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ABSTRACT

Landfill bioreactors (LFBR) are gaining significant attention as sustainable alternative for
conventional landfilling. Nitrogen management is an important issue in landfill bioreactors.
The present study is to establish the combined SHARON (single reactor system for high
activity ammonia removal over nitrite) and ANAMMOX (anaerobic ammonium oxidation)
processes in landfill bioreactors for in situ nitrogen management. Laboratory scale landfill
bioreactors (43 L volume capacity) as SHARON-ANAMMOX LFBR were loaded with
mined municipal solid waste operated for 147 days at a nitrogen loading rate of 1.2 kg

N/m’/d. The results showed a nitrogen removal efficiency of 84% with maximum partial
nitritation efficiency of 56% and specific ANAMMOX activity of 0.7 mg Amm-N/mg

MLVSS/d was achieved in the LFBR. Nitrogen transformations, biomass development and,
hydrazine and hydroxylamine formation authenticated the aerobic ammonium oxidising
bacteria (AOB) and anaerobic ammonium oxidising bacteria (AnAOB/ANAMMOX)
activities responsible for combined SHARON-ANAMMOX processes in LFBR. 99% of the
biogas in LFBR as N, the end product confirmed the combined SHARON-ANAMMOX
processes. The study successfully demonstrated the combined SHARON-ANAMMOX
processes for in situ nitrogen management in landfill bioreactors with shorter start-up time
and stable operation.
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1 INTRODUCTION

Landfill bioreactors (LFBRs) are modified landfills with addition of moisture often leachate
recirculation to accelerate the decomposition of waste and landfill gas generation [1]. The
benefits of LFBRs are faster waste stabilisation rate, increased gas generation for energy
recovery, in situ leachate treatment, increased landfill space capacity reuse, reduction in
landfilling cost and environmental impacts. Even though LFBRs have many advantages the
major constraint is persistence of ammonia nitrogen in the leachate in the range of 500 to over
5000 mg/L [1]. It tends to accumulate because there is no degradation pathway for ammonia
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nitrogen in anaerobic systems. Ammonia nitrogen removal is important due to major
environmental effects like aquatic toxicity, high oxygen demand in receiving waters and
extended post closure care period of landfills. Novel processes such as combined SHARON
(single reactor system for high activity ammonia removal over nitrite) and ANAMMOX
(anaerobic ammonium oxidation) processes are gaining significant importance for removal of
ammonia nitrogen from leachate. 50% ammonium is oxidised in the SHARON process to
nitrite and then, the mixture of ammonium and nitrite in the ratio of 1:1.32 suited for the
ANAMMOX process is anaerobically converted to nitrogen gas [2] (see Equation 1).

2.3NH," + 2950, + 12C0O, 12 CH,,0,, +N, + 0.3NO,” 1)

This combined SHARON-ANAMMOX processes has advantages when compared to the
conventional nitrification and denitrification processes such as oxygen requirement is reduced
by 60%, external carbon source usage is reduced by 100%, sludge production and N,O
emission is also reduced [2, 3]. Aerobic and anaerobic ammonium oxidising bacteria (AOB
and AnAOB) are the key players for the conducting the combined SHARON and
ANAMMOX processes. The present study focuses on the application of combined SHARON
and ANAMMOX processes for in situ nitrogen removal in landfill bioreactors. The
performance of the combined SHARON-ANAMMOX LFBR were assessed by nitrogen
transformations, biomass development and, hydrazine and hydroxylamine formation.

2 MATERIALS AND METHODS
2.1 Landfill bioreactor setup

The pilot scale landfill bioreactor was constructed using PVC pipe (see Figure 1). Landfill
bioreactor dimensions were 0.21 m diameter, 1.20 m height and 43 L volume. LFBR consists
of cover layer with sand (0.1 m), bottom layer with coarse gravel (0.1 m) as drainage layer
and in between them mined municipal solid waste from dumpsite was fed as feed. PVC pipe
was placed in LFBRs for gas collection and gas sampling. This PVC pipe was connected to a
water displacement jar for gas measurement. Leachate from the LFBR was collected and
recirculated into the LFBR once in a week.

2.2 Landfill bioreactor operation and Analytical techniques

SHARON process was initiated in the SHARON LFBR using enriched AOB biomass as seed
from a laboratory scale reactor containing 43 g/kg of VSS with AOB bacterial population of
1.9 x 10* MPN/mL of ammonium oxidizers. ANAMMOX process was initiated in the
ANAMMOX LFBR using enriched AnAOB biomass from a laboratory scale reactor
containing 43 g/kg of VSS with AnAOB population of Candidatus Brocadia anammoxidans
(GenBank accession number - JQ972060). After the 188 days of operation, the partial
nitrified leachate from the SHARON LFBR (0.99 kg N/m%d) was fed into ANAMMOX
LFBR (0.20 kg N/m®d) for operating it as SHARON-ANAMMOX LFBR. Then, it is
recirculated into SHARON-ANAMMOX LFBR and was operated for a period of 147 days at
a nitrogen loading rate of 1.2 kg N/m%d. The pH and average temperature during the
operation period was in the range of 7.0 to 8.0 and 31°C, respectively.
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Figure 1. Schematic diagram of landfill bioreactor

Leachate was collected in air tight containers; weekly once for 147 days and analysis were
carried out immediately on sample collection. The leachate collected (100 mL) for analysis
was replaced by addition of water (100 mL) to the LFBRs. Leachate samples were analysed
for ammonia nitrogen, nitrite and nitrate nitrogen according to standard methods [4]. The
AOB and AnAOB biomass development was determined by trace appearance of
intermediates such as hydrazine [5] and hydroxylamine [6] and bacterial biomass
accumulation by MLVSS analysis. The nitrite accumulation rate in reactors was calculated by
Partial Nitritation Efficiency (PNE) [7].

4 RESULTS AND DISCUSSION
4.1 Nitrogen transformations in SHARON-ANAMMOX LFBR

The variations in ammonia, nitrite and nitrate nitrogen in the SHARON-ANAMMOX LFBR
are as seen in the Figure 2. The initial ammonia content in the reactor was 512 mg/L and
reached maximum of 669 mg/L on 63" day. In situ ammonia nitrogen removal efficiency in
SHARON-ANAMMOX LFBR reached 71% in the operational period. Nitrite utilisation was
around 100% in the reactor. Kosari et al [8] reported SHARON process in SBR and
ANAMMOX process in upflow fixed bed reactor. It gave ammonia and nitrite removal of
48% and 63%, respectively. SHARON-ANAMMOX LFBR achieved higher removal rates
than Kosari et al [8]. Low content of nitrite and nitrate around 0.0 to 24 mg/L in SHARON-
ANAMMOX LFBR were due to immediate conversion of the compounds by the activity of
AOB and AnAOB. The combined SHARON-ANAMMOX processes contributed to total
nitrogen removal rate (NRR) of 0.998 kg N/m®/d with nitrogen loading of 1.2 kg N/m*/d. The
total nitrogen removal efficiency (NRE) achieved in the reactor was 84% during the study
period. NRE of SHARON-ANAMMOX LBFR was higher than that of the study by Li et al
[9]. He reported partial nitritation-ANAMMOX processes in UASB at nitrogen loading of 1
to 2 kg N/m®/d with NRE of 62 + 17%.
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Figure 2. Nitrogen transformations in SHARON-ANAMMOX landfill bioreactor

The nitrogen removal performance of in situ combined SHARON-ANAMMOX LFBR is
comparable with different ex situ combined SHARON-ANAMMOX reactors. Dongen et al
[2] reported ex situ SHARON and ANAMMOX processes in a continuous stirred tank reactor
(CSTR) and sequencing batch reactor (SBR) achieved a nitrogen removal of 80% with the
nitrogen loading of 1.2 kg N/m®/d. Vazquez-Padin et al [10] achieved 69% nitrogen removal
in ex situ SBRs conducting SHARON and ANAMMOX processes at nitrogen loading of 0.28
kg N/m3/d. The nitrogen removal was higher in the present study (84%) with in situ combined
SHARON-ANAMMOX processes in landfill bioreactor than other configurations.

4.2 Biomass activity

The AOB and AnAOB activity monitored during combined SHARON and ANAMMOX
processes in the LFBR are as seen in the Figure 3.
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Figure 3. Partial Nitritation efficiency and specific ANAMMOX activity in SHARON-
ANAMMOX landfill bioreactor



For the first few weeks both SHARON and ANAMMOX processes were observed in the
reactor by partial nitritation efficiency and specific ANAMMOX activity (SAA), respectively.
The maximum PNE reached in the reactor was 56% on 21% day. The SAA achieved in the
reactor was around 0.3 to 0.7 mg Amm-N/mg MLVSS/d. AOB existence was favourable to
ANnAOB population in the reactor. Since AOB consume if any oxygen prevail in the reactor
thus protected the AnAOB population from exposure to oxygen. Partial nitritation efficiency
decreased after day 21 which consequently increased the specific ANAMMOX activity since
favourable conditions for ANAMMOX process prevailed in the reactor. This was illustrated
from the decreasing trend in PNE compliments with the increasing trend in SAA (see Figure
3).

The bacterial activity was also based on the free ammonia and free nitrous acid in the reactor
as seen in the Figure 4. The free ammonia was in the range of 5.4 to 25.4 mg/L (except on
day 266 with 61.3 mg/L). The free ammonia was above inhibitory level of 0.1 mg/L for nitrite
oxidising bacteria (NOB) which is the main competitor during the study period [11]. The free
nitrous acid was in the range of 0.0 to 0.008 mg/L. The free nitrous acid in the reactor was
well below the inhibitory level (0.2 mg/L) for AOBs and AnAOBs [11]. Further, the bacterial
activity was also demonstrated from the hydrazine and hydroxylamine in the reactor (see
Figure 4). The hydrazine and hydroxylamine were in the range of 0.001 to 0.01 mg/L and
0.001 to 0.002 mg/L, respectively. This authenticated the AOB and AnAOB activity [12].

The alkalinity in the range of 286 to 914 mg/L in the reactor maintained the pH during the
study period. The alkalinity produced in ANAMMOX process neutralised acids from
SHARON leachate. Thus, suitable pH was sustained during the combined process. The COD
removal efficiency was low (45%). Maximum biomass developed in the SHARON-
ANAMMOX LFBR was 3280 mg/L. The cumulative biogas generation in the reactor was 4.0
L in 147 days. Biogas composition in SHARON-ANAMMOX LFBR revealed the end
product of the combined SHARON-ANAMMOX processes was N, (99%) gas with the N,
concentration of 658 ppm.
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Figure 4. Free ammonia, Free nitrous acid, Hydrazine and Hydroxylamine in SHARON-
ANAMMOX landfill bioreactor



5 CONCLUSIONS

The study revealed the application of combined SHARON and ANAMMOX processes for in
situ nitrogen removal in landfill bioreactors. The reactor performance of combined SHARON-
ANAMMOX processes in landfill bioreactor demonstrated good performance in terms of
higher nitrogen removal efficiency of 84% and ammonia nitrogen removal efficiency of 71%
at nitrogen loading of 1.2 kg N/m’/d in 147 days, biomass accumulation and easy operation.
The end product of the combined SHARON-ANAMMOX processes was N, (99%) gas.
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