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Abstract

Recently, nitrogen pollution is one of the biggest problems and novel nitrogen removal
process, Anammox (anaerobic ammonium oxidation) is now regarded to be a promising
alternative to the conventional nitrogen removal process. In Anammox reaction, ammonia
is oxidized to nitrogen gas using nitrite as an electron donor. Recently, CANON process,
in which nitrification to nitrite and anammox occur in one reactor, has been developed.
Using anammox granules, new CANON reactor could be started up within 1 month and
the anammox rate of the reactor was 56% of that of the seed granules. The reactor
showed a stable nitrogen removal performance for 4 months. The average nitrogen
removal rate of the reactor was observed to be 0.4 kgN/m%d and the average nitrogen
removal efficiency was 74%. There seems to be various factors affecting CANON process,
in which nitrification in aerobic condition and anaerobic anammox reaction occur at the
same time. Among them, DO concentration was proved to be the most important factor
affecting nitrogen removal efficiency in CANON process.
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Fig. 1 Schematic diagram of the gas-lift reactor system.
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Table 1 Composition of synthetic medium

(NH.).S0, 472,943 mg
KHCO, 168 mg
KH.PO, 25 mg
CaCl;*2H,0 300 mg
MgSO0,- TH:.0 200 mg
Trace element I 1 mi
(EDTA 5 g/l, FeSO,-7TH;0 9.14 g/)

Tap water 11
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3. BRBLUEE
3.1 LER
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it % Fig. 212, EFEAMN & Anammox:#E, 7 €=7
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Table 2 Experimental conditions

Run pH Temp (C) DO (mg/l)
I 75 30 0.8~2.0
I 8.0 30 0.8~2.0
m 75 34.5 0.8~2.0
v 7.5 30 0.2~04

MAEEFE - RHEEELE=2TN (i)
ANHuwiw=ATNX 1/(1.02X 2) (ii)
ANOzwy=A TN X1.32/(1.02X 2) (iii)
NOsgeneration avs = A TN X0, 26/(1. 02X 2) (iv)
ERERTL (ANHw) =

(NHuw~NHier) — A NHaana (v)

B (ANOw) =

(NOuw—NOzg) + ANHuw — ANOown (Vi)
B (ANOw) =

(NOur — NOuiur)  — NOsgenerution ana (vii)

fEFR L LTlRML 72 Anammox 7 J = 2 — )L D VSS
4472 ) » Anammox e 2 130, 1kgN/kgVSS/ATaH 1) |
VAR R LR RS KRR 3 E0. 20kgN/m/d DREN £ &

250

200

150

100

Nitrogen conc(mgN/L)
(4]
S

0 5 10 15 20 25 30 35
Time(days)

Fig. 2 Changes in HRT and nitrogen concentration.
Symbols <:NH.-N inf, € :NH.-N eff, l:NO.-N
eff, &:NO;-N eff, X :HRT
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Fig. 3 Changes in nitrogen load and reaction rate of
anammox, nitritation (oxidation of ammonium
to nitrite) and nitratation (oxidation of nitrite to
nitrate) .

Symbols < :Nitrogen load, 4 :Anammox, Wl
‘NH,~N—+NO.-N, A :NO,-N—+NO;-N,



Anammox /7 = a— VR iGEHTAE—REHRREVT 7 ¥ — 21

LTwaEstgEani, LaL, WEKBE»SEHEL
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BELH Lo, REUKPIINO, PFRF L7, £ZT,
5 HEIZAnammox 7' 7 = 2 — V& EBIHE A L 72,
TrEZTEBLEEIX4 HE2S14H B F THL.2M
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Fig.4 Changes in ammonium removal rate by
nitrification, ammonium removal rate by
anammox reaction and DO concentration.
Symbols 4 :Nitrification, ll:Anammox, X:DO
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HETHRAER SN, WEICHER Y — RSz
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Fig. 37585 4 7% & 512, DORELE > - 72 HIH D
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ZbNb, FDOHOKDOERRIZ & ) EIHERELLEE D
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Table 3 Nitrogen load, nitrogen removal rate and effluent nitrogen concentration

day Influent conc. Load Max. N-removal Effluent concentration
(mgN/l) (kgN/m®/d) | (kgN/m%d) (%) NH, (mgN/l) | NO:(mgN/l) [ NO,(mgN/)

1-3 100 0.14 0.05 37.4 1.2 57.0 8.5
4-5 100 0.22 0.07 31.2 72 64.6 35
6-11 200 0.40 0.32 79.6 8.0 85 17.0
12-17 200 0.66 0.34 51.2 77.0 6.2 10.5
18-21 200 0.70 0.56 79.9 9.5 35 28.0
22-25 200 0.75 0.56 75.3 185 3.0 27.0
26-33 200 0.90 0.62 68.9 31.0 3.7 27.0
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5 HERNO, DE NI (NO,-NNH-N) &, —BFHIZHH
BRibh e 5723 5 (13, 28, 54HHE) %< £0.06~
0.26 (F50.13) THh o7z, EBRBIM P ORKREFERE
HII87. 4%, FHERBRERIIT4.0%TH Y, EBH T
Bk & Anammox UG % #1 4 » AR S €5 Z LA C
&7,

3. 3 pH.JEE.DONEE

Fig. 7\2pH, iREE, DO &I S 7/- & & O UCHER
A2 RT, HpHFSIETable 2 128135 &H2RT,
1HHIZDO%0. 2mg/l 70 0. 8~2.0mg/L 12 ki (&M 1),
B L EE % LA SE72,pHE7.50 58,018 b S &7
EZAH (&M40). WELOWHIEA SRS, Anammox

Anammox rate (kgN/m°/d)
o000 O00QeQo
~ o™

Nitrogen load- Nitrification*

-0 = N W s
T

|
o

Time(days)

Fig. 5 Changes in nitrogen load and reaction rate of
anammox, nitritation and nitratation at low DO
condition.

Symbols < :Nitrogen load, € :Anammox, W
‘NH:~N—NO,-N, &:NO,-N—NO;-N
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Fig.6 Changes in influent and effluent nitrogen
concentration at low DO condition.
Symbols & :NH.-N inf, € :NH.-N eff, ll:NO.-
N eff, &:NO;-N eff

0.50
3 1 it i I\
x 040 F e
o N
€ o~ N
£ 2030 | .__.\,/:l—, e
< E AN M
§ %ot e
8= e 5 ol
€ o0 f P It
i A P NS
-4 e —

0.00 . : ' :

145 150 155 160 165 170 175 180 185
Time(days)

Fig. 7 Changes in reaction rate of anammox,

nitritation and nitratation at each condition, |
(pH 7.5, 30°C, DO 0.8-2.0mg/N), 1l (pH 8.0, 30
C, DO 0.8-2.0mg/), W (pH 7.5, 34.5°C, DO
0.8-2.0mg/), WV (pH 7.5, 30°C, DO 0.2-
0.4mg/l).

Symbols 4 :Anammox, ll:NH.-N—NO.-N, &
:NO.-N—NO;-N
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BEEIIET Lo RICBEX30TH»H35CIZ Liffze 2
5 (&0, AnammoxMEED LFIZR SN rzhs, ik
LHEED LR LTEY, BEXERERZILALEDL L
2o 720 RIZDO%#0.8~2.0mg/l 2°50.2~0.4mg/L IZ T ¥
e A (FHN). HEMHEREES X URERRILER S
ETHEM% R L, Anammox #1312 L7 L7z, €0k
B OBREROMEASI LN, SO E % Table 4 12
FLb,

HEHEEEIZ BT S DODE N %L A Anammox - HE Al
b - WEMLD B EFEIZS 2 5 E8 %, 30CL3BTITBW

TEHANIRE L7z R % Fig.8I2RT, DONKTL L
RN LR . WEM LB MR T3 2 A SN
7zo Anammox# ¥ 1330°C, 35C & & 12DO 0. 3mg/i i
TIRKE % o7, 0.2mg/lLLF 12 B\ T Anammox # & 75
BF L0, HMBRIEGEEOETICLY), HETHD
A DERARY Lo Th b LB S5, BH
DEF N % BB ClE, AR 2 gNH-N/m¥d, £
MEIE 0. Tmm D & TR AR EFE 215 5 D0, 30CT
0.8mg/l (BxF3#74%), 35°CC0.9mg/(85%) Td 5™,
F AWM CIBESERVCITERKBRELEZBLIDIIKE

Table 4 Effect of experimental conditions on nitrogen conversion

Run pH Temp (C) DO (mg/l) Nitritation Anammox | Nitratation | N-removal
I 75 30 0.8~2.0 A X O X
I 8.0 30 0.8~2.0 X X O X
jill 7.5 34.5 0.8~2.0 O O O paN
v 7.5 30 02~04 X @) X (@]
O very effective, O :effective, A:No effect, X :negative effect
1 0.8
o8 & — e — 06 F—
ﬁ 06 - — - Y *
£ | E 04 — — ¢ o —
So4f ' - : 8 .
I ¢
02 —— e —
0.2 — ¢ °
0 . ) | | 0 ! i 1 ) I
i ii iii iv v | 1] 1] v A\
° 0.35 P 0.25
© ©
“ 03 ot
% 5 0.2
£ = 025 - 1 =
g Ex o015
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Fig. 8 Effect of DO concentration on each reaction rate (left: 30°C, right: 35C).
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