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Falras) dEUoks 2313 o HVEAE AEsh] $181e] o128 semi-pilot HEo] @8 &4 2271 StellA Bacillus
cereus DAH-10567}+ Arthrobacter sp. KDE- 0311§ 1733}k semi- pllot Hlo] @ FE] A|2ELS 33T}, Semi-pilot B}
o] @HE] SXZFANM Thiobacillus sp. IWS} WH5EelX]E 11793 nlo] 2 HE] 9] 3354 removal efficiency= 2F
80%°131 3L AF o} removal efficiency= &F 50% J 01T WHH Bacillus cereus DAH-10563} Arthrobacter sp.
KDE-03115 11738t & Aol 83l=49] removal efficiencyr= 2F 90%°]13132 AE Y ol] removal efficiency:= °F
60% 50|k, Wb 2 AFtollA Thiobacillus sp. IWS} WEEEHAE 1173 semi-pilot HIO] L TE] Q] 495 7]
07 3l 4 Aol removal efficiency’} 22t oF 13% X 20% §5% A=A} TaF 2 Atox= <F

Uole] o) elimination capacity’} ¥ 35 g/m*h@A Thiobacillus sp. IWS} WEREH A S 1173t semi-pilot HIO] .2
FE] Y] K} 3~5 g/mPh = ALE 10~17% TS =20t} 38 £ A9 33814=42] Al elimination capacity
= 29k 63 gimih AER oF 15% 2715130t & AAollM= -2 inlet load2] 3354} Sxjabe 58 o] 33}
FaTb S FE Fslkrantt H]'O]E'”Ei o] et HElE o oA A, 22 inlet load®] Mozt 3
Ahe W2 F5o gyl A9t =2 FEe OL‘:’HOH‘%_D} t] & removal efficiency®} elimination capacitys
Zk= Zlo] B} 2 :rLOﬂ’\Ll Fepra HuAE SRS F3kral) R Yoks FAIAE sRlSelE Est
I FelrAvhs vlol e dH R Aueh AdTelx ] Fslra A SRs 2 Y H]/\O]'Oﬂ‘;]' L i
TolAE vloledH 2 F3Ag) QM olE FAIA TS AT EL B 58 dEUol AAEE Btk

Abstract — A semi-pilot biofilter inoculated with the microbes consortium of Bacillus cereus DAH-1056 and Arthro-
bacter sp. KDE-0311 was operated under various operating conditions in order to treat malodorous waste air containing
both hydrogen sulfide and ammonia. When both hydrogen sulfide and ammonia contained in malodorous waste air were
treated simultaneously by semi-pilot biofilter inoculated with Thiobacillus sp. IW and return-sludge, the removal effi-
ciencies of hydrogen sulfide and ammonia were ca. 80% and ca. 50%, respectively. On the other hand, in this study, the
removal efficiencies of hydrogen sulfide and ammonia were ca. 90% and ca. 60%, respectively. Therefore, the removal
efficiencies of hydrogen sulfide and ammonia were enhanced by ca. 13% and 20%, respectively, compared to the semi-
pilot biofilter inoculated with Thiobacillus sp. IW and return-sludge. In addition, in this study, the maximum elimination
capacities of hydrogen sulfide and ammonia were enhanced by ca. 15% (8 g/m’/h) and 10~17% (3~5 g/m*/h), respec-
tively. In this study, it was observed either that in case of even a same inlet load of hydrogen sulfide, a higher concen-
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tration of hydrogen sulfide causes more difficulties in treating ammonia containing in waste air than a lower one, or that
in case of even a same inlet load of ammonia, a lower concentration of ammonia results in higher removal efficienciy
and elimination capacity than a higher one. Even though hydrogen sulfide and ammonia were treated simultaneously by
a biofilter in this study, the maximum elimination capacity of hydrogen sulfide in this study exceeded or was similar to
that in previous study of biofilter treating only hydrogen sulfide. In addition, this study showed the higher maximum
elimination capacity of ammonia than other previous investigation of biofilter treating hydrogen sulfide and ammonia

simultaneously.
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29 FUsHA| g vlo] @ E = T ZRAARCE oFF A A
Holutkn BuEar QUub1-12). sk el gels whiah= oo
gk AANs-& F7keb] flste] vlo] @ ZE], vlo] L Er]SIH
(biotrickling filter)?} 5-3-*H(hollow fiber) ®1 = 2|91 ERES7]9] oF
FAAA Y5 vlasisiE wel, vio] 8 E= kA e oH e
Aol tisle] PgAR =2 AAEES HIATH13]. F35aE X
$Fet 710] njo] @ B vlo] Qe slo]HE| =g 9
3t B A5= Oyarzun “5[4], Cho 5[5], Wani 5[6], Chung 5[7-
10], Filho 5[14], Kim $[15] % Lee®} Lim[16]%} -2 7415
oJato] = Qi

Ramiro®} Danny[17]= mushroom E|H]] A5 ZA ARLE = 7
o RE wAEEA ] oJsto] WA= dEU o] FEE U
FoA IFF 4 F= Bl flalett Basielth. -2 H]
Ag 2 AR A9 S7VRF QlojA] AFAFRE 1w tislod,
Kim¥} Choi[18]= A2 7% A= Yok} o}glF7} 373~899 ppm
o)1 342 0) BHAYRES- 0.3~2.92 ppm O & B ESIT S =10
$= gFRUjole} o}l 77} 275~784 ppm©| 1T}, Kazutaka S[191
Tuo} vMle %7 31 2,500 ppme ]2kl X 118FAT) Oyarzun
[412 7VdelA 355 ppme] 1E % B3FAE- Thiobacillus thioparus
= g3k no] e AE 7 XTsi 1 F3lrio] AAlA-EEE 55
g/m’/hE}al B kAT Filho S[1412 B3kr4E 33t J7kas
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A E9-Eer &, I35 A4 AV bagasseE ARSI
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5 1Ak vlo] @A S FHE vlo] Qe 2 w|7kof| S B
S s AAS T, 13 g HyS/mP/he] 33lea el Ho)
AAEFL 8 g HyS/m*hE LERISITE. Akdeniz 520k HAHES
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Lo}, total reduced sulfur(TRS), Wigt 2 N,OF 7]7dellx] A|A
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AL 50%7F4] A5k ATt
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H7kE Al flsto] el 9 oA e E flsto] S
o= Y ool e W g% nYEES Aol st
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2-1. Semi-pilot HIO|2EEIA|AE] FX|

Semi-pilot H}o] LTEAIXELS Lee T 2417 22> O = Fig. 1
¥} o] FEBIT ol EE AAE g vlo] AHE kR WA
o7 2] fI8te] ol E T =9.5 cm; Hol=16 cm)] SO
2 o]FoR HESV)(F £0]=80 cm)E AZSIALE T AL ulo]
LI A AEOA] 57)9] sampling portE ZHZ} A XSk, feed, HO]
23y 3¢ 4 exitol| A H7E8] AR S SISiTE vlo] 28 H =
GAE vo] 2 8E 7} ol 7.5 cm8] Hol 2 217} All9] ol vlo]
LIE L] F Fa=0l= 37.5 em®E ST vlo] Qe olli= P
SOpel 3 mm ¢ BAJEHGAC), 0.6 mm?] compost Z A}
Azt sefolof A [25] ZH7HE A2 U2 Zs 9AlE AHSSt
ot 2A9] dEE2 F7194| (compost)E A17G31] A=l &
Q3 FI)YSARE A FFEA I vto] FE 2] Sl A
peristaltic pump(Masterflex) 5 A-5101 njo] ¥ 1]o] &A)9] pH2t
T A 9151 buffer solutions o] 22| ffofd o= 3t
o7 Fa%A s3Itk 7+ vlo] LB E= temperature controller” |
F-2+8 heating band® oA HES71S] 24 (30 °C)E 3L
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Fig. 1. Schematic diagram of semi-pilot biofilter-system.

2} 2] 9] fitting swagelok fitting© = A-2-5}9A T}, Blower(DBR-032,
FHI7IAEY; B2, 0.4 Kgfem?, H T+, 1,650 L/min)ol]
A FEEE 3718 TTEI-PW B2, AL el o)sto] oF
40~50 °CE #-A 5= humidifier 4 3715 Eoste] AJdiHs
95~99%% 48P ©] FH37]+ mixing chamber® T AT} O]
mixing chamberoli= F8}7229] 73-9+= Na,S 85 peristaltic pump
(Masterflex)= ©]-8-3t0] @rlell Fgsto] Y5 slris
AIXZ13L HZ blower(Youngnam Yasunnaga; E&3, 0.12 Kg/em?,
H5, 43 Liminys 285101 WAYSH 31381<FA 71~E lead acetate
Gols- Bl Fof| mixing chamber®]l 555151t 34 4 EY
ofe] A-9+= &skrae] 799 2ol BX blowers E8310 4R
Yolgrof| A st A5 T2 R Yo} 7H~5 mixing chamber©]]
S0l Mixing chamberl| X 7158 3719} 33lpa 9 b
Yo} 7t~g £l vlo] @8 9] 231z A AYEE
2 gk Fo sk WA o & nlo] @ E & Q1YsISiTtt. Blowerel
A 3715 olFshs B tygon? O F ARSI AL mixing chamber
oA o] RAE A= F3lrAe] 79 ol Yl vitonThe,
Aot B tygonthE 27t ARSI} HjEaSIT

2-2. Semi-pilot HIO|QEEAIAR 28

Folra 9 bR ols FA] $HEE A AVEAE SAAE ]
318t semi-pilot H}O] QHEAIAELS: Lee 52413} 0] Table 13} 22
semi-pilot T2 XX 02 MY, sl 2l kol
£ A e o571 8] AHElE 218kl semi-pilot HEo] 2L EH
AR 50D (231149 315= F 1003] ARk 54) <k 30°C
9] =27 slellA] -3t

(a) DAH-1056 (b) KDE-0311

Enterobacter agglomerans Bacillus cereus

Pantoea agglomerans Bacillus sp. 82344

Erwinia milletiae Bacillus cereus stain UB 102

Pantoea ananatis Bacillus thuringiensis

Fig. 2. Dendrogram derived from Cluster-X (Kyoto University Bio-
informatics Center) of 16S rRNA gene sequences of isolate microbes
(a,b). Sequence was aligned with 16S rRNA sequences obtained
from a BLAST search of the NCBI database: (a) DAH-1056;
(b) KDE-0311.

Table 2. Compositions of medium for DAH-1056

Na,S,0,.5H,0 8.0 g/L
Yeast extract 2.0¢gL
KH,PO, 2.0 g/
K,HPO, 2.0 g/
Mg(Cl, 0.2 gL
FeSO,.7H,O 0.01 gL
NH,CI 0.4 g/L

Table 3. Compositions of medium for KDE-0311

NH,CI 9.0 g/LL
Yeast extract 2.0 g/L
KH,PO, 1.0 g/L
K,HPO, 1.0 gL
MgCl, 0.2 g/LL
FeSO,.7H,0 0.01 g/L
2-3. Semi-pilot HO|2ZE| DIME ©F H Al LMY

A3l AAE fJote] FH0R 9% Bk 225kl Fig.
2a%} o] FH v AER] Bacillus cereus DAH-1056[26]2} &5
ol AAE S5l PRPIAZ o 2% B walsk
Fig. 2b9} 70| =49 AR Arthrobacter sp. KDE-0311[2718 22t
Table 29} 39] Hljofol-& ARE-alo] xIRloFetar Salras 9l obwy
o} ZFAE GEA 0w AASH ] f18te] semi-pilot Hlo] 2L E] 2]
u)ETA o] I SAIZTE S v AR 4 ol PAlel] i gE
v A Bt 28l AR R o2 APSIel).

I

2-4. E5l4eA U UDL|0} EAHRY

Flame photometric detector(FPD)$} silica capillary column (30 m
x0.32 mm, 4 um thickness)e “F2Hgt 7k~ 2wtk 1249 (GC-
2010AF, Shimazu)E RiGasollA =301 7913+ 88l2x(1 ppmv)
gl I o154 ppmv) ZH2Fe] EFVIAR calibrations 5783131
1! injection port, 2+ %! detector®] %1= ZH} 100 °C, 50~230 °C2};
225°CE FABIITE 371, @E 2 40 R 82, 4 9 85 mlmin
< FABRI S3lra B R Yoks 747} st Akt &

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

Description  stage 1 (10 days) stage 2 (10 days) stage 3 (10 days)  stage 4 (5 days) stage 5 (5 days) stage 6 (5 days)  stage 7 (5 days)
10 L/min 20 L/min 20 L/min 10 L/min 10 L/min 10 L/min 10 L/min
Q (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)
Cy, (H,8) 25 ppm 12 ppm 12 ppm 25 ppm 50 ppm 100 ppm 200 ppm
Cgo (NH;) 240 ppm 120 ppm 180 ppm 160 ppm 160 ppm 240 ppm 240 ppm
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o]7h= vo] @ZE]S] QIYT, A o] o= wiET 9l vlol e
B 35l §o] 1 LI Hl=e} Bg AAAIAN ZhAaZelE Te]
(GC-2010AF, Shimazu) 5= S8l 9 i Ljog- 77| TH(Gastec,
4LK-ALT 2 4L-4LLEA), 3L-3La 2 3MEEYo))S A8-5)
of Zp7}e] Zkafie] Felea Bl EYoRe] SEE Lee 52417
o] S5kt

2-5. O|MEEC| pH, L=, LIHZEZE 2 moisture & X

2] A4 pH A5 lsto] il [26,27]el4 AHE-SF buffer
solution- peristaltic pump(Masflex)E- 2835109 semi-pilot H}o] 2 E]
sherte7iA] "ol A] ks AR v mlhr)OE o] @8H
ZH-ERE] A 0 7 o] e FE| Aol T3St 12 semi-
pilot Hlo] @8] -7 FREEC] 22710 wfebr] slrd Halego]
Z7Fgke]| w2bA buffer solution &35S 4 ml/hr= #|315}oq
semi-pilot Hlo] HE| 2 AR FF3ISlth FA12 pH, Uk, U
558 4 moisture WS Lee 52912 W o= 717t F39ic).

2-6. Semi-pilot HIO|2EEAIARS| HAEE X HAHES
vlo] @ AE| AJAEQ] 331449l Yo} A 2] & & (removal
efficiency)S Eq. (1)°ll =3te] 242} Altslglt.

. C,-C
Removal efficiency(%)= ’C £x 100 )]

where C; and C, denote the concentrations of hydrogen sulfide or
ammonia of waste air fed to the semi-pilot biofilter and waste air
treated by the same, respectively.

gk nlo] @ HEA ARE] B8l A B PR o} -5 (inlet load)
Yl A 7-8-%F(elimination capacity)s 22t Eq. (2) ¥ Eq. (3)°ll &3t
of At

Inlet load (g/m3/h)=9' %100 ®)
T

Elimination capacity (g/m‘?/h):%’ x 100 3)

1
where C,, C, and 1 denote the concentrations (g/m?) of hydrogen
sulfide or ammonia of waste air fed to the semi-pilot biofilter and waste

air treated by the same, and retention time (h), respectively.
3. 24 o oE

3-1. Semi-pilot HIO|QEEAIARO| Qb[H|7(AXM2| AEda}

Semi-pilot H}O] @HEIAAH ] Q19F, H2]7kA0] S+ 4l vlo] @
] 3dellA S5 sl ko] Fis Fo] 9 AT S
Z¥Z} Fig. 3a-b9} 4 2 Figs. 4a-be} 2T}, vlo] 288 74 stage 1,
2, 3 & 40l Falrao] §AE5t 2442 25, 12, 12 2 25 ppme
FAE w8 ole}, stage 5 Y 6014 el 43S E=7F 50
4l 100 ppm= FAIEIRS ol njo) @ e o] Sdlaea XEl i
& A8 100%E A8 vlo] @8 E] Sl Sslrae] okt
7h A=A ookt vlo] @8E 4 stage 1~504E vio] 22 H
3ctollA gslrart ds] AAHAT TTeu 24 stage 604
nlo] @ E 9] sl A age A2 100%E ATl B
akal vlo] @B 3wtellA| gslraso] 9y} $EESITt Stage 70
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Fig. 3. (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 concentrations versus
times.

A B3l FYEE7T 200 ppm 2 S7RFAS wlol Ssle
28] AP EES oF 90%E Aehal vle] @8 ETelM T B3l
2] 7} Qi) sk njo] @ E 4 stage 1, 2, 3, 4, 5,
6 2 70l dEUele] ) s 247 200~250, 120, 180, 160,
160, 240 2! 240 ppme AIE woll SkELjo} A|AFEo] 242} oF
70, 80, 60, 65, 60, 65 2 60%C AT}, wEkA Hlo] @ FE -7 stage
1o 5E] 714] mlo] @ E 7 ofE} 3ntel = o}
o] vy} BEEAT 4 stage'd U0} s Sl uh
2pA] kEo} shks et S7FsEAY 24kl

Semi-pilot H}o] @ 7o JlojA] Al7le]] whE Bsl4r Faf
e} sl AAETE] S0l Fig 59k 2o, 7 Adkra
Hafgel gl 7t Sl AA-E= Fig. s(b)ell YER ol vk
AR R o}e] Ag-of] AlTtel] ki ko) Fakek) ek
o} A A7) Foli= Fig. 6(a)et 2om, 7t ehmo} sl
S5 ZF g Yol A8 Fig. 6(b)} 22T} Semi-pilot scale %
ZZ0M Lee 512412 3317422 removal efficiencyr= F 80%]1313L
Yok removal efficiency= F 50% L] Hhdef] &2 A
TollA B30 AATELS oF 90%01 AL G0k A E S-S
oF 60% HEo)3Tk WM Lee 5[24]9) S-S 71T 0= 3l
A W gk Yote] AAF 0] A7 oF 13% 2 20% Y& A=
t}. Semi-pilot Hlo]| LFEIAARIS] 2370 stage 1% 20014 33}
T hEUote] Bt 247 ol Eetal, SekrAast oF
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Fig. 4. (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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Fig. 5. (a) Elimination capacity (g/m3/h) and inlet load of hydrogen
sulfide versus times. (b) Elimination capacity (g/m>/h) versus
inlet load of hydrogen sulfide at the exit of semi-pilot biofilter.
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Fig. 6. (a) Elimination capacity (g/m3/h) and inlet load of ammonia
versus times. (b) Elimination capacity (g/m*/h) versus inlet
load of ammonia at the exit of semi-pilot biofilter.
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