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w7 kae gt A2l asS Ausky FEEQ A% AdRAS FESIE 27122 Liminyl] 38 =y
01300 ppmv)2] 7% FETE-STolA oF 22%7F AAE AL, HIRA TR < 55%7) AAE A, T Q] vlo)
2 oA R oF 23%7} B AAE ST ok 7kl EEE EFU(100 ppmv)e] 739 FEHTNES-Eg ol A
ok 20%7F AAH L, HA7ES TREE RS 7] B kel oF 10% AAE R ehEk 39 nlo] e dEf oA
=] 70% 257 AAE AT wEb Bl 8=t 22 dRyoke] Aol driavii el FE AAHAL
St sk B4l 9= vlo] e FEoA T2 AAEI $HH 34210 ppmv)E FEIHSTA oA A
o] HElH] 1l FF trace B Zel SallEoA RO LBEIR AYEE TEE feedollM el HA|HA
okolTh. HZFA TSR H NS W FARAR )oY itrate FEE FARRT oA WS HE BRAEES- ol FAkA
% A7) FEAF 7128 ¢k 3 ppm AL Wkt TS H7ATIG R §F dRU ol B AE A ZHLE
1,500~2,000 ppm ARR] 9] 352 ke FAIBIAT], o A7RA ZhsE el Qs el 9k QlEleiEE 8l 7]
E} oJm ol Aol 7|9t )

Abstract — In this research hydrogen sulfide, ammonia and toluene were designated as the representative source of
malodor and VOC, respectively, frequently generated at the compost manufacturing factory and publicly owned facili-
ties. The optimum operating condition to treat the waste air(2 L/min) containing malodor was constructed using photo-
catalytic reactor/biofilter process with humidifier composed of fluidized aerobic anf anoxic reactor. The ammonia(300
ppmv) of fed-waste air was removed by 22, 55 and 23% at the stage of photocatalytic reactor, humidifier and biofilter,
respectively. The toluene(100 ppmv) of fed-waste air was removed by 20, 10 and 70% at the stage of photocatalytic
reactor, humidifier and biofilter, respectively. Therefore the water-soluble ammonia and the water-insoluble toluene were
treated mainly at the stage of humidifier and biofilter, respectively. In addition, hydrogen sulfide(10 ppmv) was almost
treated at the stage of photocatalytic reactor and its negligible trace was absorbed in humidifier so that it was not
detected before biofilter process. The nitrate concentration of the process water from anoxic reactor was found lower by
3 ppm than that from fluidized aerobic reactor. Besides, the dissolved ammonia-nitrogen concentration of the process
water from humidifier remained at the high value of 1,500-2,000 ppm, which may be attributed to the existence of
ammonium chloride and other source of ammonium nitrogen.

Key words: Hybrid Process, Waste-Air, Biofilter, Photocatalytic Reactor, Humidifier, Fluidized Aerobic Reactor, Anoxic
Reactor
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71 AACN[12-22] the Z2A| 20} B]aL Alef] FHofutt. Hlo] &
e e9ES WallE 7 e vidESo] A 0w 1Ashy
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Flras 283 719 vro] edE o 9k G AT+
Oyarzun -5-[4], Cho 5[5], Wani 5 [6] & Chung 5[7-9]1%} &= A
TAR=el ot} TSI el E 3 H7kne] HEE

3730 T3 1A T4 ks HEEA el
2g3tst v EL] Ao ZA] SatsluteElol s Thiobacillust
Filamentous #atelg]o} 5-0] Sli=8l Thiobacillusi= ~Fd pHAIA
HAGAN S Kol Mz E A3 B & 77t
ATk delA SITh3]. $RA F3lras) A f7138HHE(VOC)
< A A E Aol T2 T4 pHellA 22 &8 Kol voC
o] BAMYEES Felrae] B HafollA fiEE o= A%
kA pHollX = B8 elojA] sAIAEl7F ol ek &
] QIEH10]. ©]9} o] Hulggolt FF3AE=E AN MEE=
H7ke AR O R elgA SlolE ko Wl E9lly) 22
VOC7} 3E3E]o] QI Algke 227 (pH)CE Qlsto] shte] Hio] .
e R FA 2AUES AHSH= A2 o7t} Cox and Deshusses
[101:= biotrickling filters ARg-8}o1 H7kx Foll ke sl
170 ppmv7EN)2} BN (2.2 gm’ /7R FAIAEE 38K
o B3 Chung[231> &8laay, Giyot W ofuls ket 7k~
o] AHAA BAE ARl 3247 100 ppm FEo|1
FEUol7} 1 ppmelate] ofF AL A wle F7H o=
Ho| BF AAEAAE, 100 ppme] 3349} 15 ppm FE2] A
FLo] dryole] A gl B AAE AR dEYol A
A2 85%el XUA] ¢4T). Park and Seo[24]= wood charcoal
= WA sto] Selrael kol oA A el tigk A
£ SISt o] AFelA] Felrasl R ore] 37k el tigk vt
o] E| 2] AAGE-S ZH2te] vkl st AAEE T v e
weo]l SFalrae] AAEC] tistel= 7 7he] E3to] vk P
= PRA] kgkot gelrae] fY st ool webA pHrk
3714 EoAHA R ote] ANAEE 60%714] AakE 3t o] 2}
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At o7 Wk o] Sskrsat B AlAEE dbdel o
o= Blo] 28022 A0 R Q1FE Yk pHollM B8lrAi] =
2 AAENT v)AE| 23 AA7} o HT

A AOP(Advanced Oxidation Processes)= VA& WHEsl1Ad<]
4 7182 E OH ZFuZE Fallske] 22 BDOC(Biolog-
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Folehe® sloiFrial HuE L QITH28,29]. HFEH A AHS
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Bt slo| N EAIAELS BN e S Al delA] sk
olF w7 A Eol] gttt Eu| e i Fa Aol Bl
= o A7EAS] TR AAN Y LA BA =, o el
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WA SRS 2bzt Ak, BEmRke T mE7 kA TE R
57 9 FAkAR)E A3 nlo] QFE| P o7 o]Fofx 3
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2-1. UFETIAME| HEEX]

LALE FHE AV A HEEA AS5EkeT1E Fet
I HloledHE & APE S e nlo] edH 9] Au]gFo] Hl
ol SV A719 el gt AR & 201E EE3te], F
FuRkg7], 7k 753 Al o] @ 8B ® o] Fo1X Fig. 1
¥} 2 o] B EA|AELS FESIGI)

2-1-1. YR ESFA 2Rl T FAIAE

Figs. 2 ¥ 33} 22 kR ujo}Bslr /274l feeding Al AHE
TE3F Tk Fig. 20049} 7o) &8lrar 7k sras) zine
sulfide®} W28} HFRIA)Z] 11, lead acetate®A] A 3-4E A
AskSict. ghd ShRo} 7k bR Yol gl o R 3|5 B
AlAA EAYAIF] 3L blower(Young Nam Yasunnaga, EZ%E]; 0.12
kggem?, Hdl+%; 43 Limin)ollA A3 3715 Fstar
mixing chamberlA] &850 B3l 9F AR U olE 712} 10 ppm
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Fig. 1. Hybrid system composed of photocatalytic reactor and biofilter with humidifier composed of fludized aerobic and anoxic reactor.

3.

1. Waste-air feeding system 13. Fluidized aerobic reactor 24. Biofilter packing media

2. Blower 14. Anoxic reactor 25. Medium pump

3. Flow meter 15. Makeup water tank 26. Recycling pump

4. Analyzer 16. Analyzer 27. Recycled process-water entrance
5. UV-lamp 17. Analyzer 28. Fluidized aerobic media

6. TiO,-coated glass beads 18. Make-up water pump 29. Anoxic media

7. Photocatalytic reactor 19. Spray water pump 30. Drain

8. Quartz tube 20. Sparay water tank 31. Partition

9. Analyzer 21. Biofilter 32. Waste-air entrance
10. Valve 22. Medium tank 33. Waste-air exit
11. Bypass valve 23. Spary 34. Recycled process-water exit

12. Humidifier
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Mixing —— Nl —
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Flow row || ][]
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Fig. 2. Schematic diagram of hydrogen sulfide and ammonia feeding
system.

slskast Hl48H HI3= 20108 6

)
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300 ppmO.Z A58} $HH Fig. 33} 0] syringe pump=
#3to] EF<2lE syringe pump(KD Scientific, Model: KDS200)E

J83to] oF 140 °C H® 7Fde Fell FAKske] ©F 100 ppm &=
Foll 7R BAAIZ T o9 2 el A/QtR Yo} feeding
system¥} EF20 feeding A AF1S Aglste] tRUolA sl A s
Tl feeding Al2BS =33

2-1-2. F=mlHkg-7]

¥ AN 8T 7, W 9 Holrt A7t 8, 4 47
em?] 9] pyrextS Ao 360 nmolA] TIPS 2= 15 W
UV-AZ (437 mm(L)x28 mm(¢), SHIAFL14)E pyrexzte] W7
Qbell AQIBISATE. 18] pyrex#e] W7 9l 2173 Atolell= #Fo]
1 cm®! glass beads FHIAIATE. #7127} pyrexdtol] Eo]94A A
3= pyrex¥] UF 3} glass bead®] EWHS Lol 4]
St FEmE il lEFEE)oll dip-coatingste] Ad=2ollA 10%-
7+ 212 o] furnaceollA] 450 °C] 2702 30% o4 27
11 o]2|gt dip-coating ¥ A8F78-& 33] WHE A|&e}ict.

2-1-3. A7k~ 7REE AIAE

Frjotel 2 -84 29 &84 HeE fste] Fig. 4%
BE 5430 Atz o) H7ks 7sEE AIAE(9 em
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Fig. 3. Schematic diagram of toluene feeding system.

Fig. 4. Schematic diagram of humidifier composed of fluidized aer-
obic/anoxic reactor.
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A2A FEY BAS FAD Fig, 49 B FKEe] )
7 37155 AAA 7REAIZIAL EAO 8 S71%0] 8
Hed SolA 8491 R YelE Wol Fsto] 4
Yok= fad ml8EEAIR] HEtololdA (3010l Slste] At
o7 AbstEal fed 57138 Rl Akl HiEE o]
7 SEY, 53] kol Falgo] Aojxl 7lFE ol FH kA=
ulo] @ HEIZ olFH), H7 AR RE Bol S5 dRUolE 1)
A=ol] &gatA ab7] flste], A7k 7R5E 8F2A Table 13
-2 okR Lo} AbeltER) Bacillus cereus L5 A7 mediumS A}
a3,

2-1-4. nfo] @4 E]

ulo] QIEY(5 em(§)x25 emx2(L); FE=C] 44 cm)= oS
AR S 2 THEHE: 5 em, o] 25 ecm) FEE AA3H vf
o] 2ZHE downflow'd*] 0 & A|=3I3t}, vlo] @ AE o= 271
sampling ports AX|SF 1, GAIE vlo] e A4 9 s

ﬁd
I

)

o

™ Qoo
rBore B

o] 22 cm?] ol = ZH7t A9 YolA nlo] eE 9] F faEol=
44 cm@ 3IATE. 7709 sampling port FoA HA port(15H)2]
AR Hlol e dE 9] sHF-Fhell AX FA| FolollA H=FE 4
em®l] I3 FHA port(QEh)E vlo] e EfeA HE|Eo] Yot
£ Hle] o wiETol A7gsIeltt. weba] F fraszolel thgh £
Fipolu]Ee 19 9l 29ke] Aol 242t 0.6 2 100130 vle] 2
e gARA ARl lE HAE (D)0l 2.5 mmSl
A B EHGACKBET HIEH A, 1,100 m¥/g; micro-pore &2,
0.4~0.6 cc/g; FvAlT WS, 13~20 A, 0.6 mm<] compost 2! HEF
oJoiehAl|[30] Z171S 22 FIE £33t @Al vlo] e e F
H3ich, vlo] e A fste] @AY dF-ES V1A
(compost) 31o] W APEe] F 23 JYAE A FHBAIL vie]
2] SISl A peristaltic pump(Masterflex)E ©]-8-5}0] H}o]
23E o] g9 pHe} 7 A1 $1819] buffer solutionS vt
o] HE] Yolr] WO 7 oF 2 ml/heZ FFEA 33Tt nlo] @ AE
£ heating band=A] 7oA W71 25771 (35~40 °C)yE 331
3 HES7)E EE3E ZF A9 fittingS swagelok fitting© 2 AR

sfict.

2-2. M= HHQF R 0Hs|

2-2-1. VI8 E g B AF

ol o} Balu|BER] Bacillus cereus L35 2] =43}
Thiobacillus sp. IW, Bacillus cereus LS 3! Burkholderia cepacia
G4& E318to] A v]AE consortium = Bacillus cereus LS
= ey 2o why o g ujeksigint. ZF2ke] Petri-dish ¢kl Q=
Thiobacillus sp. IW, Bacillus cereus L5 3 Burkholderia cepacia
G4E Z}ZF wiZo] 2 o)A, Tables 1, 2 ¥ 39 medium®l] 2tz &
oAl shaking incubatorel] 22 F-of 26 °ColA 200 rpme] %
7oz Zyz} vjeFsleit). oluwof| optical density= spectrometers-
ARl 600 nme] TgellA 3AIRE S5k F3T27F 0.8 ©]
& wjel] F7kAA 2] wle] @AY GA9} H7kA Thsx @Al
247t 37 4] F5 i mediums 33t P& consortium¥}

Bacillus cereus L5 3353t

Table 1. Medium composition for Thiobacillus sp. IW

Medium component Medium component

NH,C1 0.5 g/L MnCl,4H,0 0.01 g/LL
K,HPO, 4.0 g/L FeSO, 0.05 g/L
KH,PO, 4.0 g/L (NH,)¢Mo,0,, 0.01 g/LL
MgSO, 0.8 g/L CuSO, 0.01 g/LL
Na,EDTA 0.5 g/L CoClI2 0.01 g/LL
ZnS0O, 0.22 g/L NS-05 8 gL
CaCl, 0.05 g/LL yeast extract 2 g/LL
Table 2. Medium composition for Bacillus cereus LS
Composition Content (g/L)
KH,PO, 2.0
K,HPO, 2.0
NH,Cl 0.4
MgCl, 0.2
FeSO,-7H,O 0.01
Na,S,055H,0 8.0
Yeast extract 2.0
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Table 3. Medium composition bor Burkholderia cepacia G4

Salt stock solution Mineral solution

NaHPO, 70 g/L CaCl,2H,0 037 2/250 ml

KH,PO, 30 g/L MgSO,7H,0  6.16 g/250 ml
NaCl 50 g/L

NH,CI 10 g/L

222, v = gAY s}

2-2-2-1. F7kA 713 A 9] v E g3}

H7EA 752 (e 371%) W9l 8742 HefololdAlcdl=
h o} 23|u| &R Bacillus cereus LSS Table 28} 22 7|AE
medium} 7 1047+ WA A4 FefelofgAell 17g3hA 3t

2-2-2-2. vjol 3y g 9] wAE17Y 3t

slra, SR Yol 4l EQlS 242 B8lS= Thiobacillus sp.
IW, Bacillus cereus L5 2 Burkholderia cepacia G4= EKL“O']'O% e
J¥ vAE consortiums 3YZF Table 1, 2 % 32] &% medium
I} A WEEAIAA, T52] GAC, compost % 41510101%%1]—5
E3sh vt eElAlel 17 3813t

2-3. UF|H7IAK2 A SMEA
Fig. 19} 22 335viuke7] 9} 5327 Atz ool
7 T2 S F1e nlo] o e & A Slo|He| TA AR,
ﬁﬂ-r* o} 9 E98 717E 10, 300 2 100 ppm] feed
F59 2 Limin?)] feed §-% 27102 37¢ 53+ s o]

uq] 7}2~9) feed ©HA|, F=uiukS7] S, TEEEE 93 v, vf
o] H ] 1% port Y exit 22 oA 9] kR o}, Salri W &
Tl sEE AT 3 HrkA TR fe SU1x
1l 7% 2k}l 9 %}— AT Uold A4, nitrite B! nitrate &
% 9 pH HslE T, FadE7] Atz R o]F o)l 1
T4 7V B)FZBERE s Z R 0] Hk9eES 10 mL/min

o3l

2-4, S

2-4-1. o}F 2 ¥4

o7} 7} B8t 5
o2 2t Flame photometrlc detector(FPD)$} silica capillary
column(30 mx0.32 mm, 4 pm thicknessys &3t 7} AA ZvlE T
2}9)(Shimazu, GC-2010AF)= RiGasolAl 73+ &3k2(1 ppmv)
gl FR U ok(15.4 ppmv) 22 ¥/~ calibrations S5
injection pon 28 9 detector?] 5%+ ZH}F 100 °C, 50~230 °C$]r
225°CE FAIEISItE 371, S 9 740 F5-> 82,4 2 85 ml/
mins -er] st} Sslra B Yok 47 SE #7kat

So7h= vlo]l el ] /YT, AEHo] Yo wiET 9 7
sampling port°l|A] &0l 1181 ®l =2} W(1Ly& Ad A 23}
T g AR Yol 212 ¥H(Gastec, 4LKALT 2 4LALLES L),
3L-3La %! 3M(QFR o) ARg-ato] ZH2ke] 7k o] Sl 1l
ARote] FEE SISt R E574l 4 $l8te] Flame
ionization detector(FID)2} Supelcool| 4] #218+ SUPELCO WAX™-10
fused silica capillary column(30 mx0.53 mmx2.0 pmy= 24t 71
A F 2 ulE 72}3] (Shimazu, GC-17AAFw Ver.3)E Scott Specialty

GasellA =231 7913t aromatic 57 |/~(Supelco, scotty IV Cat.

slomae, oo} W Eolo] HAjupH o

slskast Hl48H HI3= 20108 6

33|

No. 501883)Z calibrations 3¥3}3ict. EF4lS -3t =7~}
E017H= vlo] @2E €] Q11T AH]=o] ko= wiET" X 7} sampling
portell A EFA7F~5 250 pL gas-tight-syringe® (Hamilton, USA)
100 uLE $ollojA] 7kAa 2rlE 721] 9] injectorol] TANSH &
2l peak’} 22 w7149 retention timeol| XS] B0 FEE
7319t} Carrier gast H42(99.999%)5 AR5 11 288t FoRS
4 ml/min®|2AT}. injector, oven(column) 2 detector®] 5
712} 200 °C, 90 °C, 250 °CO] 3T}

$hd HEfolo] Al FASE A7k TER e 9 A
E7) wexe AEEE S flste] 24 8579 Ry
oM AAEHTYREYoL W R o) FEE T ¥
AR o oJsted spectrophotometer(Shlmadzu UV-1601PC)E
A3t S3HATt. TS nitrite(NO3) 2 nitrate(NO3) 2] S74=
$18F] nitrite®} nitrate®] =% standard solution® = calibration
3197 ion chromatography(Q1/d T 2w} DX-120)5 o435t =4
3F3tt. HH pH 792 pH meter(Jenco, Model 1671y ARE3IATE

2-4-2. v ESA BN

H]'o]i‘ﬂﬁﬂxﬂ«] Ar7dEE 9 AR composte] =3

A B HERo]ol7HAl 242 50 mle] FAIE Aol 2] ER

7]“315% Z3I3ict, HEtolojgA ] A= AT HEE ARESt]
EE AR Foll S ARIHEEE o] &3le] U355 T8t
Ak, &35 vlo] @ FEHA| ] FHE2] S, B A $of nlo]
LA 20 g Hlo] LAENES T ollA AF St vlo ]ﬂ of T
dry oven(Sam Heung vacuum dry oven) QFollA] 24 A]Z7FE<F 105 °Coll
A AT F, A3 A9 oA FAS A3 3] g “r7ﬂ =
Az Ao FAR oA &S S8t

[‘F

s}
2z
>

u: il

3. Zqat 3

31 PEEISSE W 7R TEEERSYST| # FLULE)
g izi HIO|2EEZ 0|R01Zl Sl0|=2|EAIA-I0IMS] 24|
o7 IARi2| Az

R MES 27 IS TR R)mio] @8 E stoHe] B
28 2810 feed?] FFNEET |9k AL Tz A2 5 H
fe]2E] 14 Bl exitol 9] ZH7Fe] IR} F e 0= Fig. 5
oh ek, weba] ofF7kRe] A3 F o} Fake] - A=
g7 1ol oF 229%7F AAE AL, w7k ZREEOIA ©F 55 %7t
AAS AL, F 2791 vlol @B el U A]]l o 23%7F B A
A=, g F5ink37] gl w7k Tzl HeEe 4R
Yot sk ASke 7| m7ks sz mie] aE so] e EA]

2B Atslo] 217k oF 52 % oF 142 Fol Ygelel ekt

A FES 7| 7N TRrEmo] 2 3E] So]HelmAl AT
Z} |- ] EF4ll F% 30 Fig. 63 2T}, o} 7)ol 3
1 % el F3he) B9 YRS elA oF 2097} AT
A4 TR E S 57 R AR RIA o 10% AlAE R W
Ak A njo] @gEllA WA 70 % BF7E AADIC. o
2 ol st e dmole] Apols H7l TRz
F2 AL, STt e BRl F9 vo] o Elel A
F2 AN e FEES) 8l o7k szl Al
£ B2 B PRSIk TR mlo] 2B Soln
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300 4
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g IRARAL IR A A ST AR A L AR AR 200 SR 4 Al
s v v
g v v
= 204w
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S 150 1 | o~ Feed
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O 100 | © BF
4 B
= Wung a®8ga
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Fig. 5. Time-evolution of ammonia concentration of feed gas, photocata-
lytic reactor(PR) treated feed, humidified-feed(HM), biofil-
ter(BF) treated feed at 1st sampling port and fully biofilter
(Exit) treated at exit.

Feed

-
40 g / v PR
d -+ HM
-
—A

Concentration (ppmv)

BF
Exit

20 A

o0 50000000
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Time (days)
Fig. 6. Time-evolution of toluene concentration of feed gas, photocata-
lytic reactor(PR) treated feed, humidified-feed(HM), biofilter

(BF) treated feed at 1st sampling port and fully biofilter
(Exit) treated at exit.
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Fig. 7. Time-evolution of dissolved ammonia-nitrogen in aqueous phase
of aerobic and anoxic humidifier.
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Fig. 8. Time-evolution of NOj concentration in aqueous phase of
aerobic and anoxic humidifier.
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Fig. 9. Time-evolution of pH in aqueous phase of aerobic and anaero-

bic humidifier.
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Fig. 10. Microbes observed on the surface of rubber-media made of
granular waste-tire and EVA from humidifier by field emis-
sion scanning electron microscope(Hitachi, S-4300).
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Fig. 11. Consortium of microbes composed of Thiobacillus sp. IW,
Bacillus cereus LS and Burkholderia cepacia G4 observed on
the surface of the packing media of biofilter by field emis-
sion scanning electron microscope(Hitachi, S-4300).
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