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! 310029 ? 310014
78 .49mmol/L
163.18 mmol/I: d 94.42%
45d 0.83 mm 55.53m/h
0.95mmol NH,; -N /g VS - d 0.23mmol NH, -N /
g VS-d 0.24mmol NO, -N /g VS- d
TQ92 A 1000-3061 2002 04-0492-05
Anaerobic ammonia oxidation ANAM- 1
MOX NH, -N NOx -N Table 1 Composition of synthetic ammonia wastewater
SNH4+ Concentration Concentration
Component Component
+3NO; —>4N, + 9H,0 + 2H" NH, + NO, =N, + !¢l /gL
KH, PO, 0.027 NaHCO; Added as need
2H2 0 MgSO; H,O 0.300 NH,; ,S0, Added as need
1~3 CaCl, 0.136 Trace elements solution | ImL/L
KHCO, 0.500 Trace elements solution [| Iml/L

(1)Trace elements solution T ¢/ EDTA 5.000 FeSO, 5.000

(2)Trace elements solution [ ¢/I.  EDTA 15.000 H;BO, 0.014

ZnSO; 7H,00.430 MnCly 4H,00.990 CuSOs 5H,00.250 NaMoOy
2H,00.220 NiClL, 0.199 NaSeO; 10H,0 0.210

1.3
56
9.2L 7500mL
7 13.7 L/min 7.5mg/L
6.0 mg/L
1
1.1
1
1.2 pH 7.5~8.5
30C
TS Total Solid 39.87 /I Vs 14
: . 1.4.1 NH, -N - 2
Volatile Solid 15.6 g/L VS/TS 39.12% pH 6.94
2001-12-24 2002-04-14
No.500014
" Tel 86-571-86971709 Fax 86-571-86971648 E-mail pzhenc@zju.e
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15d

45d

2c

1

Internal-loop air-lift bioreactor and its flow diagram

Fig. 1

1. Influent bottle 2. Influent pump 3. Aeration pump

4. Blowhole 5. Effluent bootle 6. Riser

7. Downcomer 8. Settling section 9. Overflow weir

1.4.2
1.4.3
1.4.4
1.4.5
1.4.6
1.4.7
0.5m

NO, -N N- 1- -
NO; -N ?
TS VS 2
pH  pHS-9V
DO YSI MODELSS

50 ~ 100

1.4.8
500 r/min 10min
1.4.9 100
Nikon YS2-H
Sauter

1

D:%Z abzg

1.4.10
60mlL.
pH7.5
100 r/min

20mL 30°C

12mmol/L

1.4.11
Leica

2

2.1
2.1.1

DMLB + QCOLite

12

2
Fig.2 Development of nitrifying granular activated sludge
b. Floc-like sludge 10 x 10
¢ d. Granular sludge 10x 10 and 10x20

a. Seeding sludge 10 x 10

2.1.2
2c
2d
4°C 6
30 45 60 75d
2
0.35~2.41mm
n 1.0mm
30d 29% 75d
3 81% 3

20mL
2

Table 2 Some physical characteristics of nitrifying
granular activated sludge

t/d 30 45 60 75

Average diameter/mm 0.82 1.30 1.40 1.54

Settling velocity/ m/h 55.53 75.6 74.88 82.44

Wet density/ g/mL 1.007 1.081 1.052 1.066
8~10

’;
2a © hERSEMEMFRTATIBSHIEE htto://journals. im. ac. cn
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18

12mmol/L 32h 200h
0.95mmol NH, -N /
g VS- d 0.14mmol NH, -N /g VS- d
3
Table 3 Distribution of diameters of sludge granules
Diameter/mm
t/d
<0.5 0.5~1.0 1.0~0.5 >1.5
30 22% 49% 23% 6%
45 2% 24% 45% 29 %
60 0% 27% 35% 38%
75 3% 16% 34% 47 %

—— Granular
sluage

—o— Common

sludge

Concentration
/(mmol/L)

(v

0 24 48 72 96 120 144 168 192 216
t/h

Fig.3 The activity of granular activated sludge

0.23mmol NH,"-N /g VS - d
0.24mmol NO,” -N /g VS- d

2.2
2.2.1 HRT
Hydraulic Retention Time 2d
4
1~7d
5.97
mmol/ I d 49.30%
2.94mmol/ 1. d 8~ 15d
49.30% 100% 16 ~
45d 5.47 mmol/L 55.30 mmol/L
5.47 mmol/ Li d 55.30mmol/ L
d 95%
2.2.2 1

HRT

Concentration/(mmol/L)
Removal rate/%

Fig.4 Performance of the internal-loop air-lift

bioreactor during the start-up
& Influent ammonia WEffluent ammonia ARemoval rate

AFEffluent nitrite @Effluent nitrate

55.30 mmol/L 78 .49 mmol/L
78.49mmol/ L. d
100 % 48 .26 mmol/

L 0.90
mmol/L

79.29 mmol/L 78 .49mmol/L
64.67%
3.78mmol/L

22 .41 mmol/L

2 HRT
40
mmol/L HRT
HRT  22.79 h
39.70 mmol/ I: d
94.42%
39.50 mmol/ L- d
163.18 mmol/ I d 4

5.41h
169.19 mmol/ L= d

120 mmol/ L= d
119.30 mmol/ L d "
10d 130
mmol/ L. d
99 % 1 mmol/LL
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Study on electron acceptor of mixed microbial culture anaerobic am-
monia oxidation. Chin J Appl Environ Biol
1998 41 74~78

© h EREEOVE 5 5T BT AT B S R R D

4 HRT
Table 4 Performance of the internal-loop air-lift bioreactor with various HRT
HRT NH; -N Removal Volumetric Volumetric Effluent Effluent
h / mmol/L rate loading rate removal rate NO, ™ -N NO; ™ -N
Influent Effluent 1% / mmol/I: d / mmol/L: d / mmol/I: d / mmol/I: d
22.79 37.74 0.18 99.49 39.70 39.50 0.00 26.91
19.54 40.42 0.29 99.19 49.77 49.38 0.00 31.46
15.85 40.68 0.04 99.89 61.73 61.66 3.19 30.48
13.13 38.21 0.00 100.00 69.90 69.90 0.12 34.70
11.79 40.01 0.49 98.80 81.63 80.66 3.66 33.69
9.61 36.57 0.04 99.90 91.32 91.23 0.00 35.06
9.01 38.15 0.88 97.66 101.63 99.29 0.00 24.08
7.38 37.17 2.04 94.42 120.97 114.18 19.69 10.17
7.02 37.95 2.07 94.63 129.72 122.79 17.90 13.86
6.34 37.09 0.03 99.92 142.54 142.43 5.26 27.38
6.25 39.53 1.03 97.39 149.64 145.72 10.02 21.05
6.02 40.76 2.25 94.48 162.45 153.48 16.60 12.79
5.41 42.45 1.51 96.45 169.19 163.18 7.94 25.20
3 ZHENG P FENG X S Jetten M S M et al. Study
on performance of ANAMMOX fluidized bed reactor. ACTA Scientiae
Circumstantiae 1998 18 4 367 ~372
4 Heijnen J J Mulder A Weltevrede R et al. Large-scale aerobic
treatment of complex industrial waste water using immobilized biomass
in fluidized bed and air-lift suspension reactors J . Chem Eng Tech-
78 .49mmol/L nol 1990 13 202 ~ 208
163.18 mmol/L: d 5 HUBL ZHENG P FENG X S . Study
94.42% on the biological nitrogen removal process. Chin J Appl Environ Biol
1999 5 68 ~ 73
6  Jetten M SM Svein JH Mark C M van Loosdrecht. Towards a more
sustainable municipal wastewater treatment system. Wat Sci Tech
1997 35 9 171~ 180
7 HU B L ZHENG P GUAN L L . Isola-
45d 0.83 mm tion identification and characteristics of ammonia-oxidation bacteria
55 53m/h 0.95mmol NH4+ N /g VS- d from Anammox reacor. Journal of Zhejiang University
2001 27 3 314~316
8 Beun J J Hendriks A Van Loosdrecht M C M et al. Aerobic granula-
tion in a sequencing batch reactor. Wat Res 1999 33 10 2283 ~
2290
0.23mmol NH, *.N / g VS - d 9 Morgenroth E Sherden T Van Loosdrecht M C M et al . Rapid com-
N munication aerobic granular sludge in a sequencing batch reactor.
0.24mmol NO," -N /g VS~ d Wat Res 1997 3112 3191 ~ 3194
10 Peng Dangcong Nicolas Bernet Jean-Philippe Delgenes et al. Rapid
communication aerobic granular sludge-a case report. Wat Res 1999
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Performance of Internal-loop Air-lift Nitrifying Bioreactor

LIN Feng-Mei' ZHENG Ping'*  ZHAO Yang-Yang' HU Bao-Lan' ~CHEN Jian-Song®
' Department of Environmental Engineering Zhejiang University Hangzhou 310029 China
% Hangzhou Environmental Protection Bureau Hangzhou 310024 China

Abstract The performance of internal-loop air-lift nitrifying bioreactor was good with strong tolerance to influent ammonia con-
centration 78.49 mmol/L.  high volume converting rate  163.18 mmol/l: d and obvious working stability ammonia removal
>94.42% . During operation of internal-loop air-lift bioreactor the nitrifying activated sludge was granulated. The nitrifying
granular activated sludge began to appear on day 45. lis average diameter was 0.83 mm settling velocity was 55.53m/h and
specific ammonia removal rate was 0.95mmol NH, * -N /g VS d. The nitrifying granular activated sludge had the activity for
anaerobic ammonia oxidation with ammonia oxidation rate of 0.23mmol NH,* -N /g VS - d and nitrite reduction rate of

0.24mmol NO,” -N /g VS- d.

Key words internal-loop air-lift nitrifying bioreactor nitrifying granular activated sludge anaerobic ammonia oxidation
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