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Abstract — In this research the characteristics of ammonia removal from malodorous waste-air were investigated
under various operating condition of biofiilter packed with equal volume of rubber media and compost for the efficient
removal of ammonia, representative source of malodor frequently generated at compost manufacturing factory and pub-
licly owned facilities. Then the optimum conditions were constructed to treat waste-air containing ammonia with bio-
filter. Biofilter was run for 30 days(experimental frequency of 2 times/day makes 60 experimental times.) with the
ammonia loading from 2.18 g-N/m*h to 70 g-N/m>/h at 30 °C. The ammonia removal efficiency reached almost 100%
for I through IV stage of run to degrade up to the ammonia loading of 17 g-N/m>/h. However the removal efficiency
dropped to 80% when ammonia loading increased to 35 g-N/m>/h, which makes the elimination capacity of ammonia 28
g-N/m*/h for V stage of run. However, the removal efficiency remained 80% and the maximum elimination capacity
reached 55 g-N/m*/h when ammonia loading was doubled 70 g-N/m*/h for VI stage of run. Thus the maximum elimi-
nation capacity exceeded 1,200 g-N/m>/day(i.e., 50 g-N/m3/h) of the experiment of biofilter packed with rock wool inoc-
ulated with night soil sludge by Kim et al.. However, the critical loading did not exceed 810 g-N/m?/day (i.e., 33.75 g-N/
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m>/h) of the biofilter experiment by Kim e al.. The reason to exceed the maximum elimination capacity of Kim et al.
may be attributed to that the rubber media used as biofilter packing material provide the better environment for the fix-
ation of nitrifying and denitrification bacteria to its surface coated with coconut based-activated carbon powder and

well-developed inner-pores, respectively.
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©]%ltt. Chen 5 [171 composte} EHAE FHERL T8t vlo]
SQIEIE +Hdste] st} gk HeElE FHsoiEd, 242t
288 4l 243 g NHy/m?/day2] # ol 2o} AAES R usolrt.

B Aol HRe B TaAldelr] dAEE o urt
29] ARl AAUY 2AHQ YR oS 3 o7 [AE
A2lslr] 981, Al 22 24 sl nlo] 2HE| o] rjo}

A EE 2ARL Hlo] QB T APeAEAL THIAA,

2.4 o

2-1. HIO|2EE{FK|

o}FZ g AR o] FEE downflow'd 2] 0= 1517 9
sfo] nlo] @8] RESV)E Fig. 13} 2ol A&egitt. vlo] Q4 E
7= EAlE nlo] e FE R =5 cm; 4o]=30 cm) 2
S =5 em; 20]1=30 cm)ell ZFZF 22 ecm % 22 cm@] =9]
2 A9 Yol vlo] 2 8H (T =0l=60 cm)S] F FaEelE 44
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Fig. 1. Schematic diagram of biofilter to treat malodorous waste air
containing ammonia.
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1.0°]l . vlo] e e ©ARA ZFY] A 5T (Mesh(%),
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TBN(total bacterial number) =

A,: Average cell number in field
F,: filter area

F,: field area

F: filter sample volume

2-3. UL} 2AIHHH

Flame photometric detector(FPD)$} silica capillary column(30 mx
0.32 mm, 4 um thickness)s 2+t 7}~ 4 F v} 72133 (Shimazu,
GC-2010AF)E RiGaselA Tt ¢tRUok(15.4 ppmv) Er7k~
2 calibrations =33} 1L injection port, 2+ % detector®] &%=
Z}ZF 100 °C, 50~230 °C9} 225 °CE AT 271, &F 9
20l 2 82, 4 4 85 mUming FA|EHIth SR Yols Set
oI 7k Eol7hs wlo] @B 9] 1T, AelEo] vhes Hl
Z7 % 7} sampling porte]l 8] 1 L H =2} 98 AZAAAA
AE o HXFH(Gastec, 3L-3La E 3M)S ARE-ato] 7k~
e

QhEUo} FES Z4aint.

2-4. OMEEH2| pH, L&, HEZZE Y moisture & X
nlo] @A e el 4k mEEAS] pH 9 moisture ¥ 3=

Table 1. Operating condition for each stage of biofilter-run
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AL A8 nlo] @ E &) 3L fl8te] WA Z sk g ol
GA19] A7 pH FA415 flete] vA= vkl zt 252 buffer solution
< RO Z (2 mL/hr) peristaltic pump(Masflex)@ (P20 2 ¥
FoFATE A1 pHE 222 portell4] samples 10 g2 A5 51
Blo]A ¢ ©al 33} SFH 50 mIE Wt 3 A5 F52-S pH meter
(Istek 720P)= S5 B2 moisture 4F2] 742 3%+ portollA]
samplesr 20 g¥ A|F ko] Hlo]A | Tl dry oven(Sam Heung
vacuum dry oven)3FellA] 244131 -5k 105 °CollM AZAR §-
AE Aol x5-e] gAle] FAL Axde] g@Ae] A b= §
TEE S8

ShA W EEAY W WAA-E 50 ml F9]€] compostE
50 m12] Blo]AA FAE Alo] WEE S350 1, FEto|oEA|
9] 9= 100 ml WIAAREA HRI7EEE S48k o
£ FHZE o] gsle] HelolojgA ] U =s B2 A §
of AR7IAEE ST 7 BRIHEES] xlo| 2R HEo]
ojg A ] WiE=&S ekt
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o8 71A] dAlol A Yok inlet load® ¥} FES W3IA A
A ARl whE vlo] @B oA 8] QLo Ae|Fe]E wEsl]
98t M-S sk PR Yols i3t H7kse] AP E ¢
3lod vlo] LAENE 30 (231/199] 3R F 60 times ) F3
oF 30 °CellA] 6HA2] wto] @HE] 21371 SloflA] Table 13} 2=
0% AT vlo] @8] AL feed} vbo] I E] 9] exit

= &3 57)19] sampling portell A 43 =T},
3. 48 H &

3-1. HO|QEHIHHIAS] 2UFH7 A2 Aleddat

Hlo] @8E] ] 7} A feed inlet, 2217149 exit B 7} sampling
portellA 738 kR Uole] 5% F=0|i= Fig. 29} £t} vlo] @I E
7Hs T 5410 times) FFI A 2F 1,000 ppme] ROt
AE 1,500 psi2] o2 523 FHlolA4] mass flow controllers
o]-23} 0.05 L/mind] FFC 2 UT Yo }~E mixed chamber
o] Y3 feed F= 0.5 Limin®] 202 vfo] o) 353
sFaAtkel st EYol T4 EllolA] === 2F 1,000 ppm]
AR oA FlEko|th, meba] AzE #7kAS] ol sEs
oPI7IAR 7IE wle] oF 100 ppme|ATE. 1 DAL feedE
A 2] 3t vlo] 2 HE| 9] sampling port 2} Tl Lo} A2 a&
o] A2 100%°]3tt. vlo] LZE] 7Fs = 11 timesFE] 20 times
(1 A A= 22 A7k R Yoks s fAI6ks feed 3
o} ekRyol 913 ZH7F | L/min 2 0.1 L/min®.& 2012 5
ZFAIAA inlet loadE 22 FA sto] {11 A=
sampling port 15HlA] 11 ©HA] 2710l FtbdE S9s19l L olsh &

Stage (times) 1 (1-10) 11 (11-20) I (21-30) IV (31-40) V (41-50) VI (51-60)
Q (L/min) 0.5 1 1 2 2 3

C,, (ppmv) 100 100 200 200 400 533

1 (min) 1.72 0.86 0.86 0.43 0.43 0.29
Inlet load (g-N/m?/h) 2.18 436 8.72 17.44 34.88 70

3% Q: Feed flow rate, (O Feed concentration, 1: Retention time
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Fig. 2. Various ammonia concentrations of biofilter at each sampling
port (feed, S-1, S-2, S-3 and exit) versus experimental times
(Q, feed flow rate).
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Fig. 3. Removal efficiency, inlet and exit concentrations of ammonia
versus times.
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Fig. 4. Elimination capacity(g-N/m>/h) and inlet load of ammonia
versus times.
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Fig. 5. Elimination capacity(g-N/m>/h) versus inlet load of ammo-
nia at the exit of biofilter.
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Fig. 6. Inner pore of the rubber media made of granular waste-tire
and EVA [reflected light observation(a) and transmitted light
observation(b)] by light microscopy(x30))[18].
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CompostS] AH7H == 0.37 g/mlo| T HElolojeA] 2] d1
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HZE ol gt =& A Foll SHT AEVU = 0.55 g/mlo]
itk whbA] FEete|ogAe] U582 24%0]130Tt

3-2-2. PH ¥ & 447

Hlo] @ 4H 4 Fol vio] @8H W2 w|g=E gA@El] o
@All+compost)] pHE pH 7.07} 7.5 AfoollA] WSR-S Rglom,
HEolo] 9 compost BA] &2 22t 55 9 60%E LUFERY
Art.

3-2-3. WA= ANAS AP3A

ulo] @ e 2 $of ufo] 8E] ] sampling port 1%, 25+ 2 3

o} 3 oIz Al 395

Fig. 7. Microbes from 1st sampling port of biofilter, observed by fluores-
cence microscope (16x100) (Axiolab, Xeiss, Germany).

o)A AF T v AE G 1 g2 DAPI GAAIA Fig. 739 2
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o] 2Lz stell dRUolstE T7HAFIHA 138t vt
o] e 7FE F 59U(10 times) F¢H> o] 2491 ok o}
inlet load”} 2t T SollA 71 22 2.18 g/m*/hojoir] Zt thoj|
A1) FF=d 0] AlRPAstel] thE AT mlwlekela 11 W11
timesoA4] 20 times7FA )M FE R Uol R0 Ul feed 355
o] zz} 2nl) T7kste] 7} wellA| 9] i Ee] AlRhAS e uhE
Azo] 2E]7] AZE L 11 ©AelA o} o] Wal-
RO feed TaF0] S7Fste] A 0% nfo] @ E]eA €] A|F+
Al7ro] BolRSolm B sta AATEC] 1 WA} o] A
100%Z A18FATF. 1 €421 timesH -] 30 times7HA)ell A= 11
A9} 2 AFARIC R Skl YR Yo} e} PR oSS 2
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T IR FABL AFARES 0.5 Wi st} R UoRElE 2
HE F7MAZTE 2 A AAEES A A9 vlsgt 100% 7
T 1o 7 dolA 9] et S0 A7 sl ukE Aol T
TERA BRI v @Al E IV @A e AlFAl
R A8l ot 100% S71s ko) s g SRR 8t
o] AHHOF inlet loadS 1V D7IRT} 100% S7HAIATL AAE
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