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A Study on Biological Deodorizing Technology
Using Biofilter

Jung-In, Bin

Department of Environmental Engineering, Graduate School,

Pukyong National University

Abstract

Recently, people have encountered numerous pollution problems associated with
bad odor. Smelly pollutants not only aggravate the neighborhood but can also
cause health effects. In addition, odor-based complaint has become one of the
most common problems for public officials concerned with air pollution.

Biological deordorization is attracting attention as an alternative method to
physical and chemical treatment, mainly due to energy-saving and easy
maintenance features.

Acryl pipes(9 cm ¢ X 150 cm, 6 cm ¢ X 70 cm) were packed with volcanic
rocks(scoria) and activated carbons. In the continuous experiment, HoS gas at
different concentrations(85~1,500 ppm) was introduced to the biofilter inoculated
with Bacillus sp. as H:S oxidizer. Various tests have been conducted to evaluate
the effect of H:S inlet concentration and EBCT on H2S elimination, and to
determine the maximum elimination capacity. The effect of operating parameters
on the removal efficiency and capacity was evaluated.

As a results, biofilter using scoria and Bacillus sp. could get the stable removal

efficiencies more than 99.9 % for the EBCT range from 60 to 11 sec at the 250

_vi_



ppmv of H2S inlet coﬁcentration. When the retention time was reduced to 5.5 sec,
the H2S removal efficiency decreased by about 10 percent, and H:S elimination
capacity was determined to be 254 g—HzS/mS/hr (76 g-HzS/kg-media - day) in this
condition. H2S removal efficiencies greater than 99.9 % were observed in the range
of inlet H2S concentration from 30 to 1,100 ppmv at a constant gas flow rate of
15.2 L/min (EBCT 30 sec).

Biofilter using activated carbon and Bacillus sp. could get the stable removal
efficiencies more than 99.9 % for the H.S inlet concentration range from 100 to
600 ppm at EBCT of 15 sec. When the HsS inlet loading was less then 200
g—HzS/m3 - hr, removal efficiency reached 100 %. The H:S removal efficiency of 80
and 60 % was achieved at high inlet loading of 300 and 400 g-HgS/mg-hr,
respectively. H>S elimination capacity was determined to be 258 g-H»S/m%hr
(10.67 g-HsS/kg-media - day).

NH3 was neutralized with 5042_, which is the final product of the oxidation of
H2S by the bacterium. When the biofilter was in a autotrophic condition, low HaS
removal efficiency was observed. However, the H2S removal efficiency increased
with increasing yeast extract concentration. At the 400 mg/L of yeast extract
concentration, H2S removal efficiency reached 100 %.

The main metabolic product of H>S oxidation was determined to be sulfate, and

the conversion ratio was dependent on the H-S inlet loading and growth condition.
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E =88 dEHA A22HYUY Biofilters ol &3 HAAH S BT A+
Az gddn g4es AR Y HAFE TR NEFAE ol &sd F
Stea SO i@ 2HxA ¥ WE AA SAHAS AHEILA AT

dHE YA FAFEGE ArHA AFHEE o FYUsE EAS d+F
Fol 7h&stgel met QTERAG N 2ALS AHo] £ EY, AGFR
o A5 488 BEe Hsta oA 4T A7t Ao (F gAY, 1998). E
g Feo] #AFAE WA, HA, 72 EF T dBA AFAHA JHE F&
FHY A 2FE %531 Aoy A= 23 L= HAEHRIILEEA,
& Folu A%, T % A3 T ZAFTH 9 I FA For AT 9
T ARl T (FAFH A, 1995).

S e ot 7t ALE A BEAZ BAe] FUEEA o BA 3 Fi

e g UE AaHm glok(e] 24, 1999). ‘96:dF 91do &4t 2 AHI G
go] ti71d FAAY R EEAYAGez AAFHE T FAYHAAME 909
HHRE oy HA A AR diFHL e HEA HAE A 8 g
GHAFHE AFn wEIHLVESE AAse T HAHE =¥ glov
ZogAE 4HE A wdolvt oF FAHAALRY FE 73] Tt 9
F Aol o (et 2, 2001).
AFHA 4FH AAE A L FseH gy sl AHEHA g 2dU
A, A, Adday, Feadsty, dady 53 22 V€Y 23 %
He 27tz AALELE A AdE 4 sy, FFy T3 22 2487t
Zo] 28FHo Hrxe HIIAE WEIHEXNZA FaATIEd H A AT, 23
2EEHEE wAs e ddo] AL F, 1999 FAHE T, 2000).

olgig 71& G AW FAA Bodte B2 A7t Aol ghov,
HAZode PAES o83 LEEAY Ao g A7V E¢sA JdH2 Ul
ot A Ao ALE5E vlo] @ HE(Biofilter)® 2 % glel olofA #Hgo] AE8HH
Ael 2 299 Ed9 Ao 2ol I FAE Ao 19239 HeS AALRHOE
Agd v lon Bud HId JFHoR o]&37] AlFstd MELE HILFA
o7l 2 AHastgch ol HEFHY dHFTAHL Ay MY &o] AFY ¥
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ozt @& oz LuEH 23 FHAYE #Hokdte TFEC Ye olFE 2 9
€& Zg dd YrEe =82 AFsn Jdo #Y7eE €HAUG(Van et al,
1997; Devinny et al, 1999; ol& 7% 3 w53F 1999, 242 3, 1999).

EdgA Y (soil bed)& Z7]d EAQA AE22H7Ie2H da ALEEH gon,
1960 gl ol ¥ ey FJEE FHF Biofilterd ZF AETUY &4, AHF 7
e AAEZE AAHHUY. 22v EFEALF Hul/IE Biofilters] 7

THAETH g 93 ¢FEAY FU FA AAT EHHR G2
Ue 9 d3o At 1980ddd e ole g EAFE MZFsy] A 2HAF
1S =S M2 FHE AEsAon, A LS ATy g
of A& A7 ¥ &0 AFIHUDG H2de e, Add, F52EA
F714 A8E 2HE FAR ¥ol A& 5 AHE dHE Lol Hold
n e FFe AdEH HFo WE AATY Fdd B A7 F¥HT U
(Yang and Allen, 1994; Furusawa et al, 1984, Togashi et al., 1986; Cha et al,
1994; &4zl &, 1999).
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S 7ol ot AEEHE A dHolA dF3EE
TARNEe] B SFHG(FHA, 1998). 71& AT 2
To] o5tE fREo] 54 wHE W Biofiterdl W AALE D AA
ol dig A7 dEe pH, 2% 57 22 ¥dAAd dg 4FE Hgat=d
A T Aok 2y dgo] HE&Fe oM B e EAEE A58t
Astcd 2R A7 FHAAE AMAZE EL5y] AT HIIT FHE
AT 2= Al% AT nEE Aol welr B dAFME AGAE A F
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.94 54 2 AALH

211 4 HMA)Y 54

W1 Z A Ao std AHE Feh, d2PEF, ofUF, 7B A
A de 714 BAol ARy F74& AFdd B FeFE Fe dAH
N8R, A2x)E AHFdA SAGM AR AYH, ALY A8E Fe B
ed9 @ Fejolth e TAEAY TH WEdol d¥ 94 &
Hoz Hgstn] AFHA Age My wat 2@z g de] gtz
B EAE Qo o driedEdde 28 anxoz LS dYstn A7
Hg syste dol oz &ol gtk 4HAE #Fsted o FART FLT A2
olgjdt ool EAL Az o %A eddE B urte Aoyt & F U
(7%, 1999).

7h. A9 EA
A E frdste EEY THE A ogstel, dA4 dECAA ARG vhe] mEd
SEEATR 100001 o olgttm #oh WAE B FFo wet Aol
olgig EAF d¥7t dHEZ AAsA Hoh dEEY dHEZLS EA
%*01 30~1:>04 AREASTEIAY BlnE e 2 BFEM UEAHI 43H
d4& Table 10 YEtR 29, Table 29 39l& zZ2 &
P B RRAYY dHEH HEHEIEH AHANE FEE HEHATH
AT WS FHE d4ste dole AAEA, 4BFE T AFEHHA 54
B3, 9%, A38Y, F9ed ¢ YA 54 ‘6-3-5}711 HETH, AU
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E A& D, oo i H - BEAEE A4 =d glo] AFEuig =7 FEV g2
ng 7159 AFHLIEE B¢ FETVLR BAFIE o He] At
otH e Arle W7l F AHE a«] TE /‘P°1°ﬂ A2 g @A A Yshe,
o| 2 Weber-Fechner ¥ & o]2} 3t} (Duffee, 1968). ol FHEAY FE7l #4d
A= ‘4%“494 A7le vx9 digd vy dEd s=died Fde FuFe

75% ‘1%01]‘: olg ZaA dHsu
A% A FAAESS A7
A Fefo A5 Z} o2 FAAE A71H R
HA = £golg T £ HJ2Y &34 g
1dste Aol ok dwrdoz WA

2~05 %, £&AIL 15~30 22 ¢HAA JHFH F, 1998).
FHL 02 Bae degom ;q]7]7} AAAY 228 F ded dHY ol
&3 A FY shurt 2HA EE WFAL it AHE 2=k €
a4 dHAEHL 26~30 TollA 2 S vAY 2274 &
olAFE obF e A7 FasE FFo] Ao EF w59 FFE AA 60~80 %
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otH ol Ay F7t HAA(Pane) & ol &3t HME AAEE BeFHYF
7171840 943 FFH dHPAHE sFAEEFH Yl A=, FFH P ¥
TFAE wtdsy] faide A4 dHEF B AEEA Y 24 FASHAA
of it} BH AW ALEHE HUANEEME HAVARE, HUE, AVsEdE T
o] itk HAVZET HAe FxE %3H, KA TEAM ETF 699 BEAEE
Apg g HIIES FH7IA R de ZAAEE 29y gAY o nd 4T Fof
#7158 =2 4 ¢& 49 n@tg FH7x sk AVIsEY HUIAAES R VI

ANEE FHIT7IEN Ao Hr7t =AAA &S W7k F4E weR A
ot meEkd, #H71E X 1002 ZIAAEE 1008 A F HU7F =AAA @ A
S 9ujdin, HIEZ s 6~79 T3+ el gk
njZe FHFAY AL Hx2 AR RN 4 Fo girledwAF
(APCD)Z A SolA Ex"oz o3 #AFA7IEH WET7EE EAHsn o
o ool g EALEeEE 2zt Fo wE Zolrt AT F2 F7] FH P9
3 BHAIFYPOZ ScentometerBTH ASTM FAZIH S AH&3zn Ut &8
19713 28 HAGAYR S AAsS FAstn At FHe] FAEE 87k AT A
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24L 128202 BEHsn o, 19889 109 130l
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% il
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Ul A e ojA7tA] B Adere] st Mt BRI FA LA o}
A 2ok 1992:d 82 8P 87HA AHAEA diFte] Z7IE4H 9
S F7hetgnh AFE AR Fo ZI71EAEA 7Y 87HAY 4HER
| gEE AdE 772AYe Hyste g e, of Fe o
v Fue] wyo dstd 7FS 23E gl vEHEIES 2AT AR G
otk A7le] BAH g FaAE 1994d 1€ 14d¥H Ad3te 2oz 7AH
o} Sauale] oaHFAE Av)e) 2R gAsy] YeiMe 2 EE AFFHHE
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Table 1. Characteristics and source of main odorous materials(2 7 3, 1999).

Cw | om o g | EEREER | ad o
g 2 4 3t o A . . A 7 TEAR
= [c1 | [cl fopm] | T
x}-—;jrA.] z)‘\_lx‘_;( )
FE o} NH3 A IR R 3 E;HI;LJ
=] = o
He A A
2542 HyS 829 | 869 | 0 | 00005 | Tt
= (<]
He o 44AATR
LR CHSH  |-1210] 59| 7" | 00001 A(;TH; oy
He o3 PRELE)
DR CHiSCHy | -983 | 37.3 %jﬂ "1 00001 |, esana
X Oor T <}
=4 Yy
olgstold | CHSSCHs 6O | 00003 | ot
=] L] [}
e 4A AR
e2lvDotrl CHN | -171| 29 | T T 00007 | L
U0 0
=4 ZMAZTH 2
shAEQEsS|  CHCHO |-1235| 202 | 0 | 0002 | o0
=) pud o o
A=54 FRAzTH
ISR CeHiCH-CH: | -306 | 1453 | 003 | L aza
[s] — O O
A4 AMA 2T
I 2 1 LA} 5 - .
CICES 0374
n-4 | CHyCH,COOH | -55 | 1635 | °, % 000007 )
(NLENURAI IR |
He Az ZATY
n-dZ&4  |CHyCH)COOH | -345 | 1865 | 0 | 00001 | o
LI LRI
(CH3).CHCH2~ He Az e
o) 7 24k | -376 | 1760 0.00005
=% COOH 44 e 3




Table 2. Odor regulations in Korea(th 7173 B A%, 2000).

2R B & 3 & 7 &
AP dHE 2% o]}
7t W&
(1) 3dAGY A% - gA4u& 1,000 o] 3}
7184 (2) 718t A9 9] A4% s Aul& 500 o st
&5 ¥ . FA A A
(1) 3dAHY A3 @ gAuf& 20 o] 3t
(2) 718t A9 AAF @ HAuj& 15 o] 3}
otHEH THAEY AR | ZIEr A9 A
FEYo}t 2 ppm °] 3 1 ppm ©] 3}
o Ao 27 e 0.004 ppm o©] 3} 0.002 ppm ©°| 3}k
F3ra 0.06 ppm ©] 3} 0.02 ppm ©°| 3}
7171 24| 33l g 0.05 ppm ©°] &} 0.01 ppm ©°]3}
ol s3tmd 0.03 ppm ©] &} 0.009 ppm ©| &}
Egdgoldl 0.02 ppm ©]3} 0.005 ppm ©] 3}
Sl ELH 3= 0.1 ppm ©]3} 0.05 ppm ©°| 3}
2gd 0.8 ppm ©]3} 0.4 ppm ©°]38}

Table 3. The relation between odor intensity and concentration(®7 ¥, 1999).

(Unit : ppm)

Substancemte”s”y 1 2 25 3 35 4 5
amonia 01 0.6 1 2 5 10 40

methyl mercaptan | 0.0001 | 0.0007 0.002 0.004 0.01 0.03 0.2
hydrogen sulfide | 0.0005 | 0.006 0.02 0.06 0.2 0.7 9
methyl sulfide 0.0001 | 0.002 0.01 0.05 0.2 0.8 20
demethyl desulfide | 0.0003 | 0.003 0.009 0.03 0.1 0.3 3

trimethyl amine | 0.0001 0.001 0.005 0.02 0.07 0.2

acetaldehyde 0.002 0.01 0.05 0.1 05 1 10
styrene 0.03 0.2 0.04 0.8 2 4 20




=7 - 3%y 24y

2.1.2.

o &

3l ch.

SHA T = ol

k-1

z
547
z e Ao $AUAeE ¥88 + Yo, W

A

F3- 2

g AA flol 23 EAE

A ol

Al 2

=X
=

=
.

R
AA g AgHn 9 o3

g3
._ﬂou
T
ol

g
"
__&H

_—Ofu

I

sha7y ol ATHEZE R, 1999),

4
B

7}.

N

€A

9 gaust mrbolm wrlzkxe 2o delebe @ el AUk

ca)

AN

G0 dasgez

pgatr] 9% 712 9¢ FHsn o

A

=
T

VA7~

TR Fu oA 2
, 2, B )8 ol &3t H A A 2(250~350T) A

A 7IE Aol Bt wetM dgnE dH3d + 91ev, Thermal NOx7h 4

7k 29l 7§l

ol
wr

o
oF

ot
o}

o2

(4=

o

=
=

ol
51
o
<

<
Bl

A8 A7
d8 wYst

7]

=2
=

A F Romg o

2

IR

i
=

i
o

o
-
N

ol

Fot.

3

g8

g3t} HAEE WA FFAA BARE

]
A=

3

Ao g 7149 &3

o A, gz, A

3 5ol weol s sEHoz FHAE WwHel Atk T Lol

__O_.h

4

I

oy

Hi



Aol2E 23y 5 Z4F AA7 AE£93n g tH(Murthy, 1973). ¥y A X8| st
AW, mist EE dust® FAe Ast b5 B oldg stayRanvt de
Aol de wd Herh wAsy FF: 2H 5 A0 o @il sih
4. & F H

W &7ta9 18 F&A| (Adsorbent)7t HESIHA FFHA BH HAHE £
Al d4L ol &3to AFAHES AA, A} WULE FaFe] ¥ I3 A
FEQ A3t Mo HEHD don, HF, v5, LE WA Ao

FAeAEe SHAHE FAFL AHdY hze 2E7) A
tou £Eol BE 7tAE &% 7|(demister, mist separator) &
o FAAE 94T olde AN ES FANY xgsin] 2HEES FAS] 9
sted AAA 7| wmBstdof 37] wf &l EFulst @Wol EAHAYN FAIL Gt
1 #e7t goldtie FHol Ut

&O

e B4 -E23HA)E 83
A g oly i (Lauren,
Z 59 Zgo] gon,
ZraEt A dxE 4 gl v go] HEG vt &d e o G| AT

uho71g g Y

Aeszwe ofzEAe T Hrire 2EE $Eo

shed SEsE T2 47184 5 wRss B

SeH AHEe Ja, AolA2MTE, o AHIL, AotgrIUE
EAE ASete PP, GBI NaOCIHSHE T £k - o
3y Fol Aesuol A

2 S A4l A olatrt HES Hajsel PEHE 94
Az AvarAd wase F2Audel oy A
Gtk £¥ ha BN dudoz w5 2eld
S92 ol 8w otAMYYYl A (ISE 5, 1995 ¥

r\r

g

He r
n

e
KU

i

£

ox
L
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213. B934 E34H

dutgoz QB HAAY ol &t AN THHRS FHsEE P
=) J

o2 Hu3 Agxeln AMrtawgol B Ffol HE&HL 3o, steAHA4y,
2L, FEALY, B X2, F48A Tl &3 2 F AHBAR,

1999). ol2jdt AEHH AHAANLAL FHSHAG FETA &
ojgdte AYHH} vlYEY A PR FAY B v FAANL nEY
o2 FEI

et €82 FEE ¥ RaoA FA AR E2A FEF & 4o 9
Fo] 8% BEE 5000~10000 ppmel H@sch HHE §FULEE 20 mYm
“.hr ojst] £MEE Aol awdt T AU SHAME A FEIF A
A3 zHasted pHZE olA At4slH 7] dEo 2L £2AE FrHen.

g TP ANEoHE E7|2E 2HE22E HEE F UV wHE F
719 wize) AuuE HAE £ Ut £EALE AYAAEY AR SR oY
g gHoE 4FE vz FEHA F7E FFaAF drh

Y. z2aguy g4&8A 2344

Eounle 272 #A&HAYE BHAA 22y FAd cFHE A&
A g 2838t BALNS FEAZD Folvth BAEYAAE L3 FRAM ¥
Bt AR EE, AA A A Bz 1

zd A Erlse o sdAE HY o
gy Z7bstn 2EduE, YA AN I o Hye
gedde) V4ee ¥ ogstez eAx

o 2gesy

2ouge oxg¥o EF2E ¥t £ 7ol ERHAY EF EAd
49 oHE EF fl42o) Zast Aot FA9 g tHANAE FE
Bujabe o 40~50 cm®) ZF2SAEI 40~60 cmel FHAEH EYFon ped
o wdvze gl 4% meAelA S50, AeetolEst AolE $8
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T NYE EYT ol88T. B FHEZ(LV)IE 5 m/secol AT NFESFS] 4%
8~12 mn/sec7tA FdEch o WEL ExAYAR 5 AeE BHEL
2 wo] AlgaEn ¢

Ed@dd s £, pH, $714, L29 #Y7 Faosd. FE¥YUs 2xy &Y A
A, FEAE EX, $ouAALY HA, FU1HYA EF AL F
ek Yaol, AAgdstE WAsy] fstd Fr1HA HEAdRE H
AR S A7t e A4 me AAFA, dAFA, AsFAE AT 5 A0

% gAEAY gAY

2ASAY 4L/ &0bflene 72FHe #7842 FF FFom ol
YEHHOE Peste BAL ol ALY o8 FYRE VTS B
EgAZE JE § AD EAGE 2AY AFHOZ A2F Y Fol AT

7] 5, 2000; =3, 1999).
19603 ol FrE s} mFolA ALEHE o] FEH 7EE F3 @ o EGES €2
FEHoR HZtAE FYAIE Aadoldoy, 1970ddd e F o

o
=
Wy Alage] FdA fY¥siFed EZaERZ €S 4L F FUE TEFE

An

0.
)

AEE it 2AARRE ¢Ue Fol7] Ad Huly NEE YRRz yEHA,
e 338 FAE £ dE Au

F71E 53 £@sod AHgsidoh Yy
skt 3717t #% SHEHA %1 FHEAY ZEg EAE g 52
(channelmg)?i dol dofute Tl Uth vio|2WE M TAHE U¥bEHA F
AdEEE FHEEY FE249 ofad s, ¢, pH Ad To dth

1980 ol & olg @ FAHES A7 st LHAF Aadd T80 =
B2HES FAgYen, AFRYHARAY AFTEZEIZANE HAsdAT ol
#e A2 E o shA] Aldd HEseq 2 A 58 &
o] Z7tellM d ALEHA HA A H} oledH 7l % ppmCY AF L
7t2E AMelste dol do] a3 Holn, dg 2 FHIokF
go] AYetn 22 LGEHo] TAHA Fof BFHoz AAI AAYPoeE AA
waogdok ey 27] v &o] 3 BaE&o FHYFEC w 2EAH, FAH
of Adg Fort Zostts dAE Aok ALHAZ e AsAdAd, HuHdAd, &
HE7MEEHAA HAEHE 4HE v FSY dANE 2 EGFIFEA TAH

A diztae A2 Fol ATHFAA, 1998 EF ¢ T, 2000).

i
o
%

r
&

2y

lo m

r

H
>

m\o

¢

¢
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22. A543 A+ 23 (Biofilter)

2.2.1. Biofilterd ¥ 2 ZA9 +4

vlo] 2 e = M EE3 7] 2 gAo(Air pollution control, APC)7|& 24 7t~
7} e oE dA3d oIy FAE FRFoEH HEo YA 43 A
& A Asded, HIZde odH AATHLESH AAdAM 2AHE 5A
FFES AAse 24T TH2Z FFHI gtk (Warren and Raymond, 1997).

7H.3AAA 49
u}o]g%rﬁg] Aujdee dvH AES FAHHA FAEY J|EHoZE 3dA F
_3‘17_1.‘61-61-[;}- D{Z{ 7}-)\/\)-_,] §].5]»‘3700
40]9] AR S F#4stn gE2AE HEDL T3 & AEAAZ iy,
HFHoZ nAEEL 13 EFEXN gEFAY AZEEH duUAE SAY, Yt
HA E4Ec o8 3} EHS A3 UAEY. EFF R HASHT HHE o
e &4 Hrts 83EFE CO, HO, #7194 28 Axe 22 AT AL
A 33t cl(Warren and Raymond, 1997).

5718 A H3rle 2AFAEFE EH4SA Hu old #7114
Ae PAEY FEog T4z R HETH 23 AL FA
oz Yo Aed Hrtzd X FEAHEZ Y F 5 (absorption)d Aol
4% A2 (biofilm)ol A defrtn o] o] e £l FZ(adsorption)H & 4 o]

ofy
S|V
2
>
N
2
[ot
el
A
ufl
)
=2
re
o
ox
W
=3

i}
[l

é). -

flo

=

e

e
d

B oo
off ol
oxl

o
i)
i)
2

thoolH@ BHe A5Ho2 YAA YojuEe rtio] FYE TAY FEst A
AE o2 # fFse AsHon AHd Foh ¥E ¥ & A e oW &
2 EARAE AN BAL 4BRFY 5704 A g5td HFHoz o
gesst 22 2HBCHeld4% 45T, 1999)

HEeHY LA BAUES FAYRY SN, AR ¥ FF, T3
Ze AA7I2AR ¥ 5 3WA FAEG A 1uAe $HBSL FHAYR 5
gol §aldE BARZ GAYEY SAE, HFZAH, YHAN] FFE v A 2
gAe AR AEW FFE ST 4B A

AEA AU vAEY AERE FHeA €0 39AE FHEH L L
o2 o2 TR gl BAsd o SAE AE FE AU HIFTHeR ¥



4

i

. BA Y A
ol BE Y AAY AL 4FA vholeBH AL A LTHoja A
AN THE B G4 Azhzel ea) o

N

Al A (Particulate removal)e 33

3
A Ee 84 4L LAte 9EE @b ¥3F 5 (Load equalization)2 72
94 FAFZ7E Aztel et 24 ¥E By FAFELE EF6]) A B #58
€717 dasd, 5% &L AFATY GAC 34HE& "ol A&dd 2x=x4

=3

(Temperature regulation) #H7}2E v E AT diF HH P2 7Y ®E
WzZtA 7l A2 Jl29 AusE Z2E BAE7 g FFol Ay Eojop &
t}. %< (Humidification)2 #H7}2E ulo]2 ™y GAZEE E9o ol"gdoely ARE
w57 Y] vlolLTEHE HYE ¢ FE2 4d EIANIE FHOEM A

Z23% HdAeg FAHoIt 7FAE4HGas distribution)& FHFo oo #HAE v
2 gA2 FdaA FLer] 948 A" 2HERYH WEHe AEF FHY
2575 vol2ZHY $HoY AT FEFTFA o3 A
< Zas7) 98 FE712 A H(Warren and Raymond, 1997).
ol o BEE 2 FA oA 9 05~15m FAY FHAEFE 7HAH, g F
S 7t & dA FFo] Holk 20 % o4l olZoixt gt
FU g2 22 A4 FFE AT 2xgols HX3.
vlol e FEl & /N EY 2dos FEE & dov, HAFH we} nHYY, o
Fxp Ageoluy To vy &I MUt £F I F AL o2} A
3 & (Up-flow, countercurrent)®t &} & (Down-flow, cocurrent)® &% F Ui

(ol8l A H5F, 1999; &7, 2000)

_13_



Solid phase

Liquid-biofilm
phase

Carbon dioxide
water vapor

Figure 1. Internal mechanisms of a biofilter (Webster and Devinny, 1998).

Influent Treated
Waste Gas Effluent Gas
Nutnent,
l Water, Buffer
Particulate Pretreatment
Removal Process
A4
Load
Equalization
Leachate recycle

v
Temperature Humidification _____TAir Distribution /

Regulation Drainage System

v

Figure 2. Biofilter system schematic (Warren and Raymond, 1997).
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2.2.2. Biofilter? 24 2 49

7}. A & A ZH(EBCT, EBRT)

A % A ZHEmpty Bed Contect Time, Empty Bed Residence Time, Empty Bed
Detention Time)& ZFH % F ol A FFo FFEH ofef Hoz Aodr.
EBCTE 9% 729 AAANIAZE Fd Hrbste vetd £ glov ALty &
oMoz EAHo A& It E ol (Webster and Devinny, 1998).

EBCT =V, / @Q Vi #x% %9 (filter-bed volume)

W
& vlolodE ¥ g2 Fizdoez SAHE Y voloFEHY JAAFA
Hgd + gon FE3 EBCTE 2AAGH AEFEH W& 7158A 37
A4 Aol th(Warren and Raymond, 1997). A A F A7 t4& ¥

3%
[€)
AAE HPEZE AZe $UF $E P02 Urn 3IEE FE doln.

L
2 rlllo

JL!:L

ol

=V x 6/Q 6 : B39 %3/ deAe ¥
(volume of void space divided by volume of filter material)
EBCTSt HAZ F3o HFE2F AL e H4EZETRH o BoAM 7lEsts o9
oo ot 4% ngHoR AgH At

Y. THEEGV)S Y945 =(LV)
F &4 S (Space Velocity)® EBCTO 92 At 459 FHd A%
3 Agrtart £3ste FEH F%E £4359 F92 vUE golth

SV=Q/Vr
&M &5 (Linear Velocity)s ZH459 dio] 243 Ho Fad AR
2 ORoAY AHyrtxd F¥FE 43 dEF2

B3l £ Z2u7]) &2 dFH
dted APHoR FE FHo|
m/hr ©}3}o] th(Warren and Raymond, 1997).

o
joe)

LV = Q / A A X% 93 (filter-bed area)

_15...



=

%38l & (Loading Rate)2 & #Hd #dsH+s &4
Bagd AR} T
Buel o@EAe IAFo
SHEE, AFAL g A
Be7h dojyn Ze e B}
£ odologE waY FHHgst =S4 =E A4 AHEY XS 2YIrHWarren
and Raymond, 1997; <94, 1998).

300 m3(HH7}*)/m2(B}°]2%51)/hr77}x]-4 EHale ¢Hede Yodx g F
Foln, 500 m*/m%hrel EREE7AE Agagol AA AstetA g FHF
7} ES A9 woledEE $UvtAzH0] RAFEA Az d&£4o] B
o2 259 58 HGaA 2P Rol RIAG(ETY F, 2000).

. 42 2 & RE)H A AL F(EC)

2] 2] & & (Removal efficiency)® #| A& 3 (Elimination capacity)& Hiol 2 ZE e} X
g5dg dyste @oZ AHage wol2dHd g3 AAHE LFEEH &0l
B %2 JEldT AALFE GHATT FHF FIH dFd LEEA AAZEE
el & gkolth.(Webster and Devinny, 1998).

RE = ]00 X ( CGi - CGU)/CGI'
EC:(CGi_ CGO) XQ/V)’
Csi : 972 % = (inlet gas-phase contaminated concentration)
Ceo : 272 %% (outlet gas-phase contaminated concentration)
B.oAsAG

AN 7tAad CEEZAFEE Henry HHORE Yed F 3
: 3 4L vol2ge & FHaEAM e = (biofilm)d FFo] Hejop A
dHoz f4A Rag & Aok HRFE H2EGH ddFESe] #AE U

=
W Aoz WARFT 225E 2gEPol dAel wol 3ok e £ ALE o
A, oo R S8 £A49 AAE A4 LIELI LAE Azw

0.01 u]gto]ojol i (Webster and Devinny, 1998, & & & %, 2000).

._16_.



Cc = Ku Cleq Ce 1 71&% 29285
(air phase contaminant concentration)
Ky : @244 (Henry's law constant)
Cleg - HAE 29E2F X
(liquid phase contaminant concentration)
dlo] e JE & EHHo2 FYtr] fdiMe LFEde] waEA =% F34d
F olEHojol &, 8 2o LY ZA§ LHEHY AGEx e voldEH 9
HEAR wet gtz o e EFALEEES YEd Aoz JNA-4F 73
AdelMe 2 48t 7R o
dCe/dt =k( Cleqg-CL)=k(Cc/ Kuy-Cr)

k

2

j=3
2

4

% A4 (transfer rate constant)

flo

FTAEYE 2EEF olFA AAMEAE do7H L
o e HEY ULFEF Mgage] EobAed o& FHo=2 Ued Aol AAA
4 (R, retardation factor)e]t}. ol= ulo]e g VYR IUTF EAie LEEIHE
NAgeR EAdte LEEIFLE UFE #olH, It E AAATE 1094
10,0009] ¥ E zZted ANAAF7} 248 QEEHo] - AAN Bo] EATE

o} w] & tH(Devinny et al., 1999).

FEHol vlo]eEH

33 e ke A FA =
o, By AZY R 37/2 AU B4R I% H2FFY ¥Eo2 Y4 4
A7k 9715 9ok T2 A4 wdstel 232 @79 4P A Gk w
dz %o $Ed W4 249 A 4T olge Fusy U 4
288 490 2HAAE ol BAse] oRe2 29ast adE FAsE B

2@dol dojdrh

gree B 724 546 9y FAAEd F4 50~70 %9 WA A%
S, we AUSEE b vtad L 4R BIVIL WIEE 4T LEY
27tz 9% B9 olgg fudt YvHoz £EL AA5Y] A% YA FA

_17_



ge wxzgoer B FUs2E 224 FAY EFVY EALE 4 Fd Q)
E Venturi® o€ 4 Ut 2T olE nlolo ™Y FA 9 Hdo 2AY ES FF
g & oy o HHES HEY FE Ut FH, UYFHEE F usAE 2] F

A9 &

gAs kAT Pe Mg 9Ydol 2 4 Yoz UF 9 ¥IRY YAE
AEEIE s, Arhe Ggas FAPse Fus 2ALE ARE 29T F
At BEXAES 2 f7HAE ¥4 olg A5¥ FHe GYast 32 FFE

L BYAY FFE AAEAC e 2d F den, A EF Y AA AAA
EAY GUL2E 27 E AT Ut dE 9, FEX2E dlo] e A il
AA dF A7 558 FAUEF £99 Hrbe 50004 99 %7HA 1 A AL &
Z 7} & tH(Warren and Raymond, 1997; £ %4, 1998).

o

ob. &
Qe vteols FeA4olmE U E Sx3elol dul, AR vy

8
ol g Fo] gt oi Zole Jou 15~35 T HHddA 7t EAo F9. 22
Lxe HAEY A4S "dojxmen 45 T oY & 5= A F9 o
J

(o]
Azlezg ne #HIzle FdaA de Aol Fo(FIH, 1998 ol& 3

[o]
48 %
A
I S

10 T Z7behe we&Es 2 27 SAT osh gl HEUoR
AARY L EASEA 2AGA N2 UR 58 2EE B4 ¥ F84 ¥9
$ 7t2g 7FEIAY WZste ok stn, oj& AAH| g FHHE
] Aot oldo] di7lFe F7IE FAY YzsteE WHE 1T 7 3
gt vlol o W &4 & FU/AA A B E&F 98 Fol Bol &
and Raymond, 1997, 3¢ 5, 2000).

ko
i,
2
=
®
g

b S .
334 22L& g

A 3
detnl, 718 H5e 2AA RN 714 B RHA 3 F0E
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24 4450 & FHo VAT £ A o=
o ¥ ABLES AYY B
Hohe ¥ HYF olde 4AEW AALE
4% 34 U@ vlol2BH £99 A pH
3, 438, 484, #5389, a7te S A7k

Moz 44 HPEB AAG 2E WPoE 44

Raymond, 1997; &% 4], 1998).

29 vy

dske] pH 1~37A gold +

il

AR zEAAA AR RIEZ A
FA38 #aAZY R 2 574 v
E 7~8 HHoln, Gale wA, 24
BELHAY o)Hol FAMY T o
3& #wAT 4 AtH(Warren and

Table 4. Typical biofilm process conditions for waste air treatment

(Webster and Devinny, 1998).

Parameter

Typical Value

Biofilter layer height, m®
Biofilter area, m’

Waste air flow, m>/h
Biofilter surface loading, m*m® - h
Biofilter volumetric loading, m*/m® - h
Bed void volume. %

Mean effective gas residence time, s
Pressure drop per meter of bed height, cm
Inlet pollutant and odor concentration, g/m3

Operating temperature, C
Inlet air relative humidity, %
Water content of the support material, %

pH of the support material

Typical removal efficiencies, %

I
1 ~ 3000
50 ~ 30000
5 ~ 500
5 ~ 500
50
15 ~ 60

0.2~1.0cm of water(10cm max)
0.01~5,500~50000 odor units/m’
15 ~ 30
>98
60 by mass
6 ~ 8
60 ~ 100
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Table 5. Henry's Law Coefficients of some atmospheric gases

(Seinfeld and Pandis, 1998).

Species H (M atm™) at 298 K
02 13 x 107
NO 19 x 107
C2Hq 48 x 107
NO2 10 x 107
O3 113 x 107
N20 25 x 107
CO2 34 x 107
H2S 0.12
DMS 056
SO 1.23
HNO: 49
NH; 62
CH3;0H 220
HCI 727

CH3;COOH 88 x 10°
H:0, 745 % 10°
HNO;3 21 x 10°

_20_



2.2.3. Biofilterd 3 A4 s

%
< WAL AT FRAE FFHUA, LFgEH FFTEH 19x %‘Zﬂ 3 ¥
£HS HUFT & lojor 3t EH ¥ FEFHFY TFE 2 ¥ 7L
8 hAof @k &old g, AFEAE G KA £ Qdojok v, FAS ¢
2HE AEE HAZ fAEd dade] € ZANEE oo do. FHEEWY
F71g% o] F/HESE pHEFFEE F7h8t. pHEF 5 H0] ¢ #7714 ol
2dEdE 435 Hrlsld B3 £ dovt o] A ve]edHY 4L E FIHA
2 4 lth(Warren and Raymond, 1997; 2323 434, 1999, &3¢ T, 2000).

FAE FE2E, EY, JE, UR4d, 53, A3, 849, dFAE T TIet
o, 235 E, 714, A4AxE 5& 13ty MY xUlde EYF dA JEY
FTEAEE FAZ AL od, e Bo] HEdn o eHERIE ExH

237 eAG A 498 ¥A deden, THdAy - B4R FHY, o 9}
1/89) Wl 8o 28t Aoz LAAUL FEAE BTHAYS £AWAL EFDH
o o 1/32 Hom, HYELE 90 % o402 wrh Hus AdlAE 4N 2
£EE ol §e7] Yeo e FAZel .

3

FHEAL YAzl AU AR Eo| 110}54“5?- Htodop gt ol 4
A dolvs ZFHEALE 7IAE o838 AHE F davt lew, ddol {7
% A g o FHEFE TAGE ‘?—-_1 AAZEH Hgo] o] &8

e 2ot nAY FHAEAE dRH o FHHINELS o}YAR o]EE A}
o mAe GHAs7r Ftst AP Aol A
2~7do] BEoltt FHEAEL A AQH

-21 -



T uge FHEZY £, £4 191 dAFHFT MdH &l o HId(dF e
%, 2000).
7t} £3] o]lgHE EX2E JES e @dHE F

N

189 #F3zagolgtes F8
-1 2. 249
7]*6‘ g4y " 23
oA E &%15“:} Warren and Raymond, 1997).

~

Table 6. Comparison of biofilter media(Namkoong et al., 2000)

Biofilter media
Classification Soil Wood bark, | Activated | Ceramic,
Compost Carbon Plastic
Surface Area, m“/g wet 1~10 5~10 5~10 1
Gas Sorption Capacity, g/kg wet << 10 1 2 1
Density, wet 15 05 04 0.4
Bearing Strength high low medium high
Air Permeability low medium medium high
Backpressure, kPa 05~15 0.2 0.3 0.1
Bacteria/g 10° 10" 0 0
pH Buffering Capacity high low 0 0
Nutrient Supply high high 0 0
Hydrophilic, dry yes no no yes
é‘;zaes’fo;zlj;z;ilry Biodegradable 0.06 003 002 | 002
Lifetime, years > 30 2~5 5 10~30
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U, 2@ 4ERF
spolo el ol AAste w4ge FFE wecl, £E, AR, 2R, 445
IS sels] §3el o127 uﬂ% et 24 eledHE T

Ggoe ez AFES B3 B5 ,**%E,¢%a%§W%%ﬁ CEEE

€ A3 Aol Fo(AxE T, 1994).

AELTAH g AEE 55 SHEHA =X T HHoERYH HId=
Aejgde o AdstEe 7dseed 4%, A4 pH =4, #7129 9%, 344
o 4% 5& 2AEY 4T AL EE A dFE LA AYHm

2 tH(Chung et al, 1997)

D BEEL AFAdoA vdd F£5 YA o]E v|PEEo] AdHoZ AT
nAdgE $4edn Aztss AL A2 AZtolcth wo]Q WEY EHU YRS
A7bsleE AL 1~2¢ <7 B 2AAZL F S ¥ol7] fFo HEHo ¢

1OT_

Aode 42 F

m&’i

_Q,
Jim
o
sy
o
wa A
4]
m

2 AduBES Adste Aol v A
o7t Ho 3ty gt (g g 5, 2000).

FE2E uolZE Y e A AE s H4A 3 st HH=E S A
Aste, AAse HAES HFE TF ARG ARH vAE 2HE FREA
%t GACY e ZAdAMe gdsdx #F8 JFdo 5E3 dId WAE
TFE HFY BS €243 ¢ EH 22 EFH4EE AT o Fasch nAE
Aatelz] sl Zae 2 A2E HEAYoEA £&A o] LAY,

Z7] AT ALHA FL3A ALIG. £&2 7F, FE, FA,

X 283 @gAxA &G AN £&& F2E7] AsA vio]dH

gAE 2gAA 7 5, 374 FH 25F FAAACEY IdH(Warren and
Raymond, 1997).

Table 7ol & 7z} 240 dgte] Al&se dHotd FTHRE KFdte] UeERHAT.

o
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Table 7. Application of bacteria species.

Bacteria Species

Type of organic compounds

Pseudomonas fluorescens Z6NZ2

naphtalene, antracene, salicyllic acid, benzene,

toluene, xylene, benzoic acid

Pseudomonas oleovorans XYL

xylene, toluene, benzene, butyl acetate, butanol

Pseudomonas sp. YZI

acetone, 1-propanol

Pseudomonas putida STY

stylene, vinyl chloride

Methiobacterium organophilium

methanol, formaldehyde

Norcardia sp. EC2

methyl propionate, sewage treatment factory

odor, food factory waste air deodoration

Comamonas testosteroni STZ2

benzaldehyde, phenol,

food factory waste air deodoration

Thiobacillus thiosulfatophilum RZ2

Hydrogen sulfide

Thiobacillus thiooxidans AM1

sewage treatment factory odor

Bacillus sp. Z1801

sewage treatment factory odor,

food factory waste air deodoration

Bacillus sp. Z1206

sewage treatment factory odor,

food factory waste air deodoration
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o

224. W A2 Fgol 4F F FFE

F & (sulfun)e E4F EolA ZFE HHE Fo FFA € AUk & ]
E AEAY EAFAE EFstan ugdEoly HEY A Agde BT+ A
o gt F3E FH olm it NE d¥F 5 FAdH. TAE
Ba o v%ﬂ Hl = 100 12 ®ad 9 vl ARSI v A E o3 F34
Hate {7 f33gee FEAd 77 73 w3, Fdd 7] FEHAE
o] A 32}&%4 AstE FREgEe FUutgos FEY F A ALY 5, 1993).
£ 2 8} (Mineralization)& o7} 1 9\17‘1‘4' ojm] F& MEEM EE %S AY

lo

J

E RS8R EQ 2uE2A EAse R7IFH Fo| vAZd diq EHHE
FAelth 7HF FHEA AEHE F7139 8L Fars, Ao /7, HL R

>

A BAE Fo|th, HoSE Systeine Desulfohydrased #8202 g3 & Ao
2 AbgleEo

HSCH.CHNH:COOH + H:0 — HOCH: CHNHCOOH + H:S

7 f2e uAE ) o8 O P2 F(Assimilation)dw. =2HE T F

E UAELE T F8E o8 & A KT L Fra v FFot
Mieatd FRY2Z ol gdn #dd Fee 39 A3ukg(Oxidation reaction)
S EAY FEAT o3 dojdrh ol E wHeol T ¥ T FEIYAH ol ¥HH
e dRe 3¢ SFAGHAM 48 FHAFES FLE A des
ol g3t #3 4tz wEHEolZE Thiobacillus®t 47 e 2] o(Filamentous
bacteria)7} €3 A 1 t}t. Thiobacilluse AU Ev T4 SHIFToH o2 &L
aFSA B EAFEAY Tt B FEo] olE0] AlEstE oAU de] ojwl {3
g oyl wet +Edd.

V@ g #3 e eols Thiobacillus thiooxidanse|th. W $- 7]/ o
Ao SYYSToEA oY F8S FAo2 AFALG. o] e otz w5 4t
Aol 2HAME 2 Atz dAE F de T8l AoAM pH 20M=E Z Adn
Thiobacillus novellust AU Y22 BRI EE o] &8t o0& d=xe ¢ 4
9 A pH 4 ot ol M= ZA Yt Thiobacillus denitrificanst® 713 UM E
A 5 Ao HEFAR FEA2A AAEE o8 FFE dyAder o &3
o FAGH AA7AE BTG Thiobacilluse 718 T27 % LAHA ¥
BolM 4ol A A4 fLEH ol e 7MY g SHALTOl

|o
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. olEL duxgoezy FFag o8 AEUHA 3 WEEHS HAANZ
t}. Beggiatoa®t Thiothrix®) F 7}A %(genera)e] ¥W3 ot

H:S & Beggiatoa, Thiovulum Thiothrix 2 Thermothrix 52 VA& <3}
F3YAE AT AT ol HAANG. oe 374, 7 =HdAM dad B
(Elemental sulfur)2 2 ofgje} o] Arztgc. diiEFHo| v|WEL Thiobacillus
thioparus©] .

H.S + 1/20; — S° + H:0

FNAH zAs A ANae FFAHAT 22 F5 Y9 4T (Photoautotrophs) 9} 318
£ Yo % (Chemoautotrophs)$! Thoiobacillus denitrificans®l| ¢l & @ojdct. FgA4d
Hge ARTAHNE G545 AHEete o8 S°2 AstAAA 24 A F (Purple
sulfur bacteria, Chromotiaceae)] M EW X =4 347 (Green sulfur bacteria,
Chorobiaceae)®] A E o] 3. AR FATT Fs5F4E A3AA FAA

Z A @ttt Thiobacillus(T. Thioparus, T. Novellus)® 22 % E3 H,S % 7|g} &
4Y9 f3 3FgFL sty FAEE AQSTHFR, 1999). ® o & F AT
o2 Sulfolobus7t ded ole A4 MM 2AHE 22 A Aol

S + 3/20; + H:O — H2S04

id
e

g A 9k8-(Reduction reactions)e #7]AH AHY HHE EL AYe Fol
FoA 29 y&o A4yt ZYsHo dE F3FFEC] dgraR FYHE A
S wEtch o] BrE & A FAFolY, 2B S BEAYA A Desulfovibrio

of os] dojdth o He ot FEIFToIAM A GE K712 VHS o &F

ot AAFEAZAE 1Y, Heyug, BE U4Y F38 8T F A
gard #de AFdM Y FoF FerFadolrt. o HAL Hd 714 AL

o Fid BAM Tl 9 Fade Aot
S0 + 9718 - S¥ + HO + COq
S + 2H" — H-S

#8713 hAVS £38 Desulfuromonas Acefoxidanse %4t& 7122 A9 SE

HS2 &dA
CH3COOH + 2H20 + 4S — 2C0O2 + 4H:S

HNEAA FAdE FUANT Desulfovibrio B Desulfotomaculum 5& 714 4
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o oetold 2o ug BAe SRR

4H, + SO — HoS + 2H,0 + 20H

B&e oef 74 A g4 FHE T # AFE WA FHA ¢ L Fig. 3

2 898t YE A

Sulfate reduction

Oxidation of H,S

Photosynthetic
Oxidation Desulfuration -

R-SH S°

Phototrophic Assimilation of
Oxidation sulfate reduction

Oxidation of
2 sulfur
SO,

Anaerobic Aerobic

Figure 3. Biological circulation of sulfur(Song, 2000).
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3. 232 A R A=

311 2383 A9 74

dA&A AHZFRE 344 2 A Biofilterst A€ 4 Biofilter® HMERE o2 ¥
FAE ol gt AP en FA9 BATE Fig. 49 747 et F8F A
v g7, F57), 8712 FAFHY Jeq, d4g FH Biofilterd 3% T%71

i
Y
2
ol
oL
N
&2
32
iul

AA Bee nAEY GAE FHGA AHALYES AETFHA 2AAAE F4
AAsE FEo2 344 F A Biofilters WA 9 cm, ¥°| 150 cme g3olagd#
228 TAEHo don ZAE 24 Biofilteres W74 6 cm, ¥°] 70 cm9 ¥¥ot3
g3 322 FAHY glo FARAE 42 75 L# 11 LojH, gAe tEd 9
FAsAG 4 gyl VEHoE AEE fdHA dFE FE2HE SIS A
Bt Hon, 4FAe HuAdgs FHIGAG. AF FAFdE AR AFHF
THES Y% 2277 AAHY Jdov, s =AY AF € wEo] st
T2 Hol vk, A Zeold stx ARAHYG A AAHAE AT ArAMFHTE
ERS =

dgoz %7 44 £A Biofiltero % AAdtHon, HE72 FY=E 7
29 AAEEE Yoz Hgrd HAAHS FE& FF7] At HAAH.
sl W7y 717 $F7NE AU, AFole HZE °lEEH € TF

AL 4% FHHE EFFozH
712 492 AT. Air pumpE ol &3 A

gxo] Bad 559 2dTAL W
Frle Ued #%02 THAL, 4 2o W2 H4UNE EWaY AFS ¥
A8 F3AE Agetel zasAT
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(a) Scoria biofilter

Humidification

Reactor 1

Reactor 2

Chamber
Pump [ ) 1 Nutrient
Gas /
Media
Sample
Port
Vent — Vent
.
Dfaif/Mixing
t Chamber
L—ﬁ\ Room air
Water Air pump P
(b) Activated carbon biofilter
Column A Column B Column C
5 LN
I 1 1 Aa
Flow-meter * Nutrisn!
pump
Mixing
Chamber .
] sampling
port

Air pump

Figure 4. Schematic diagram of lab-scale biofilter.
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312. 3dA =

7. 2AgA (o)

FAEAE 087 Ul DA JowWA MATS FALZANA olHY AL
of ol HAYEY AA AsHEE @ weH ojd@ wA HUY A
423 F28T.

rlo

2 dFdAAME a4 (Volcanic rocks, Scoria)® A €& @A2 Adsgr. o
A gt el B AFEd A gl A WA v E&HEAY aHE
T den, 2 EAY rAEd RAdAS B, ¥ I8 vny ZE}
282 A7 A% THAAM Wy 2 gdel oF qHAse Fte vz A
T EAEE A ¥ FHE AL A B4 A dwrH oz $£44¢
okl A dg o &

1 glen, B8 24 g 43 AA So Yol AgHz 9
= e 95 723 43 o4 B ZEE o

i)
a
I
>
gt
oXx
aul
o,

EN]

o] Mo AL 12~1

3

mm. A

it}
fru
4
o
2
Y
ol
23
z)
T
{0
»
ot
ﬂl‘“

v
40
B4

=

A€ 447 BYBY FFe FAA A7 60 kg 064
5 GNZ B4E ARE A UE, 3

dre T 54 24 24¥E& F¥sd 2 ZAE Table 8o 29 Hesd

e
rs
o

W

=%, ¢
.
Table 8. Physical characteristics of packing material.
Physical characteristic Scoria Activated carbon
Apparent density, g/cm’ 2.00 1.38
Packing density, g/cm’ 0.80 0.58
Void volume ratio 0.50 0.42
Water holding capacity, %{(w/w) 31.70 46.30
Mesh size, mm 12~17 5~7
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. g AR E
2 AgoA Algd 23N EY FFE Bacillus sp.& AHE3 3 e s¢A
o wEEIANE HF AT, Bacillus sp.E HYE Fol HFFTAH AT %3
W, Gram (+) AT o224 5Y3 =& AS¥e2 EAsn Jgdoz 3d &
AP0 2 05X12~25%X10 m A7) &g g2 9 & 54 B &7
o] Hld YAEAE Pt Aotk f7lHsy AR £ 2 AAo oy,
j=3

ca

—
B =2
74

p

9, 9¥Ae PAST HEe TEYOR e, £ Ay A4 E B
st B40) Atk #/A%F 39 gEUch FHFA, oUFE AW 4A Er 2

& - 2 gdoh(F A, 2001).

3414 Biofilterd) Z¢ ¥$7] W HEL JIYEH TF FEZE o83 7z ¥+
719 JE=2 of 32 E‘ﬂ c@AozH HFFA wE7)d HEZ Bacillus sp.
£ A = MLSSHE7 6,720 mg/L, MLVSS7h 5130 mg/L@en, HEHoz »i
9 oAEe ke 0517 g-MLVSS/g-dry material2 #2415t &4 € Biofilterd)
Ay 2AE A AY EFds nAES FAAY F 4 wErld FHs A
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re
R
-4
=2
R
to
of
d

A2 AT gast F3FAa(HS), ¢ EYoHNH3)% Toluene©l
, BF o dEYole ¢k 99 % oY t2EHME 01%3}04 needle-valve 2
Mt EZ7IAAM dABFER EFHES A 7Y 2S¢ FF

Y1 902 F7E FY&d 7gtE EF4 1% 712 F9 8

g3l aEs 7t A B(GASTEC, Japan)E o] &3t z+ vbg7je Fago e
NaANHATE2HH FFH Bt =8 AEAHAFE B3t gas-tight syringe®
12 43 & Gas chromatography(FPD, HP 6890, US.A)E o] &3 771 EAH3
FHOE FF3 F ojg FFFTAE ol WEDEFH(HNLE THAER)

Hagsled HAste] ojEe dia HE HFAAT dEYeld FL HAR
(GASTEC, Japan)g o} &3ld 243 % o0y, Gas chromatographv(FiD, DS 62008

; x

Al AHA &5, §& % dEFEdE
(Cole-pamar, US.A)E °|&3td ZFAH}A2, 48D sts ZAe
US.A)E ol &3t A AT

Table 99 & 33449 Gas Chromatography #4214 & Y.

2339 2 9 $5& &4

(DWER,

o

Table 9. Analytical condition of gas-chromatography.

Item Analytical condition

Detector Flame photometric detector (FPD)

Column Chromosil 330, 8’ (6 packed) X %" OD Teflon FEP
Oven 40T

Carrier Nitrogen, 20m{/min

Injection 0.2m¢ nitrogen approx, lppm each analyte
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322. =¥AF 4

lo] S HE W FE FTFH HSAHYAEY AH Z oYE GFo g AYE
A FEL Ystd o ey gdg TFEA HY, o2 A% AEFr AL
A B dRoA TFH GUEAY FAL Yeast extract 2g, KHPO4 2g KoHPO4

2 g, NH.Cl 05 g, KNOs 0.5 g, MgSO, - 7TH20 05 g, CaClz - 2H20 0.05 g, FeSOq +
TH.0 0.03 g, EDTA 0.02 g/Lol9, vle]2FEd 358 "ol o8 F%x&€% 10~
20v A st FHEIAT.

d&£Hog £ FIFHE nutriento] Y& TAHE =ddFE 1Y 13 589
Ho.S Abslel o3 AAEF o2 A% pH #HeE FAstAc. WA pHEAH S pH
meter(ORION, model 420A, US.A)E 483l SA A1, & ]76"0“ Tt MAE
g4e #7402 FAsge. 283 NOs, SO, $:08 52
e wBHPL o] &3t Ion chromatography(DX 100, US.A)Z

z7& Table 103 Zth

Table 10. Analytical condition of ion-chromatography.

Item Analytical condition
Model DIONEX, DX-120
Column IonPac AS4A-SC 4mm(10-32)
Detection Suppressed Conductivity SRS
Eluent 1.7mM NaHCOs / 1.8mM NazCOs
Flow 1.7mL/min
Injection 5044
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4.2 % 2 33

4.1. 3t 3+ 4 T A Biofilter

411§ % 2 §% Wo WE H,S AA 54

Biofiltere d®¥tH o2 HrtA7t 5 - AFeoldA dEd Zed ZAAES 284
ol AT Stk Wt HAF T FHFY AdFo] FAF AA AAeln E3I
gt vdEo e AHAEF AT A GriEHo|ok & ol

Fig. 4¢] 483 A& ©l&349 HS9 fFds= € 7% W] 2 AA 54%
A '%5’_9&‘3} AFE A (Scoria)E BFAR 3t FHEole 12 m, FHRAE 76
L, T 61 kg, 3HFY TIEL B9 %2 FAHUT. 23 AR FF=2
“1 Bacillus sludgeg H&3Hon, $xd FHd HFEFEH d&H 02 5349
ol Eol R E Yt Nutrient £82 849U yeast extracti2 g’'LiE =%

mLE +EE EPde] Y 518 FIHGOH, oF 30 mLiming} Fo

L3

Forh ddEZ i FEHS A4E8E AFE 20(30~280 ppm)l A F &3
& £ 152 L/min(SV 120 /hrn)o 2 dAHs A F A dHA
400 ppme.2 FF3Fon, dAHoz 33yi
%55 E 600, 800, 1100, 1300, 1500 ppmo.2 F7FA# Y. 4~54vrltt 528 F7}
Al7le HHoz d54¥S A7E Fig 59 &d49AE FYUnlet) - FZHMiddl
e) - #%(Outlet) % 2 AAZLE(EM)S Yeti A

1100 ppm7HA & FUFEY F7t da) 28 Y2 AT Akl
E27tE el & art A AEHA gtern 99 % o4 AAREES FAA
th dFE 1300 ppmil M E FE55%7F & 100 ppm AEZ F7183 e, %
T 1500 ppmel A E &% 7t o 230 ppme 2 F71ste] AAEZEL 85 %2 Ha
gttt Yang and Allen(1994)0] 98" FEAE Biofilterdl A &3t54i: FUdFT7}
ok 2650 ppmlE FTFH ZAFoE 999 % ol4e AAZTES YUY B

it
I
o
4 ko
[Dal i)
A
2
Jo
0
b1 Ho .
T

l
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5 BANEAA 2L SGALA BARE FRrad ¥
£7} %9 ppm o5YE T¢E o Biofitero|  FaH52 vl AB] B Zifsﬂzlr
§2 dehiA 22 e

=

a¥AM FZo] ‘0 em' 120 em's 47 YA FEFEE P 2N
B vkeh o] 600 ppm °l&t e frdFEe oiE wgrIe FHE oMo A A

Hu e, £2 s Ed da 35 HAAM HHAHoR FE7 FAEE
d 7 U ol FUFY A Loy Fd AFH T2 FAM YEUA 1
FHE AAZ aFHHo2 olgHI S E 9u]dt

Chung et al.(1996)< “°R§?\‘ﬂ 3‘1]1‘7‘15] SAE7E, FTolAE %

%

FEE 60 ppm o3& =PdA dPsHen, SV 103 /hre] B¢

£AX710E 7 F B % ol AAZES BATh A AAE19990 o 7
Aete] gAE ol &% HS AA 243 23 SV 62 /hre] z2dA HAFdss
2000 ppmell w3} 9S % ol AAXZLE VY

FYdE%E 1100 ppmeE £EFEZ e HoiZHAM FUYFEE 200 ppmoE

R

oft %L
_.L{l
2>
W
me,
o
o
(R

QL
ot
K
e
do
fiacd
off
H

Int

=& 1,100 ppmez zHEaue 9 oF ¢ AALE] oF 55 %7t
A] Jiﬁ}ﬁii‘_fﬁ, 2, 3¢Acl= 474 82 96 %2 AFHAL 49Ad = nEx e FF
& o e Aoz iy dESo] AATE] 99 %7tA Ao

Table 11. Experimental results of H2S removal in the various inlet concentration.

Flow-rate H>S conc. (ppm) Removal eff. (%) IL EC (g/m’hr)

(L/min) [ Inlet  Middle  Outlet | Middle  Outlet | ®/m7/h0) [Middle  Outlet
15.2 403 0 0 100 100 81 81 81
152 620 5 0 99 100 125 124 1%
15.2 823 176 0 79 100 166 130 166
15.2 1113 598 4 46 100 224 104 223
15.2 1318 783 90 41 93 265 108 247
152 1490 928 230 3 85 300 113 254
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1800 —--=-om e ==« 100
—e— Inlet D
1500 + —a—  Middle
Outlet

g
Removal eff. (%)

H2S conc. (ppm)

8

Operating time (day)

Figure 5. H2S removal patterns at constant air flow rate and varying

inlet concentrations.

H.S conc. (ppm)

Bed depth (cm)

Figure 6. Change in H2S concentration as a function of bed depth

under various inlet concentration.
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L I S
oA 2AHE FHEAEY T %L ddsy, TEE AFFLR
He oo dis £ - A A 7
a8y AEed 1RFoR HAHE ZAfdE 71EY B - A HHoez A
gAldle A&l v v g F3% £ .
Biofilter7} i1 04 #7228 Ay dades g AFALLZ FAHUME
o % & Yede ol 74 Wbt ALgE
I ey F=2 ukg7) %“%i—‘?-ﬂ% FHeZ Ur FEHEFAIEBCT, empty bed
contact time)®} ©]¢] I FHEE(SV, space velocity) S A& Fch dutzy oz
Bl 99 44 [seclst UVhrlolth & MHeFXE Algsidete $HA9 5
Fo AW S s FF&0 gAY mEHAM AAFAIGHRDE MetA 5
D2 AdAEL saE dsNE FF3E&F FEEA vl AHwe mesie

e
ofN
N
)

: 4 4~547°d f4/F
EBCT 60, 30, 20, 15, 11, 8, 55 sec® &% dA%54%d A%E Fig. 79
k<3 2 Jepydo. Fig. 8%
9ol = EBCT ¥iste] @2 Fdold ¥% %} 2 AALE ¥HE 747 YUl
o, Fig. 10dl© f 4%t dsto] dd AAEZFES Yt
HA EBCTY “@AA Zad sl 2 &3 ¢lo] ¢+ € Agrst stestgd oy,
EBCT 60 secoll Al 11 sec(SV 327 /hn)7hA € 999 % o449l AAZE &0l YA
25 A EBCT 82 sec(SV 440 /hr)olM §&% =7 3¢ 4 ppm BEE 98 %9
AAZEES Yeh oo, EBCT 55 sec(SV 655 /hr)2 4% 73 A= FE5E7}
25 ppm BEZ 90 %9 AALE et 2Rz B of A @G HEH
1 3l Biofilterd A% 4 ppmd FdTEZel dis dFE EBCTE °f 60~20
secEZ HHDL A #AT wf & AFEARZRE EBCTE o 10 sec7tA a4
Aoz wgrle AY, F 22X AAHE o 50% o2 #AaAA F AUS Ao
2 Alg ",
T FS FHEAY v FHT v ARG A"

108
(g/m’ - hnez Aod Yy AALBE Ajade] DA AT U AHsae
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stgold FdRsEH} 22 GHE ALETT. o
% % g geAe, 4 A2d
% Atk Hd AASHFS
% °l4d AAZEE velule Ad FY5F BT FAdTEAFd A AALF
aREeA Hd AALFSLE e
B dFdMN FY5s 2 FEFHs ot AFAR2FEH AAE HA AALEF
& 254 g-HsS/m® - hr (7.6 g-H:S/kg-media - day)& veEbutth. Peat mossE o] &3§
Furusawa et al.(1984)2] |47 A3 Hd AAE&ZFL 044 g-S/kg-media - day°ol H &
o, Yang and Allen(1994)9] EX2EE o8¢ A7 AR} HU AAELEZFS 130
g-S/m’- hr2 vebgoh f4%% 60 ppme ZdelAM EBCT ¥3 ddg +4%
Chung et al.(1996)2] A3}ol] ol&td EBCT 28 sec7FA ¢F 99 %2 AAHEZEES #7
oy EBCT 15 secql 2% AAZLEC o 77 %72 Zasidd. FES 4A
TG EF FAS ESEIANY H4¥EE 5 F @ (200008 2
of 2w SV 200 /hroll A 238 08 g-HoS/ kg-media - day (45X 100~160
ppm)Y W 98%9 AAEES BH I SV 300 /hrol A F3HE 079 g-HoS/kg-media -
day (F9=% 60~160 ppm)¥ o 722 %9 AALE YEUT =F ZEE 5
g A7 g3 gAgE g o] &% Farh AALES & AW S(1999)9 A7
of zw HMAAH2Z 109~3841 ppme ¢
sec(SV 150 /b2 F4FHo] 718 2% 4 39B =Y £A7|%o] By Aoz
el s dAxH oz 98%ol e Mzt rtsd o2 Rusta ok

<,
o

o

o
off
i1
o
fc}
2
R
>,
o
o
bt
|o
B
tr
@s]
(@]
-
!
e

Table 12. Experimental results of H2S removal in the various flow-rate(EBCT).

Flow-rate EBCT SV H2S conc. (ppm) Removal eff. (%) IL EC (g/m*hr)
(L/min)  (sec)  (hr) [ Tpier Middle Outlet | Middle Outlet |&/m7h) Middle Outlet
76 60 60 249 0 0 100 100 25 25 25
152 30 120 250 0 0 100 100 50 50 50
22.8 20 180 255 0 0 100 100 78 78 78
30.4 15 240 251 4 0 99 100 100 98 100
415 11 327 250 40 0 84 100 136 114 136
56.0 8.2 440 250 104 4 58 98 185 108 182
84.0 55 655 254 142 25 44 90 282 124 254
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EBCT
60s | 30s | 20s |155l115[8.25|5.55|
T T T T T T

U 100
~~ 250 'G.—W W"“’.m‘ Qt. 90 —_
£ R
S 200 ¢ —e— Inlet 180 e
g 150 —a— Middle L 70 ;
3 —=— Outlet g
o100} 60 0o
7 N e Eff. g
£ [+}]
T % 50 &

0 *:::&:*wﬁw-r______::_ 20
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Operating time (day)

Figure 7. H2S removal patterns at constant inlet concentration and varying

flow-rate (EBCT).
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—o— 55sec
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80 r
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Figure 8. Change in H2S concentration as a function of bed depth

under various flow-rate (EBCT).
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Figure 9. Removal efficiency of H»S as a function of EBCT.
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Figure 10. Relation between inlet loading and elimination capacity
in the various EBCT.
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Iy

gAads 54
ol Jlet A &de] FFoR Asto = Ur7t BAHHW, ol IR W
FHAY #rigd old @ =ddee uAEY At A3 AHE T oY)
=

3
e CO99 F84 228 vlo]ody 952 wEA7e 988 3y,
&

i

=2
[

Wg7) Wie w8713 e dSeAy pH $2 VHHSE FHsE FUE o
o) Asgoz sedse] B4 £ FRst ¥ gleldh
i3 B ABES 1 F3 B wet o P F2 olgdt YT F o

A
Bl =
or, 2 HFAAEER T2 A7t gl ez rBudHn o Buisman et
go 3718 2z Ystey
AA Bz g3 2o

S - S0 - so5y — So;

grEe a5 042 A 3HFEL U
2 4 ooz AHAAE Aoz FAAUL AAH

fAdEY Hoz AHHF UHA 0~30 %= SO0 FHER dzEn
(Degorce-Dumas et al., 1997). SO, & ez #HHH 3 £E9 Fiho AT
T As FAGT a2 AU 5 dFAE Ay AegHE A
2 ¥ olleg &FHE TR pHZIAE Rotrt(Zdd F, 1998). weta| FHF 4
o2 HAHH %H\_PO]%_O_& 13 pH Ast7E of7i=EY, ole F71HA FAH7% A

2 AgdAe 4 EY nutrient $E2E J3 TAHE W& e =
2 Wy st BAsPon, pHe %ol AAY 714 HS ¥ 44 o
) SO %¢ Fig. 119 YERHT EBCT 11 sec ol¥ o2 &d® %% pHE
o 2YEE FAGALH, kT FU Aot AAY FHFLe FH =S

FAEE ¢ F Uk olel@ AsE Biofiler Ul

oA 7)o izt 4 Fau FHA A3 AAD Aol otyz mAZ

o S HEste A27F €k EBCT 8 sec ©J3t2 &3

g 2% pH7E o L1 =7A 438 dojfien, AA" Farae Fof v 44

d ol 2o o] tha HESE & F Uk ol PIAE o F Hibs wE 7]

Ao sz ol EAY o 4HG Agbgol dojubA FIE Chung et
al(1996)9] A7 Az dgse d F Ue Relh

or

Ir
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Wada et al.(1986)2 pH 3 olstoll A F e A AExFe 74 Ao vtz
pHel Aste #sles BagTo Az2td 488 vzida 2usta lon, F2&
E uo]2EHE 0|8 #H3ri AALYE #3F Yang and Allen(1994)L
32 ol3lFEHE AAHEC) A3 #AdHI, Pseudomonas putida CH 11 ”?4
o] AE FF2 g 33 AALES £9$ Chung et al(1996)2 HA pHE
6~82 Altsti Ut}

R AEHTAHAA T4IFd 25 A AAZLES Uetlz, Iubd
o2 v pHolAM AAZEC] F23 Zaste Z¥S 7IAe 2oz deiAddh
g7l W AA pH #AE AdAe ST FdAd A3E Hokste W
W F71AQA 448 3 FAEEA A 454?: e AAsE Wlel B
oy, Ao AS dol HAHT FAY Ae A deE JF gHIF 4
2 gEEA Z71E2 2322 pH 2H S AEEFHIIs do uls Fod &4

3 Yt (Warren and Raymond, 1997, 24313 i<, 1999).
23 A i 5(1999) -4 AT Aol A pH 1.657HA] At E AA & 297

2 gL oA e Aoz Yo ¥ dFME pH 2 oldtel 44 A
A AAELY M3le REHA ¢ ¢FE EES FAGHT D34 U X4
gl glojA pH 22E H FE9 FAY *FS 285 ZAaAME 7 UL
Aojth. AA wg7|e dA ¢ HGAA pHe 473 F2F 3&015} 53 @4
oAl BAHE B
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Figure 11. Variation of pH and sulfur under different EBCT.
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Figure 12. Variation of H»S and NHj; concentration under different

NH; inlet concentration.
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Figure 13. Removal efficiency of H2S and NH3 as a function of

NH3 inlet concentration.
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Figure 14. Variation of pH and sulfur under different NHj3 inlet concentration.

....46_



4.13. H:S® Toluene A AA EA

#7122 (VOCs, Volatile organic compounds)e 4%z o2 (.02 psia °)4
AU Fe4ol 100 °C W=l frlggE=2 Aogdo. VOCY F+4
Sddire 4FF AF, 47 4 2 HAEY FE, /2, 4
, 4% =ZANE 58 8 F osled, o8& ditgs Qe
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= AZst VOCe 94 € A8 fafid 23 o9
Fddte AFEHEAN LELEE T A EFYR H
o] d<le] Hx gt 2 s VOCZ A vlAE dFL 1 547§
AAE dAste uHFALoH, dF VOCe 2xAZZHNE A AY
TEste Aog ZF A JHFER, 1998).
T ARSSGARE o} AT 2 dEAX G
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Figure 15. Variation of H2S and toluene concentration under different

toluene inlet concentration.
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Figure 16. Removal efficiency of (a) H2S and (b) toluene under different

toluene inlet concentration.
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42. €A xA Wi WE H,S AA 5A

421. 34299 9%

7}. 59994 %A (Autotrophic condition)

HoS A A g¥3 Thiobacillus sp.8l 2% tFEe] =HIY vlYEYL Aoz
de At B dHo Bod FYSEE THFFA oM S dFAME
yeast extract® B4 Y22 FFI}IAY. SHIY 2 AgL G292 yeast
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Figure 17. Variation of H2S concentration under different inlet concentration
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Figure 18. H2S removal efficiency profiles in autotrophic condition.
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Figure 19. Relation between inlet loading and elimination capacity

in autotrophic and mixotrophic condition.
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Figure 20. Variation of pH and sulfur in autotrophic condition.
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t}. Yeast extract FYF = W3

ol A HHE uho} o] SHIFETD TFI YUY £AAAM HS AAZEC] 5
S ¢ F Atk deEbA yeast extract FUF] WE HoS AASAHE AHw7 ¢
] &35+ nutrient £ W9 yeast extract 3EE 0~400 mg/LE W3 A7) E A

o
o]-Jru

48E FY5AYG. 421 L EBCT 8 sec, HoS 5% 200 ppmo & A7 3
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Figure 21. Removal patterns of HzS in the various yeast extract concentration.
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Figure 22. Removal efficiency of H2S as a function of yeast extract concentration.
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Figure 23. Variation of pH and sulfur under different yeast extract concentration.
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Figure 24. Variation of pressure drop under different yeast extract concentration.
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Figure 25. Effect of drainage flow-rate on pressure drop

and H-S removal efficiency.
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Figure 26. Effect of spray on pressure drop and H2S removal efficiency.
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43. 244 & F A Biofilter

431. & 2 AA 93 HS Al A
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Figure 27. Removal patterns of H2S by adsorption column packed with activated

carbon (EBCT 15 sec, inlet concentration 100 ppm).
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Figure 28. Removal of H2S by physico-chemical adsorption.
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J. 84" $AFdA FAAHAN gF HS AA

Bol o3 FAAA(FAE)S T84 dHAR S B2 £, FFAI = B
o FAel o8 tayzoly ANERE /U F e FEE UL, g AA g
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Folth(3 7 H, 1999). F3triet dRYotst & T4 AFE wluH g o
S2AlE7t & 0l BTXS 22 f71849 A$ Eo di &3xE of$ o,

ol e el e FRITF, AH, T8 9 EHo2 o Feo o FFHY,
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Figure 29. Removal patterns of H»S by wet scrubber packed with activated
carbon (EBCT 15 sec, inlet concentration 100 ppm).
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Figure 30. Variation of pH and sulfur of drainage.
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432. s = 2 % ¥t wE H:S AA

Zage 2 HERY, @E2 0T, 22 € € TR 22 ol £ 3
gd S4oz2 ddtoq A B oyt o FopellM AHgHI e, EF b
e FHAEAMRZME Aot g2ty o2fd FHES FHLAR e o
e 9% d3Fd AAELE AHEIA Fig. 4b)e dEFAE ol &3

=

Y% 5~7 mme ¥4 BAR FFE Bacillus sludged EF3t Z wrg7)o)
39 cm9] Eol2 FHstHon, FHZACNd 8L 47 1.1 Lot 42 %A 27]9
gal+2 FY%E 100 ppm, #YFF 22 L/min(EBCT 30 sec, SV 120 /hr)9} 44
L/min(EBCT 15 sec, SV 240 /hr)8] Z @A 7zt A At o]F S8 448
Fol M FUdFE=E 300, 600, 900, 1200 ppm7tA] GAH o2 FI7HA7|HEA &
Astgdth £ FAFF 6.6 L/min(EBCT 10 sec, SV 360 /hr)9 13.2 L/min(EBCT
5 sec, SV 720 /hr)9] A #F3+4 FYFEE 85 150, 300, 450, 600 ppmo 2
RSAAZMRA d5H4E S FHAH

b z2hoM A& 4¥F A3 FolA EBCT 15 sect! A% =83 2 =g
ol A ZANE Fig. 31% 320 Z+zF et At 8§79 F3kel Fx1 2] 13 em
ot 26 cmel 5 A AEAATF doy, Fig. 319449 (H)F ) Z+z A 414
& F AA AEAHHTAA EA4E AFHE gudd. 2YHoM B bk 2ol 27
of #3ed FYFE 100 ppme] AF olEw W AALLEN FEIIA U
galeae AEHA FUDG. olF FUFE 600 ppm7HA £ 100 %S AAEZES &
25928, 900 ppm ©]49 FdF = dEldE AAHET L HA Fiadte 29E
B At} Thiobacillus thioparus CHI11 biofilterE& ©]£ 3 Chung et al.(1996)2] & 72
o] 9JstH EBCT 28 sec®t #3154 F9%% 60 ppme B+ & 7979 387
Zto] Qo Aoz HIsty gtk B dF AFM £&7I2ke] HE AL 27]4
g4 FAR tEo MAEY BE &8 AT AFold, ol HF HEd U
of A frE|stAl &Y Aoz Al €.

Fig. 320 vtetd wpe} 2o] = A9 E4Z AN 7IFe25E AAE &5
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T3 209 o] Fole HAE HAol 9 ol oF 95 %7t FrstH T pHY A%
A z7)d 2AEH oY, HAHoZ #idd HFHoZ o L17MA B4
E£3 EBCT 5 sec® 4% Aol pH7E 1o]8t2 "ol o, nAE9 #&zs
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AALF] Ao Frtstart 2 o9 FdFstEe daiAe AAEZF] o
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Figure 31. Removal patterns of H2S by biofilter packed with activated carbon
at flow-rate of 44 L/min(EBCT 15 sec).
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Figure 32. Variation of pH and sulfur under different inlet concentration

at flow-rate of 4.4 L/min(EBCT 15 sec).
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Figure 33. Removal efficiency of H2S as a function of inlet loading

under various EBCT.
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Figure 34. Relation between inlet loading and elimination capacity
in the various EBCT.
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BT BAY BS AALHFY Fa glo] ASAHORE FrkstH o, 600
ppmo ZZA|A < 273 g-HpS/m’: hr2 44 H %Atk Fig. 360 vebd upel 7o
3407 13 cm®}t 26 cm?l A A MY w2 BEAAFN FEFRF Ao dFHF L4
of Hl3] 70~100 ppm A= ¥ A delyt vH FE5F5ES 30~60 ppme 2 A o] 7}
O 2o 28S HAr

=
¥ AHEL ATF YA A ¥
7

O

7

z20] §AH] WS, W FBFY Foolt /19 zEW FA AAY 4%
o Qdtel FhF0l UHDL Aob WA E Y B g3 FIo| Foj=t @xe
2 st AASol pasE Aoz Audn ALY A HFF B4 o3
Fowrao da) A0 AR YA $AHE AR TL o7 B Aoy dAH 4
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Figure 35. Variation of H»S removal efficiency as a function of inlet

concentration under different flow type (EBCT 10 sec).
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Figure 36. Variation of HsS concentration as a function of bed depth
under different flow type(EBCT 10 sec).

- 67 -



5. 4 =
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