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Start-Up and Steady Operation of Two Stage UASB-SBR New Process for

Treatment of Real Landfill Leachate of High Strength Ammonia-Nitrogen
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Ying®

1.Key Laboratory of Beijing Water Quality Science and Water Environment Recovery Engineering Beijing University of Technology Beijing
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Abstract Under the well-controlled experimental conditions the biological treatability of real municipal landfill leachate with high strength
nitrogen and high chemical oxygen demand COD concentration using anoxic/anaerobic upflow anaerobic sludge bed UASB  -sequencing
batch reactor SBR  combined process was conducted in laboratory. The results indicated stable anoxic/anaerobic UASB-SBR process
performance was developed during running continuously for five phase 116 d when feed COD concentration was range from 1237.2 mg/L to
12596.8 mg/L. effluent COD concentration was between 108.4 mg/L and 528.26 mg/L. and when the influent ammonia nitrogen NH, -N
was changed from 155.8 mg/L to 1298.0 mg/L. the effluent NH, -N was varied from 0.12 mg/L to 4.1 mg/L. it achieved high COD and
NH," -N removal efficiency. In this present study it is noted that the anoxic UASBI has two significant effects firstly ~denitrification reaction
of high efficiency was conducted for SBR nitrified effluent recirculated by using the abundant organic matters in the raw leachate as carbon
source. Secondly its removal COD was highly effected by anaerobic biodegradation The effluent COD of anoxic UASB1 was biodegraded further
in the anaerobic UASB2 and aerobic SBR  the maximum organic loading rates OLR  as COD were 13.0 2.09 2.14 kg/ m* d
respectively. In addition the correlation between OLR with OLRrem and COD removal efficiency of three reactors was studied relation
between nitrogen loading rate  NLR  with NH," -N removal efficiency of SBR was tested by linear regression analysis it was found that the
OLR of anoxic UASBI anaerobic UASB2 and aerobic SBR increased linearly with OLRrem. As to SBR the correlation was significant
between NLR as N with NLRrem. In addition the OLR of three reactors shows second order exponential correlation with COD removal
efficiency. At last when the water temperature of SBR ranged from 20.7°C to 10.3°C  and dissolved oxygen was controlled below 1.0 mg/L
the efficiencies of nitrification and denitrification were above 98.5% and 97.7% during the whole experimental running period it achieved
advanced nitrogen removal.
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Table 1 Operation paramelers of anoxic/anaerobic UASB-SBR
HRT/h SBR
/d /T d-! 1% UASBI UASB2  SBR SBR VER! 1°C
| 0~26 60 12 20
Il 27 ~ 58 50 50 14 24 9 5 12 CH; OH 20.3~13.9
Il 59~4 45 100 16 26 9 5 1/3 CH; OH 17.8~13.2
v 75~ 96 30 150 24 40 1 4 1/3 CH; OH 14.9~12.2
vV 97 ~ 116 30 200 24 40 18 8 13 CH; OH 14.8~10.9
1
2 / UASB-SBR OLR NLR !
Table 2 OLR and NLR of anoxic/anaerobic UASB-SBR biological system
OLR/kg m* d ~! NLR/kg m* d ~!
UASBI UASB2 SBR UASB1 UASB2 SBR
I n=15 4.45+1.07 1.42+0.62
I n=28 5.81=1.19 1.39+0.58 4.0321.1 0.3320.12 0.17+0.08 0.32+0.14
Il n=8 8.67+0.74 1.43£0.69 3.49£1.2 0.4420.03 0.25+0.02 0.23+0.04
N n=10 9.24+1.63 1.19+0.43 3.10£0.6 0.63+0.07 0.40£0.05 0.16=0.02
V n=9 11.95+0.65 1.63+0.46 1.29+0.85 0.91+0.22 0.55+0.11 0.13+0.03

1 OLR NLR

H+

n
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Fig.3  Evolution of nitrogen during the start-up of the anoxic/anaerobic-SBR system
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Fig.4  Corresponding relationship between loading rate with removal rate and removal efficiency

3 UASBI UASB2 SBR  OLR
OIR,, R’
0.964 0.53 0.90. SBR NLR NIR,,
R =0.933. 3
OLR 7 R
0.732 0.43 0.53.
4 UASB OLR
OLR
OLR 7 kg/ m* d COD
70% OLR 8 kg/ m* d
80% UASB
1 . M .
2005.105-120.

2 Metcalf  Eddy.
Fourth Edition

Wastewater Engineering Treatment and Reuse

M . USA McGraw-Hill Companies 2003. 580-

587.

Turk O Mavinic D S. Stability of nitrite build-up in an activated
sludge system J . JWPCF 1989 61 8 1440-1448.

Turk O Mavinic D S. Maintaining nitrite build-up in a system
acclimated to free ammonia J . Water Res 1989 23 11  1383-
1388.

Kim D J Lee DI Keller J. Effect of temperature and free ammonia
on nitrification and nitrite accumulation in landfill leachate and
analysis of its nitrifying bacterial community by FISH ]
Bioresource Technol 2006 97 3 459-468.

Timuri H Ozturk I. Anaerobic sequencing batch reactor treatment of
landfill leachate J . Water Res 1999 15 33 3225-3230.
Kettunen R H  Hoilijoki T H Rintala J A. Anaerobic and sequential
anaerobic-aerobic treatments of municipal landfill leachate at low
temperature ] . Bioresource Technol 1996 58 1  31-40.

Agdag O N Sponza D T. Anaerobic/aerobic treatment of municipal
landfill leachate in sequential two-stage up-flow sludge blanket reactor
UASB /completely stirred tank reactor CSTR system J . Process
Biochem 2005 40 2 895-902.
ImJH Woo H] Choi M W e al. Simultaneous organic and

nitrogen removal form municipal landfill leachate using an anaerobic-

aerobic system J . Water Res 2000 35 10  2403-2410.



UASB-SBR

129

10

11

12

13

14

15

Aln WY KangMS Yim S K e al. Advanced landfill leachate
treatment using an integrated MBR process J . Desalination 2002
149 1-3 109-114

Sun G Z Austin D. Completely autotrophic nitrogen-removal over
nitrite in lab-scale constructed wetlands Evidence from a mass
balance study J . Chemposphere 2007 68 6  1120-1128.

Kargi ' Pamukoglu M Y. Aerobic biological treatment of pre-
treatment landfill leachate by fed-batch operation J .
Microb Tech 2003 33 5 588-595.

Enzyme

Uygur A Kargi F. Biological nutrient removal from pre-treated
landfill leachate in a sequencing batch reactor J . J Environ
Manage 2004 71 1 9-14

Liang Z Liu J X. Landfill leachate treatment with a novel process
combined with soil

202-212.

Anaerobic ammonium oxidation ~ Anammox
infiltration system J . J Hazard Mater 2008 151 1
Welander U Henrysson T Welander T. Biological nitrogen removal
from municipal landfill leachate in a pilot scale suspended carrier

biofilm process J . Water Res 1998 32 5 1564-1570.

20

21

ChenS Sun D Z Chung J S. Simultaneous removal of COD and
ammonium from landfill leachate using anaerobic-aerobic moving-bed
biofilm reactor system J . Waste Manage 2008 28 2  339-346

He R Shen DS Wang J Q. Biological degradation of MSW in a
methanogenic reactor using treating leachate recirculation J . Process
Biochem 2005 40 12 3660-3666.
Peng Y Z Zhang S J Zeng W

et al. Organic removal by

denitrification and methanogenesis and nitrogen removal by
nitrification from landfill leachate J . Water Res 2008 42 4/5
883-892.

J. 2004 25 3 160-163.

J. 2006 27 3 604-608.
J. 2007 28 3 607-612.

McCarty P L. Stoichiometry of biological reaction J . Process Water
Technol 1975 71 157-172.





