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Abstract

To evaluate the effectiveness of various reactor types for anaerobic ammonium oxidation (anammox), four types of
reactor, a sequencing-batch reactor, a fixed-bed reactor with nonwoven carriers, a fluidized-bed reactor with tube-shaped
attachmerit carriers, and a fluidized-bed reactor with methanogenic granules as carriers, were examined. While activity in
the sequencing-batch reactor occasionally decreased markedly, a stable nitrogen removal was maintained for 200 days in
the fixed-bed and fluidized-bed reactors. It appeared that the biofilm mode was not inhibited by oxygen due to the high
biomass density and the existence of oxygen-consuming microorganisms on the biofilm surface. However, overgrowth on
the nonwoven and tube-shaped carriers sometimes resulted in gas entrapment and the floatation of carriers. After 173
days of operation, the maximum nitrogen removal rate of the fluidized-bed reactor using methanogenic granules as
carriers was 2.87 kg N-m>:d"!, which was the highest among these four reactors: Considering biomass attachment and
hydrodynamic mixing characteristics in addition to treatment efficiency, the use of methanogenic granules as attachment
carriers in a fluidized-bed reactor appeared to be the most effective for the anammox process.
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Fig. 1 The metabolic pathway of ANAMMOX process
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Table 1 The conditions of reactors
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Sequencing-batch reactor

Fixed-bed = reactor
nonwoven carriers -

with

Fluidized-bed
tube-shaped
carriers

reactor with
attachment

Fluidized-bed reactor with
methanogenic  granules as
carriers

Working volume

24~271

20/ (4 200mm)

201 (¢ 200mm)

6.41 ($100mm)

Biomass carrier -

Non-woven

Area of non-woven 2.4 m’

Tube-shaped carriers
( ¢ 4mm, Height
density 1.3)

Volume of carrier

4mm,

81

Methanogenic granules from
a full-scale EGSB reactor that
treated brewery wastewater
(9 0.9-1.2 mm)

Volume of carrier 2/

Influent conc.

NH,-N: 300~750 mg N[,
NO,-N: 270~710 mg N-I!

NH,-N: 90~840 mg N+ /",
NO,-N: 90~980 mgN- /'

NH;-N: 90~920 mg N/,
NO,-N: 90~1120 mg N /!

NH;-N: 65~510 mg NI,
NO,-N: 68~700 mg N+

HRT 5.1~152 day 16.2~379h 16.9~44.0h 7.7~34.7h
Agitation 45 rpm 4.0 mh! (Up-flow) 9.0~9.5 m-h'! (Up-flow) 1.7~1.8 mh" (Up-flow)
Temperature 32 C 30 C 30 °C 30 °C
Influent pH 7.5 75 7.5 7.5
(a) (b)
Gas N,
r ]
N B P .
2 .
influent | Efﬂ ent-gas
! Effluent
P) . .
Circulation Pump
Influent P
() (d)
Gas N, purge
effluent
Non-woven ||
Effluent -
ﬂ——» effluent
[ - N - B R @
Circulation Pump . I Circulation pump
Influent pump
Influent pump
Fig. 2 Experimental device for continuous cultivation; (a) sequencing-batch reactor, (b) fixed-bed reactor with nonwoven carriers, (c) fluidized-bed
reactor with tube-shaped attachment carriers, (d) fluidized-bed reactor with methanogenic granules used as carriers
Table 2 Composition of medium for cultivation
; -
NI)50; 134 ~3960mg Trace element I (g- 1)
EDTA 5
NaNO, 444 ~ 4830mg FeSO: - TH.0 014
KHCO, 500mg_ b L A i
KH,PO, 27.2mg Trace element 11 (g* ) .
CaCl, * 2H;,0 180mg EDTA 15 NaMoO; * 2H,0 0.22
MgSO, + TH,0 120mg ZnSO4 - TH,0 0.43 NiCl, = 64,0 0.19
Trace element I Im/ CoCl, * 6H,0 0.24 NaSeO; * 10H,0 0.21
Trace element IT 1m/ MnCl, * 4H,0 0.99 H;BO, 0.014
Tap water 1/ CuSO0; *-5H,0 0.25 ‘
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Table 3 The ratio of nitrite removal and nitrate production to ammonium removal

NO; removal(-) NOj™ production(-) Test period(days)
Sequencing-batch reactor _1.04 0.18 1~74
Fixed-bed reactor with nonwoven carriers 1.27 0.16 1~196
Fluidized-bed reactor with tube-shaped attachment carriers 1.46 0.17 1~226
Fluidized-bed reactor with methanogenic granules as carriers 1.32 0.03 . 54~186
(@) (b)
0.3 - 2.0
L i
% o 0.25 add sludge i % ~15 s ;
= P02 ZM‘ Lo v a y A4
S99 L T o A
g E 0.15 A\\ 2'g 10 1 A @
o Z 01 i /A f 5 z A“ Aol
=~ " r ! = :
0 &AL ) L AN ST VA s | - 0.0 | o MA . . i
0 10 20 30 40 50 60 70 80 0 40 80 120 160 200 240
Time(days) Time(days)
(c) ()
2.5 y 30 i
815 20 ' 3~ 25 LA
@ . r L VR B : H
ZF N 7Y Bl s B
>%. 15 A P o 20 T & ¢ |
g £ ; s A A 3 e i A A
210 r éiu‘sm M 521'5 A ‘
= \%D 05 |- \ ) 10 # :
- o 22 E< o5 | g |
00 I ' l | 0.0 By Argy o A MW L )
0 40 80 120 160 200 240 )
Time(days) 0 50 100 150 200
IMEEays Time(days)
Fig. 3 The change of nitrogen removal rate of incubation in the four reactors; (a) sequencing-batch reactor, (b) fixed-bed reactor with nonwoven

carriers, (c) fluidized-bed reactor with tube-shaped attachment carriers, (d) fluidized-bed reactor with methanogenic granules used as carriers
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Fig. 4 Red biofilm attached on the nonwoven
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