulfonic acid sodium (20%) 0.20g/L

Tap water 1.0L

4—2—3 ANV E RV EBRAEZEORIE

Fig. 4-1 1R L= 6 FEFEED /A /L) (5 em X 5 ecm) ZZF A&+ T80 °C, 1
BF e S, Ty — 2T BRE L (W), IS0 1 U & Yeta 240
PEVGUE (MLSS % : 5,000 mg/L) 500 ml D A-7-E—H—|Z# A L, EE T 20 K
MR LT, 20K, AV AR H L, widgd© 80 C. 1R, 737
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— Z PTG BITR L2 (Wa), 7 v 7 HIE L LT, e E MG IR 235040 B (8,000
rpm, 5453) &AM (0.2pm O 4 LF—) [Tk T, S &R LI 500 mL %
Bz, ZOWEE T, RERC A Vg Lo R (Wo) ZBlE L7z, K511
Lo TIHIRMER (Sw) ZRkor-, Hilsds e LTRY =257 VRA#HAT (MB-T9-P)
Z O ClRER O FER 21T > 72,

Sw = (Wa—Wo)— W (4-1)

4—2—4 T7INEASANEDE TR GERE ORIE

Fig. 4-2 |2 ORIERBRICFEE AR & L TRW S VOB R 273, 2
DA N OMEILT 7 U IUBHET, <A VO R SILER 1 mm Tholo, /3
A NVDOFE1E, Pile-G 23 1.0 cm, Pile-H 78 3.0 cm T, THNENOEMEIL A NVDOFEE %
IRL TS, ZIVED/ A LR LT, Z1F 50 cem2 (10cm X 5 cm) DEFEIZ/R
% £ 91T Fig. 4-3-(WITT EEA 2 6 EfFR L7z, Zh b OREE(bA 215G TE (Fnik
JIFERBIGIEIEIGR) 2RI L7-ig5HE (Fig. 4-3-(B), AfE3.85 L) IZakiE L, 1 HH
725K (3 L/min) ¥ 5 Z & CIHIRA NI AR EL S ¥, £ZICHRT1 HTH
iYL B FEK A N L e L aRBR 21TV [EE(bA DBIEE 21T - 72, LB F1> NOx-N
IRENZIE—E &L 2D D &R L TH b A LEHE DORIE 21T > 7o, iR EERIE D212,
Bilgs L7=FEE{bA &2 1 SE D L. Table 4-2 127~ L7- bR EERIEH OB, 1.5 L3 A
ST BFE DBEFEIM ZGRE L. KRG T T AT 5 NOx-N JREE ORIl 4
E LT, 70, TR TRICIE, 5 LIiGlR o E &4 1E L,

ZDOFRIZIBNT S SIS AR U = 27 VIR (MB-T9-P) & W - B A 1T o 72,

Pile-G-60 Pile-G-30 Pile-G-15 Pile-G-10

Pile-H-36 Pile-H-18 Pile-H-9 Pile-H-6

Fig. 4-2 Photographs of acrylic pile fabricsbiomasscarriers
Material; acrylic fiber
Diameter of apile; 1 mm
Length of pile; Pile-G: 1.0 cm, Pile-H: 3.0cm
Last number indicatesthe pile per 1 cm?
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(A) (B)
Fig. 4-3 Photographs of the biomass carriers
(A) and continuous nitrification treatment

Table4-2 Composition of synthetic
medium for measur ement of
nitrification rate

Components Concentration
(NH,),S0, 943 mg/L
KH,PO, 100 mg/L
NaHCO, 400 mg/L
Na,CO,4 360 mg/L
MgSO,=7H,0 60 mg/L
FeSO,*7H,0 8 mg/L
CaCl,*2H,0 8 mg/L
Tap water 10L

tank (B) using acrylic pilefabrics

4—2—5 T 7 U NENA VR E RV TOERIRE - BLERER
AL E O % Fig. 4-4 12, AWZEE(M OFE% Fig. 4-5 (R Lz, BEAEIE
(i) | AR ALETE T TE) & SRk FEK A g5 (57 3.85 L) IZiRN L7-1&1z/8
A IR E IO CTUERR L7 B E A 2% L, 1 B REZe%0R% (3 L/min) 45 Z & Ti5IE
T ARAT A A B E L ST, EDE, WF@EW%?TI/V&Z))E HRT1 H CTA S @Fiﬁ(%
WSl I 72X EEAAM BRI RS U7e,  [EEbAF D NEBIXEE AL 0 PN A B IR R
5 &9, MOmANZT 7 U ABOSA VAT 117 72 (Fig. 4-5 (A), @ﬁaﬁﬂiﬁ Iv

VORATATUY, IRE TR R 2 TU 720,

ST

OL_10_1® .

@ I ) R D E—

Fig. 4-4 Schematic diagram of continuous
nitrification and denitrification treatment using
acrylic pilefabricss

D® - @ ; biomass carriers, @ ; aeration
ingrument, ® ; aeration tank, ®; influent
storagetank, @; feed pump, ®; effluent

4—2—6 HFFHiE

NH4N (FA R 7=/ — v F WL EIEICED

Fig. 4-5 Photographs of continuous
nitrification and denitrification
treatment using acrylic pile fabrics
(Pile-H-36)

(A); biomasscarriers

(B); outside, aerobic zone

(C); inside, anaerobic zone

FEEL7(JIS K-0102, 1998), NOx-N

(NOs"N+NOg-N) 138 hRIT LB T LB TT—FT 7 F IV F L o DT IR IV E
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2|72 (JIS K-0102, 1998), £%5% (T'N), AfREkFE (TOC) MRS EREFTHR D4
HHRERFE T TOC-Vepwerny THIE U7, I8 ERZIEEE (DO) | pH 1%, £ 4 DKK-TOA
(o> DO-21P, HM-20P CTHIE L7=,

4—2—7 Ja—=Vr 7RI X 2MEYBROMENT

FEERIZ AN K% % Table 4-3 12”7,

EEA IR DO RIS EEE SNi5RZ 1 Ae R L, DNA Ofith%E1T->72, fil
H U723k DNA ORFEZ 0 EERHC X D IE L, 10 ng/pL AR L7, 1pL & #7
ELTARZ T U T NS T A4 ~—357TF (5-CCTACGGGAGGCAGCAG-3) & 534R
(5>-ATTACCGCGGCTGCTGG-3) T PCR #4772, PCR §:{i% denaturing 94°C 15 sec,
annealing 60°C 30 sec, extension 68°C 15sec & L. 30 cycle {T>7,

HEFE L7- DNA %277 A2 3 R~ % —(p-Bluescript KS+) % W CKIEE (DH10B) (12
TWE AT o 7o, IWEIRHIZ L VG oAV a n =—% 38R % . LB+Amp #KIAEGHIC
—WiEEE L, ST A REf L, filRE#ESR EcoRI BEL W Xho LIZKDELL, T
H— A7 VERIKENZ L0 A P — N &R LT,

A Y= e LT =D T, =77 %47, NCBI BLAST 7=
7 2 (http//www.ncbinlm.nih.gov/) % AW CHIREIERZEE 21T -7,

Table 4-3 Experimental materials and reagentsfor community analysis

KOD-Plus-polymerase (TOYOBO)

pre-mix (KOD buffer, MgSO4 1 mM, dNTP 0.2 mM each)
p-Bluescript KS+

Wizard SV Gel and PCR Clean-Up System (Promega)

Restriction enzyme (EcoR I, Xho I)
1 X TAE buffer (50 x TAE buffer: Tris 242 g/L, glacial acetic acid 57.1 mL/L, 0.5 M
EDTA (pH 8.0)100 mL/L)

DNA Ligation Kit Ver. 2 solution I (Takara)
E.coli DH10B
X-gal (5-bromo-4-chloro-3-indolyl- 8 -D-galactopyranoside)

IPTG (isopropyl- B -D-galactoside)

Solution I (glucose 50mM, Tris-HCI (pH8.0) 25mM, EDTA (pH8.0) 10mM)

Solution I (NaOH 0.2 N, SDS 1 %)

Solution II (5 M potassium acetate 60 mL, glacial acetoc acid 11.5 mL, sterilized water
28.5mL)

LB plate (+Amp, +IPTG, +X-gal, Polypepton 10 g/L, Yeast extract 5 g/L,
Bacto-Tryptone 10 g/L, NaCl 5 g/L)

LB +Amp medium solution (Ampicillin Sodium 0.1 g/L, Polypepton 10 g/L, Yeast
extract 5 g/L, Bacto-Tryptone 10 g/L, NaCl 5 g/L

TE buffer (Tris-HCI 1.21 g/L, EDTA 0.37 g/L)
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F3H EBRERBLIUESE
4—3—1 REEfeiEtks UTEL DA Vil e OB 6 OLEE L5 E R

£ Fig. 411K LITHlix O A Vi 2 -V T, 280 A Vi Z 5 b

KL U THWzEmi GBR 21T, BRAGTE 1M T NOx-N AERdEtEZ2 e Lz, %
= A IR DRI DIHGIASHE Bl DN TS BT 21T o 72, #ii R4 Table 4-4 [27R 7,
NOx-N ERREE T Pile-C 235 b i< 720 30 mg-N/L (23 L7223, LIS D<A Lk
Tl Rl 2 O 2356 S IEIZRE O NOx-N ARGREE & 72 > 72, Pile-C 123N THARL
L7z NOx-N IREED m < 72 o T BIRNE, oD dAR & bl U CTIMIANZED R & < | FIRICHTS

L 72i5e & RUBRE & DBEFREEARE S RDT72DTHh H EFER b,

—J7. 1GlefaE &L, PileA. D, E 23Rl 2 V286 & i U TR E 213 Z
ML DB R L o7z, ZHH D STED A VB OMEIZIZT 7 U Vg £h
TEY., LVZLOFNREMEBESEL/0OFEM L LTE, 77 UV #E L TV D
EEABNI, Yo & XY kGt MoBEE (R S LT, GIefa &2 R
ELRDEITHMEITT 7 YT, MR RE SR D XA NG OR SRS
RN ONE L TnD LW L7z, & 2T, Pile-C OIZIRITET=T 27 U VB SA LK
Y Pile-G B LU PileH Z AF- L, THENOMLEEIINZ DWW TIRET 21T~ 7,

Table4-4 NOx-N production and the amounts of
attached sludge on biomass carrier in continuous
nitrification treatment.

Biomass carriers NOx-N Amounts of
production™ attached sludge™?
Pile-A 8.5 mg/L 96 g/m?
Pile-B 12.2 mg/L 57 g/m?
Pile-C 30.0 mg/L 58 g/m?
Pile-D 10.3 mg/L 102 g/m?
Pile-E 10.6 mg/L 68 g/m?
Pile-F 8.2 mg/L 43 g/m?
MB*3 10.4 mg/L 71 g/m2

*1; NOx-N concentrations after one week
*2: after 20 hours, 5cm X 5cm biomass carrier
*3; MB-T9-P (non-woven)

4—3—2 NANEEDOHEECFITTRE

Fig. 4-6 [Z3A VDOEEN 1.0 ecm O 7 7 U VLA LY Pile-G % VW CTHE{EaRER
AT T fbE R % Fig. 4-TIZANVOEIN 3.0 cm O7 7 U VLS A Vi) Pile-H % H
WTHHEERBR 21T o o A R L, 7S/ LED 1.0 cm O Pile-G Z W34, 21 L
HEIEDRT e D AT A VR T, AR LT NOxXN BICKE 2813720 < RikAm
MB-T9-P) & W= 35a Ll L Ch, IRIERRE CTH-7-(Figd-6), — . 7/~ LEN
3.0 cm @ Pile-H & W6, A NVEENEL 72 51220C, Epkd 5 NOxN &b
%< 7xolz, Flo, TNHORNZEWT, L0 NOx-N &I FRICH L T—kBI%K
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FOICHIIN L7z, 2D OEBROME 22 b EALEFEY 720 O NOx-N ApcRE 2R L,
Table 4-5 |2/~ L7z, fE8L., Pile-G Z W26 120E, A VEEICER 72 < —EIZ72 D |
ZOfEIX MB-T9-P # W& LRSS ThH o7z, LU s, Pile-H W40
NOx-N O HAERKEE X MB-T9-P ® 2 (5Ll EOfEIZ /e~ 72, FrlZ, Pile-H-36 % W 7
(2. NOx-N D HARGEE X 20.1 g-NOx-N/m2/day (2 L, MB-T9-P %\ 7254 DK
34T oTe, —T 7S IR LB EIZB VT, NOx-N O HeA AT &
[REEDOMMZ 7~ L, Pile-H-36 % FHV = & & OJETEMI A &1L, MB-T9-P % 7z & & 0f
34 EDIBRMERIZ -T2, ZNHDOFEEN S, NOx-N O AERGHEFE 1331 ARk fF
ET DIHIEEIKFET D Z &3 filoTz,

40
5
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Fig. 46 Changes in amounts of NOx-N production during batch treatment of
synthetic influents using various dendty of pilefabricswith pilelength 1.0 cm
Symboals: O; Pile-G-60, A ; Pile-G-30, [J; Pile-G-15, {>; Pile-G-10,@; MB-T9-P
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Fig. 4-7 Changes in amounts of NOx-N production during batch treatment of
synthetic influents using various density of pilefabricswith pilelength 3.0 cm
Symboals: O; Pile-H-36, A ; Pile-H-18, [1; Pile-H-9, <; Pile-H-6,@; MB-T9-P
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Table4-5 Amounts of attached sludge on biomass
carrier and specific nitrification ratesin batch
nitrification experiments.

Biomass Amounts of Specific
carriers attached sludge nitrification rates
(9) (g-NOx-N/m2-day)
MB 0.252 5.9
G-60 0.284 8.7
G-30 0.275 4.9
G-15 0.243 54
G-10 0.160 50
H-36 0.845 20.1
H-18 0.610 135
H-9 0.526 12.6
H-6 0.594 1.6
MB; MB-T9-P,

G; Pilelength 1.0cm, H; Pilelength 3.0cm

4—3—3 EEMEEE LTSS Vi & W ToEse s LB

IHE TOMERBRICB N T, &bmWIEEEN S ONTT 7 U AR-OSA LY
Pile-H-36 % V5IRf135 O EEA L L CHWT, bR 21T 72, Z Oiih
{ERBRIZ BT DR O A 2k % Fig. 4-8 1T/ LT,

HRT  24hr | 17hr | 12hr | 24hr{ 10hr
TN Load ‘ ‘ ‘

(kgmi-day) 02 0.3 0.4 o.2§ 05
100.0 i i : i
- O| I |
S & | |
i A e
5 600 5o 80%, | 78% (O, oy paseio T5%
k&) ' | | |
S 400 | | 609!
§ ) | | |
2 | | I
£ 200 a : |
5 | | |
0.0 | | |

0O 10 20 30 40 50 60 70 80 90 100
Times (days)
Fig. 4-8 Changesin nitrification efficiencies during continuoustreatment of synthetic
dyeing wastewater using acrylic pile fabrics (Pile-H-36) as biomass carrier

HRT % 24 hr, 17hr, 12hr E 5428 T5H 2 LIk - T, MAERANT &L BT
IZ BT o T, MAZZARMENELRDIZON, EERMNMET L, ZEAMD 04

43



kg/m?-day T 60 %fREIZ/R o7, ZD%, MAERAM L 0.2 kg/m3-day IZRTZ &1
Lo TV bRZ @O %, BE, IAERAMEL 0.5kg/m?-day I[CET LIF7E A,
75 %D LA MR 5 Z Lk, 2D Z & X0, Pile-H-36 23MH{LiBIEH O EE
fEHRE LT, A CTHHZ LT,

4—3—4 BEEtiEks LTS A% RS - DRk

7 7 UMD A VR Pile-H-36 Z15IRAHE HOBEELHA L LTHWT Fig. 451
Y& REEM AR L ARG B OB R L - SRR 21T o T, R A
Fig. 4-9 IR L7=,

Addition point of wastewater
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~ 100
L |
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© |\ | -/
S s SN
5 2 St Q0% o4 ﬁg =
z i |
T 0

0 10 20 30 40 50 60 70
Time (days)

Fig. 4-9 Changesin T-N removal efficiencies during continuous treatment of synthetic
dyeing wastewater susing acrylic pile fabrics (Pile-H-36) asbiomasscarriers.

F9. ARG AEEK % Fig. 4-4 Cf L7 A ONLEITER AN UT-FE, 2ERERERIZELERE 1

B THI 40 BIRRE TH o723, RA KT LK 20 %REEEIZ /e > 70, 2 OWIR CTIIALERIK
pH X 8~9 THYV | kA ’Eﬁﬂ‘é AIOBEMETT =7 A M) v B I X HDEHRRE
BELT-EZEZ BT, RIZ, BRGEBEKOTIEGHT % Fig. 4-4 (ZRx LT B OALEICE
BLlzE 2 A, BHRRERITH 40 REEIZE T LA L2, ZOBBRAIIE T L TVE,
20 %LL FIZE TR T L7e, & BIS AR GLEBEK OIRINGHT & Fig. 4-4 (8 LIZBIZIN A,
C DB HIRINT 2 L HICER LIz L 24, TNERERIT, —FFHIC 50 %aBA 2 b0
D, TORIFHRA KT LTNE, 20 %L FIZIK T L7,

ZDOFEBHE TR, 7S A I~ DIBIe DI B DR F 2 Bl52 LT, £ DOFHE% Fig. 4-10
\ZR LTz, ZEMIOBE.D Biomass carrier @ILFE/K & [E EA LA PR OB SES 73~ A LT
AV, AHRAIOEE.D Biomass carrier QIXBEK 2 [EELA ONERIZEIRN L7272
HLDOTHD, EBLOLDEEHEIRTE ., 5D/ A VESTIE, HRAMIE L THD 0
DV~ 7=, F£7-. Biomass carrier @A TIL, HEEE W ITEDH LT, A /Hﬁk%
IZENWREETHY, —J7, BEAKRENTIZEIN L7 Biomass carrier @DHEHI T
INAN—THIZHFEE D 75>m?¥') EZ}”L WEBENO R CTREOSH S Z B ENERD |
HNCERBREZELT 5 AT FE D OWENPMETH D Z Lo T,
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Inside Outside Inside Outside
(anaer obic zone) (aerobiczone)  (anaerobic zone) (aer obic zone)

Biomass carrier @ Biomasscarrier @

Fig. 4-10 Photogr aphs of biomass carriersat the end of experiment

% Z T, Fig. 4-11 OFEED X 5 72— 23 D IRIS IR > T D 7 7 U VLS A Vg
¥ Pile-T (A —-Y A /Ut 2 HWC, B ZER L, &kt pEk omEHiig l -
Wi 2 EEEAER 21T > 7=, HEHE% Table 4-6 (2% & 072,

N e ey e

Aerobic zone Anaerobic zone

Fig. 4-11 Photographs of biomass carriers (Pile-l) for continuous
nitrification and denitrification treatment

TMAZERIRE X 200 mg/L T—EDSMT, HRT % 23 hr, 15hr, 12 hr & BpErIZ
< LA RUN-1~ID) 128, £980 %R \WEHLREHERFT 5 Z LM k0, &%
PrEFIZOWVTIE HRT IZBR7e <9 24 % L {Kh - 7=, — 57T, TOC BrEHIL 82~93 %
TIFIZEDN o T, 2D L XV PBENEIT L2 TF R E LT, B AROA RN
Ez b, 2T, RUNIV, RUN-V TIEARGEEAFEK T O T A5 A DOURINE:% BT
[N E R, WA TOC E(Inf. TOC) Z#Z{b & H7-, ZOfEE, HRT=12 hr T Inf. TOC
=270 mg/L DIFIZZEHRIRER 35%, Inf. TOC=450 mg/L DEFICEEFIRFER 56 %% =k
L7z, &5ICHRT=19hr (¥ & L7254 (RUN-VD) Tid, Inf. TOC=450 mg/L T%EH
BRESE 7T & R T 5 2 &Mk,

45



Table 4-6 Results of continuous nitrification and T-N removal
efficienciesusing acrylic pilefabrics (Pile-1) asbiomass carrier

HRT Influent Nitrification T-N TOC
RUN TOC efficiencies removal  removal
(hrs) o efficiencies efficiencies

(mg/L) (%) (%) (%)
I 23 210 84 24 93
I 15 210 82 23 93
m 12 210 77 24 82
v 12 270 81 35 93
V 12 450 82 56 96
VI 19 450 99 77 95

Average Influent T-N = 200 mg/L

Z ORI T, BRI S L TRV A AR~ DI A B ORET 2 B2 L
7. Fig. 4-12 \ZIHIR M3 L BEILH O T2 7 Uiz, BE(H OSMUDIEGES T,
S VREICTHIRME STV B ORBIETE  —F CEEMONRIOBLES T,
R 2 TR LTS8, ARSE 013078 < BIEAWEBEIAER T Tu
B LIS,

Outside Inside
(aerobic zone) (anaer obic zone)
Fig. 4-12 Photographs of biomass carriers (Pile-ll) at the end of
continuous nitrification and denitrification treatment

4—3—5 HFAHBRBRORT

INFETORBRICEBN T, BRIREEZDLEOIAT O 720121F, TOC/TN bz Eif 2503
NV, BFEYEEEKTOTASATINEZEINESE S Z LI X - THEIR 12 BT
50 %Ll EDOZERRERNELND Z ENbholz, 2T, TASAUSNDEREILRZIR
(2N TZEDIRE MM R FEFHEEIRE L TORIZHOWN TR L7, TOCE L LT
X, TARADMIZ, A% 7 —), BT Y 7 LABLIUORY =171 2—L(PVAIZ
OWTHREIT- T2, AH J—E, REOZDOBE SR E LT, &b —RAIcfHb
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NTWAWETHHN, ERWEINET L a— VEICIEE SN TEY . ZOFECHY %
WEORIBED DFEK T COMERNCRENE S, —F., Big) b U U MK~ OEMRME S
A R IRBVE, BEOREGITEORBE S VR TENLTEY . Pk IT5GD
B CHEAT 2B FEGARLE LT, ML TWAEEZLNS, 7. fEUmIcHh D%
TG TIIEER T Y U ADRRIEM E UTHRE L, ZOREEFEIEYIBLN R ZRiEIC 7 -
TWH b HDH, TZ T, BT M) v 2OE AR E L TOF AT > 72, PVA X
Yeta TR OHEH S AHK (REEEK EFEIN D) FIZZEENTVDLIMETHY |
HRIEOMBED— 2> Th D72, — RO GGL K & 135V — MTTR 1 EMRED
HRT %R L7 AZMETR MG IRIAIC K VA 1T > T\ D, 20 PVA EHHKOFIHO A
BEMEIZ O WCEHMIE 21T 9 72012 PVA 2 W= EBR 1772,

FBIE, Pilel VT, BEEMEERL (Fig. 4-11 ZH8), TASA, A J—)L,
FEfg T RV U A PVA 22N ZivE G4 & L THWGRREFEK OMEkiEL - iz
WEEERBR 21T - 7=, & EBRBILAFFIZI1X, Table 4-1 DAY AHEK Z VT 18~42 H#iHE
BELE ATV B AR & L CTHE Pile T ISR TN EEE S, bR, %=
FREREPICZE L TEOEHER L TrD, BitGARE LTEMELZBEML T o7
(Phase 1),

FT, BAGARLE LTTASAE WSO R % Fig, 413 1277,
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Fig. 4-13 Changesin nitrification efficienciesand T-N removal efficiencies
during continuoustreatment using Pile-l with starch asthe TOC source
Symbols: [; nitrification efficiencies, @ ; T-N removal efficiencies,
........ ; T-N loadingrate, — — — . ; TOC loading rate

EERBALAT. 42 H HLRR, WAZERZAMZ 0.2 kg/m3-day T—EICLT=EE. TASA
DOIIMEZNENRIERS L, Fig. 4-13 @ Phase I ~IVTiE, TOC &% Fh£h 0.25, 0.32,
0.42 kg /m3/day EHIMS 7z, ZOREE, LI 80 %L L&HMERF L7 E £ T, =
FBRERIL 27 %, 38 %, 56 %2720 TOC Ao EITEmL rote, 2T, BEK
OEREFLIT—EDEFE T HRT 28 < 35 2 LI Lo CURAERZAMB L OYEA TOC
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BAfiZ EiIFCuvo7z (Fig. 4-13 Phase VI X OV, fER, AR AR L OVWEA TOC
A& N4, 0.25 kg/m3-day 33 LT 0.55 kg/m3-day |2 L7z PhaseV Ci, FRH(L
1T 98 %, THEHRIRERIT 60 WIZE LTz, IDHIT, Ar LRI, FHRAZRA
fif 0.42 kg/m?-day. A TOC £ 0.88 kg/m3-day (2 L7z PhaseVITiZ, “FEHREL
FIL 43 %, FHIERRERIL 42 %ICFE TR T Lz, bR EERBREFENMET LBEh
X, RNICHAT 2 HE RN < 725720, BECIRICAAEREE ST HTGIEENH 2
7o T DI EISNC LR & 72 DIRFR BN Tl Tele O Th D E & 2 billz, — 5T,
TOC FREIZHOWTIE, 2 TOHIRIZEWT 94 %L EO@mWREREZED Z &3 kT,
INLOFREREIY, TABRAEEFGARE L THWESEEICIE, MAZZARNE 0.2
kg/m3-day & L. TOC/T-N tt% 2 f5FREEIZ72 5 L DI TCASAETINT 52 Lk - T,
#) 60 %DEFRFRE L 90 %L LD TOC BREMNFRHIHETT 5 Z & DMiEE TE 72,

WIZ, AH ) —NEEGARE L THOWERORE R % Fig. 4-14 (TR T,
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Fig. 4-14 Changes in nitrification efficiencies and T-N removal efficiencies during

continuoustreatment using Pile-l with methanol asthe TOC source
Symbols: [J; nitrification efficiencies, @ ; T-N removal efficiencies,

MAZELZAMNZ 0.37 kg/m3-day & L72FF®D Phasell ~IV T, A TOC &fifld 0.41
~0.52kg/m3-day T, ZOHIM, A ¥ ) —/LOTMENHIT HI2EN T, BHEEEERD
&= < 72 HDEMDFRD Hivlz, TASAZEHWTZEEIZIE, 50 %D EREREREENRTDHT-
DITIE, MAZRAMD 2 FFRED TOC OIRMNMLETH 7203, AX J—/E R\
BAIIE, MAZEZAMD 1.4 5FRED TOC OFINT 50 %DERREREZFHZLNT
X7, L LR G, MAZERAROK 2.1 50 TOC AfMIZ/RD K I A X /) —/VEE
U7z Phase VIIZISUW T, (bR, EHBRERLE HIZ50 %A FICE TR T L, ZOJR
KL, TASAEHWGA EFEERIZ, RRICIRAT 268 ENR L b=, EHiEl
PRI AT S E S DTEIR B 2 72 72 DI AL UGS LB & 7 DIRE BN 14 TR
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Tz ENELLNZ, —J T, TOC BREZSOWTE, £ TOMRIZHWT 92 %Ll EDE
WBREREED Z ENHEETW, ZROHORRIY, A ¥ ) — LB AEARE LTH
WEEAIZIE, RAZEZANE 0.25 kg/m3-day & L. TOC/T-N k% 2 (FFEEIC/R2 D X9
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Fig. 4-15 Changesin nitrification efficiencies and T-N removal efficiencies during
continuoustreatment using Pile-l with sodium acetate asthe TOC source

Symbols: [; nitrification efficiencies, @ ; T-N removal efficiencies,
"""" ; T-N loadingrate, == = ; TOC loading rate

Phase I LAFFOEHACTIE, WAZEFZAMZ 0.38 kg/m3-day T—E & L TEREZIT-T,
Phase I ~IVTIE, 0.45~0.78 kg/m3-day O#iH Tt A TOC Efif & BEPsis FiF7-, BE
2 R U U LAOWRMENSHINT 212N T, ERBREFLE L RHBMPRO DNz, L
L, ERLFERRIZIK T L TNE, TARARRAY ) — v HWIGE LT R DiER
Elpolo, £ T, MAEFARITIZOEET, A TOC A% 0.44 kg/m3-day (ZF T
TFCL DY 80 %LL ICEHE LD #ER L THh 6 (Fig. 4-15 Phase V), FFOYTEA
TOC &z B Cinvolo & Z A, MAEFRAMD 0.38 kg/m3-day T, TOC/TN k% 2.2
R D XD IR R U U LAZTINT 52 L2k - T, 60 %UDZEHRREL 83 %A LD
TOC FRENFRHCHETT 5 Z EBHERE TE T,

%2, PVA B 5 E L THWZREORE R E Fig.d-16 1~ d, MAZRAMD
0.2 kg/m3-day F2E O ARV ERIZBW T, PVA OFINEZHEC L, JiiA TOC Afsf
T B TE BRI 70 %L EAHERET 5 2 E N TE T BRBERITB BT 20 %
UIFCENoTz, 202D, PVAIRREMSIZBIT2EHG5ARE LTIAA#ETHD
Z eI T, — 5T, TOC FREFIL 95 %Ll EZHERF L TRV | IEFITEVHEIZ/R > T,
—HRAINC PVA [ ZEESYEOWE TH D & S TEY | @ TIHITBWTEH, @ OFEK
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Fig. 416 Changes in nitrification efficiencies and T-N removal efficiencies
during continuoustreatment using Pile-l with PVA asthe TOC source
Symbols: [; nitrification efficiencies, @ ; T-N removal efficiencies,
"""" ; T-N loadingrate, = = =, TOC loading rate

4—3—6 IS ANVBWATEREE SN IBIROBEMSESE

Fig. 4-17 12 Pile-1 & FV Tty b i 28 LEREABR 21 T - 7= O [E @A R IR A~ DB IR D
MEREZBZ L 552 R LT, (A) XEALGEE L TTASAEZHWEEES. (B)
IXPVA Z WO EREZ R LTz, B G4EE L TTASAEHWESGEIZIE, Pilel
DORERENAGIENMTEEE SN THY | FFGIRITITZE A CBIETE R oTe, —H,
PVA Z W 5512018, KUROFRAHEISIGIR O E DR T E 723, RIMENIZSERIT
R TOEEITIE, TBIROMEIZH E VRO LT, NA VAR X 5 L5 ki
Thotz, £, ZORBIREBRGIFE A CBERTE P, BIREIIIEFITD R - T,
L L7 B, PVA Z WA iR TOC HfiERIX TAS A E WG A &
REREFTR L, WEERRITHER SN TR Y | IEFITDRUVGIREZR D 6 2= L <k
FOGER TOC Z3 iSOG T LTz,
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A ®
Fig. 4-17 Photographs of biomass carriers (Pile-l) at the end of
continuous nitrification and denitrification treatment with starch (A)
and PVA (B) asthe TOC sourse

Tz, ENENOEEARIATZEE E ST DIEIRFUIFET v N % Y-8
MEUC LV BIEE LTz, Fig. 418 ICE G L L TTASAB LU PVA 2o RF DB
WEEHE 2R LT AP ET5 IR OBIZ213 Fig. 4-13 3 L (' Fig. 4-16 TR L7=328 o 98 H .
137 H, 158 HIZ4T~ 7=,

Starch PVA
(A) Taken on day 98

W L s
Starch PVA
(B) Taken on day 137

o AP

Starch PVA
(C) Taken on day 158

Fig. 4-18 Microscopic photographs of dudge attached on Pile-l during
continuous treatment using starch and PVA asthe TOC source
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ZORER, TASAERWEEA, K 30 BRE T Aerosoma JEINBIEIND L DL
V. FEBRKETRRE TR _ﬁﬁﬁ’xéhto 7=, Vorticella J&=<° Rotaria J& b 325+ _g
SBIRT D2 Enkiz, 2o DEMITIIT HIGTRERFIL Aerosoma J&ET 0.22,
Vorticella J& T 0.47, Rotaria @}’C 0.39 LIRWOZ L2 JHIROBEIIZ DA o7 b
HE LTV D, ARIHW T EREEEIT, d:l&ﬁﬁi’ RE Lol b b 6T SS 7 U —

DO 7LBUKDMG Hiviz, PVA %ﬁﬁb\f_ . Aerosoma J&I% 98 HH & 158 HIZIX#1
ERCEphoTd, 137 HHIIFEE TX -, T/u}p/u%ﬁﬁb\f_ A & REROT B )
BIEINTHY | TASAZHWESGE L RERTGIROBIEEPEATE D EEZ BLD,

4—3—7 Ju—=UTHIC K DEEET
Pile-1 % F\ gl b S AL BEEABR I B\ €, TAS A E PVA 28 it 5k L LCH
N BRI S VRN AT S S E ST TBIRICOW T ENEN Y b —= 0 PRI X D ##R
Wra4T o 72, Table 4-T \ZIHIROY 7TV o FREE 7 n—= 7RI L GO v —
YOI E L DT,
Table 4-7 Sampling list for bacterial community
analysis of sludge from nitirification /

denitrification reactor using acrylic pilefabricsas
biomasscarriers

RUN Days S-CI;L(J)I‘(S:G Condition Nugrobneéof
1 14 Starch aer obic 11
2 Starch  anaerobic 9
3 150 Starch aerobic 21
4 PVA aeraobic 25

FT. CASAEZEGHRE L THWERRO, ERFHIGEZ O 14 H BIZ Pile-T (27
FHEE I NGRS, RUN 1 CIHHEOIMUlO LM AT Li=i5TE% . RUN 2 TiX
RO NI OBRSUANZ AT AE LGl BRI L . B#fiftr 217 ->7-, RUN 1 3L U'RUN 2
DOFERZ ZZF 1 Table 4-8 & Table 4-9 I2F L 7=,

RUN 1 OfER, Pile-l DIZMNATE L TCWiBRZ Y7 U 7 LIZIc b b b1,
L EOIC R 59 AL 1 FEO A (No. 1-1) T, MZERRIC 59 5 #E X Thauera
Sp U DM 25 > C 5 Fi8E (No. 1-2, 1-3, 1-4, 1-5, 1-6) 238 C& 72, —J7. RUN 2
TiX, Pile'l OB MITY 7Y 7 LIEICH D BT, Nitrobacter.sp (TR OMIE %
G T2 (No. 2-1,2-2) ORLINIES T MBS R TE, MEISICEET %
#MEE X Thauera sp\ZUTBOME %25 9T 2 F%H (No. 2-3, 2-4) DR TEXT, ZIbHD
fEA, wEReAE b - PLZEAEREIC Pile-T & W2 EBRIZIWN T, ERBIAHIENCIX, 31 1 fk
YOI E TLRMEOMBEPFIEL TR | SAUEMEN LTEWEBENRAFChH D Z
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& DER S LT,

F 72 A FIOFEBTHWZIETRFIZIE, %21k D ANAMMOX /5e Tt S U7/l (RUN
1® No. 1-9) bIFET 5 Z L3 - 72, ZOFEBRTH = REG IR LT OFnH) R
R DBV % FAVZA, T ORI 1L, —FFRED S OAETRHKOMIZ & Hi T K
LML CODILETIBBEKNRA L TRV . # FAKH kO ANAMMOX #lE# 25 F1E
LTWDATEEME S H 0 . FEFICHEIRER O R DS H T,

Table 4-8 Results of BLAST search for samples of aerate part on day 14 with starach as
the TOC source

Accession Identity | Number

No. Taxon No (%) of clones Notes from database
. . : The microbial community composition of a commercial nitrifying

Unidentified bacterium R-23032 AJ786812.1 100 inoculum

 [Uncultured bacterium clone 23 2
ncultured bacterium clone 23-
DQ37 .1

ORF15 Q376560 99

Uncultured eubacterium clone F13.29 | AF495425.1 96 1
1-2

Acidovorax sp. R-25076 AM084035.1 91 Cultivation of denitrifying bacteria

Diversity of Nitrate-reducing and Denitrifying Bacteria in a Marine

Rhodobacteraceae bacterium D11-58 | AM403233.1 97 Aquaculture Biofilter

13 1 The microbial community composition of a nitrifying-denitrifying
Uncultured sludge bacterium A41 AF234761.1 97 activated sludge from an industrial sewage treatment plant analyzed
by the full-cycle rRNA approach
Uncultured bacterium SJA-10 AJ009452.1 95
1-4 1
Thauera sp. R-26885 AM084104.1 90 Cultivation of denitrifying bacteria:
. . Isolation and characterization of diverse halobenzoate-degrading
1.5 Thauera aromatica strain 3CB3 AF229882.1 97 1 denitrifying bacteria from soils and sediments
Thauera sp. R-26885 AM084104.1 96 Cultivation of denitrifying bacteria
Hyphormicrobium sp. HM AF156711.1 04 bD_enltnflca'uon with methane as electron donor in oxygen-limited
ioreactors
1-6 1
. . . Stable carbon isotope fractionation during aerobic and anaerobic
Hyphomicrobium denitrificans AJ854111.1 94 degradation of dichloromethane
Flavobacteriumsp. H198 EF204444.1 100
1-7 1
Flavobacteriumsp. YO66 DQ778318.1 | 100
Uncultured bacterium gene TB127-25 | AB196115.1 94
1-8 : 2
Uncultured bacterium clone RABC- DQ106982.1 03
B97
Phylogenetic analysis of microbial community from a DEAMOX
Uncultured bacterium clone MB-34 DQ507185.1 97 reactor carrying out anaerobic ammonia oxidation under sulphide-
driven denitrifying conditions
19 1
Uncultured bacterium clone 1-3 AY548932.1 2% The use of 16S rDNA clone libraries to study microbial communities

of ANAMMOX sludge
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Table 4-9 Results of BLAST search for samples of anaerate part on day 14 with starach
asthe TOC source

H . Number
No. Taxon Accessio | identity | ot Notes from database
n No. (%) clones
Uncultured bacterium clone HKT133 DQ439567.1 | 100
2-1 ; ~ 1 Nitrification Performance and Microbial Ecology
BJ5n_iuzltured Nitrobacter sp. clone Ab EF434834.1 100 of Nitrifying Bacteria in different Wastewater
Treatment Plants
Unidentified bacterium R-23032 AJ786812.1 100 The microbial community composition of a
2.2 1 commercial nitrifying inoculum
Uncultured bacterium clone 23-ORF15 | DQ376560.1 99
Uncultured bacterium clone DB-5 DQe367491 | 93 Bacterial community of attached biomass in a
denitrifying bioreactor
2-3 1 Identification of denitrifier strain T1 as Thauera
Thauerasp. T1 U95176.1 93 aromatica and proposal for emendation of the
genus Thauera definition
Spatial distribution of total, ammonia-oxidizing,
Uncultured bacterium clone ICBTC9 AF390911.1 99 and denitrifying bacteria in biological wastewater
2-4 1 treatment reactors for bioregenerative life support
Brachymonas denitrificans strain 13A | DQ836253.1 97
2-5 | Uncultured bacterium gene SsB17 AB291305.1 96 1
Flavobacteriumsp. H198 EF204444.1 100
2-6 1
Flavobacterium sp. YO66 DQ778318.1 | 100
Uncultured anaerobic bacterium clone aveszzes | 100
B-1H
2-7 - - 1
Arcobacter cryaerophilus strain CCUG EFOB41511 100
12018
Uncultured Bacteroidetes bacterium
- DQ640685.1
28 clone Skagenf24 < 8 !
Uncultured bacterium clone H1 DQ339476.1 99
29 Uncultured Chlorobi bacterium clone DO119089.1 01 ! Bacterial communities in A/O MBR with nitrogen
OMBR51 ' removal

&Iz, RUN 3 TIiIEFit5k L L CTASAZ AW CERE - bz %2 150 AR
1T > T2Rf D Pile-T O UFKURIER EATTI AT A B E SV IBIRIC DWW CHE T 21T - 72,
K% Table 4-10 ITF L7, ZORER. HILEUSICESD D #lE & L ClE Nitrospira sp.\Z
IR OMEZ & T 288 No. 3-1, 3-2) RSN, &6 D OME b FEERBHLAE
14 HEIZIIBE SN MiE CTh o7z, —FH Ty MEMSCEID AHE & LT,
Acidovorax sp. |2t OMIE 2 & $ T 4556 (No. 3-3, 3-4, 3-5, 3-6) SNz, Zd
t1 T, No. 3-6 ® Hyphomicrobium sp \ZiT#x DR O 5 FEERBHAGIEZ 2> DR ST
Y No.1-6), BHNZOIZ Y MELISIZEEG- LT e Z L2V~ 7, 2, 14 HBIZIE
L% < M STz Thauera sp \ TG ORE (No. 1-4, 1-5, 2-3) 1%, 150 H HICITH
HENZ2nolz, ZNHOREL Y | HLEOGE K OMESOSIZF G- LTV DR,

RESEELTNWD ZENPHERTEI,
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Table 4-10 Results of BLAST search for samples of aerate part on day 150 with starch as

the TOC source
. Identity | Number
No. Taxon (Accession No.) (%) | of clones Notes from database
Uncultured bacterium gene 12C-A39 (AB205777.1) 100
3-1 1 I . . L o
. . Nitrification and Diversity of Ammonia Oxidizing Bacteria in the Bed of a
Uncultured Nitrosospira sp. clone 47-2 (EF042993.1) 95 Polluted Ephemeral Desert Stream
Uncultured bacterium gene 37-06 (AB158682.1) 99 Molecu!ar ar_1a|y5|s of b_actenal communities and ammonia oxidizing bacterial
populations in sequencing batch reactor
3-2 1
obacter sp. ABOL (EF655911.1) 99 Contlnuous_ hydrogen production from mixed organic acids by enriched
hod phototrophic sludge
Rhodobacter e bacterium D11-58 (AM403233.) 100 Diversity of N|_tra_te-reducmg and Denitrifying Bacteria in a Marine
Aquaculture Biofilter
33 1 Diversity of newly isolated heterocyclic amine-degrading denitrifying
Paracoccus sp. 'CISPY1 (P-1)' (EF205262.1) 97 bacteria assessed by 16S rRNA genes, nitrite reductase (nir) genes and
phenotypic characteristics
Uncultured bacterium gene TH-139 (AB185011.1) 100 Molec_ulé_xr_ana_lym_s of microbial population transition associated with the start
of denitrification in a wastewater treatment process
3-4 2
Uncultured bacterium gene 1d33 (AB238731.1) 99 Qomml_mlty structures and _aCIIV_I'[Ie_S of nitrifying and denitrifying bacteria in
industrial wastewater-treating biofilms
Acidovorax sp. 0S-6 (AB076844.1) 92
3-5 1
Acidovorax sp. R-24607 (AM084011.1) 90 Cultivation of denitrifying bacteria
Hyphomicrobium denitrificans (AJ854111.1) 100
3-6 1
Hyphomicrobium sp. HM (AF156711.1) 100 Denitrification with methane as electron donor in oxygen-limited bioreactors
Uncultured bacterium gene NK230 (AB064702.1) 100
3-7 1
Uncultured bacterium clone PC-06 (DQ322189.2) 98
Uncultured bacterium P2CN80 (AJ504617.1) 99
38 Uncultured bacterium clone Kazan-1B-08/BC19-1B-08 86 1
(AY592085.1)
Sphaerotilus sp. L1 (AB087560.1) 100
39 1
Leptothrix sp. L4 (AB087569.1) 99
3. Uncultured bacterium clone URA024 (EU284203.1) 99
1
10 Uncultured bacterium gene OS-17 (AB205948.1) 98
3 Uncultured anaerobic bacterium clone A-3D (AY953234.1) 100
1
11 | porphyromonadaceae bacterium JN18_A107_G (DQ168658.1) 9
3 Uncultured bacterium clone 2 (DQ413062.1) 98
1
12 Uncultured bacterium gene YH-45 (AB185013.1) 95
3. | Spirosoma aquatica strain WPCB128 (EF507901.1) 87
1
13 Uncultured bacterium clone mdt16¢12 (AY537038.1 ) 87
3 Uncultured soil bacterium clone S098 (AY037618.1) 96
1
14 | Flexibacter flexilis partial 165 rRNA gene, clone 153-1 (AJ871243.1) | 93
3. Uncultured bacterium clone LaC15L17 (EF667579.1) 99
1
15 | Uncultured Chioroflexi bacterium clone AKYH1447 (AY921689.1) )
3. Uncultured bacterium gene 37-05 (AB158681.1) 97
1
16 Uncultured bacterium clone DR-13 (AY945923.1) 97
3. | Enchelyodon sp. (ESUB0313.1) 29
1
17 1 Uncultured ciliate clone CCAT76 (AY179986.1) 98
3- Zoogloea oryzae A-4 (AB201044.1) 9% 2 Zoogloeq oryzae sp. nov., a nitrogen-fixing bacterium isolated from rice
18 paddy soil
Uncultured bacterium clone PC-10 (DQ322193.1) 93 Cu!tlvatlon-lndependent |d_ent|f|cat|on _of phenol-degrading bacteria in
activated sludge by stable isotope probing
3-
1 . . . . .
19 | Uncultured Planctomycetaceae bacterium clone MB-44 Phqugenetlc anaIyS|_s of mlcro_blal comm unity from a I.DEAN.IOX reagto_r .
88 carrying out anaerobic ammonia oxidation under sulphide-driven denitrifying
(DQS07168.1) conditions

RUN 4 Tix&E 54 E LT PVA &2\ il - ibBiELE 2 150 B 1T - 72D
Pile-T D4F<MIZR BT BEE S ALTIBIRICOW CHE BT 21T o 72, fiide% Table
4-11ICF & DT, ZORER, LRSI DM & L CIE Nitrospira sp. \ZUix ORI
ZaOTHFEE (No.4-1,4°2,4-8, 4-4, 4°5) P&z, £OH T, Flavobacterium
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SpAZITIROME D 7 v — 2 H) 6 IR S TRy, BHETHLI LD LB X BT,
— T RE RN D & LT, Acidovorax sp. 2T DOAMEE % & 8 C 2 F%E (No.
4-6,4-7) DB ENTZDOHTH Y . MEREHOFEHE I, TASATZHANZEZ LD (D70
Z o7,

Table 4-11 Results of BLAST search for samples of aerate part on day 150 with PVA as

the TOC source
No. | Taxon (Accession No.) 'd(e;:;ty 0':”;";?;'5 Notes from database
Flavobacterium sp. P-135 (AM412169.1) 100
41 Flavobacterium sp. R-20822 (AJ786788.1) 98 6 ;I:;i lrJrIIL(I:;'obial community composition of a commercial nitrifying
1, |Mirosrass. one 1 avisssany 0 | ey ot 210 nanactatd e
Uncultured bacterium gene G2-A-4 (AB176879.1) 100
Uncultured sludge bacterium A37 (AF234753.1) 98
3 Uncultured beta proteobacterium clone SNT3-67 (AY944208.1) 98 2 ?c?mmrﬁg?]itli)zgnm ammonia-oxidizing bacteria in soil planted with
Pseudomonas sp. R21-1 (AY618578.1) 100
44 Pseudomonas sp. N1 (EU275166.1) 99 1 ]I(:g:t:g:,oir(ii:tri;igsﬁon and characteristics of acid-tolerant nitrifiers
Thermomonas haemolytica isolate S6 (AF508109.1) 100
*° [ Uncutured Nitrobacter . clone Sb-05-27 (EF434832.1) sg | | [Nitifcation Performance and Micrbial Ecoogy of Nirifying
Acidovorax temperans strain 4x (DQ836254.1) 99
e Acidovorax sp. R-25074 (AM084034.1) 99 ' Cultivation of denitrifying bacteria
Thermomonas sp. EMB 79 (DQ413155.1) 100
“ Denitrifying Fe<l1>-oxidizing bacteria (U51103.1) 98 ' Anaerobic, Nitrate-Dependent Microbial Oxidation of Ferrous Iron
Uncultured bacterium clone UASB_brew_B36 (AF332715.1) 99
8 Uncultured epsilon proteobacterium clone PD-UASB-61 (AY261819.1) 98 2
Uncultured bacterium gene 13C-A37 (AB205682.1) 100
e Uncultured bacterium clone DR-29 (AY945920.1) 98 2
Acidovorax sp. G3DM-83 (EU037287.1) 99
o0 Uncultured bacterium clone LLR96 (EU247506.1) 99 !
Uncultured bacterium clone S4A5 (AY382154.1) 100
i Uncultured bacterium clone R1Cb1 (EF063625.1) 95 !
Novosphingobium indicum (EF549586) 100
2z Sphingomonas sp. S11-S-1 (EU016172) 100 !
Uncultured soil bacterium clone EI0M13R (AY943348.1) 98
3 Uncultured Sphingobacteriales bacterium clone LEO_07 (EU158812.1) 94 !
Uncultured bacterium gene NB-11 (AB117715.1) 99
e Uncultured bacterium clone DSBR-B064 (AY302126.1) 96 !
Uncultured Flavobacteria bacterium clone GASP-MA4W2_F10 100
415 | (EF664354.1) 1
Uncultured bacterium clone F001C07.x0 (EF430392.1) 100
Uncultured bacterium gene DGGE_band_s03 (AB158714.1) 96
1o Uncultured bacterium gene TH-90 (AB185010.1) 91 !
Phylogenetic analysis of microbial community from a DEAMOX
Uncultured Flexibacteraceae bacterium clone MB-47 (DQ507162.1) 94 reactor carrying out anaerobic ammonia oxidation under sulphide-
driven denitrifying conditions
4-17 1
The analysis of a methanol denitrifying microbial community by
Uncultured bacterium clone DSBR-B080 (AY302127.1) 94 stable isotope probing, full cycle rRNA analysis and fluorescence in
situ hybridization-microautoradiography
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EAE WS
ARG B DEFE RN HOW T, ik 25T A R o B EbEE L LT

W ABERER ATV IROFE B2 15T,

1. BEIBIRAE FHOEEFRIR & LA Uik 2 O 2 85812E, 15IRMEENZ <
ROEVIIMEIZT 7 UL L, ST, A ARIFMMARE 2D L9 ITHBk
HIZTREWERLNZ EnbinoTs,

2. AN E WSS, BALEES 2 OMLEEZIIET S & RATH 20.1
g-N/m2/day (272 V) | AN 2 256 0K 3.4 51878 572, Z D/ 3A Vi v
7o bElER Cix. HRT=10 hr Tyt A T-N Afr &2 0.5 kg/m3/day ODFEHETEH,
75 %DEWIH LR Z 155 2 L S IR,

3. AN E TR L - BEEAVEERRBR T, [EE A NERA~ORIIR O 3
EFTDHIEILE- T, WEBEBOE(LT D Z EnBEENTz, 202 L8, BEW
ICEHBREZIT ) AL, HEEE D OUERSLETH DL Z Lo 72,

4. R=RESDRETARICIR S To A NI E D Z S ko T, RO EBEI %K
ECTE, SOITMEOKFEMEEGERLE LTTARAEZRINT S Z LI2L-T, T2RR
DEGERHL » BLELEERBRIZ BV C, HRT=12 hr T 56 %, HRT=19 hr T 77 %
DEBRERE LT HZ LTI LT,

5. MZEOBICKEREHEGARE LT TASAL, AX /) —)b, FiligF Y 7 A PVAD
AT Z Y BT 2 OBINFIZ OV TRE Z T 72 & 2 A PVA LIS OWE I,
TOC/T'N bt 2 FREEIC 72 D L D IZIRINT 5 2 &2 & o THLZEEE 50 %LL L& #ERFT 2
T EINHERTED, AR OTINENZ < 7020 E1HIROFRAERENZ <20 | i LISIC
VERBEREORNET H 2 ERRO LN, —F, PVAZ W56, Erithks
L TORFITFED ST A VR AT A EE S D THIEEIIMmIS 72 < 7 D 8,
LSS DRI HES T35 & L SRR T & 72,

6. TASA L PVAZRWZRRHZ B NEM) OSSR 22 21T - 7= & = A 38T Aerosoma
JB=> Vorticella J&. Rotaria R EBRHIFPICEBIETHZ LBk, £, &
NENDRIZOWTERF OEERN T 21T 72 & 2 A, Bix REFEBHEERS L, TD
WAEMOZARIEZHER CTE T, £o. T OBEEMRTHE FI2HV T ANAMMOX {51 T
FHRINTWD LD RMEOFE bR CTE T,
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FBHE EE{LEEEH VT ANAMMOX Kis

I B

IHET, EWFNERBREECBO T, HGRAEHOBELAERE U TRERAS
ANV VT BEECM A ERL L, ZhE2BRKHEHICERET 2 2 LIk - T,
b« BLEERS & B OBRE D[RRI ATREIC R DR S AT AR L T2, 20
FE o, Kk TR LU N A AT A B R AN 0.4 kg/m3-day, TOC/T-N =
2 FEEL\Z AT B 22 IR0 L 72 AL BRERAE C DAL - A BEABRIZ BT, 60 ~ 70 %D
EHRREL 80 ~ 90 %D HREIREDRIRF AL ZER T2 Z LN TE, S5, @
AR E U THWE A AT B B E SN IGROEEMRT 21T o 72 & 25,
Bl 7o & 357F LT, Ak, EE ST L, L - BERISICEH S LD Z
EDVHERTE Tz, —FH. ZOBEMNT ORER. /A NVRRIDIAHEEE S iBIRDOH
25, ANAMMOX U 7 7 2 bR SN MEOFE LR T, G E LTH
W T FRE RORAVER S OTEMEB TR IC, ANAMMOX HE3FET D alRetEn 5 = &
D BN ERoT,

ANAMMOX i TIHER DAY PR ERELRR R & 132 B 2 BREWREKE TH
V. NH&#DKFEMGER, NOr B KBZHEERLE R ARBHEORERETH D,
ANAMMOX fZ)iil%, NO273 nitrite reductase (2 & > T NH20H [ZET SN, & 51
NH:0H & NH. )5 hydrazine forming enzyme Offjx T NoHs AR TS, ZD
N2H4 |E hydroxylamine oxidoreductase Off) & TR H A It S 115, ANAMMOX
BOGTHE, PERDOMFBMEDOPELUER & T 5 &, BTHEGARE L TOEHY O
MNRETH D Z L IREEIRT 2 TH % NoO WHAE LRV E NS T EEEH LT
W5, X2, ANAMMOX KSIZE 2 R HEEREEE L, /EROMIL - Pz & g
LCIHEFICEW D, ERRERMOEHR T A MEIMZ DI EBRHEKD & Vol Flm
HLd D,

ZZ T, Fxlid, ANAMMOX Kb a{EHT 28R ERRE 7 v A0 B
L. ) AR D15 2 Fi75TE & T ANAMMOX HOEREHRZITHI> Z L& L
7z, —J5 T, ANAMMOX /< )itr % NHOBREIH#IGT 5 72 12id, ZORTLE L LT
WA NHef O %2 NOIZE# T 5, i MiiE LB AN Th 5, Z Ol
FERREIZ DWW TIE, 2 E TOML « BERISICET 280 FR T, 727 U by
AR DBEALOGE D T2 DEECEKE LTHEITHDLZ ERDN>TNWEDT, =
DT 7 U NSA VR e & UCTIER L,

FEoHi FEBRGE

5—2—1 #HRAFBE

HEAIGIE & UL Fnak L O Fn ) HERBRG DOIE MG e 2 AW o, 2 ORERALER
Bz, EEIEKROMIZLT TIGHK O 1T > Tnd, £/o, FHA4ETIE, 20
FERALBLS; OTEMEIHIEHIZ I, ANAMMOX E2MFEL TWADREERH S Z L 25
LML TND,
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5—2—2 FREMERAVZ ANAMMOX fLE

Fig. 5-1 {2 ANAMMOX iS22 & fAEM A EEEH oMK & L THWZHERD
RNY Z AT NVEARHAT (AARANAS U =) oFEL R L7, MR Bl
FOSHE (m & 050 em, WS : 10em, AEIAE K 4 L) 1T 40 cm O ANfikAn & Fig. 5-1

DEDITHRIE L. {HIRAMAERICSISHE O FH L 0 S B K A2 L TS L.

ANAMMOX LB 21T - 7=, FlE{GIEZ#)5E MLSS JE 7S 500 mg/L DEIC/25 & 9
WU T ZIZEAL, —HE, RIS 0 NEEER 21TV, AR ORI TE
AP EREE S 72, ANAMMOX LB o 7= JERE A R BE K DA % Table 5-1 1277 L
7oo FETIEBES RFEK DOFHFEIZSE - 72 Main salt solution 35 & T8 Trace element
solution M#k % Table 5-2 |Z/8 L7z, FUNMEN DR % 30~35 CIZfkH, HRT %

#15~24 BRI 72 % X 5 ICHERR A Rl BE /K Z2 80 L (it ANAMMOX LB 21T > 72,
HRE R I EIEER 3T DT, X TRZH A RN N X TR 21T o 72,

Fig. 5-1 Photographs of up-flov ANAMMOX
column reactor and non-woven as biomass

carrier

Table 5-1 Composition of synthetic
wastewater for ANAMM OX treatment

Compounds Concentrations
(mg/L)
(NH,,SO, 20-200 (asN)
NaNO, 20-200 (asN)
KHCO4 125
KH,PO, A4
FeSO,*7H,0 9
EDTA+2Na 5
Main salt solution 20mL/L
Traceelement solution  1.0mL/L
Tap water 1L

Table5-2 Main salt and trace element solution compositions

Main salt solution

Trace element solution

Compounds Concentrations Compounds Concentrations

CaCl,*2H,0 700 mg/L

KCl 700 mg/L
MgSO,-7H,O0 500 mg/L
NaCl 500 mg/L

CoCl,*6H,0
CuS0,*5H,0
H,BO,
MnCl,*4H,0
Na,M 00,*2H,0
Na,Se0,- 10H,0
NiCl,*6H,0
ZnS0,-7H,0

024 gL
025 gL
0.014 g/L
0.99 gL
022 gL
011 gL
019 gL
043 gL
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5—2—3 AN ERWTZE S EREER LA TS X U SNAP ALEERER

Fig. 5-2 |ZHR4y HiAHERLALERAEE OIS X 2~ Lc, AREER 5 L OMfEROK
JE Al O F L A3 Fig, 53 (s Lz T 7 U VB S A L) (Pile-H-36, 731 /L& : 3 em.
[IFH : 684 cm?2, FRIEFE @ 13.7 m2m3) ZRE L1z, A /UEHOREIZ L - T, #@K
EIToTWDH A KT, EFUEA, 2 ORAUITIE FRERAE L 5 X 9 IC3kE L,
FEIGVE & F1R MLSS D 3,000 mg/L OREIZ/2D XV T 7 ZIEA LT, —
A, =7 L—ya 175 2 &Ik - 727 UNRSA LR O F A 75 [ E
ST, ARRIERFE KA HRT 2359 15~24 FFIC 72 5 X 512G L, Eee LB 217
o7, HFRERIL T XA TITV, Kk LRI 2 72 x> 72, Table 5-3 [Z W\ 728140
R LR BR A ) L 7 SR A B OBE K DRELR & 7~ LT, ZERTR & LT NHLCl O A% H
WTHED, A NHa-N JRE 2555 e b AL B R 1% 50 mg/L 2>5 199 mg/L %
CTEEPEAIIEE &2 1F . SNAP ALHEEABRIZ BV Tik, 199 mg/L 75 1,525 mg/L £ T L
7o, F7o. BEHEESRBEKICIIMETHERE L LT Table 5-2 T/KkL 7= Trace element
solution % 1 mL/L THM L7, 50 g/ NaHCOs &k %= FWC VU 727 ¥ ND pH % 7.5
ICHEE LT, F£72, BREEZHET D Z LI L > T DO BB % 4y di e L AL EL 325k
11X 0.5~1.0 mg/L OFi T, SNAP MLEEERF (X, 0.5~4.0 mg/L O#iFH CHRAZE
FAMITIS L TE LS, ROSKIRIL 35 CIZHTE L7,

I nfluent
Effluent ¥~ Tank volume ; 5L
| Diameter : ¢10cm
—] Height : 64 cm
T
® pH Acrylic pilefabrics
0 DO 6 cm X 57 cm X 2 sheets
Up flow Down flow
Water jacket -
—]

Fig. 5-2 Schematic diagrams of partial nitritation and SNAP
treatment
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Table 5-3 Composition of synthetic
wastewater for partial nitritation and

SNAP treatment
Compounds Concentrations
NH,CI 192-3821 mg/L
KH,PO, 10-200 mg/L
KCI 4-80 mg/L
CaCl,=2H20 1.5-30 mg/L
MgSO, - 7H20 0.5-10 mg/L
FeSO,*7H,O 9 mg/L
EDTA-2Na 5 mg/L

Fig. 5-3 Photographs of acrylic pile fabrics

(Pile-H-36) biomasscarriers Trace element solution 1mL/L
material; acrylic fiber
diameter of apile; 1 mm
length of pile; 3cm

Tap water 1L

5—2—4 SNAPHJeE A= 2 0Bk

500 mL =7 7 A 22, BB ORIA 300 mL A7z, WO
I% Table 5-3 T/~ L7= SNAP SUSHARKBEK DA, NH4Cl O 0 12 KNOs % 200
mg/L DIRFEIT/e D KON LT, Eliz =47 7 232k, 100, €55
AZERT DL > TBBUE AT 72, TDH%5 — 2 — 3OFEBTHEIKL T
W% SNAP U 7 7 Z BRI L 72 JEHk {5 Te 2 8 MLSS #2728 500 mg/L 272 5 &
INCZAT T AATHEALIZE, RTTA VA TERL, AX—T—ZL->TWo
<Y LB L CRINEITo T2, &, FEBRBHAARA 25 IRefi kil L 72 ke CL I UG
DIz DEFHEGMARE UTHEET MY 7 A% TOC/T-N s 2 BEIZ/eD X 51T, B
ML=, EBL, 30 COEEENTIT- 7=,

5—2—5 XNANEMERWTZSNAP V727 Z Db ki

Fig. 5-2 7/~ L7y B AHEA L ALEREE & & FIERE©, SO O &% 44 em ICAEE L7
V7o (AR E 4856 L) 2ERL, 727 VB A Vil (Pile-H-36, /3o
)V 3cem, [HFE : 444 cm?, F£HEE : 11.0 m2/m3, Fig. 5-3 &) 2 V7 7 X NITi%
B L7z, FBRELT, 5—2—30DEBTHEIKL T\ D SNAP UV 77 M bEIL
72151R 2 LT, A1 MLSS #EE2Y 1,500 mg/L (2725 X512V 77 ZITEAL, —
A, =7 L—3 U &ITH 2 &I - T, A ORI IZIEIE % (15 B E S &
Tt HEREARRPEK Z HRT 28 17 BEEIC 72 5 X 5 ISR U CEle LR 21T > 7=, I
A HCBEKIT Table 5-3 Tr L7 EREG ABEK DO T, LT =7 20ROV ITHE
7 E'=y LMW b O ERI L7z, d@feakBRIL Y /XX TITV R TR
Z otz HkEaAERT, 50 g/L NaHCOs &k %= H\WCVU 727 ZND pH % 7.5 (23K
L, BREAHETLZEICL->TDOEEA 0.5~3.0 mg/L O Tl L7z,
F72. SNAP KJiiE 30~35°C DO#HiH Tk L7,
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5—2—6 ZHHHE

T roE=THESR (NHeN) 1310 7 = ) = AERSOEERICL ERLEZ (JIS
K 0102-1998), fa{baEZE% (NOx-N, mlitfEZE% (NOs-N) + #fifsgrE%E# (NO2-N))
34 - W RITAD T LB —F TFATF LT I URIEREEICL D EREL,
M ERII ST 7F Lo F LU T I Ul EERICEIY EELE (JIS K
0102-1998), FHFAREZEFITMALRESE R & MANMREE R DAL VR T7=, 2%EFE (T-N)
I3 TOC-Vermween () EEREFTHEERD) CRIE L7z, pH X FD-02 CRITAH T2 R
R TRE LT, BFEMEREE (DO) 12 DO-21P (DKK-TOA (i) THIE Lz,

5—2—7 SNAP{BIRMDZ u—=\ FIEIC X D EEFENT
EERIZ W3R % Table 5-4 [Z7R7,

Table 5-4 Experimental materials and reagentsfor community analysis

Phusion High-Fidelity DNA polymerase (FINNYZMES)
pre-mix (KOD buffer, MgSO, 1 mM, dNTP 0.2 mM each)
p-Bluescript KS+

Wizard SV Gel and PCR Clean-Up System (Promega)

Restriction enzyme (EcCoRV)
1x TAE buffer (50 x TAE buffer: Tris242 g/L, glacia acetic acid 57.1 mL/L, 0.5 M
EDTA (pH 8.0)200 mL/L)

DNA Ligation Kit Ver. 2 solution I (Takara)

E.coli DH5 o

X-gal (5-bromo-4-chloro-3-indolyl- 3 -D-gal actopyranoside)

IPTG (isopropyl- B -D-galactoside)

Solution I (glucose 50mM, Tris-HCI (pH8.0) 25mM, EDTA (pH8.0) 10mM)
Solution T (NaOH 0.2 N, SDS 1 %)

Solution II(5 M potassium acetate 60 mL, glacia acetoc acid 11.5 mL, sterilized water
28.5mL)

LB plate (+Amp, +IPTG, +X-gal, Polypepton 10 ¢g/L, Yeast extract 5 g/L,
Bacto-Tryptone 10 g/L, NaCl 5 g/L)

LB +Amp medium solution (Ampicillin Sodium 0.1 ¢/L, Polypepton 10 g/L, Y east
extract 5 g/L, Bacto-Tryptone 10 g/L, NaCl 5 g/L

TE buffer (TrissHCI 1.21 g/L, EDTA 0.37 g/L)

B E LR ORI EEE S N7-HREZ 1 A&FHREL, DNA Ot z217-7-,
FhHy U 72 9u ok DNA OIRE A2 73 OLEFHZ KV HIE L, 10 ng/pL IZHR L7z, Z D
Pefa {k DNA R 1pL 2858 & LT AT T U T VT T A4~ —6F (5-
GGAGAGTTAGATCTTGGCTCAG-3) & 1492R (5- GGTTACCTTGTTACGAT -3) T
PCR %#17-7-, PCR %% denaturing 98 ‘C 10 sec, annealing 51 ‘C 20 sec.
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extension 72 ‘C 35sec & L., 25cycle {T>72, £ 5 417= PCR pE¥ % Wizard SV Gel
and PCR Clean-Up System % TR L 7=,

HA5H L7= DNA 277 A X K7 % —(p-Bluescript KSH)ZHW\W T KEE (DH5a)
I EEH AT 1o, WEIRHBRIC LV oAt an =— %28 R%, LB+Amp &K
Bin T —BpisE L, 77 A X Raflit L7z, HIBREESR EcoRVIC L Vb L, 7 m—
AT VELKIKENZ L0 A o — M &t LT,

ALY =R LT v — IO T, =7 v 7 %47 NCBI BLAST 7'
77 & (http!//lwww.ncbi.nlm.nih.gov/) %MW\ CHFEIMEREZIT -7,

FE3H EBRRERBIUOBEZE
5—3—1 TFRIEEKLEZIBEIRI S D ANAMMOX {5 DEMREE:&

ki i O KR T H D F k) & RS OIS B R 2 iR & L
ANAMMOX 75RO EFERE #2772, ANAMMOX 75 DERERE R ICFEEOH D%
TERAR Y = 27 VR REARG 2 B E AR L L TRV T, RS R K &2 @RS R4
HT EIT L > THEFHEEEZITo T2,

MAERZAN L BREREROR B L% Fig. 5-4 12, RISHENO pH & DO EED
# H 2% Fig. 5-5 ICE LR LT,

S 100 | — 2.00

T@/ O Nitrogen removal effciencies

s gp | — Nitrogen loading rates 160 8

& °

o )
£ o - 120 £8
B 5o
T ¢ SE
: 40 i | 0.80 % E,
o O J =

g % T e

= AT Il

Z 0 " 0.00

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
Time (days)

Fig. 5-4 Changes in nitrogen removal efficiencies and nitrogen loading rates during
ANAMM OX treatment using nonwoven as biomasscarrier

FERBAMAT. . £ 300 H RENIXEHRERIL 10 %L FE2HERE L. ANAMMOX )& Oi#E
ITIIHEGRTE R o 7228, 300 HZMZ 200D, BERERII LR L TREHEY
K LTe, £0%, 450 HURRIL, EHRRERIIHRAIZ EF L, 550 HTIE, 60 %LAE
DERRERIZE L, £, ZHUTHES T, KIS O pH 1 450 H Tl 7.4 F2FEE
TholzbOn, 550 HTIX8.6ICFEFTERLTW-7, DO EEIX 0.2~0.6 mg/L 2
FETEN-oT2, ZH 08 LY, ANAMMOX KGO T %8 L=, ANAMMOX
OGS HEIT LR 5 02, K HEME2E L-ERE LTI, M oEREN 500
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mg-MLSS/L &Ko7 Z & & ZOWIMOEIETIL, LBHEH O NOo-N R 20
mg/L LRI/ % K 912, MAEHFAME 0.05 kg/m?3-day LL T OIEE TR A faf Tl
EH L T2z, ANAMMOX SOG2ETT T 515 % T ANAMMOX {GIEH
HPET 2 DICRMIMZE LI Z LInBEAbND,

9.0 5T ‘ ‘ 3.0
Q g Q L -
2R P 2
80 0, © 20 @
- C —© \Col )
5 I O pH [ ®
e 0 ® P =
m DO o
7.0 I — 10 2
u B B 8
@)
()]

6o L TIITT [ ] LT 0.0

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
Time (days)

Fig. 5-5 Changes in pHs and DO concentrations during ANAMMOX treatment using
nonwoven as biomass carrier

Fio. FEERBALAEE. 500 HLARED, BLE T D T-N, NOs-N, NO2-N, NHs-N D%

IR LA R AR O A L% Fig. 5-6 IR L7z,

350.0
300.0 7
= . f
250.0 L &I
— ]
% 200.0 [@L%Eﬁ j\-ﬁlr
e T
< 150.0 Tk #
pd i
100.0 =
0.0 WG
0.0
500 550 600 650 700 750 800 850 900
Time (days)

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

Nitrogen loading rates

(kg/m3-day)

Fig. 5-6 Changes in effluent T-N, NO3z-N, NO,-N, NH4-N concentrations and nitrogen

loading ratesin ANAMM OX reaction using nonwoven as biomasscarrier

Symbols: [1; effluent T-N, A; effluent NOs-N, A; effluent NO,-N,
O; effluent NH,-N, B ;nitrogen loading rates

500 H HLARSIC, WAZERAT 2212 EH S8, 0.5~0.6 kg/m?-day CUELEAT

o7& A, 700 HHENS T
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30 %L T2~ 7= (Fig. 5-4 M), Z OFF, WERE O NO2-N #EE 1L 50 mg/L LA E
2720 720 ALAFETIX 100 mg/L @2 7o, 202 & XV EFRREROIKRTIL, EHE
T 5 NOrNBEENTEHENTHD L& X, 740 HHLEIC, AEFEANE 0.2 kg/m?-
day FREEICE TIR T & E D Z LIk o T, A H O NO2-N B % 20 mg/L UL FIZ
FCETF &, ANAMMOX MISOEIEZ X7, MAZFEAMEKTIEDE, T
IZEFBRERIL 50 BFEEIZE THEIE L, Z 0%, WEKH O NO2N A 20 mg/L
LIF CHEFF LoD, MAERAMEZ LR SEZEZ A, 830 HELUKRTIL, MAZES
A A 1.1 kg/m3-day DS T TEHRFRERITH 68 %, e RERREHE I 0.82
kg/m3-day Z#ER T 72,

F 70 BHEBRERN 50 %L = ANAMMOX SOt AS EEE A BAF ST L Tu 5 B
2B 5 T-N BrEEEE, NO2N BREEE R LUV NOs-N AGHEEE & NHaN BRHE
D% % Fig. 5-7 2R LTz,

1.200

< Nitrite Removal Rates
O Nitrate Production Rates
A TN Removal Rates =1

1.000 —

0.800

0.600

0.400

0.200

T-N and NO,-N removal rates (kg/m3-day)
NO,-N production rates (kg/m3-day)

0.000 0.200 0.400 0.600
NH,-N removal rates (kg/m?- day)

Fig. 57 T-N removal rates, NO,-N removal rates and NOs-N
production rates with respect to NH;N removal rates in
ANAMM OX reaction using nonwoven as biomass carrier

ZOFER, T-N BrREHE & NHo-N BRE#HE DO (T-N/NH4-N) . NO2-N FrE#HE &
NH.N BRZEHE D (NO2-N/NHa-N) 8 X ONNOs-N AR & NHa-N FrEHED
e (NOs"N/NH4-N) FZFn<i, 1.92, 1.22, 0.37Z7»>7=, ZNHDOEIF. T E
TIZHAE STV D ANAMMOX KISOERK (FH17 -DXBH) ofithd
T-N/NH4+N = 2.04, NO2-N/NH4N = 1.32, NOs-N/NH+N = 0.26 &g L T,
T-N/NH4N & NO"N/NH4N (ZfK <. NOs-N/NH4N (F5< ooz, ZDZ &, i
THIE D> & il IR~ FAE IR R LSS 28— EB T L TV D ATREME A2 /R L TV D 28, Z Ok
THIERR L EUS DT OIEFRIR & LT, MAPEKFIZE £ 5 DO BB 2 b7,

5—3—2 ALY E ROy BRI S
NH&EAHEKIZ ANAMMOX i % J#i s & 25 7201215, ANAMMOX )i 0 FijiL
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HE LT, S BSOS R AR TH D, €T, ZHETOML - DL
BRICBA9 e T, W bIERMAEROEE(BEE LT, HbAETH-o -
Pile-H-36 (Fig. 53) %7 & =7 BB EEH OHMA & L TR fiaEiL
ERIZ DWW CTRET 21T - 72,

TR RS OTEMETGIR Z2 fG e (F)%€ MLSS : 3,00 mg/L) & LTHWw, Z
DG % B AR & U TR Lo A IS+ A S B E S e -5, Ak
FEK 2 G U, e oy d A IR (L AL FEBR 24T o 7, Ry AR LA F2BRIC I\ T
X HRT % 22~24 K CTIEIE—E & LT A NHoNRE %2 50 mg/L 55 199 mg/L
FCEMEMIC EIFTn& | MAREANE LA W7, fER% Table 5-5 12F L iz,

Table 5-5 Results of partial nitritation using Pile-H-36 asbiomass carrier

HRT  Inf.T-N % of % of % of % of
] nitrogen ammonium nitrification*? nitritation™3
(hrs)  (kg/m*day) \emoval oxidation't

1 23 0.01 31 76 51 o5

2 23 0.05 17 68 20 .

3 2 010 13 7 i o

5 23 020 15 63 " o

6 23 024 10 48 c s
*1: % of ammonium oxidation = Eff. NO,N + Eff. NOgN  «2: 96 of nitrification =%
*3: 9% of nitritation = _Eff-NO;N Inf. T-N

Inf. T-N

SRR IAE O AZE R AR IMEV RUN 1 IZBWTIE, 7 E=TB{LHRIT 76 % T
HoT=N. ZOW, NHaf 25 NOs ~D R HER LR 1L 25 % T <. NO27)» 6 NOsg~
DL 51 & @mhrotc, ZTOZEMNDL, ZORRTIEX, 7 E=7T8{L7ZTT
72 CHAHRI L AT L TV D 2 EHEII T & 7o, £ AZE R AR 4 0.16 kg/m?-
day £ CHRAICETF TN &, TUE=TBLERIL 70 %a MR L7 F £ C, fifb=R1T
3 %IZETIKT L, HEMIEEN 67 %E TEA L, oMb n#ETL o7z

(RUN 2~4), 2D, S HICMAERAMEZ LT T & T UE=TE{EEIT 50
~63 %IZ72%— T, HLEN 2~5 %REFEEIZHIE v, S0 maYER LG 3 T L
TWDHZ xR L7 (RUN 5~T), Dk, iEEHAG 260 H LAREIC IR N ZE R AN %
0.10 kg/m3-day ¥ T FiF T, BOEBEMIZAREZ &HIT T o7z, 260 H225 380 HD
R OFEANE R AN & BRREZLRORAE(LE Fig. 5-8 1T/~ LT,
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Fig. 5-8 Changes in average nitrogen loading rates and nitrogen
removal efficiencies during partial nitritation reaction using Pile-H-36
asbiomass carrier

MAEFRARZ LT T GEIc b, ERREFRIL 20 %ATHE ZHERE L TOT203,
340 H A2 X 72100 6| TICERRERN LFH- L, 360 HIZIL 80 %A i X 2 %54
PRERDEONTZ, TOERBREICOW TR, WG BUEEEYEK P A B I3 AIN
SNTELT, WEREMEIZ X DM EE TIEZR < ANAMMOX SUGIE K % 2
JEWMEIT LTV D b D EHEIS Lz, L, ZORRTIR, 7S A Ao 75 [ E
SNTWSHIGIRICIE, ANAMMOX {5IEFA OFRWEIRIIHERR TE 2o Tz,

5—3—3 SNAPKIBIZBITBAWMAT v E=TREDOHE

oy FEAE IR LA 12350V T ANAMMOX SUGCEER S 2 & HEJ S 2 R PR E D EST
L7z, £ZC, HRT %% 23 Biff] C—E & LT, AEMYEK+T O NHoN BE L I
FT5ZLICko T, MARRAMBAERAMEZ LIFTholz, 330 HLIED-ER
NZERPRIE LK P ERIREOR A L% Fig. 59 IR LT,

FEA NHa-N JBEEZ 199, 240, 295, 341mg/L IZHRx I EIF7-5EI1ICH, 21
ZIOHIR T OHEKF O ZEHFFRERIT 65.0, 76.0, 79.2, 77.9 %l Wik~
b eI, ERMEFROITL DT HLHRAI/NSILSRoTWolz, £2, A
NH-N B % 341mg/L Tiffiz L CU /= 434 B B S LB 2 SOSHEN S H 1L,
IRA AR ~DIBIEDOERREZBEL LT, BIRBIZFRFOEH % Fig. 5-10 IZ/R”7, /&2
DOEFEEIFEEM ORERELFOFTEIIEEMM LA 7 n—XT v LIEFETH D,
IHOOEE L EE A E L THWEZ S L EREICTERMME L TRBY ., %
DOIBPRDOHFIZIE, 360 HEIZITHER TE 20 o7 ANAMMOX {51REFA O ARG DIHR
DHERTE Tz, 2D &LV | HuHMHEBIEED 6 SNAP S ~DOBATHH 6 &
ot
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Fig. 5-9 Changesin averageinfluent T-N concentrations and nitrogen removal efficiencies
during SNAP treatment using Pile-H-36 as biomass carrier
Symbols: O; nitrogen removal efficiencies, ™ ; average influent T-N

Fig. 5-10 Photographs of biomass carriers (Pile-H-36) at days 434
in SNAP treatment

F7o, B0 H L7 EE A 2 B OSOCHENIZERE L, fi A NHae N BEZ EF oo
7oo WA NHoNREZLZ ERIHEZGEAICH, RWERRERLZHER T2 608 TE,
AN NHaN 2 1500mg/L FLE F Tk SNAP St ~Dift A NHa-N i o 28
IXIEE A EENT EAURENT, TEA NHaN EE %259 900 mg/L LT Ttz a7 - 72
600 H & TlE 80~85 %D EEHFREH, it A NHaN JBE %) 1000 mg/L LAk Ciflz %
1T 72 600 H L% 85~95 % DEFRIRER THER L7z, 725 ALREIZHEA NHa-N 2
JE &4 1525 mg/L & L CHLE 21T~ 7= & & A, FHERBRERB L OB ERRE
WX Z NN 91.4 % & 59 1.46 kg/m3-day (2 L7,

— . WL E LImERREENG LN 450 AUREIZEBW T, 520~570 H
BLO690~720 HOMIZ, BREREZENEMIIK T T eB83bo7z, ZOHERKE
FENTT D 7212, 500 HLAREOALIEK T-N J2E, NOs-N 2, NON EE, NHoN
REDORHAZ{LE DO RE DR HZ{% Fig. 5-11 12 L7e,
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Fig. 5-11 Changes in effluent T-N, NOs-N, NO,-N and NH,-N concentrations
during SNAP treatment using Pile-H-36 as biomass carrier
Symbols: O; effluent T-N, ; effluent NOs-N, A; effluent NO,-N, @;
effluent NH,-N, H; DO concentrations

Z OFEF NOs-N 135 60~100 mg/L, NO2-N £ 13 20 mg/L Z#EFF L TEB D |
REBREDIRNZ E3Y o7, —FH T, QEEH T-N RENE < 2o 2B
Tid. NHeN BEEREL - TEY . =0 NHeN JEEE O Z58) 73 LB h o 28 35 BE
DEFOFERDOFE TH D Z L2V - 77, 20 NHeN BENE < 72 o -2, T
O DO EEME T4 26H 33RO ST, ZODOEEMETT % Z &2k > T NH
235 NOy~D 7 T =7 FAU RS INERIZ 72 > TRLUERIE T 0> NHa-N AN L <
WD ZERHEI ST, T D L XY 725 HURECIE, AR O NHa-N R E
& DO REOEECEFERE LN LBRELZMET 2 L) ICEBEEHEZTo7o L 2 A,
WL E L= SNAP MV 2 MERF 35 2 & A3k 7=, SNAP SUSIZH W T, 55 1 #H
D(1-2HXDEBRN TR UL D12, Bl L. 1 mol @ NH4 % 0.11 mol @ NOs A3 4
KT %, ARIOERIZIVT, 725 B LB THii A NHa-N JEE2 1525 mg/L TiEfis L
= HIR T, B L NOs-N X 168 mg/L DR TAER END Z LT/ b, L LA
B, REBRFERD 725 HLFETIE, LK F O NOs-N B2 96 mg/L T, &<
o TNDZ N7,

F£72. SNAP FUSHETT LA 78R4 RUN S-1 & LT, ZDO#% DA T-N JE
B, NHaN BREEE, T-N BER, T-N BREEE, NOs-N ARl o V¥ E %2 H
Hi L. Table 5-6 (ZF & 7=,
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Table 5-6 Results of SNAP tretment using Pile-H-36 as biomass carrier

NH,-N T-N T-N NO,-N

RUN Inf. T-N removal removal removal product
(kg/m3-day) rates efficiencies rates rates

(kg/m?-day) (%) (kgm-day)  (kg/m?-day)

S1 0.20 0.162 65.0 0.137 0.024
S2 0.24 0.217 76.0 0.184 0.023
S3 0.31 0.282 79.2 0.245 0.028
S4 0.37 0.356 779 0.281 0.066
S5 0.41 0.374 815 0.330 0.044
S6 0.46 0.453 84.5 0.388 0.061
S7 0.50 0.484 84.2 0.419 0.056
S8 0.61 0.594 82.8 0.506 0.069
S9 0.71 0.663 82.9 0.585 0.071
S10 0.84 0.783 82.5 0.695 0.090
S11 0.93 0.896 87.5 0.809 0.082
S12 1.04 1.02 90.2 0.941 0.073
S13 116 112 89.6 1.04 0.084
S14 1.23 118 90.1 1.09 0.086
S15 1.40 1.35 89.7 124 0.086
S16 152 1.44 87.7 134 0.087
S17 159 157 915 1.46 0.100

i 3L NHo-N B2 5 o Ml 1%, RUN S-1 DA OHA TIE, i A T-N A7 90 %
VL EDEIZ72 5 TH Y NHaN & U TORERFEREMENZ &R ST, TN EREZFRT,
RUN S-1~8-4 Ti% 70 %1%, RUN S-5~8-10 Ti% 80 %f%. RUN S-6 LI TiE 90 %
A D T-N BRERDMED., EFITE D TN BRERLHERT5 2 Lk, 72,
TN BREZ&#EE T, A T-N Afifo EH & 3icEm< 720, RUN S-17 TiE, 1.46 kg/ms3:
day @ T-N BrFE#HE 21572, —J7, NOs-N AG#EE X, A T-N AfFH il rg g
0.84 kg/m3-day LA F (RUN S-1~8-10) DOMZIE, Ao _ERF & HiZ NOs-N AL #E
FER EH4 AR b=, RUN S-11 LI TIE, A TN AfAE< 25T
t, NOs-N Ek#EEIE 0.73 ~ 1.00 kg/m?3-day TR E 2B 8IBO b7,
ZI T, INHORERIY NHaN BREHE & NOs-N AR E, NHaN FrEsE &
T-N FRE#HE DRI % Fig. 5-12 1T~ LT,
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Fig. 5-12 NOs-N production rates (A) and T-N removal rates (B) with respect to NH4-N
removal ratefor SNAP treatment using Pile-H-36 as biomass carrier

Z OFEF NHeN BREHE N 1.0 kg/m3-day L F OHA21E, (NOs-N/NH4-N) i 0.120,
(T-N/NH+N)I% 0.868 (272~ 7=, T b OfiL, SNAP i L THE SN TWDHE
Bl (551 ®A-2XBMH) »oHEH S5 ENOs-N/NH»-N)=0.11, (T-N/NH4+N) =
0.86 (CIXIEF—E T BT -T2, L7, NHeN BRZEHEN 1.0 kg/m3-day
UL EogAIZIE, (NOsN/NH.-N)=0.067, (T-"N/NH4+-N)=0.920 12729, B 500
NOsN Ap#HENEBRA LY LIRS D &Moo, TORIKE LTI,
ANAMMOX B LIS O @ M X D SIS OEITNE 2 B D,

5—3—4 SNAPBROBEENE

SNAP U 7 7 ZIZEBW\W T, ANAMMOX S PAA O NE B S8 Ml 12 & 2 B 22 0 Al HE
PER RIS L=, Z D7, SNAP U 7 7 ZinbERE LKk & 512 V¢, R
TR UL EEGEE LIEREOBEEM 2R Lo, SBEROKRIFE(LE Fig.
5-13 IR L7,
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Fig. 5-13 Changes in T-N (O), NH4sN (@), NO»N (A) and NOsN (A)
concentrations durina denitrifiation treatment usina sludae of SNAP reactor
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FEBRA Z — MRHITEFHGIRE L TORRYA G EN TR L TIERREMEIC X
BSOS ITETE T, NOs-NJRE & T-N RBENZIZFERE /-7, £ 2T, FEBi
BALETL 25 REIC, B HLG5KE L CHER T R U AZ N LTz, EORER. 40 FEH
X T2HT-0 025 NOs-N B L ONT-N RN A L, NO:-N JREED I LT, 48 K
IZI2IE,. NOsiXIE & A EDNGETT S 4L, NOs DANFIE LTz, £ D%, NO2 b iE T S
H. BfEHIZ T2 BRI 2 1R, T-N BRZERITIEIE 100 %lZEL-, 20 Z & XY, SNAP
U7 7 2o IRENTHRENOTEEE T N U LA E L EAR L Lo E RS0
HEITT 52 LR TE 7z, 2D Z &%, SNAP /GIEHIZ, ANAMMOX FHLIAMZ E
222 BG4 2 IEJE SRR A O AFAES 2 vl RetE DRI S vz,

% Z T, SNAP UV 77 ZIZHB\ T, SNAP i & IERm e 12 L 2 EE i 23 [F]
RRIZHEAT 95 ERGE L. SNAP OGO FEERA (5 1 #(1-2) XS M) @, NOsAERKIZ)
MHIREDS 0.067 12725 LT 5L ZL51E 0.043 mol D NOs A MEMFL I D Z &
(272 %, Wiz SOG D ER %

NOs + 5 H* — 0.5 N2 +2 H:0 + OH- (5-1)

&35 L 0.043mol O NOs72>5 1% 0.0215 mol DEEFEN ANFA L, EHRREDITE
S, BRAADERIZD P DHEEN, 0.44 705 0.46 12720 Fx OFERE
T-N/NH+N=0.920 I —% L7z, RFERFER & (1-2)XB L OG-0 G, A SNAP U
T U ZIZET D SNAP S+ BLEE R 0 FERR= L LT,

NH4* + 0.85 Oz — 0.46 N2+ 0.067 NOs + 1.56 H20 + 0.88 H*  (5-2)

Z, BT D,

L. BMENETT 2 - DITE PR GAEOFEN LB R DM, SEANTH
L BRE G RPEARTICIE, BN T2 K0 WEN G FNTE LT, B HGEIMTNT
BRE R CIE 6T T 5 2 &Ik o723, SNAP RO B CiHkic L » T, %
B LAY PR EOELHGARL LTEW b0 Ll ST,

5—3—5 SNAPRHZEIT S HRT DFEE

SNAP U 7 7 #1286\ T HRT 23 ], A NHa-N R 1525 mg/L T, ZE LT
BRRENEITT L2 L 2R TE T, £ 2T, A NHoN BE—E T, g%
<3252 Lic ko T ANERAMZ BMEMIC BT 72, £ OEBRER A Fig. 5-14 [TR
L7,
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Fig. 5-14 Changes in nitrogen loading rates (@), nitrogen removal rates
(O) and nitrogen removal efficiencies (1) during SNAP treatment using
Pile-H-36 as biomass carrier

HRT # R4 2B T2 2 12> T, A TN AR EH 2 kg'N/m¥/day £ T kRIS
LA 810 HEAME =L Z AT, 2MIC TNBREFRES L O T-NBREZEMET L
7o =T, —EHA TN A% 1 kg/m3-day F2EICE TR, TN BREROREIE %
TV, TN BRERDK 80 %L |2 L= D 2 e th . HOVEA T-N Afif& EiF T
ST EZ A, FI3HEBITH 1.5 kg/md-day @ T-N BRESHREICEIE Lz, £0Hkb. i
ATNAfZE LT & FEHRA T-N A28 2.3 kg/m3-day CTilEfizz 1T 572 870
H LRSI T, ) TN BRFEHEE I 1.94 kg/m3-day. K T-N BREHE L 2.05
kg/m3-day |22 L, — %D ANAMMOX SUGME & LT, FEFICE W TN BrE#HEE %
BT D Z L AR T-, Table 5-7 (D — 8 > ANAMMOX Bz DRLBHEEE & DL
A2 E LD,
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Table5-7 Comparison of nitrogen removal ratesfor one-reactor
ANAMMOX process

Nitrogen Nitrogen
Process Wastewater loadingrates removal rates References
(kg/m3-day) (kg/m3-day)

CANON
gas-ift reactor Synthetic 37 15 1)
Air pulsing SBR Sludge liquor 0.46 0.36 2
OLAND
RBC# Synthetic 12 1.0 3
RBC Black water 0.94 0.7 4
SNAD
RBC with nonwoven  Synthetic 0.69 0.48 (5)
SNAP
Biofix Synthetic 10 0.8 (6)
Biofix Sludge liquor 1.85 16 (7
Acrylic pilefabrics Synthetic 23 2.05 Thisstudy

*: Sequencing Batch Reactor, #; Rotating Biological Contactor

AEIDOERRTE L L2 K T-N BRZEHE D 2.05 kg/m3-day 1%, A PEK A H
WTIEWD S DD, ZDOREHE I LN TN BRER MO —FEH ANAMMOX & &
e L Cm oz,

F72. K 2kg/m?-day Oy A T-N A ff TIEIZZ 1T > Tz 809 H HIZEELIEA &
L CTHWZ A G~ DI DI DR 2 BlE2 LTz, £ OREOEEHEDEE
% Fig. 5-15 12”87, 9 1 FERTO 434 A BIZEIZ LB S bEIic A L2150 (Fig.
5-4 M) LT DL, BIROBEITEFICEZ L D, I HITE 7 BDOIGIEDN—Fk
WA VRN AT S E STV D ORI ST, £ 2 C, Z OBERRICEERMM
RO A ERE SN TWeGlREZ —HIR L, 7 n—=0 70 X DSR2 17
2T &L LT

.‘-}\
l\

P\

Fig. 5-15 Photographs of biomass carriers (Pile-H-36) at days 809 of SNAP treatment
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5—3—6 SNAPI5RDOEEMEIT

Fig. 5-4 1 434 H A & Fig. 5-15 F1 809 A H 21T - 7= [E EAL IR OB Z 05 (2B HL
L7eiBRZHWT, ZNENOEFEL 16SrDNA O 7 v—=" 7 LEFEEF| DR EIZ
F 0 M Lz,

F97. 434 H B OHIHTEA T-N AR MRS T T SNAP ABE AT - Tz & &
(ZERIR U 721G Ve O B #5752 & Table 5-8 127”7,

Table 5-8 Results of BLAST search for sludge of day 434 in SNAP treatment

Phylum Taxon Identity Nt?;?‘;d Accession oTuU
Candidatus Anammoxogl obus propionicus 99 EU478694.1
Uncultured bacterium clone 7-1 99 16 GQ344835.1 51
Planctomycete KSU-1 91 AB057453.1
Candidatus Anammoxogl obus propionicus 94 EU478694.1
Planctomycetes | Uncultured bacterium clone 7-1 94 1 GQ344835.1 52
Uncultured bacterium clone:G1_4. 92 AB277768.1
Candidatus Anammoxogl obus propionicus 91 EU478694.1
Uncultured bacterium clone 7-1 91 1 GQ344835.1 53
Uncultured bacterium clone:G3 89 AB264123.1
Chlorobi bacterium Mat9-16 97 AB478415.1
Chlorobi Uncultured bacterium clone XJ118 97 4 EF648160.1 5-4
Uncultured Chlorobi bacterium clone Z4MB25 92 F484824.1
Nitrosomonas europaea strain ATCC 25978 99 GQ451713.1
Nitrosomonas europaea ATCC 19718 99 2 AL954747.1 55
Nitrosomonas sp. ENI-11 99 AB079053.1
Uncultured bacterium clone KIST-JJY 036 99 EF654705.1
Protecbacteria Uncultured bacterium clone:A 99 1 AB194898.1 56
Uncultured beta proteobacterium clone Cart-N1 96 AY118150.1
Lysobacter brunescens strain F2 97 GQ859167.1
Bacterium SG-3 97 1 AF548381.1 57
ur;::j éléfgpgﬁtgrga proteobacterium clone %6 FI828374.1
Uncultured bacterium clone ES3-11 97 D 135.1
Uncultured Chloroflexi bacterium clone: UH-9 97 1 AB265903.2 5-8
Uncultured Chloroflexi bacterium clone CO7_WMSP1 95 DQ450733.1
Uncultured bacterium clone C25 98 EF590006.2
Chloroflexi Uncultured bacterium clone 35-7 97 1 DQ833481.1 59
Uncultured Chloroflexi bacterium clone CARS58 95 FJ902466.1
Uncultured bacterium clone sbrh_117 90 FJ175075.1
Uncultured Chloroflexi bacterium clone AUVE_15B02 89 1 EF651709.1 5-10
Uncultured Chloroflexi bacterium clone E5-00Y K9 88 EU376434.1
Uncultured bacterium clone: AnSal-04 99 AB434256.1
Unclassified Uncultured bacterium clone: AnSal-02 99 2 AB434254.1 511
Uncultured Planctomycetal es bacterium clone DTU1-12 99 FJ710638.1
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31 71— ® 16S rDNA [Z DWW TER MR IERCS 2 P L 7=, A5 5. Planctomyrcetes.
Proteobacteria, Chlorobi, Chloroflexi 7¢ & D& 53E S 405 MU D3RS S 4Tz,
51X Candidatus Anammoxoglobus propionicus & iT#x® ANAMMOX &

(OTU 5-1) ThHo7= (16 7 v—r), —J). Nitrosomonas europaea (OTU 5-5)
H 27— RIS, ZNHDSNAP KGEH -~ TS Z ERHEER I,

FEERBEAEN D 430 H AV OB Tl Candidatus Anammoxoglobus propionicus @
ITEFEME & 72 0 ANAMMOX RGP HEITL TS LB X BN 508, ZOMEIZD
W, AT FOF A7 FTRRB T v B4V BOFINC LY, o ANAMMOX
LD BEBIALSNOMETHS EMEL TS 8, LLARRL, SRV
AR K TICAERRRBIRR T E TN T O, I L7 Fnai) N HERLEES 15 e 1T H2k
9% Candidatus Anammoxoglobus propionicus OUTHFMNEFE LI NTZEEZ LN
2

F72. 809 A B OHHHYRAZ R AR m WO T T SNAP LB 21T > Tz & &
(ZERI L 7215 IR O B AT A 2 Table 5-9 (2787,

32 7 1 —2® 16S rDNA [T DOWTE BN 2 R E LTz, fE3R. Planctomycetes.
Proteobacteria 72 £ DN /A S 1L 5 M 23 RS S v7z, Nitrosomonas JEME DY 9 7
27— (OTU6-1,0TU 6-2) i siv/c, —Jh, BEARKRF THE ST D ANAMMOX
MO KU2 ([ZiEfmD b0 4 7 r—r (OTU 6-5, OTU 6-6) FERI4L, T4 H OMIE
23 SNAP b EH > TWD Z ER LT 72> 7z, KU2 #iZ., ANAMMOX U7 7 Z®
Hr % LR iR ALl R L 72 BR ISR SN DM CTh 5, 7o b2 < MR S IEE I
REARZD Y 7 7 Z Tkt 41, Uncultured bacterium clone AnSal-10 &iEfxd & D 9
Tholei, ZOMEICHOWTIE, FIZAHTH 5, EBRBALS 434 H & 809 HD
SNAP {GIED T i R 2 i+ 25 & B b DIBIRIZEB VTS Nitrosomonas J&
A 23584 AR L RG22 f1 > T B 28, ANAMMOX Kt 1 9 i1 Candidatus
BHIE D KU2 IZEEL TWD Z LdfoT,

F 72, EBRBILAT 600 HLARED SNAP U 7 7 Z |28\ Tid, SNAP JUSIC K 2 %5
PrECIZ, WERAEBMEIC X DMESISDHEIT L TWD EHERI S22, SEIORE
BIRATRE R IV T, ESOSIZBE G 2 MBI T& ko7, ZORIZOWD
1L, 809 HEICHBIF BIEROY L7V o ZidEEkD L5 (Fig. 5-15 B8) ©
INA N DRI A LTeiBERE Y ) 7 L=, MERKISICES5T 5
TR RBMENTFE L CWA G A7) v kR T-algeEn S 5, MEN
JEDHEIT LTV D & 3uE, 15IED B CHEDNEATHWDOIGEFTH DL LEX DD T
D, EEAIRD FERD A VAR DHEAEDH R A7) 752 8tk -
T, ANAMMOX i LIS O B M B 238 H S 402 O TR W EHERIL T 5,

77



Table 5-9 Results of BLAST search for sludge of day 809 in SNAP treatment

Phylum Taxon Identity g%ﬁg‘:‘; Accession oTuU
Nitrosomonas europaea strain ATCC 25978 99 GQ451713.1
Nitrosomonas europaea ATCC 19718 99 8 AL954747.1 6-1
Nitrosomonas sp. ENI-11 99 AB079053.1
Nitrosomonas europaea strain ATCC 25978 97 GQ451713.1
Nitrosomonas europaea ATCC 19718 97 1 AL954747.1 6-2
Nitrosomonas sp. ENI-11 97 AB079053.1
Proteobacteria | | yncyltured bacterium clone HAW-R60-B-924d-AH 99 FN436156.1
Uncultured Xanthomonadaceae bacterium clone PII6E 98 4 FJ439078.1 6-3
Uncultured bacterium clone D17 96 EF590063.2
Uncultured bacterium clone LVH4-G4B 92 EF465081.1
Uncultured delta proteobacterium clone FI-1M_B12 92 1 EF220572.1 54
EgclL::\t/LEag(l)\gyxococcal es bacterium clone GASP- 9 EU299332.1
Kuenenia stuttgartiensis 99 CT573071.1
Uncultured anoxic sludge bacterium KU2 99 3 AB054007.1 6-5
Uncultured Planctomycetal es bacterium clone Pla46 99 GQ359859.1
Planctomycetes
Uncultured Planctomycetal es bacterium clone Gel 97 FJ710645.1
Kuenenia stuttgartiensis 97 1 CT573071.1 6-6
Uncultured anoxic sludge bacterium KU2 97 AB054007.1
Uncultured bacterium clone: AnSal-10 99 AB434262.1
Uncultured bacterium clone S-73 99 1 EF522844.1 67
Uncultured Planctomycetal es bacterium clone HF500_02G17 91 EU361149.1
Uncultured bacterium clone FFCH7865 83 EU134143.1
Unclassified Uncultured bacterium clone AAOO4 86 1 GQ859787.1 6-8
Uncultured Chloroflexi bacterium clone AKY G1624 86 AY921865.1
Uncultured bacterium clone HF70_E12 P2 88 DQ300882.1
Uncultured delta proteobacterium clone HF770_13K19 87 1 EU361327.1 6-9
Uncultured bacterium clone SGUS842 86 FJ202240.1
Uncultured bacterium clone WC2_05 94 GQ263851.1
Unclassified Uncultured Verrucomicrobiales bacterium clone A03-04A 94 1 FJ3542833.1 610
arécglst;:%dl\zlerruooni crobiae bacterium clone GASP- 93 EF665744.1

5—3—7 SNAP U7 ZZDxb BT 585

ZNETOEBRIZIBNT, o MHER{LE D SNAP UV 7 7 2 ~BITT 5 DI 1
FENPoTEY ., SNAP U 7 7 X ORYISES B HIEOMSINEE R FRELE L TE-
Too E T, AROEENK 3.6 L ORISEITHIRAMEHOBEEEE LTT 7 UL
RIS A LY (Pile-H-36) % IV /- No.2 SNAP U 7 7 # A /EfL L7~ 75U & LTI,
THETOEBRTHWEZSNAP U T 7 Z DO TE) bk LI-iii#ER (REVEIR)
ZWEET1~2 7 A, REL Wb OZ Wz, ZOFGIREZ#% MLSS 28
1,600 mg/L DIRFEIT/2 D K DI U TRIEICIRINL . —AMZERRRETTH) Z LIk
S TN VRN 531 SNAP GIR 2 (A EE S Btk BRI/ E L THET £ =
T I e O T2 SR A R K BRI SR L C, SNAP JLERE A 2 &% — | &7, HRT
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L 17 BRI C—E T, M7 VE= UV LADOREEZEETHZ LIZL->T, A T-N A
fifZ 0.14 ~ 1.8 kg/m3-day O#iPH TEL =¥ 72, No.2 SNAP VU 7 7 X 2B} 5435
FRZEDORHZ{% Fig. 5-16 (Z/r LT,
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Fig. 5-16 Changes in nitrogen loading rates (@), nitrogen removal rates (O) and
nitrogen removal efficiencies ([1) during start-up of SNAP reaction using Pile-H-36 as
biomasscarrier

AR MAZERAME 0. 14 kg-N/m3/day TA X — F LT 6 1 CEERERT
50 %%z, 15 A HICITEHRRERIT 80 %L Li272 0, SNAP GO H LR Y &
B LTz, T D%, I DICMARZEAMZ EIF & 27 A BICIFEEREHE X 0.50
kg/m3-day, 50 H HiZi% 1.00 kg/m3-day (ZEE L7z, 5T 74 H B % 14 FF
& LT, PR AEFEAMZ 2.0 kg/m3-day AIRICETCLITEZA 8 HAET
DI REFZREHRET 1.62 kg/m3-day I[ZZEL., K3 7 HONvH BIFHM T, ¥y 1.5
kg/m3-day OERRENER TEXDH I LR TET, ZOEBRTHW-FIGIEIX
ftno> SNAP U 7 7 Z v L RENGIE & U CTEE S AU V3055 U8 & v ek CIRE Lﬂ\f_
HleEZHWTEY . miERfr L7z SNAP {GIEDFE B L CHBIZIEHTE ., 22,
FIWIE TR EE A 1,500 mg-MLSS/L FLEE DK\ VS JE I EE C % 25 H C 0.5 kg/m?- day.
50 H T 1.0 kg/m3-day DEHLFREHELICHEIEL, 3 » AKIZIT Y 1.5 kg/m3-day %
Bz DERRELHEZ/RT SNAP U7 7 Z&ih BiF 5 2 &3k,

F72.No.2 SNAP U 7 7 ZIZE1F 5 T-N FrES#EE & NHa-N FrZE#EE RS LTV NOs-N
AROREE & NHa-N BREHE ORISR % Fig. 5-17 IZR L7,
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Fig. 517 T-N removal rates and NO3s-N production rateswith respect
to NH4-N removal ratesin start-up of SNAP reaction using Pile-H-36
ashiomasscarrier

Z DR, NHeN BREHEED 1.0 kg/m3-day BLFOEAI2IE,. (NOs-N/NH-N) I
0.104. (T-N/NH4+N)IZ 0.873 1272~ 7=, Zh b DfEIX, SNAP & LTIRBENT
WELERBRKX (F1EWU2XBH) 256 HH S 5 ENOsN/NHsN) = 0.11,
(T-N/NH4N)=0.86 (Z IV MEIZ /2 > 72, LN L7Z223 5, NHa-N FREHE 1.0
kg/m3-day LA EDOEAIZIE, (NOs-N/NH4-N)=0.087, (T-N/NH4+-N)=0.895 (2721 |
NOs-N N EBRA L U QIR 5 Z LRIz, ZNHDOREERIE, 5—3
— 3 ® Fig. 512 TR LIEfERICFERROEMZ R LT, 202 &6, No.2 SNAP U
T BICBI HERREN, BIEI T2 SNAP U 77 & L RO E R REREE R
T EDERR TE T,

UL EDOFEF LU | SNAP U 7 7 2 s bEILS L2151 &2 e RAF L 7= SNAP {5ie %
FEVBJE L LT, K3 7 AT 1.5kg/md-day DEHZEREEELH TS SNAP U 7 7 X~
DY BT RNAIRET, S h BT OERREREIL, HIROMAIH & 72 572 SNAP U
TR ERIFEICRD T ST,

FEati =

FOagk L i O Fna) N HERAER S OTEMEVG IR 2 FRVGTE & L7 ANAMMOX Kt & 565y di

FEER LB IZ DWW THRET 24TV LT ORER 21572,

1. FON KRB OTRMEVEIR 2 FEIHIE L L THW., BIEROR U = 27 VBRI
2GR E B OB EE & L RISHEZ R L, ANAMMOX 5Ie DEFRES
FTEITo72L 2 A, 500 H AR L7200 75 ANAMMOX SUSE X 52 FBRE
AT LEA Y, e RZEHRREHEIL 0.82 kg/m3-day #7155 Z L N TE -,

2. HRAMEHOEEEE L LTT 27 U AR A ik (Pile-H-36) % FHV N 72 5B 4y i
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HER LALBE AR A 1T o 7o & 2 A IRAZEF AR D 0.26 kg/m3-day LT OKA faf D
HPHC, E AR LSS ETT D Z L 2R LTz, S DI AAM 2 BT
SHERERR LS Ak LT2 & 2 A, 340 HAERRIM Lo & 2 AT, BHRRER N MR~
IZEE D, 360 HHIZIX 80 %a iz 5 EFRIRERNEG G, SNAP SULOHEITH
BT x 7,

. SNAP [t D#ITH:, HRT % 23 Rl T—/EIC LT, WA NHae N JRE 2Rk 4 (12
FFTvE . A NHe-N #EEEDS 200~1525 mg/L DO E#iFH T SNAP K& %217
ST A MANHSN BEOREIIIZEA LR, BB 80 %Ll ELOE N
ZRREREN/EONT, EHIC HRT < T562 10k -o T, MABRAMNE
FFTwor 2 A, FERAEFRAMDIHK 2.8 kg/m?-day OFMF T T, FHE
FEREHEIL 1.94 kg/m3-day, HAREHRZREZEEIT 2.05 kg/m3-day ZiEK TX
7

. NA VR B T2 SNAP BOSIZEIT D, NHaN BREEE & T-N BrEs# S &K
N NOs-N ARGEE O BIFRIZ, NHa-N BREFHEDS 1 kg/m3-day UL FOSGEITIE,
INETITREINTWD EBRXDOMICIZIFE 8 L7, —F . NHaN BREEEN
1 kg/m3-day L EOHEITIE, NOs-N ApGHE MK | IERREMEIC L DM
FOSDIEAIT LTV D AIRBIE DS R STz,

. SNAP UV 7 7 Z b &N HR 2 FEHTe & LT, IERREMEIZ X DMK
JIGOEAT MR LIz 2 A, EFEEAROTINZ L > T, MERISHETT D Z
AR LT, ZORER I A ViR 2 W72 SNAP BUGIZ I T % 325,
TERRBMEIZ L DME S ZMIE LTS A, KSNAP VU 7 7 Z 2B 5 FEHH
BT E DT,

. FEERBAAG 434 HH L 809 H HICEEAEIK L L THW/ A ARITA A Lz
SNAP GleztRIRL T, ThENOEHET 21T o7, EBLLDY TR
Tb. Nitrosomonas J& DOHIE 3553 BAEER LG Z > T D 3> 7, — 5,
ANAMMOX )iz ZHH > TW D HE IZ DWW TiX, 434 H BHIZ1E Candidatus
Anammoxoglobus propionicus (ZUTkxDMIEHME HFl & 72~ 7225, 809 H HIZIZX
ANAMMOX Y 7 7 % % gy @A Cillfis L7 BRI BT 5 KU2 IZUnix O
ESESTEE IR o7,

. SNAP U 7 7 Z LRI L e RENGIR 2 —FRFICWIERE L Tl &, TN E i
72 SNAP V7 7 2 ONH BT 072 OfffHJe L L THEM TE 220F L7z, 2
7 AT 1 kg/m3-day UL EDZEBFREBRE 2 ERHK CTE | MELRAT L7 SNAP {HIEN
fHJEE LRI TH D Z EvtloTe, £72, b BN SNAP U T 7 4
DREBRFRFRET, FIBIREZ BRI L 72700 SNAP U 7 7 X 2B % 2 HERERE
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FASHME KR DO KEIHEE X OVERBILOXIR E LT, 5 HRKE KB LI,
COD., #FH., VU ORERFINEMINTWD, FikLRIZBWNTHRAGHE 2 LT
B L0 b ALE ORI W TH LK E R &S O X G Ik E Sz, BfE, e
TSN TV D HEATKERERHN IO TZ, FKILRD < —EO A3 E DG
BIUZ72 5> TWAHTET T, < OFZEFNLS] & e & 5 LUK ERM BN L 2 Hl 255
ITSINTND, LnLRenn, A%, BliIRSHEKEDRBIC L 2 M5RFHEFTOILK
ROBH = U T OPR E VST REMED RN Z &b | BRI R EL R T 5 72 O DAL
AT LOBN &R IR E VA DORESL KD 5T S, FIER LR T
VE=IZBWTIL, HRRMAEHOBEEHM & L TRY = 27 VIR 2 W72 [EE
M Z A DIRXFE T ICERE T D721 T, BT KD 6 Ok - 2 0E & AL
BARIRFICAT O 2 ENHRR DK S 27 LB LTV DD, DGR ~D
BN S EEN TV, —FH T, B TIEmb - TE L g L TR F—E &
VFEHIT AN EDORTRFN R FETH D EFSDLATWDHHKMET =7 1t

(anaerobic ammonium oxidation, ANAMMOX) SRDBRRENZRIZHEALTED
Z ®O ANAMMOX B W TR e B RBREHINORAFE L EENTNWDH E AT
H 5,

A ix, R Y = 2T VEIRERATC S A Vi 2 15 e & H OB ek & LTH
WIZBHRREV AT LAOMFEEZHE L TFERK 14 0 biTo TE ML £ L 07
HLOThHD, 3, FKLETERNE o # —CHRBINTRY = 27 VIR %
HWIZEEAE « IE Y AT JMTOWT, WRRBTEFEKE S =7y e LTE—=T—
AT —=NBILOA vy bR = VRBREIT, L - IEAE S X T L OB EEEK
ASOEJEHEIZDOWTHRE LTz, £ ORERG DV ER O -2, BEEbEIkE L
TRA VR 2 T« IRELEE S AT MO EIT -T2, SHIZ, LV EHNE
SRERERE DO ER A B L. KL ORKRLIES 527 & ANAMMOX il OEFH
BER 2T O LIRIT, A N & T R LSS IS DWW T ORMRET 21T - 72,
S Iz, BRHIMIZOI Y R b sOS Mkl LTz & 2 A SR a s b s &
ANAMMOX i 3 [RIRFIZHEI T3 5 — 88 o> ANANMOX Kt (Single-stag nitrogen
removal using anammox and partial nitritation, SNAP) 2347925 Z & DR T
72D T, TDOEMEREIZOWTORMmFT 21T 7=,

F2 TR, R Y = 2T VEUREAT 275 0ef 28 o BELRA & L THWZEE(L
M2 R ICERE L. BBk Ol « ELBIC OV TRET 21T o T2, T O
K. HHE & UYL LGB KA OVEMETGIE 2 -T2 5 A5 . #ERALER G DTEMETS
BERHWEEA LY bERENEL 72D 2 & EE LTk MELBL 21T 5 LT,
VUVROFAENERETHDL Z 3o lz, £z, MARBIREZIMAZERTO 1.5 55
WINLT2 & 21T, K56 %DMERNG LD & HITHERBRBIRITH 90 %FEEE D %)
FRTRRES N, BT LICERRE AP ORIRERE > 2T AL A BEKIZ b T
HZEPH BN,

B I3ETIE, AU = AT VRURERAG 2 O T2 B E LA 2 U 238 3 D Mk - it
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Wb, BZEROSITICHEIT Lo Tz, 20720, MBRED O ORTLEE L LT
ZELIREIC K D ) IV~ )L U OBRE ORI OV TR LK 12 BT
FEDZEGIRREITO Z LWL 5 THEARF D ) v~~~V i E %2 60 %Ll BBk
ETDHILENTE, ZOEKBEREIT>T2HEKE AWV TL - TELEREBREZ1T - 72
A, RAT~D 7 VIROWEDOMENRL 720 | b - RSN ETTH 2 &
RS LT, K 12 BREf O 28 KR SVER U 7= Yt ek 2 R IR 1.5 B O §:4F CTrifl -
WML ZIT 72 & 2 A, TOC RO LIZHK 38 %D ERREREERTHZ L
DHSTZ, L L2aans, EEO-0Icid, BEREDROSEED - DITHLRhR
D & LT B ORISR S LTk o 72,

FAETIE, F3BCTHOLNEA RS D200, A ik &5 Ief AR O
EEAE S L THWZEEM 2 ER L, (k- IELE S 2T LA~DIGIZ DU
THE A T 570, Fx OME. TR O/ A VEEIZ DU TR LR EE & 15T & &I
WCHHE L7z & 2 A, MEIZT 7 VLVRO S DNHIEDOFE BN @< IR D T2 O/ F]T
HY ., RITHRD T AN E R TOMMMNRELS 2D LI A NVDOEIN
FOVERWLDOWERITHD Z L3 floTe, BAEEN - OLEEEZRE Lz Z
A b RLEE DSE D> T2 A VR Bem DT 7V VELD A LY (Pile-H-36)
DAV R X ARRRAT ORGIERE D) 3.4 512 L=, Z® Pile-H-36 Z W 7=f41L -
fid 22 AL BRERER i, AL E O SESRITRD Sz b O OBENROSEITIT
Hipholz, ZORKIL, BB Ak LIRS, 7S LR O — A ERIZ BT
LHEE VDAL NG N LTEEBB 2 (LS Tnb Z Enfilote, £ T,
R— 25y DIAR DGR 22 o 72T 7 U MDA ik (Pile-1) % HVTRYAL -
B2 RER 21T > 72, AR, BHIRIC D 0 ZERICHEL « BN sk = &
Do To, HRHLERIZ 31T D ERRERIL, BTG AROERMSEM: N T, HRT =12
MK 56 %, HRT = 19 B[l THI 77 %I L7, £7-. BFHEEEOTIMNCHONT
DIFTHITV, TASA, AF 7=, BigF ) v &2 % Tk, TOC/T-N k.
2RISR D L HICEF G RERIMLIZE Z A, 50 % EOEZRBRERNELN
oo —H, AV E= LT a—n (PVA) ZHWER TR, HERISITETT 5260
D, MERISHEE T, PVA RMERISOT- OB FGARE L TR TE RN &
B[S T=, LsL7en s, PVA 2 HWZRHTIE, 7S R~ DGR & B IEF I
DI T2 DI b Db BT, LIS E M D3RP EITT 2 2 L2V o7z, PVA
[ZOWTIE, BB TRV T PVA S AHEK ORI, 185K 1 38 R EE 0O WA RF ]
T CHREITS> T DA, ARIOEBRTIE, 1 BLLF O T 90 %Ll Eosy
fRENE ST Y | REHRED 2T LD PVA DR~ BB & 4% O itifE
ELTHE T, B GRE LTTAS AL PVA & WIS VRIS A5 LTz
JBIRICOWT, BB 21T o728 2 A, EHLORICBW T HIBRBIELE RN
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FERBAIAT: 340 A Al LT & 2 AT, EFRRERNMRLIZELS 2D, 360 HBITIX
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REMEDN RIS N7z, £Z T, SNAP U7 7 26y L ER &G (FlEETE)
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Nitrosomonas J& O E 235 7 HAERRL OGS H > TnWD Z &7, —J7,
ANAMMOX St % 415 TW B HIE IOV TIE, FiEAZE R AT A AR ORI
Candidatus Anammoxoglobus propionicus (ZITfxDFMENELEFETH YD . WMAEEA
3@ < 7o TZRFIC IR, BEAR KD ANAMMOX A C Rl & A 23 & WIS AT TR AL S
iz KU2 (ZHTAR ORI 2B L & 72 0 ANAMMOX SUS 2o Tnvd 2 & Ao 7,
F7o. SNAP V7 7 Z bR ES NI RENGIE (FIFGIE) % —FRFAICmERIE L T
BE, T0%, #7272 SNAP UV 7 7 2O h RIF 072 OFEEJR & LCHWT SNAP
SOSFED A S — T v ST gt 217728 2 A, 3 » AT 1.5 kg/m3-day LA
FOEFREREFHENG DI, HERAF LT SNAP JBIRPFEETEE L CHIHAFRETH 5
ZEWHoTm, £, B ER o7 SNAP V7 7 Z TOEFFREFREL, FGIEEZ R
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