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AA= AT gR ﬂﬁ}—rﬁ:‘f H7kA 7520l AL FrE o] vlol edu oA AEHA] otk F3lra 9 E574l
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Gl id] Fsit —r7]'ﬂ 53 A7 RS AB9-ETE oF 10% U A gt ok AAE =, o5t gl
195t S5l 22 7138 3 Sl 118Gt vio] S FEIA AL feed?t, 1)EF S H A W, 2)
otEo} H7 Ay wﬂoﬂ; 71 A7k 7RER 70l yeast extracts: HE S 749 B yeast extracts: F7FSHA| oFal
‘ﬂ'ﬁ\—‘g—i glucoseE H7FeH A4, 4244¢] 7ol H7kA 7l5xelA 7 dEYoA S8, 474 oF 0.28
mg/min, ¥ 0.23 mg/min ¥ °F 027 mg/min® Z AREFSIT) A 7}2te] FAkaFolA] BEE-2 0.42 mg/min, 0.55
mg/mln gl ok 0.27 mg/min®] et H7kA 7R E(FEd £71%)2] bubble column EEH N F5 w713
G-I bubble] WA (a) T EAFDATE K)o w2 72 0.12/hr F7FE Tk
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Abstract — In this research, a biofilter system equipped with a biofilter process and a humidifier composed of a flu-
idized aerobic and an anoxic reactor, was constructed to treat odorous waste air containing hydrogen sulfide, ammonia
and VOC, frequently generated from pig and poultry housing facilities, compost manufacturing factories and publicly
owned facilities. Its optimum operating condition was revealed and discussed. In the experiment of complex feed, the
ammonia of fed-waste air was removed by ca. 75% and more than 20% at the stage of the humidifier and the biofilter,
respectively. The toluene of the fed-waste air was removed by ca. 20% and more than 70% at the stage of the humidifier
and the biofilter, respectively. Therefore the water-soluble ammonia and the water-insoluble toluene were treated mainly
at the stage of the humidifier and the biofilter, respectively. In addition, hydrogen sulfide was almost absorbed at the
stage of the humidifier so that it was not detected at the biofilter process. In the experiment of ammonia-containing feed,
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the ammonia of fed-waste air was removed by ca. 65% and 35% at the stage of the humidifier and the biofilter, respec-
tively. Its removal efficiency of ammonia at the stage of the humidifier was 10% less than that in the experiment of com-
plex feed, due to no supply of such carbon source as toluene required in the process of denitrification. In the experiments
of complex feed, ammonia-containing feed with and without (instead, glucose) the addition of yeast extract, the absorp-
tion rates of ammonia-nitrogen were ca. 0.28 mg/min, 0.23 mg/min and 0.27 mg/min, respectively. The corresponding
denitrification rates in the anoxic reactor were 0.42 mg/min, 0.55 mg/min and 0.27 mg/min, respectively. In addition, in
the modeling of bubble column(the fluidized aerobic reactor of the humidifier) process, the value of specific surface
area(a) of bubbles multiplied by enhanced mass transfer coefficient (E K,) was evaluated to be 0.12/hr.

Key words: Biofilter system, Waste-air, Biofilter, Humidifier, Fluidized aerobic reactor, Anoxic reactor
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AAA FAAAE S7T8E 5571 flste] 2 Adih A4as)
Aok o st webA 7] o2 U H2 ke 09dE
= WISk ATHL,2]. 2 FolA 718 T8 2.9 ¢o] A
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of TRl 2 7 Fofo|2}al E2]= long range trans-boundary t7] 2
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A9l sulfuric oxide, nitrogen oxide, VOC % &F Lo}2] vj&3str &
/47 5}+= National Emission Ceiling(NEC) 7% & A %] 8}, 17%
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3 gEYoEZS 9% s olA viEdt 7HEA S &
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F7F ek vlo] @ E = a1k W AR 0 & LA E T Eel
A1 e e ETEE WA o ® 2 4 QvH13,14). 50
Hl-o] @ 8 ¥H-8-7](Moving Bed Biofilm Reactor, MBBR)< H] 1. %]
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s gl 37y 22 o) gsto] A&A 0w Aoy B
A &) 2] gate] BELTHS]. o] g Al AEe TR A2
pumping H]-§-3}, Hlo] @2t FAE vl A A FAAATE
A7k Ak o) oJste] FEle] wlo] gl &4lol =, o] Al
2B AAIA 0 1000 m® F17] 012 B (tankyE EHEoh= Tt
4= glof] 220 gt} MBBR Aol 3o A= & el (geometry) 2}
7} 3 (superficial gas velocity)2] 23] 71 5 Q.3 A A
Q2-oltt, vlo] e utellx o] AAaksh= 1/23F WA= 02} Hhg- R E A
v = =HI[15,16], vlo] @ Etoll A o] AAES F bR Yok A B
kAo vpo] @k o 7 o] Sl F2] ofg] 7HA] Q4] oJsto] A E
th gk F Lol A(ie., <1 mg-NH,-N/L)S) 7350l by
o} A4 -5 %7} rate-limiting 7172 (substrate)0] =37, HI| & 2 F

AR Yo A A -9-of = 2FA5 57} rate-limiting 7] 2 (substrate)©]

Korean Chem. Eng. Res., Vol. 56, No. 1, February, 2018

Aot F dE Yo A FRoM AAEERE rate-limiting 7]
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371z 9lell, Aaksle bRy ol AE EAsto] HATEAE A E
= nAEEATE 1Y A% E 2360 Hlo] e TH R (9
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2-1. UE7AKE| AEER|
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ek,

2-1-1. G olRslr A AT T A A

Figs. 2 9 37} -2 ot o3kl 2/ Z54l feeding Al ~F1S T
=35It Fig. 200141 9F o] 33l a ks A3t5A 8 zine
sulfide®} HF-3-5}0] WAYA]7] 11, lead acetate®A] 734 A
Akt gk et Yo} 7R QbLo} gl o R 375 BT
AlFA 4] WA 7] 21 blower(Young Nam Yasunnaga, E&%8]; 0.12
kggem?, AT+ 43 Liminel Al A@ke] 3715 9l
mixing chamberol|X] E3slo] 83l 491 AR L ol= ZH2} 10 ppm
4! 300 ppm = A|Z313ATt. A Fig. 32 0] syringe pumpE ©|
43l EF<ll& syringe pump(KD Scientific, Model: KDS200)%
o]-g-ato] oF 140 °C == 71 R el FAFeto] €F 100 ppm &5
Al 7k~5 AR AT 0] 9) e B8l ARk Lo} feeding system®h
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Fig. 1. Schematic diagram of modified biofilter system equipped with
a humidifier composed of fluidized aerobic and anoxic reactor.
1. Waste-air feeding system 13. Medium pump

2. Blower 14. Recycling pump

3. Flow meter 15. Recycled process-water entrance
4. Sampling port 16. Fluidized aerobic media

5. Humidifier 17. Anoxic media

6. Fluidized aerobic reactor 18. Drain

7. Anoxic reactor 19. Partition

8. Sampling port 20. Waste-air entrance

9. Biofilter 21. Waste-air exit

10. Medium tank 22. Recycled process-water exit
11. Spary 23. Sampling port

12. Biofilter packing media
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Fig. 2. Schematic diagram of hydrogen sulfide and ammonia feeding
system.
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Fig. 3. Schematic diagram of toluene feeding system.

Fig. 4. Schematic diagram of humidifier composed of fluidized aerobic/
anoxic reactor.

em(®)x15 emx2%kx2 unit(L))S F718F3Ath. Fig. 1041 9} 2o of
FHA7 27 vro] 28 E ol 19)31] Aol 7kEA B E 8] sk 7t
FHAARA, TAE 50%EA 578 FA=A HEte]o A 201
F3 Fig. 48} 22 71539 2R fs57d 371525 AXA 7}
17131 A1l DO7F 2.0 mg/L oV 0% A %= f5d 2715
/\ ]_ ol-_zqg_oﬂ °) “501]/‘1 /H?_] o]-trqo]._e_ td—o] i*—‘o—}oq
?%_ PEYok= 54 nA==AR] HEloloFA 2000 <))
o] Arlol &0 AhslE 11 -5t 57138 sl Ak A (e
oA FHE 50%)0l HiEEe] 4w SEr, 58] Yo}
skl 2ojzl 7h5E o H|7 A= vio] QA H & o] FHT |
7FAERE Eoll 5 Rk vdEe] 285k a7 Sl
A H7 A 7GR e Yol ARsktE9l Bacillus cereus 152
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o] H|7} B4 A&4= Abais ulo] e v w2 SalsbA Aakst
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2-1-3. vjo] 24 E

Hlo] @ HE](5 em(P)*25 cmx2(L); FE 5] 44 cm)= oA H S
A= 3 279 TSR 5 em, O] 25 cm) FEZ 143t nlo]
2FE]E downflowd2] 0.2 A 23131t vho] @ FE ol = 271 9]
sampling ports X3} 1L, BAIE vlo] @ E] 2452 4l sHy-o]]
22 em®] =0| 2 77} A9] oA vlo| 9 FE] Q] F f-E=0l= 44 cm
2 315t} 5719 sampling port FollA HHA port(1¥h) ] ¢ X+
vlo] @ e o] skl A7 A =ololA] SIZFH 4 cmell 9
AakaL FRA port2th= vlo] 28 E oA A o] Yrh= wlo] 2
e wiETel Al ek & fazolel digk fa=oly]
H& 1k 2 2vke] 9o 742 0.6 2 1.00]% T vlo] @8 T
22X A e ael A A g Fa A Eol 2.5 mmel I SR
(GAC)BET H|ZEH A, 1,100 m%/g; micro-pore &2, 0.4~0.6 cc/g;
H AR, 13~20 A), FA 5] 0.6 mm<] compost & HE}O]
gkl [20] Z12HS 22 Fu R E3st A vlo| 9 Eof| Z313)
ot vfo] @8 2HE flste] g9 dFEE 712 (compost)
2 3F] n| o] H Qs JUAE A 353Gl vle] T E 9
SIFof|A] peristaltic pump(Masterflex) £ ©]-2-5}0 vjo] @ HE] 2]
A1) pHE} G 415 $181 buffer solutions Hf] 2 E] £
A O R ok mUhrE 355 A stk vho] 2 H & heating
band=A] FHopA BES719] 254 (30 °C)F Bl3laL Rbe71E ok
St 7} 2] 9] fittingS swagelok fitting > 2 AM-51SIT)

2-2. O'4= w3 0HS}

2-2-1. V8= i F Bl AE

D3, ghuriol Wl BN 247} 714 o] §ak AkshETS)
Thiobacillus sp. W, Bacillus cereus L5 [21]1 2 Burkholderia cepacia
G4 33t = vAE consortium St Bacillus cereus LSS
ATEAR1)E] RO W1 2 HESIA,

2-2:2. v gA| g st

H7k ThE (e £71%) W] 57 dete]olgAlell=
AR Yol Ba|v| =] Bacillus cereus L5E 3ralw-31[21]19] W
o= FetolojgAllo] agsAIZATE g b, FE Yol Y =
FAd& 72zt B 5ki= Thiobacillus sp. IW, Bacillus cereus L5 2
Burkholderia cepacia G45 &335to] 3/ »|4E consortium=
2110 W 0= 55-9]9] GAC, compost ¥ HEfe o HAlE
Zoket vto] @ e g Aol 1 shekitt. g 8t v =5 field
emission scanning electron microscope (Hitachi, S-4300)2] image =
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Table 1. Medium composition (I) in humidifier

Composition Content (g/L)

KH,PO, 2.0
K,HPO, 2.0
MgCl, 0.2
FeSO, 7H,0 0.01
Na,S,05:5H,0 8.0

Yeast extract 2.0

A grasiint.

2-3. UFHI7AMEAY 2HTA

2-3-1. 58 o7k A A

H7}A 7SR ST W FARE) S22 A] Table 12} 2o
Bacillus cereus 1L52] Bk [21]0114 A3} 5 A3 medium
composition(l)S S5ZA] ARESH 57457 FARZRE o]Fo]R]
H7kA 7k5x8) vlo] o AE 2 A Fig. 13} 28 ulo] @ HE A
2ELE, G8lra, et Yol W ER4lE 2} 10 ppm, 300 ppm B
100 ppm?] feed &2} 2 L/ming] feed -5 271 © & 25~30 °Col|
] 269 FRE-2HBPHA, o H 7} 2 feed T, 75 E Tt
A, vle] @ FE ) 15k port D exit ZHtolA Q] bR Yo}, Shala
4 B2 FeE WSk w3 wrks Vr 2] 50 57
Z 9 7| % 2}z ol 9] g5 gty ol A A, nitrite 2 nitrate 5
5 9 pH ¥sHE U, a7 A aR R o]Folxl H
7hA 752 37)1F2 2N E FAkaZ R 0] RES-RER 10 mL/min

oI3it}.

2-3-2. FEUo} H7EA A2l

2-3-2-1. 7]& A7k 75 R 870 yeast extracts: RE 3 739

dEYolaslra/amETd FEAAEA Felra 9 E709]
THE TEehL, B FH kA A 2 A E ol A3 Table 19]
medium composition ()] 7] #H 7} 7hER &5 yeast
extract (2.0 g/LyE RZ313lct #7kA7 R oRES -8k 300
ppm?] feed =} 2 L/min®] feed 5 FH O = H7I 72
457 9 ARz} Hlo| @ FE|E A Hlo] FEIA AELS
25~30 °CoA 30 2FAAIFATE 71 $of] o} H|7EA feed?] 75 E
A ol uto] @88 19 Y exitoll 4] 2] Z472] ehEUo} 1= ol &
74 Bt TESISITE

2-3-2-2. W7} 753 25700 yeast extractE 7164 ¢l gk
2O F glucoseE H7Fet 735

golra g ER40] g ek 71E Hrk 7EE 85
yeast extracts H.55}0] Hlo]| QHEA| A LS 248t S0 |7}~

7}5% €9E Table 1] medium composition (I)°l| 4] Table 22]

Table 2. Medium composition (II) in humidifier

Composition Content (g/L)
KH,PO, 2.0
K,HPO, 2.0

MgCl, 0.2
FeSO, 7TH,0 0.01
Na,$,05'5H,0 8.0
Glucose 10.0




A7 R HEAEY]) E FART)E X

medium composition (INZ W] A] yeast extracts 3 7}5FA] ¢al
90 2 glucoses H7FSE H7EA 7G58} vle] L HE E
H vlo] @ FE A AEE 30~35 °CollA] 404 7 -3 3fod, = 7k~
feed] 7l53 A 2] S} vlo] @A 1k Y exitell A 9] Z}2ke] ki

Vo} 3512 Fol 2 pA3HT,

2-4, BAJHRH

2-4-1. o5 2.9 24

7kt st Fslrdy, bR Yol W Bl FARPHS
th2¥ 2T} Flame photometric detector (FPD)$} silica capillary
column (30 mx0.32 mm, 4 pm thickness)= &t 7}~ A ZwlE ]
2}39] (Shimazu, GC-2010AF)Z RiGasol|l4] Fato] 1) &t &3l
2x(1 ppmv) H FELOK(15.4 ppmv) Z171] EF7FAE calibrations
33+ 1L injection port, 2 2 detectord] =%+ 717+ 100 °C,
50~230 °C%} 225 °CE frAI8I3lth. 271, AF 4l 4:0] 2 82,
491 85 mi/mins FA18I3ATE &3k Bee iuoks 22 3
st A7FAT) S0l 7= Al @\ S QIS M Eo] o= wilE
-2 7} sampling portoll 4] &) 1 LRI H =2} ¥i(1 L)y& A4
AA Sshaas 9 Yok 34 ¥(Gastec, 4LK-4LT 2! 4L-4LL
(&3, 3L-3La 2 3 MR Yob)E ARgate] 242t2] 7ku)€]
F3lra 9 dEUole] FEE Stk 3R 2574 4E st
¢3 Flame ionization detector (FID)$} Supelco®l| 4] %1 3t SUPELCO
WAX™L.10 fused silica capillary column (30 mx0.53 mmx2.0 pm)<
Z2ksl 71~ 3 2 vk e 71249 (Shimazu, GC-17AAFw Ver.3)E Scott
Specialty Gasoll A T=&3Fo] -1 8 aromatic 3.7}~ (Supelco,
scotty IV Cat. No. 501883)% calibrations 5-3315itt &5 3
et A7 Eol7 ke vleo] @8E € QI AelE o] L= wiET
Y 7} sampling portell A &FM7F~5 250 pL gas-tight-syringe =
(Hamilton, USA) 100 pLE ¥ohol A 7tA~a 2 vtE 12y 9]
injectorol] FAFSFO] E5-4l peak”} 52 Wl7FA] ] retention time
X< EFNE] FEE STt Carrier gast= F42(99.999%) %
AR A A28 752 4 ml/min®] 1t} Injector, oven (column)
4 detector®] 253 Z12F 200 °C, 90 °C, 250 °C ©]31ct.

$hA HElo]o] BAlE
TR RS AAksES 5
AL ARV 8 R E o)) T5F THHE . A
W o] ¢ &}o] spectrophotometer (Shimadzu, UV-1601PC)E A&
alo] Z7d 5k Tk T3 nitrite (NO,) 2 nitrate (NO;) 2] 5788 ¢
3} nitrite?} nitrate®] -5 =% standard solution®. = calibrationd}]
ion chromatography (1 ZZw}], DX-120)% o]&-3to] S35+
t}. kA pH %<2 pH meter(Jenco, Model 1671y ARE3ISIT

A5 Bl F=E3) vlo] @ AE FA 9] K.
7] A gl w3 A gk, Feto] oA 9l ulo] @ HE g o

Table 3. Average absorption rate of ammonia in the humidifier

Tk who] @B RS o8-8 o710 A2 89

EXFEALE I EE 21,2219 HHH o 7 =3l

2-5. AUF[H7 A2 ZHE

57 wEtolojgAlel SJste] H7kA TR 2715 W
2] A1) A& mixing®] ©1F] A4 complete mixed reactor®=
A ek mjol] 85 PR Uobl o] BAgA] Als Htod, vl
AYAI 28] feed7h 1)53 oFF#I7EAY W, 2) FR o} w7k~
& wof]; 7] w7k 7EE 8570 yeast extracts: H58F ¢ =
yeast extracts 3 7}514] %1 ©AYP SR glucoseE H 7T A,

Zzre] WSS ek vl askict,
3. Z2u} & nEt

3-1. AUFEHI7IAKE| AEA

3-1-1. 55k oI A2 d )

A7EA 7SR E ] B Ao} o] R FH & o] o
A vfo] LABA AL $41810 feed] H7RA 752 Ae] -, vt
o] 2 19 8l exitoll 9] Z}7te] QFEo} 55 S0 Fig. 59
A}, ofF 7ol £ T QREUol 8ke] By H R ThssEe]
A oF 75%7F AIAE AL, F 39 Hlo] 2B ellA 20%1d A7
ek g A7 kA 7he A 8l o] @B oA A2 s kot &
T W REP7EA Tk )Mo LA EA AR S 2-xlske] oF 74
Foll 7ol mEeint. AZMA The 2] Fakazeld 4
s g Yo A F5E-E Fig. 514 w7k 7heE s Rt
Aelsie Afoleh w7k A 2] f72] 0% LA M, Table 33} 2
o] ¢k 0.28 mg/min® & A=}

F 7R 7hses) vio| @A 9] Zh dAlell M o] Fel v
Fol+= Fig. 67} k. oF5] kel 2ohe F 54l skl -
humidifieroll ] oF 20%7}F Al A ¥ 11, $-5743 wio] 2 BEllM 70%
o AAS . Wb ol felrt 52 hrore] el

450
—&— Feed

400 —v— Humidifier
—m— Biofilter(1st)
—&— Exit

350

300 A
250 A
200 -
150

0

Concentration (ppmv)

0 5 10 15 20 25
Time (days)
Fig. 5. Time-evolution of ammonia concentration at complex (ammo-

nia, toluene and hydrogen sulfide) feed entrance, humidifier
exit, 1st sampling port of biofilter and biofilter exit.

Complex feed

Ammonia-containing feed

Medium composition (I)

Medium composition (I) Medium composition (II)

Difference between feeding waste air and

humidifier-treated one (ppmv) 250.076x30.41)

202.13(+10.72) 239.62(+25.33)

Absorption rate (mg-N/min) 0.28(%0.03)

0.23(x0.01) 0.27(0.03)
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Fig. 6. Time-evolution of toluene concentration at complex (ammo-
nia, toluene and hydrogen sulfide) feed entrance, humidi-
fier exit, 1st sampling port of biofilter and biofilter exit.
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Fig. 7. Time-evolution of total dissolved ammonia-nitrogen in the
aqueous phase of aerobic and anoxic humidifier (complex feed).

Table 4. Average denitrification rate in the anoxic reactor of the humidifier
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©

15 20 25
Time (days)

Fig. 8. Time-evolution of NO;™ concentration in the aqueous phase
of aerobic and anoxic humidifier (complex feed).

A 3o 4= 1800~1900 ppm Ato] S
4 Fig. 7014 £+ 720] 200~500 ppm AF] ZkolAtt. 1 o]f+= 5
7k 7RE R S RY ot Akt Bacillus cereus 1.52] /37
medium [21]°14 AEEFE A 95 mediume AHE-SFS 7] Wi
ot} gk & AFtellA] AZkA 7kERe] 37)% U2 &5l &
E3= Akl R Yo A4 FE(Fig 7)E 2F 2 mg/l E 350 mg/L
Z 39S dlell 7 52 Bl 0.00572 4] 4FA7} rate limiting 7]
o) 57 AJeR= 71 vl R B o] 020l IS,
e 3 Aol H7)2 Te) Shkz ] vl A seolo]
A Uit =elME U kAR 20 ”J ’\]Zi‘:]u— At
Z 2ol Bacillus cereus T2 559 Arkslrt B aEQiTh23,
24]. wehA sHefolo Ao 11 E Baczllus cereus 1L52] £& 9%
Zkstel| eJste] Fig. 83 o] 7ksx 571x0] frellA ALl o
ek ek ofe] AAtskEe] <JsliA NOy =7t 27kt 1
Haneel[23,2419] AL A9 vlskalt. Fig. 89 &
H7kA 7S] W FAkaz)9) nitrate TR, TR
oAl WA shs NS whitol] Lee$t Lim[21]2] A 34 Zell A
T ARARZE A7 53 e 2R oF 3 ppm B & SO
A= OF 1~2 ppm SQITE kAol 4] @9IAIRE ek
ofato] A|AE = AAe] 2, nitrite FEE FAISHL 5%
l,j_A]-)\z 71—71—01] /‘14 = OLU]/]O}_X1/K g]_ nltrateﬂ’\
to] Ztolof] thet H7kA Thsx 8] Al f3e] wow
AT} Figs. 77} 804 -8 4E713 Bl FrAakaz o4 9]
B ol A9} nitrated 4w = §1) 2fo] G2 Table 49} 2
A o7 °F 42 mglLE YERH A B2, H7kA 75 20] F4
Aol A TR AE T BERES0] oato] A A E]= ZEV\J & oF
0.42 mg/min® % 2P ¥ 3T}, whebA Table 501412 <= ¢Frinfo}

SO, B Qo

T
FTEE
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)
=
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of Bl off o oo R I X
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el bg o i
-1>

E
oft \:13
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Complex feed

Ammonia-containing feed

Medium composition (I)

Medium composition (I) Medium composition (II)

Difference between total dissolved ammonia-N

+ + +
concentrations of aerobic and anoxic reactors (mg-N/L) 42.02(43.90) 34:42(£52.02) 6.13(+3.10)
Difference between NO;™ concentrations of aerobic and

& + + +
anoxic reactors (mg-NO5 /L) 1.13(0.62) 3.02(x0.19) 0.62(£0.31)
Denitrification rate in anoxic reactor (mg-N/min) 0.42(0.46) 0.55(%0.52) 0.06(+0.05)

*The nitrite concentration of ca. 0.002 ppm in the humidifier was so low, as compared to the nitrate concentration, as to be ignored in the calculation of

denitrification rates.
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Table 5. Average accumulation rate in the humidifier

g nlo] @A A& 0183 R A2 91

Complex feed

Ammonia-containing feed

Medium composition (I)

Medium composition (1) Medium composition (II)

Total dissolved ammonia-N (mg-N/min) 0.010
NO;5™-N (mg-N/min) 0.000
Total (mg-N/min) 0.010

0 0.003
0 0.000
0 0.003
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g 2Ankgo] oato] A AR A4 oF 9 w7t Tis el &
FEE dRYoR A FFES 247 1 mg/min 9 0.23 mg/min®. 2
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mzo]ct.
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E lo] LABIA AR 30 TF AlEEIA 278 ol 79 FRE
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Z}Z}o) ko) I F=0]= Fig, 99} Xt} wl7kA szl &
FEE Yo A S48-2 Fig. 9=5E] Table 33} 720] 2} 0.23
mg/min® 2 AFETESITE o7k X3 F o} HElke] 4%
H 7k TREZolA oF 65%7F AAE 1L F 371 vio] L FE oA
LA oF 35% F L7t AAE ], A9] 100%2] FE Yol -6t A
AT, A7E TREEoM = GEYo} 2lof] EFl W 3l
o] Rt 7k B o H7EAS] A Eok F 10% U A A oF
B ot AAH =], o]51& 2ol E a8t EF<l7 22 /7]
SRS T Sl 711ghtar djA]Frt, o]l v & nlo] e
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Fig. 9. Time-evolution of ammonia concentration at ammonia-con-

taining feed entrance, humidifier exit, 1st sampling port of
biofilter and biofilter exit.
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Fig. 10. Time-evolution of total dissolved ammonia-nitrogen concen-
tration in the aqueous phase of aerobic and anoxic humidi-
fier(ammonia-containing feed).
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Fig. 11. Time-evolution of NO;™ concentration in the aqueous phase
of aerobic and anoxic humidifier (ammonia-containing feed).
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Fig. 12. Time-evolution of ammonia concentration at ammonia-con-
taining feed entrance, exit of humidifier of which the medium
contains glucose instead of yeast extract, 1st sampling port of
biofilter and biofilter exit.
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SABAAE 7713 F1L Fig. 1301418} 7o) 40 &< 24
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9 717 1= A% STV 1 ol A7k ThE R U] 87
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Fig. 13. Time-evolution of total dissolved ammonia-nitrogen in the
aqueous phase of aerobic and anoxic humidifier of which the
medium contains glucose instead of yeast extract (ammonia-
containing feed).
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Fig. 14. Time-evolution of NO;™ concentration in the aqueous phase
of aerobic and anoxic humidifier of which the medium contains
glucose instead of yeast extract (ammonia-containing feed).
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Fig. 15. 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 emission scanning
electron microscope (Hitachi, S-4300).
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29O % glucoseE H7FeH 7A-9-oll, A7k TREEOIA FEE
Buobd 4 F4E2 Z42F oF 0.28 mg/min, °F 0.23 mg/min 3 ©F
0.27 mg/min & AFEE| o)A A& vl ZARSE Zhg Wolrt Hgt
A A7EAS A= B A Rk o R ERdlo] FEE A
7k 7 2ol @RI 7 Fr s bRy oA 150%7F
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I gl ARz A H7bA fE] FERU ok 49} yeast
extract A2 BHo] AR Yobd A S-S} F 96% AT T
Zitk, Tk kYol H| 7k A g-ollA, H| 7k 7R 4570 yeast
extract thAlell glucoseE 71t Z-9-ollA], #7kA 715229 Fakas
Zo|x 2] 24 9o $7]ZelA 57|84 (aerobic denitrification)©]
°F 021 mg/miniHE WA o] {f-FE ik S5, H7kA ThE (R
% 2713)9] bubble column EEF oA 54 713 w9l -]
S bubble®] M]3t A} e FHAALAT 72 Gh(E Ka)>
0.12/hr2 371k

> 1
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