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Abstract — A semi-pilot biofilter packed with media with immobilized Thiobacillus sp. IW and return sludge, was
operated under various operating conditions in order to treat malodorous waste air containing both hydrogen sulfide and
ammonia which are major air pollutants emitted from composting factories and many publicly owned treatment works
(POTW). At the incipient and middle stages of a semi-pilot biofilter operation, the hydrogen sulfide-removal efficiency
behaves regardless of an inlet-load of ammonia. However, the ammonia-removal efficiency decreased as an inlet-load of
hydrogen sulfide increased. Nevertheless, at the final stage of the semi-pilot biofilter operation, the ammonia-removal
efficiency was not affected by the increase of hydrogen sulfide-inlet load. It is attributed to that a serious acidification of
semi-pilot biofilter-media did not occur due to continuous injection of buffer solution at the final stage of the semi-pilot
biofilter operation. When both hydrogen sulfide and ammonia contained in malodorous waste air were treated simulta-
neously by semi-pilot biofilter, the maximum elimination capacities of hydrogen sulfide and ammonia turned out to be
ca. 58 and 30 g/m’/h, respectively. These maximum elimination capacities were estimated to be ca. 39 and 46% less than
those for lab-scaled biofilter-separate elimination of hydrogen sulfide and ammonia, respectively. Thus, for the simul-
taneous biofilter-treatment of hydrogen sulfide and ammonia, the maximum elimination capacity of ammonia decreased
by 7% more than that of hydrogen sulfide.
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Fig. 1. Schematic diagram of semi-pilot biofilter-system.
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2-4. 3l 3 ARL0} EAHEEY

Flame photometric detector (FPD)%} silica capillary column (30
mx0.32 mm, 4 um thickness)S &8t 7}~ 3 2 wlE 7249 (GC-
2010AF, Shimazu)E RiGasol|A Fi-ato] 5943 23441
ppmv) El AEUok(15.4 ppmv) ZZFe] EF7FA~Z calibrations 5=
g5} 3L injection port, 2 H detector®] =%+ 27+ 100 °C,
50~230 °CS} 225 °CE A8t 371, AF 9 540 FF2 82,
4 9 85 mi/ming FABIITE SF3lra e dRYoks 247§
8 H7F7) Eo7 ks vol @3B 9 QI A o] Lo ul
7 4 vlo]oE 39kl g5Fo] 1 LI Bl=et S AAAIAA
7}4=1 ek 12} (GC-2010AF, Shimazu) %3 S804 1 o5
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o] FEE SAsIoiTh

2-5. OMSEAIQ| pH, 2E, LHESSE X moisture & SN

vlo] @] el g2k nEEAS] pH 9 moisture Y =
A2 AF3t vo] @ FE 9] 15 flste] WEEA] Qg g 4ol
A9l A4 pH A5 35k Lim¥} Park[14]0] A3t buffer
solutions peristaltic pump (Masflex)& A5k semi-pilot H}o] 2
Y shenb7hA] "ojx]7] ok& AER HFEQ mlhr)C® Hlo]
QY RN A 0 7 njo] o geldAl skt eyt
semi-pilot H}o] @FE] 2731 IREFe] 2 z7o] wEha Esla
H3leko] Z7ste] wba] buffer solution 35752 4 ml/he= A
31517 semi- pilot H}O]iv‘ﬂﬂi FAIZ Tt §49] pH, 2%,

F3=-5 4 moisture %= Lee 5 [18]2] R o2 242} 1)

2-6. Semi-pilot HIO|2EEAIARS| HAEE X HAHES
nlo] @ FE] A|AEIO] B3l 4 9 PR U o} A 2] & & (removal
efficiency)s Eq. (1)ell =ato] 242t APksisict.

Removal efficiency (%)=

C,-C
——2x100 1
C M

i
where and denote the concentrations of hydrogen sulfide or ammonia of
waste air fed to the process of concern and waste air treated by the

process of concern, respectively.

o] @ AE| Al ARe] a5 i GhE Lo} Faknlet
load) & AlA-E-%(elimination capacity)S 22} Eq. (2) 2 Eq. (3)
o Fsto] AksiSict,

Inlet load (g/m3/h):CTi %100 Q)

Table 1. Experimental schedule on feed conditions of hydrogen sulfide and ammonia

Description  stage 1 (10 days) stage2 (10 days) stage 3 (10 days)  stage 4 (5 days) stage 5 (5 days) stage 6 (5 days)  stage 7 (5 days)
Q 10 L/min 20 L/min 20 L/min 10 L/min 10 L/min 10 L/min 10 L/min
(0.6 m*/hr) (1.2 m*/hr) (1.2 m*/hr) (0.6 m*/hr) (0.6 m*/hr) 0.6 m*/hr) (0.6 m*/hr)
Cyo (H,S) 25 ppm 12 ppm 12 ppm 25 ppm 50 ppm 100 ppm 200 ppm
C,yo (NH;) 240 ppm 120 ppm 180 ppm 160 ppm 160 ppm 240 ppm 240 ppm

[a] Q and C, denote air flow rate and feed condition, respectively.
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Elimination capacity (g/m3/h)=c’+c” %100 3)

where C,;, C, and t denote the concentrations (g-N/m?) of hydrogen
sulfide or 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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gk 57) 5 30°Ce] 2% SlellA] Table 13 22 X71©
2 27330t vlo] 2 TE 9] feed inlet, A 2]7F22] exit L Hlo] Q.
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Fig. 2. (a) Various hydrogen sulfide concentrations of a semi-pilot
biofilter at each sampling port versus experimental times.
(b) Removal efficiency, inlet and exit-hydrogen sulfide con-
centrations versus times.
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Fig. 3. (a) Various ammonia concentrations of semi-pilot biofilter at
each sampling port versus experimental times. (b) Removal
efficiency, inlet and exit-ammonia concentrations versus times.
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(b)

Fig. 6. SEM image of waste tire crumb-media: (a) surface; (b) cross-
section.

Fig. 7. SEM image of the surface of GAC.
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Fig. 8. SEM image of the surface of compost.
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