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Figure 1. Schematic diagram of a sponge-airlift reactor used in this
study for control of partial nitrification.

Table 1. Composition and concentration of the synthetic wastewater

Components'  Final conc. Components Final conc.

Ferrum solution

EDTA - 2Na 5 mg-]_,'1

Synthetic wastewater
(NH),SO; Phasel 0,21 g'L-l

2 043 gL FeSO, * TH,0 5 mg-L?!
3 107 g-L' Trace metals solution

4 214 g.1? EDTA-2Na 25 mg-L'

NaNO, Phasel 0.22 g-L' ZnSO, * TH,0 0.43 mg-L"

2.4 - g1 CoCl, - 6H,0 024 mg-L"

MgSO, - TH,0 02 g-L*
CaCl, - 2H,0 0.02 g'L'l

KHPO, 0.11 g-1!
0.1 mL
0.1 mL

MnClL, - 45,0 0.99 mg-L*
CuSO, * SH;0 0.25 mg-L’
Na,MoQ, * 2H,0 0.22 mg-L*
NiCl, * 6H,0 0.19 mg-L"
Na,SeO; 1.08 mg-L*

H;BO; 0.14 mg-L?!

Ferrum sol.

Trace metals sol.
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Table 2. Operating condition applied to all reactors.

Nitrogen source

ALR® (kgNem>eday™)

Dissolved oxygen (mgQ,+L")

Phase  Day

(mgN-L™) RUN1 (35C) RUN2 (30°C) RUN3 (25°C) RUNI(35C) RUN2(30°C) RUN3 (25C)
T 0-25 NH, :45, NO, :45 0212 0.209 021 6.4 6.6 74
2 26-51 NH,* : 90 0.436 0.434 0.459 59 59 6.4
3 52-81 NH,* : 225 1.056 1.04 1.061 48 47 5
4 82.124 NH,* : 450 2.032 1.92

2.046 4.7 4.7 5

* “ALR : Ammonium Loading Rate
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16SrRNA BETWF 2B L /=44, FIRREEE Haelll,
Taql I2& D RFLP @&y, VN —T0d& Ui #
0%, HERS| SEMTER (CEQS8000, BECKMAN
COULTER) & DEHEMFIZREL, Arb 2HNT
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Figure 2 IR BRELFTERLZ3BOUT IS
— (RUN1:35°C, RUN2:30°C, RUN3:25°C) D7 &
ZyHEHE NHAN) , EEEgEER NO:-N) , gt
2% (NOsN) , SBEORRRLE R
a) Phasel (Day 0 — 25)

)7 7 &—03rh FFHRE T, ATIEKPOZERR
% NHN, NO:-N & U, #HIZ¥3 021 £ 0.002
kg*m3-day! ODFFEER TG L /-, s 9 HEETIZ
£TO RUN ZBWT, ikF o7 27 HEEERD

B & TR R ROHEMAHER I N, B 9 HELL
T, FRHEIE RO AN IR B R D ERRAETT
LihD, 1Bz 18 H BIZISRAZEFRIFRD 90%2A LAt
BRICEHEI N Z08%, £ TORUN T bt
FFLUERVI /=, Phase 1 TIRODARPAD TS, VS (B
Pr g L ARV 1 2ENEI1.17, 033 RUND
0.44,0.39 (RUN2), 0.33, 0.33 (RUN3) THo7z.

b) Phase 2 (Day 26 —51)

Z ORI TIIATH A 02 5EE NHAN QA &L,
45 0.445 + 0.013 kg m3+ day! OFFEER THIG L
7 RV HAARZ BT EE, RUN2 OFHKF
W7 Y B T I EROBREI MR I Y (G
%29 AH, 20 mgNH4N - L) , 23U pH-controller
DT TICEDTIAURIOEFEAMSIEL, UT 0%
—A® pH MEFLZZENRRTH S, TOHRITHEEE
HEFEORDERDPHERINTRY, STEHNS | Ek
ZiEfTL TV e RUNL, RUNS IZBWTS, FtkHho
7 BT SR CEHREERIRE ENT, e
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TS, VS (BfL : g« Lt AR IR 13Eheh 6.17,
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THoTz.

) Phase 3 (Day 52— 81)

Z ORI T ATHIK P OZFRRFZ NH+N OAEL,
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SEDTHBEHROBDNRSNDER 60 HEM S, H
TSRO R S A=, EEBEEROE
FERIIHR2 1ML, Eix69 HHE T 110 mgNOz-N-L1
EEL 7S 100 mgNO»-N- L1 EEOEEBEHEHEL
TW-. HEREEROEREILY T 7RA&RE L
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EETERINETTWzE RUN3 TiXT B T7HA
EfiE B ERICRE LT e Y ERIEEIC
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B R SR OERIER I Nz, RUNL Tt
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7o, WEEERIRAERICH D, Eik 98 BETIE 11
mgNOg-N+ L1 THo7h, 0% R 50 mgNOs-N
CLATERE THR A DR U=, RUN2 TILF &7k
AETE LR, T e YR S e
ICRERERHNRSNZH 00, B 104 HELFRIIH
BRZELTRY, T2 230 mgNH+N-L1, 160
mgNOs-N-L1 BETH 7. MEEESZOEEH DN
© T 104 B BEURIIEEL THD, 60 mgNOs-N
LA RREOERB RS L C\-. RUNS Til7 > £o
TSR AR VIR U SEEIMENIC B D, HRY
ERIEEESR SRR RICH L TO RERLTEMIE SN~
B K2R OREL 274 mgNHN- L1, 107
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Figure 2. Time course of nitrogenous compound concentrations of
three sponge airlift reactors during the phase 1 — 4. Symbols
indicated as following ; Jofluent NH,"-N (O), Influent NO,-N (A),
Efftuent NH,*-N (@), Effluent NO,-N (A),, Effluent NOy-N (W) .
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Figure 3. Comparison of 16STRNA gene-based cloning results from
the three reactors under complete nitrification (at day 51) and partial
nitrification (at day 124) conditions.
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Figure 4. 16SrRNA gene-based phylogenetic trees of ammonia and
nitrite oxidizers obtained from the sponge biomass in the reactor at
operated under complete and partial nitrification conditions.
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Figure 5. Effects of ammonium concentration or free ammonia
concentration on ratio of nitrite accumulation during the phase 3
(white color) and 4 (Elack color). Symbols indicated as
following; RUN1 (O, @), RUN2(A, A),RUN3 (1, W).
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KDL D IEFNZBERII/EN TR, ZOWET
3, HOKICHERMGED LBARER N T2, A
Bz X DHEBDMARTDIIS DERS -/ EEXS
N, HEHEBAB Lo, DO 2R HIE L TN
B DRI T SBREL TR T 5 Z & THAEET
&Y, Oyanedel-Craver SHITEWIEEF W7 T+
BT 05T, NV7HODO 4 mg-Oe L1 FT
AR E O TR I N L EERE L TND 9,
ERBRICBNWTHAR S PHROMENOEREL D, 528
WL & EREER AR L DT TR T ) 7 7 7 — D DO
3L 7= DD (Table 2, Phase2,4) , BH7 HiRYELR
BRI N/ZDO (<4 mgOs- L) 8L 0 bF <HEfF
TETW=Z &G, ARIVERICEITS DO OFE
BHEDENBDEZEZSNS.

PLEDZ EMS, RO L DT AR DK IE
L7z 7V 7 NBIY 7 7 7 —% W TR L &1 T
SIBE, BEFFIIT o T SRR E A BT
THXLDb, EAMIEREY oV BESHETSZ
EW, —DOEYEFERTHD I EMRRENT.
728, pH IC X 21F8E Y 227 OFFEICIZREL Tld Bae
SHVNy FRHBRE DBRIEL THY, pH 9 ETILRIF/ZE
I EROBRRIRETH D EWEL TNEN B, &
T TG L TR W= D5 %R 5 C T 20 80%
5.

16SrRNA BETICE DW= O— R OREEN S
13, SeEt Ry & ERERAR L OETRTIE, UY oS
—WITES 37 = 7 VA & R L ©

BEIIRE AT B LAISh a7z (Figure 6) .
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Effects of Temperature and Ammonium Concentration on Partial Nitrification in
Sponge-Airlift Reactor
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Three airlift reactors with sponge-carriers were operated by a stepwise increase of ammonium
loading rate at different temperatures, 25, 30, 35°C, to investigate effects of temperature and
ammonium concentration on partial nitrification to nitrite. A high ammonium loading rate (1 kg
NH4+N-m3-day?) caused nitrite accumulation accompanied with remaining ammonium. The
ratio of nitrite accumulation to ammonium oxidation strongly correlated with free ammonia
more than ammonium concentration or temperature. The free ammonia concentration of 8 mg
NHs* 11 allowed the almost occurrence of partial nitrification having the ratio of 0.8. The result
suggests free ammonia must be a crucial factor to control partial nitrification. Cloning results of
sludge samples showed MNitrospira genus of nitrite-oxidizing bacteria was a predominant
microorganism under the complete nitrification condition, while ammonia-oxidizing bacteria
predominated under the partial nitrification condition.
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