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Abstract — The hybrid system composed of a photocatalytic reactor and a biofilter was operated under various oper-
ating conditions in order to treat malodorous waste air containing ammonia which is a major air pollutant emitted from
composting factories and many publicly owned treatment works. Total ammonia removal efficiency of the hybrid sys-
tem was maintained to be ca. 80% even though its inlet loads were increased at a higher operating stage according to an
operating schedule of the hybrid system. The ammonia removal efficiency of photocatalytic reactor was decreased from
65% to 22% as ammonia inlet loads to photocatalytic reactor were increased. In spite of same inlet loads of ammonia to
the photocatalytic reactor, the ammonia removal efficiency of photocatalytic reactor with lower ammonia concentration
of fed-waste air was higher than that with higher ammonia concentration of fed-waste air. To the contrary, during the
first half of the hybrid system operation the ammonia removal efficiency of a biofilter was quite suppressed while,
despite of increased ammonia inlet loads, the ammonia removal efficiency of the biofilter was continuously increased to
78% and reached the ammonia removal efficiency similar to what Lee et al. attained. The maximum ammonia elimina-
tion capacity of the photocatalytic reactor was observed to be ca. 16 g-N/m*/h. In an incipient stage of hybrid system
run, the ammonia elimination capacity of the biofilter showed little sensitivity against ammonia inlet loads to the hybrid
system. However, in the 2nd half of its run, the ammonia elimination capacity of the biofilter was increased abruptly in
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case of high ammonia inlet loads to the hybrid system. In 6th stage of hybrid system run, total ammonia inlet load
attained at ca. 80 g-N/m>/h corresponding to 16 g-N/m>/h of ammonia elimination capacity of the photocatalytic reactor.
Then, the remaining ammonia inlet load to the 2nd and main process of the biofilter and its elimination capacity was
expected and shown to be ca 64 g-N/m>/h and ca 48 g-N/m?/h, respectively. The ammonia elimination capacity of the
biofilter was close to 1,200 g-N/m*/day of the maximum elimination capacity of the investigation performed by Kim et al.
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Fig. 1. Schematic diagram of hybrid system composed of photocata-
lytic reactor and biofilter to treat malodorous waste air con-
taining ammonia.
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Fig. 2. XRD analysis of TiO, photocatalyst obtained by calcination
of P&T-31C at 450 °C [Nanopac].
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Fig. 3. Dendrogram derived from Cluster-X (Kyoto University Bio-
informatics Center) of 16S rRNA gene sequences of isolate KDE-
0311. Sequence was aligned with 16S rRNA sequences obtained
from a BLAST search of the NCBI database.
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where C; and C, denote the concentrations of ammonia of waste air
fed to the process of concern and waste air treated by the process

of concern, respectively.

Table 1. Operating condition for each stage of hybrid system-run

23]

TESE slo] BB = A|AH] = 7t 9 A3 ) oFR o} dk(inlet
load) 2! #|718-(elimination capacityy2 2+t Eq. (2) 2 Eq. 3)°
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Inlet load (g-N/m/h) = %x 100 2

Elimination capacity (g-N/m°/h) = Q-L-E—C— x100 3)

where C,, C, and 1 denote the concentrations (g-N/m’) of ammonia
of waste air fed to the process of concern and waste air treated by
the process of concern, and retention time (h), respectively.
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Fig. 4. Various ammonia concentrations of hybrid system at each
sampling port versus time (Q, feed flow rate).

Description stepl (8 days) step2 (5 days)

step3 (5 days)

step4 (5 days) step5 (5 days) step6 (5 days)

Q 0.5 L/min (0.03 m*hr) 1 L/min (0.06 m*hr)

Cg (NH;) 240 ppmv 120 ppmv

200 ppmv

1 L/min (0.06 m*hr) 2 L/min (0.12 m*hr) 2 L/min (0.12 m*hr) 3 L/min (0.18 m*/hr)

200 ppmv 400 ppmv 520 ppmv

Q: air flow rate
C,,: feed concentration
Effective height of biofilter: 0.38 m
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Fig. 6. Elimination capacity (EC,,,) and inlet load (IL,,,,) of ammo-
nia versus time (The empty bed contact time (EBCT) of biofilter
was used as a retention time instead of EBCT of total hybrid
system to calculate not only the elimination capacity (EC,,,)
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