[ERR==I Ve

AFE 25gotsE AR 33
Hlo] @ < B o] A]
Ethyl Acetate2} 2-Butanol
3T AA EA

EPNRERE KERE

2003 = 12 H



ATE 25gols GAZ =43
Hl-o] @ T ¥ of A]
Ethyl Acetate®2} 2-Butanol
3Tt AA 54

SRR H M &

£ 5t G

o] S TEHEER(L o2 e

2003 ¢ 12 H
2% 5t MGS] TEME-ERAT s ARHES

o i L El
e — H
H tHZE E

HEE

WH W B
il 1 =

PEPNRERE KERGE

2003 = 12 H



Removal Characteristics of Mixed Gas
(Ethyl Acetate and 2-Butanol) in the Biofilter
Packed with Jeju Scoria Media

Kyung-Ho Kang
(Supervised by professor Sang-Kyu Kam)

A thesis submitted in partial fulfillment of the

requirement for the degree of Master of Engineering
2003 . 12 .
This thesis has been examined and approved.

Thesis director, Chul Goo. Hu, Prof. of Environmental engineering
Thesis director, Eun Il Cho, Prof. of Environmental engineering
Thesis director, Sang-Kyu Kam, Prof. of Environmental engineering

December. 2003

Department of Environmental Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



L A e 1
I o]%zq HI 73 et 5
21 _’E‘q}‘ﬂ_:]-—/g %ﬂi}tg%(vocs)g _I_E‘.Aé ................................................................. 5
292 _’E‘q}‘ﬂ_:]-—/g %ﬂi}tg%(vocs)g :H-;q] ................................................................. 10
23 _’E‘q}‘ﬂ_:]-—/g %ﬂi}tg%(vocs)g Xﬂﬂ }:Q—%] ....................................................... 11
231 E2] - 32 A A HFH 11
2.3.2 AETFA A 7] HEH oo 14
2.4 TFA| KT AP EA A HEEH e 16
241 ABETIA A 7L QUE] e 16
QA2 FFR| Q] TEAD ceeerererrne 18
2.4.3 Biofiltere] A ]l Q1A wrereerermreieieiii 20
M. AR L H 24
3.1 @Q%}‘] g_l xﬁg ............................................................................................... 24
3.2 AL Y] B AL e 2%
IV, I} 2l 3 e 27
4.1 Biofilter g—;q]g]_ 1:1] A5 Exé .......................................................................... 27



4.1.1 FA(SCOria) BA] oo 27

412 T A B e 30
4.2 BlOflltergl H—OE]%;‘(?]_ xﬂ 7-‘| J:‘:‘—:_/\(-)] ...................................................................... 34
4.2.1 Ethyl acetate¢} 2-butanol®] f+9)& %= W3] wpE& AA 54 e 34
422 EBCT Wsloll w2 ethyl acetate®t 2-butanol A|A 5Ag wweeeeeeeeene 39
423 Z A A G AFE oo 43
424 DH B QB 457 cevvvereemmossssssisisssss s A7
4.3 Biofilter®] Ta7FZ A 7] BA] s 50
431 B nslo] WE PR A A EA s 50
432 xﬂﬂ%%}:oﬂ g]—@l_ A7 EAD BT ceereeeemeeenieeie e 54
V 7&% ......................................................................................................................... 57
VI Q—ﬂ%zﬂ ................................................................................................................. 59



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

o Ok W

9.

10.

11.

12.

13.

List of Figures

. Intemal meChal’limS Of a blOfllter ............................................................

Principal features of (a) bioscrubber, (b) trickling biofilter,

and (C) blOfllter deSigl’l ...............................................................................
Schematic diagram of biofilter system in this study -eeeeeeeeeeeeee
XRD pattern of Jeju scoria used in this Study wwwsssessessesmssmsnsssssnnsnnns
Photograph of scoria used as packing material of biofilter ===«
Photograph of scanning microscope of (a) scoria surface

(x 100) and (b) microorganims (x 5,000) attached

on the SCOria Surface. .................................................................................
Inlet and outlet concentration profiles of (a) ethyl acetate

and (b) 2-butanol under different inlet concentration «--«=-ssseseeee-
Removal efficiency of (a) ethyl acetate and (b) 2-butanol

under different inlet Concentration ..........................................................
Inlet and outlet concentration profiles of (a) ethyl acetate

and (b) 27butan01 under different EBCT ..............................................
Removal efficiency of (a) ethyl acetate and (b) 2-butanol

under different EBCT ...............................................................................
Relationship between inlet loading and elimination capacity of
(a) ethyl acetate and (b) 2-butanol under different

il’llet Concel’ltratiorl ......................................................................................
Relationship between inlet loading and elimination capacity of
(a) ethyl acetate and (b) 2-butanol under different EBCT - 46
Variation of head loss, pH and temperature for (a) ethyl acetate

and (b) 2-butanol during operating times ..........................................



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

14.

15.

16.

17.

18.

19.

Inlet and outlet concentration profiles under different

inlet Concentration Of ethyl ACELALE trreerrrrrrrrerrrrererertit e 52
Removal efficiency of ethyl acetate under

different inlet ethyl acetate concentration

(2-butanol concentration was fixed at 250 ppm) «eeeeeseeseeeseeseenes 52
Inlet and outlet concentration profiles under different

inlet Concel’ltratiorl Of 2_butanol ............................................................. 53
Removal efficiency of 2-butanol under

different inlet 2-butanol concentration

(ethyl acetate concentration was fixed at 250 ppmm) s«eeeeeeeeseseese: 53
Fig. 19. Relationship between inlet loading and elimination

capacity of ethyl acetate for mixed and single gas

(2-butanol : 250 ppm, ethyl acetate : 300~750 ppm) = weeereeeeseseees 56
Relationship between inlet loading and elimination capacity

of 2-butanol for mixed and single gas

(ethyl acetate : 150 ppm, 2-butanol : 250~750 ppm) =«wweeeeeeeeees 56

_iV_



Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

List of Tables

EXample Of VOCS produCtS in fOOd WASEE orrerererrresererensennenneianeiaes 7
Physicochemical CharacteriStiCS Of VOC ............................................ 8
Efect Of REalth - wweerserseeserssesrrssmsssasesssisssssssssssssssssssssssss s ssssassasssees 9
Physicochemical methods for VOCs removal e 11
Biological methOdS for VOCS remOVal ............................................... 14
Analytical condition of gas—Chromato@rapy - -wwssseceessnacs 2%
Mineral CompOSitiOH Of Jeju Scoria ...................................................... 28
Chemical CompOSition Of Jeju Scoria ................................................... 28
Physical characteristic of packing material of biofilter ««e: 29

Table 10. Different contaminants treated in bioreactors and

COITeSpOl'ldil’lg inOCUla uSed in eaCh COSE “rreerrrerernsernsenasstuentueneinenas 32



Summary

The removal characteristics of ethyl acetate and 2-butanol (which are
volatile organic compounds (VOCs)) emitted from food waste treatment
plants, were investigated in the biofilter packed with Jeju scoria media, and

the results obtained were summarized as follows:

1. For ethyl acetate gas, the adaptation period of microorganisms to the
change of influent concentration was found to be about 3 days, and its
removal efficiencies for EBCTs (empty bed contact time) of 15 sec, 10
sec and 7.5 sec at the inlet concentration of 300 ppm, were 100%, 75%

and 61%, respectively.

2. For 2-butanol gas, the adaptation period of microorganisms to the change
of influent concentration was also found to be about 3 days, and its
removal efficiencies for EBCTs of 15 sec, 10 sec and 7.5 sec at the inlet
concentration of 300 ppm, were 100%, 71% and 569, respectively,
indicating that its removal was about 5% lower than ethyl acatate for

EBCTs of 10 sec and 7.5 secs.

3. It 1is considered that the biofilter packed with Jeju scoria media at EBCT
of 15 sec could treat ethyl acetate and 2-butanol effectively at the higher
flow rate of 3 to 10 times than the commercial biofilter, taking into
considerations that the latter was operated at EBCTs of 50-150 sec in
most cases.

4. The maximum elimination capacities of ethyl acetate and 2-butanol were

determined to be 316-318 g/m’hr and 245-251 g/m’/hr, respectively.
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During the operation of 65 days, the pressure drop through the biofilter
column was lower than 13 mmH>O, and the pH in the drain water
decreased from 7.2 to 5.0. However, the pH drop did not affect on the

microbial activity or the removal of the gases used in this study.

5. For the treatment of mixed gas (ethyl acetate and 2-butanol), the
inhibition between them was not observed. Comparing the removal
efficiency of mixed and single gases at the same single and mixed inlet
concentrations, it was found that the removal efficiency for ethyl acetate,
was the same in the single and mixed gases, but, for 2-butanol, it was

9% higher in the mixed gas than the single gas.

6. Comparing the elimination capacity in the case of mixed and single (ethyl
acetate) gases at the same inlet loadings, it was found that the difference
in the elimination capoacity between mixed and- ethyl acetate gases was
about 0-7 g/m’/hr, indicating that the interaction between both of them
did not occur when 2-butanol showing lower degradation was inlet at
lower concentrations and ethyl acetate showing relatively higher

degradation was inlet at higher concentrations.

7. Comparing the elimination capacity in the case of mixed and single
(2-butanol) gases at the same inlet loadings, it was found that the
elimination capoacity of mixed gas was about 0-39 g/mg/hr higher than
that of 2-butanol, indicating that the interaction (synergism) between
both of them occurred when 2-butanol showing lower degradation was
inlet at higherr concentrations and ethyl acetate showing relatively higher

degradation was inlet at lower concentrations.
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Table 1. Example of VOCs products in food waste (7%, 2001)

acetaldehyde i-valeraldehyde

trimethylamine M.E.K(2-butanone)

methyl mercaptane 2-butanol

dimethyl sulfide(DMS) methyl allyl sulfide

methyl acetate methyl cyclohexane

acrylonitrile chloroform

acetic acid benzene

n-propanol toluene
2-methyl furan hexanal

ethyl acetate

ethyl benzene

ethanol m,p—Xylene
2-methyl butane stylene
1-buthyl aldehyde o—-Xylene
trichloroethylene n-nonane
dimethyl disulfide crotonaldehyde
n-buthanol benzaldenhyde




Table 2. Physicochemical characteristics of VOCs (Yoon and Park, 2000)

. Molecular Molecular  Boiling .
Chemicals ] L Solubility
Formula weight point(C)
Isoprene CsHg 68.10 34 none
Benzene CeHs 78.10 80 1.79 g/L
Toluene C7Hs 92.10 110 052 g/L
Styrene CsHsg 104.10 145 310 mg/L
m-, OXylene CsHio 106.18 137~144 0.16~0.18 g/L
Chloroform CHCl; 119.38 62 g/100 ml
TCE
) C.HCl3 131.40 87 g/100 ml
(Trichloroethylene)
DMS
CoHgS 62.10 37 0.6 g/100 ml

(Dimethyl suldide)




Table 3. Effect of health (Yoon and Park, 2000)

Health effect,

Chemicals Uses
Damage/Symptoms
nervous system disorder, liver, .
Isoprene . not available
cancer/nausea, vomiting
lung - liver - central nervous system,
immune system depression, plastics, rubber, gasoline, solvent,
Benzene . L. .. .
disorders, cancer/dizziness, nausea, painting, dry cleaning, polyester
headache
mutation, central nervous system paint, paint thinners, lacquers,
Toluene disorders/headache, dizziness, adhesives, coating, inks, dyes,
memory loss, tiredness, hearing loss  leather tanning processes
central nervous and respiratory rubber, fiberglass, pipes,
Styrene systems/headaches, vommiting, automobile parts, carpet backing,
nausea, tiredness ion exchange resins
adverse effect on the liver, lungs, printing, rubber, leather
m-, OXylene kidney, nervous system/dizziness, industries, cleaning agent, plastic
confusion, headache industries, varnishes
central nervous system, liver, extration solvent(fats, oils,
Chloroform kidneys, lung, jaundice/tiredness, greases), pesticides, dyes, dry
dizziness, heacache, vomiting cleaning removers, and solvents
. degreaser of metal parts,
. central nervous system, liver, . .
TCE ) o extraction solvent(fats, oils,
] kidney/dizziness, headaches, . .
(Trichloroethylene) . . greases), refrigerant, painter
weakness, confusion, vertigo
removers
central nervous
DMS

(Dimethyl suldide)

system/unconsciousness, headache,

vomiting

not available




2.2 Ry FsgrEvoce e 7o
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Mo

231 =2 - 3t AA W

2o] - shet4 A7 WS Table 47 o] FREA & ok

Table 4. Physicochemical methods for VOCs removal

A
o8 Aegs BAE Fay

shshA A 22
A AHALE, HFALH
kA
2 ¥ H (Masking)

7h & A

FTAHe AHELS 4G ol2udFdFH To| FHAA AASE WHoR
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=
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232 A=A AA B

WEEA A7 WP Table 59 2ol FEH 4 glvk

Table 5. Biological methods for VOCs removal

Z71%W
1A - A HEH

Scrubber

Eooltﬂ—i\:g
1A -2A HESH FTAEH

Qurxoz MYBe Ag olgstel AnsNselN TAYES THARSRE Y
Moz wad Agmoln Aelstage]l e At AgHI Yon, A

AA, A AR NG, BEAD G, B AxR, FARA S B3 2 5 9
tH(EH 5, 1999).

2 gAY To)2e GANLE FI15e] B Sl SN F E/E
o BzelA wggel o8] waAIE WHelthel, 1998). o] WAL A - F
SR s AYSAY ®mE AGFE AR A8 wel AgHEH A

o E/12E o83 Wiel $E/19 el BA¥A 4A Erke Pl 9

M
i}
£
N
2
N
o
Ho
2
>
_Q_,

2 plZh Wold 4] e 42 eAE
slok sa, FHEAAL AERY] Wil HHORE AHSE 5 fla FYW
5 F&Ae7 Bash gEEde] avke wiol Atk

E7lzEH e FAR WRleR A& A scrubberol $h=Hl, o] WWME 2
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EYSo oAHE Sk WAL glojA= A o8 AREH delA ghom,

Pomeroy (1957)¢] &3}+4& A A7 gt EYGEHHA #3 535 A3
o] ETHA GH7E Alxeolth o] W PR EYTS FHst=

TZo o gEAY EY mHd FFE OFHE ES vAE

108, A 7FagAEd ofF R EYSoRiddt dH R Edol

71743 BadolA sk, ATl E

189t ESEHM S FAH e &HdH] 7}

of Quk. elvt @A B WA o] Basy, He B4 WYL 278

L

offt

O

o
o
>
i
o
0,
Lo
=
B
o,
2
-
O
o)
)
ot
oy
=
Lo,
2
r\:l
S
et
oz
o,
i3
2 g
i
N
>
o

™

o] Adth(Zhang, 1991).

A =48 AEDFH 7)< biofilter) S 7= H Y f7EHAS &7 - F56a

2 Fillete HES ol8ste Aladlo®m o FHsts vAES
e 243 dedow

o] dt}H(Kim and Park, 2000; Park 5, 1999).

1960 el fH 3 m=el A AREE Hiol oY Vlad fad fd EYS

S H FEHoR HiAE FAAIE Axdooen 1970 ge] Eo F7]2

Aol gk FAE At TR Ao 2HE wFo] M EE filter

media 7o) HPF Qo oju AFEH AH-E bark, peat, wood chip 5%

o}

1980t ol Fol= HFEHE Aojs= UHAF npe]eAE I ALHAT =T

mediaZll'te] o] o] A, Aletdl, carbons F B polystyren?} -

7142 biofilter mediaZl 7H&-5 I tH(Webster 5, 1997).

53] AESHE AA 7l £ ppmCe AFE wi7t~E A g o]

g elm, dx 9 sstekE F7F Fol B8 glo] v&o]l At 24 2dE
o=

5}
ol WAYE A Gof g7 A A Ao g gl ey =

(o

)
q
Fhote AZE e § A4dd 24

ol
rir

-

71 W&ol Ea EejEEe] sgtEel web DAY, A ugd Add Fo7t
dosithe dHE vk HEHULAEE dAFAe, HhgAA, S E HEEd
oM WAE = FHE BFES] MEAVIE R BEESVIFEA TAEE T4

w7k A Fo] dth(Namkoong &, 2000; ++, 1998).
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2.4 SHSHYE 48N gH
FA FAE AEAA WHE oFF, VOC 2 t7] 2HdEAS AAsE AET

A 7] 2. Al (Air pollution control, APC)7|%& 24 AEvlel A7 27

S3, =40l Qi Peld ouAe 2Eh 43 oA Ay Hole 2

241 A=A AAL A

AEEH = compost, peat, Agte] 53 & thyAe v g AP A&
7

e mAdEe st A=y A Aladolth. el WEE = W

A, Theyel setgdel ¥

—_L
-
We Ealelel AR wvlel F48 £3ol 451
S, FetEde A B £98 VATAZ i
WA, RS 1 e dEAS /AR Askeke] qUAE dAY Bamgon
adow AARNL $ARE veledHE BH Wtx f8BAL CO,
T al

H.O, 7719 28la Mlxzet 2& HTAAEEE d8Fdh(Warren and Raymond,

1997).
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Contaminated Air

Liquid-biofilm
phase

Carbon dioxide
water vapor

Fig. 1. Internal mechanims of a biofilter (Webster and Devinny, 1998).
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242 Ao A

AESH A8 A 2= A A bioscrubbers, trickling biofilter, 22 1L biofilter |7}
A7} At (McNevin and Barford, 2000). Fig 2% 944 <l bioscrubber, trickling
biofilter, biofiltere] XA X5 el Zolth ol AzstAA g7zl e
A T2A gFol, 7124 gl Bt qbske] A S AXH

Bioscrubbers+= 2W7A¢] A2 #8& AX =], WA HFoR FHNAE L
dEdol FaEolA HgEE7

e on Aol AfE Wl

1 o
t
ool
&
~
ool
Y
u

u!

:\_1,
o
o
A
i
)
&
o}
%)
)
=
o
o
o
@
=
rr
=
oo
BN
Yy
BN
i)
o
fiald
M
rﬂ'.’.
oo
-z
2
i
1o
o
2
tlo

EA "ol gtk (Kennes and Thalasso, 1998).

Trickling biofilterol A ¢ o} AAE Aoz EAst= AeloA AEdto] &
AHolde AT AFHEHC] AEdHor Fiste HFE AXA Hew,
ol#A HAZTE THeE dHAEADAE F5ETA EAstE HAESAA FF
245 yFstE #8S 54 9ol Trickling biofilterdl] A& H oA E A 2E
Aed, A% B3dgA Eo] ALEE o] Xt (Kennes and Thalasso, 1998). A<

E7F 2 mA=e fAds F2 FHS T AN, &8 Eo] ®ol =4l

oF

o}

05~15 m T4 THdTE 7HAH, olyd TdF2 e B78E 7HE +

A FFo] HolE 20%0| Ao o]z okut 3t} FH= AR A o

A3 2 W TS 3 2xgols AdA gt vlo]lLdH = /N

degoz FEI 4 qlon AXYPyoe ue ngE, v} Adelyy 5
o] tpekdt S&FEr Iy A drh I FUIH

countercurrent) 9} 3} 3FF (down—flow,cocurrent) 2 +E& 4 dH(S

o] and H, 1999).
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Treated Gas

1

Gas/liquid ~
exchange column == __

 Bioreactor
Polluted gas

(a) Bioscrubber

ol ——— Water/solution
Treated Gas |

Carrier material «—_ |

Polluted gas —

(b) Trickling biofilter

Polluted gas

Gas humidifier —r j L Water

‘\Gas humidity control ‘

(-
|

D dati t
Pressure drop e -4

| - -
. P | ‘ Carrier moisture controle‘
Carrier . o4
material e |
Treated Gas

(c) Biofilter

Fig. 2. Principal features of (a) bioscrubber, (b) trickling biofilter,
and (c) biofilter design (Kennes and Thalasso, 1998).
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2.4.3 Biofilter2] 7 1}

Al 7k

1l

7h FHA
T H ZA ZHEBCT, empty bed contact time)< biofilter &3 2ol 4 2] 7} 24|
FAZLE oulst=d, ol o] A3 o] FHZF Fulo h3t FFo drFEA A
olgttt. EBCTE A& to& biofilter %2 o2 Fatxzoz ¥+ 5d vt

ol ME o A2AFALE W= o] &H T

by

i

EBCT =V /Q V . &dZ 59 (filter-bed volume)

Q : = (flow-rate)

EBCTE= ¥ 7k=e) AAAgAE ) grhste] vebd 5= glovt At

o] goldom FAAoE ALEH = FebHH o] ti(Webster and Devinny, 1998).

o

. Bahg

rlo
of
ox
=2
Jo
jin
i
rlr
to
jated
i
i)
lo
o2
o
ox
Lo,
ol
rr
pou)
o,
v

F3}8 (loading rate)

AR biofiltere] thgh #¥Rek&<lE, m’/m”/h 2 EASE 497 B b

woll dEEetae gy guRsr ave e avkE @2 EBCTe WhE
&g gt #AFEIL =8 A4 biofiters A7k 2310] FAFste]
Eob dEde] RS HER 2Rt FRE A9sd 2dshs Alo] 483t
.

ArRshs 99z G A He] g edBwde FatF(g/m’ - helth $d
F AFFelEtE wRet fEe el ek Fold Fds B 5 odvh A
FEE FEE AAELE FAAAT A o] Fristy] ofd wEbA 4

Al

st AEFEE V|FoezE AIFRIFHFS HAFS(Ha and Choi, 20005

¢

Namkoong &, 2000).

o AYgaed AASF

2] £&(RE, removal efficiency)< biofiltere] A& ¥ & #ddt=d 713 2
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o] o]&3atx= TepnHola o] HEl o) AAEE LAd=ZAH &l %R
ek Al A8 FH(EC, elimination capacity) HFo] @B E ] A g eH S A5t
T OWHOE VOCse AAZ gk @Ale] @HA, Azte] @92 yERdT
(Webster and Devinny, 1998; Warren and Raymond, 1997).

RE = 100 x (C; - Co / G
EC:(C17C0)XQ/V
Ci : Y97k~ % E(inlet concentration)

Co : F=7F22% % (outlet concentration)

gt 71t 2 A

Biofilter?] T &3t L AE AA7IAZF vAEe] &EFdd &S] W ZAH
S =2 biofilters AHQ FEFTFES BRI 4075 m’/day(2.83m’/min)<]
gasE Agsh=d 190 liter/dayel | o]  AEIHJTE AFAR}I Adx
(Envirogen, 1992) A 2l&&o] S4AIA Y wAEZFI water contentol] H| & 3
o A7 A% Ath(Scot, 1996). 17 oW el Al biofilters- el lolA Mg F

83 9d LA dvd a2 FEzdolgt @4 drvh(Marsh, 1992).

-

AstEw Abadgo] AstE = EAC] YEUA Hrh I REA R YUY
Aol PAFE AAZ TS AtA7IaL HAHE fFdstA doh

FETHY Arde vdE 249 Adet MAE ogs s FA=A
of Az A Aol ZepA= o] LASte] o]Fo R 09t AR B
st w323 Aol dojut. o]9kzto] biofilterd E&S FUHEtE7] YaiM =
A5 T Tustolor & ot vk HAT 79 dus A= A
oAl 7tz gy wyEgo s & Ay BV BA S, ATl
JE venturi® ©]E3ste FES FFSVIE st Ed WES 7]l spray



systeme AAste] AH AAxH FEE FFe7IE rh(Ha and Choi,
2000).
Aot oA EAS AEY] dgde] E F Jdorng 15 o Astd gAE
AbEE = S, ke dYAaE FFHEE S e E S
T ATh Compostét 22 F7IgHA= 3 o] & 7hsdt Fujo ddart =
wET dgre FTHS AAE T uen, 54 49 A
Ao A EHI dLYArE L T3= . 9 Z 549, compost H}o] 2
Yo A ik AA A A wFHE AAUEF &9 HIb= 50004 90%7)
A 1 AA EEo] F7FE T, 1998; Warren and Raymond, 1997).
ddE T biofilter2FEH Fi S F

f9lo] H7|x 3t} AnbH o R compostE HAZ AEEE nlo] L FE o
T2 vAETo] M4 (mesophilic) HAAET07] wto] FHH FALE
5~35C7F AdstH, tif-&e] vrH ol T4 olnR T2UE A stk &
H, 3T vA=E vdw Tol mEk v Aol glon 15-35T HelolA
7+ &4 e] EH(Ottengraf &, 1992).

o

_1

o

-

3
s

fo

X

pu
R

rr
N

FstE biofilter + A TS ENE g AT AR oA 7t x4
A= 10~40Ce AAFstal o, 40TH Tl nAESdFo] AHd o2
EBCTE ¢ + vt B3sta AtH(Scot, 1996). 1 vr& 2+ nAE
o] A& "ol 45T ol e 2 2w HAEY Fo IS i

Jmz mee] AT/ 954 2 Aol Erhel and W, 1999; , 1998).
Zzte] MAEES weel HA pHE HAw 9ol 9 Welel pH oA
godo] Eom o WE Wolr Ago Do WolAAY HgeH Ed

U 5% pHe| W= "] vAEd E4S FAY A4S dFEE F
A

A GAe] 528 AT =H4S £dste] ARSI = fu () &, 2001).

A AES AQe g vAES AAdERANA s Feh=d pH
7V T~474A] dojfe] wel nAELYE Zo] ahdte ZoRE HiHEI i
(Ottengrat &, 1984), pH7} 6.3~8AFelol A= & zko|7F §IAA T 530]8t 2+
g3 HEls #AAaE Bug 495 Ack(Ebinger &, 1987). W] 714 7
Az e gk vtoledy e HA pHe 7-8¥flolw, FA9] wA| =
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(-, 1998; Warrin and Raymond, 1997).
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nutrient pump
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=
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e
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15
=

ol

A 33l

S

A s
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- 2H:0 (05 g/L), FeSOy -

5 SA k.

©

aol AHg

KH>PO4 (2.5 g/L), KoHPO, (2.5 g/L),
'7H20 (6.8 g/L), CaClz

}ol 5 cc/min A
- 24 -

o

o] -&

=

=

7H-0 (0.3 g/L), KNO; (15 g/L)& &3
2 nutrient pump

Aol &HA7IHA HES sk
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-

Flow-meter Nutrient supply
pump
Media sampling
—— ort
Mixing chamber P
— Gas sampling
Air pump p port
°
[ |
l Drain
water
Sylinge pump vent

Fig. 3. Schematic diagram of biofilter system in this study.
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3.2 ARR BY

B Ao odEHARE ARSI B2 2-butanold ethyl acetate® =% 99%
ol Aol EA S AFE3FA Y. A ¥ X HE(Ken-a mechatronics, KMSP-15MP)ol| A
o]F WA air pumpollA UYoE F7E 73N 1 F
N dATER EFHEE AL
7t A5 9] AFH= gas sampling portol A WA gas bagl® AFHIF F =
gas-tight syringeE ©o]&38le] &EF o]&3} #HZE7](FID, Flame Ionization
Detector)7} #29 gas chromatography(HP 5890 series II, US.A)E A}-&3}o]
7t 859 FEE A AT
a8 ¢HEAe mtxvw e (Dwyer Instrument, MM. 400)S o] &3] =438}
Ko biofiltere] ML 28~32C oA skl w7 Z5E &Y
o] Yot =gd459 pHE pH meter(Orion, 420A)& o] &3] =A31¢ ).
Table 69 &= 2-butanol®} ethyl acetate®] gas chromatography #41 7S et
d AR columne | WZAo]l 1032 mmeli  Zol7Zk 30 m¢l capillary
column(HP-5)& AF&38 oM carrier gasE %7} 99.999%2 A4 gasE Ab
23tk olul injetion &%+ 70T, oven 2 %% 150C, detecor &%=& 250C

o] At

Table 6. Analytical condition of gas—chromatograpy

Item Analytical condition

Detector Flame Ionization Detector(FID)

Column HP-5 Column(L : 30 m, ID : 0.32 mm)
Injection temperature 70T

Oven temperature 150°C

Detector temperature 250C

Carrier gas flow-rate Nitrogen, 40 ml/min
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4.1 Biofilter SHH|2} D|MS =i

4.1.1 @A (scoria) EA

AFell= 368 7ol Dok 71ASte]l EAska Q1AL o5 7| AstE A

o
]
N,

1o,

Lot

>

L3

Lot

¥

>

N

o

Lot

BY
tote
olr[

!ﬂ

ol
ed

L

il

7} 3ot FEXRA
Table 78 #|F ~zgole] FE 2A

2] vEAT AV

tlo

el Aoz Ao e Az ue tha

(plagioclase), &2 (olivine), 3]4](pyroxene), A2 4] (hematite),

1%

Feld To] FAAES AR dEA JUHFE, 1999; Lee and Suh, 1996; &, 1991).
Fig. 49 Yepdl ~3gjote] X-4d 34 vojaE A A3 ol FRFES A
1(plagioclase, P1), 3] (pyroxene, Py), AF&4](hematite, H) 2.2 o]Fo4 A5S H

Z

>
2,

o 1x

Fth I T AFEA S Caol @2 anorthite, 34 (pyroxene)< diopside”’} F
< o] ¥ ™, anorthitee Z%FEZA CaAlSixOs =4S 7HA™ H% albited 4
©] 10~0%, anorthite 27d°] 90~100% ¥ ZEZolt}. 342 QA H S 4 A 7
g 2709 aYAE FHEE Fa 4UA] vd AlERE "1 AFTRE Za
JdEd AF 27 o= F3]14 (diopside) & 24 CaMgSin0s] A S ztow, 7t

&S SfrslE 8WAl AlEo]l HHHE SiO AUAES dFsa e A}

WAARAGTEZE 7 BE vl e (MgeSio) st d A (FexSiOl)

O

ol
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Table 7. Mineral composition of Jeju scoria (wt%)

Plagioclase Olivine Pyroxene Hematite Glass

50-65 10-20 5-15 0-5 5-10

. 2meole] Beses 54

Table 8& 2 %] A48 ~zole] 53 24 AAEZ Yed Ao S0, +
ALO; + Fe0se] el oF 71%% ~zelolel Fo 74 2AYL ¢ 4
gobs Aol Wk 274 Aok ot YAt # em FEe] xYAo] FE

o], 7)Fol B bW eE AZe AQA, 24, 54 9 o5 W

it

EI:

FALL Si0; + AkO; + FexOsx el 75%0°] e, f7]

vl A A ek AP E st s zheth A wE gbsE

5 EW SiOx M zseorh w2 FEAE HolH, AbOye FEA % &
, FeOs= A2 CaOe= 54, MgO& 434, NaxO + KO b3l Az Az

, TiO= A4 2zmeel s}

] ]
=
o I} 5 oy 7FA f9ld] 7¢lEE AR 47.25~67.22% % LRk AZo|u

ZYEg gk 99 4T FFE 065075 g/em’e] WY, 2ol 7]F

el el Z1dsts Al Az W$2 1.31~1.909 MeEs Bolw, x4
A% W% 1.85~2455th #th

Table 8. Chemical composition of Jeju scoria (wt %)

SiOz Aleg Fezos CaO MgO KQO NaQO TiOz MnO P205 LOI#

4748 1693 13.00 745 437 163 354 266 016 064 1.65

LOT": Loss on ignition
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Table 9= ¥ A g oA biofilter?] FAZ AFEH AF ~=Zole] U= I

& 9 294 545 dvekd ZolH, Fig. 5= A3 oke] Apxlolth

dt

o
=,

Table 9. Physical characteristic of packing material of biofilter

Items Values
Apparent density, g/cm’ 2.00
Packing density, g/cm’ 0.80
Void volume ratio 0.50
Water holding capacity, %(w/w) 31.70
Mesh size, mm 12~17
M i
|
|
- !
= |
@0 fi H
& | Py
E 2] I E
= |
=
|
L . 1 . I . L . |

10 20 % 40 50
TWO THETA

Fig. 4. XRD pattern of Jeju scoria used in this study.
(Pl: Plagioclase, Py: Pyroxene; H: Hematite)
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Fig. 5. Photograph of scoria used as packing material of biofilter.

412 WA=

Lo

Ao Exste vAEe] TR AE ofFE biofiltere] T8 QlAFo|t).
biofilter Woll A 23l= MAEELS EYolA SAR= vAET fAled], Hhe
o}, TR, AP, 25, AT E olfdx o FFol ol=27|7HA g v
Fatrt. ol 24 biofilter T QA W] v QA AL F vkl
and ¥, 1999).

Biofilterol ¢]&l VOCE A|AAll biofilter gAlol A48t mAEL blFio
Chemoheterotrophs® ¢# A om, otHE fFitste Edo| g 7759
22 FYHE ALdE COE ©@42Y0 2 AMR3stE Chemoautotrophs7V A%
o=z d#Ad Atk (Mueller, 1988).

o] biofilter A = EG nAET, a5 Ay dd&2A, 5714 &
= Ag FAEYA, compost MAETI e B vAYET

o
ol-&atth tlF&E 2] biofilter ATE2 sFFAYFANA 2 BtEEAE AL

-

o

ol
rlr
o,
o
N
X
b
o
o
N
e
)
o
frt
o
o2
s
=
o
il
tlo
f
Ho
ol
R
X0,
R
v
02
%
N
N
=
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Abel ZAH TFs A

o
N
)
N
K
%2
rr
Jm
o,
ftlo
N
)
)
Kl
%2
)
=1

ol (Clark %,
1992). &3k HZols dHEAE A7 se] Hod nMAES eFEd, o MY
ato] 23 mAEoR ol§dte] HAYERFS =

71 %= 3o}

AR A AFEE M ABES AFE FEstFAYGNA HESHAE AHF
sto] biofilter®] wHAlol HFsttt 8o EAsts =S Qg A3
Vorticella, Epistylis 2 Opercularia 53 22 A& $HFToE EA5 =
Aol  gQlH o  Rotaria®t 2 &5 ¥y olyg)
Rhabdolaimus &3 %2 AF 750l EAstE o] FlH 3l
Fig. 6& 23 ol @A¢] SEM AX o 24 Fig. 6(a)s =3go} gAo nAY
Eo] Faalride] @A AW AR olH, Fig. 6(b)= 2=FZe ol @A nlAEo]
23 obel] Faw o] 9= Abxlet}h. Table 10014 Hof A= upe} o] mAYE <]
ol wel Aests 72 FRsel tEd B AgelA e At 7h=9l
ethyl acetate®} 2-butanolell WsiA+= Pseudomonas fluorescens, Rhodococcus
sp, Corynebacterium rubrum, Micrococcus: luteus, Arthrobacter sp.9F 22 Hf
Hgo} £HE0] $Hd20 =2 ZA 3} ethyl acetate®} 2-butanolS Ak3}/E 4 5)
o] COz H:O, 7719 18]aL AlxEet 2 HIFAAER d3r7= Ao=w 4
Hroh

O
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Table 10. Different contaminants treated in bioreactors and corresponding

inocula used in each case (Kennes and Thalasso, 1998)

Compound Inoculum

Acetone Adapted wastewater sludge®

Acetone Rhodococcus sp., Corynebacterium rubruni®

Benzene Sludge from wastewater treatment plant + Pseudomonas putida®

Butanol Pseudomonas #]uorescens, Rhodococcus sp., Corynebacterium rubrimi,
Micrococcus luteus, Arthrobacter sp.?

Butanol Mixed culture

Ethanol Adapted wastewater sludge®

Ethylacetate Pseudornmlus fluorescens—Rhodococcus sp., Corynebacterium rubrum,
Micrococcus Iuteus, Arthrobacter sp.?

Hexane Adapted sludge from wastewater treatment plan®

Isopropanol Pseudomnas fuorescens, Rhodococcus sp.”

Isopentane Adapted sludge from wastewater treatment plant®

MEK Rhodococcus sp.

Methanol Soil inoculum®

Methanol Pseudomonas fluorescens

Propane Adapted wastewater sludge®

2-Propanol Pseudomonas  fluorescens, Rhodococcus  'sp., Corynebacterium rubrum,

Propionaldehyde Micrococcus luteus”

TEX Mixed cultures

Tetrachloroethene Sludge from wastewater treatment plant + Pseudomonas putida®

Toluene Adapted sludge from wastewater treatment plant®

Toluene Fungal and bacterial mixed cultures

Toluene Sludge from wastewater treatment plant + Pseudomonas putida®

Toluene Sludge from wastewater treatment plant + Pseudomonas putida®

Toluene Adapted activated wastewater sludge”

Toluene Adapted inoculum from polluted water sample”

a . . . . .
Biofilter with organic carrier

P Trickling filter

© Other reactore
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(a)

Fig. 6. Photograph of scanning microscope of (a) scoria surface (x 100)

and (b) microorganism (x 5,000) attached on the scoria surface.
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4.2 Biofilter2| CHUSE XM =y

z7] 4 717 L mAEe] MEE 7o HeaE vke e 54E
Bolth welA ethyl acetate?t 2-butanololl Wak FUsE W3l
4 Y 27 nAE &8 BAS AR sl

Biofilter®] Z7]&d& A%olA A& 7hsdk AFAITAS 30 sec® dfo] 3
sk =, 2 FAAIZIAL of 7] ™A
L Z o] &3] ethyl acetate == 2-butanolS FY T ZH ethyl acetateS
AETEE %7] 100 ppmol Al 1,000 ppm7FA] ©AIH o2 F7FA A 21| 2-butanol
< FUEEE 27] 100 ppmdlA 1,100 ppmZHA] @AA SR F7FA7IEA A
st Fig. 72 Y% X% Wslo] w2 ethyl acetate @ 2-butanol®] AAEALS
A7 9] EHA o wE ethyl acetate ¥ 2-butanol®] FFwt F=
% WstE YErd B, Fig. 8% FHsEwWste wE ethyl acetate %
2-butanol®] AAEE& WstE vebd Aotk

<2 ethyl acetate ¥ 2-butanol®] FH-&=E ¢F 100 ppme] A &%

H —
ZA9 SAsgth Fig. 7(a)olA Z7] 159719 A4S ®H ethyl acetated] 7

71€ 2 L/miné 3oz &317]

o

P
N
—
a1
o,
)

T 2ANA F 1Y AIA T FEEFEVF A ZdEHNeH, I o)Fo =
STVt AEEA Zdth 2-butanol®] A -$-ol & Fig. 7(h)olA E5o] 274

b AEElen, 7 olFo= & AAH T ek

EBCT7} A4S+ A5l WAsgtel ] vAdEe A&3c &5 7I3te] 22
3}tk (Deshusess, 1997; Martin and Lohr, 1996). -3 A 7HS biofilterE 2 A &%
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Hartmans, 1994). =, "8 &9 43 @4& 4 ©@A, = 4, F7194%=
2, duAY, pH 2 &x9 22 EgH - 3etEe EAo oFEsmz
(Hartmans, 1994), WA &c] 7]|dE& dirtelr] 98 aish &8 425 A &ste
SAIZko] HASHA

A HoX = wiel o] B Ao mAELS Rt diE dA=
3-4 ol A &3 7= Lee 5(2003)0] A1
25 otE HAE g toluene AA AFA =8&7|Tte] 569 Hasirha
A3 2 Martin and Lohr(1996)7} compostE HAE 3] toluened] |7 A|
oF 9 o] FgAIZte]l Hastrtar gk Ay} vastd ethyl acetate®}t 2-butanol
o dE PAEY #8717l BE Fow yeuth HEo Ag wAE]
VOCsoll gt E3llss A= 11 3715 a8k, 53] 53 2d7t=5 Ag
Al gS doxe Aoz dex dvh(Peter, 1993; Ottengrat 5, 19383
Yoon and park, 2001).

AR 7] %ol $E5HI biofilter7} ¢+ EE  Fo ethyl acetate 2
2-butanol®] ¢ TEZE 200, 250, 400, 500, 650, 750 % 1,000 ppmoZ A A
o7 Z7MA71 A3 Fig. 7(a)olA HiE vkl Zo] ethyl acetate?] A$ Y%
=5 500 ppm7HA STMIAE fEFEE HEEA Fgon, fdFEEE 640

°

ppm= F7HAIZl AS-dE 2714 f&5%E7F 100 ppmE YERSE

ro
)
rr
po
o
e
4»
xo,
32
kv
-
Ay
o
i)

o

H Fode fFEFE7F E 4 ppm AEE HEWH o] FdEEE 750 ppm
92 1,000 ppme 2 F7HAIZ A3 Hd FE2FE7F oF 100 ppm ¥ 280 ppm O E
et =38 ethyl acetate®] 4% %7 650, 750, 1,000 ppm¢l 7 9o

ANAEES Z+2F 99, 87, 73 %= YER

2-butanol®] 5= Fig. 7(b)olA H%o] FUYFEE 550 ppmZ7tA] GA A o=
ZNAFNE BE3Ea =72~ Wl 2-butanole A& %
2-butanol®] 45 EE 700, 800, 1100 ppm7HA] S7HAIZ A3} Hit FEFET
°F 50, 160, 390 ppm7tAl F7Fetlom, Fd3 FsE =AM Hd AAR

< 7}z 93, 80, 63 %= LhEFSETH

o
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Fig. 7(@)¢} Fig. 7TM)ollA HWH FEFE7F HA=9A &= A4
ethyl acetate ¥ 2-butanol®] 72§ &% t} sL3A oF 650 ppm
2 yebgth a8y, Al 9% E =4S ethyl acetate® 79 1,000 ppm
2-butanol®] 79l 1,100 ppmo =

Mo
)
m
32
o
o
-
o
Ho
=2
24
A
i,
off
b
rr
N

Zk 740 2 700 ppmo.E dojPomA AA o]ie
acetate U= 2-butanol®] A AGo] thh "oz AAE HAY TS AAL
S A ethyl acetate®} 2-butanol F+ EZS H| W3] HW Fig. 8(a) ¥ Fig.
8ol A Bo] A= e} o] nFk

=
HAHOR 5~10 % B%E =& AAZES eI
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Operating Time (day)

(b)
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—o— Qutlet
800
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200

Operating Times (day)

Fig. 7. Inlet and outlet concentration profiles of (a) ethyl acetate

and (b) 2-butanol under different inlet concentration.
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(a)
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Removal efficiency (%)

O 1 1 1 1 1
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Inlet concentration (ppm)

(b)

100 —-e—-ee & —aun-+ &

60 .

40 F

20 r

Removal efficiency (%)
[ ]

0 . . . . .
a 200 400 600 800 1000 1200

Inlet concentration (ppm)

Fig. 8. Removal efficiency of (a) ethyl acetate and (b) 2-butanol

under different inlet concentration.
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422 EBCT W3lo] & ethyl acetate®} 2-butanol A7 EA

A7kAE FREE w2 TR HFo] lofobyt Hat FH/F4 Tl ¢
our o5& At walvAlE AAUA Zeldh shaAlFAte] g
TE TUEES T

batel FAEA EHIe] WEo] o] FolAA gl AALE
Biofilters] $R=7)A A4 }2fdLEE

PN

T

23 AFJAATE Ao AFAREE dElE o 7k 3

empty bed contact time)¥} ©]2] H<91 F 7+ (SV, space velocity)E A& 3F
o Ao g xdsheE ©9le 4 [seclet [hrlolth 28 AH#dAE A&t
Hote A9 F7¢ a8 ol s T80l Gk wepA AAF
AZFHRT, hydraulic retention time)= W3&A ¥ 22 Biofiltere] dAo= A
Al s M & FHeAl wE 7Y A wE s EBCT
7b #@o] AbSETh

A M3 = EBCT W3alo) W& ethyl acetate®} 2-butanole] #|A &4 &
ol 7] 93] el FYUFEE 300 ppme = AT EBCTE 60, 30, 15,
10, 75 7MA FAA7IHA AE S Fedste] dojxl 43 ASHE AAE Fig.

9¢} 109 e ST Fig. 9= EBCT W 3lo] w}E ethyl acetate ¥ 2-butanol?

Lo

FHFEES FEFE WstE el seg 7} EBCT x7stelAe 42 o
AdFAzr A7 Aot Fig. 10 EBCT ®Wstel W& AAZES YUeEbA Ao
ot

Fig. 994 ®.o] %]%0] ethyl acetate?} 2-butanol =5 EBCT 15 sec7tA %
b7t AEHA G502 AAEE 100 %5 FASA L2y EBCTE 15
sec®E WE Aol z7] 19 setdE 9F 20 ppme] FEFEVF AEH A=,
ol fFrYFetEe] FAGA 2w T RN e AQY wel AL
2 Atagd. =3 EBCTE 10 sec °l3t2 w3 Z o= biofilter & ol A
ethyl acetate®} 2-butanol 7}2=7} #HE% 7] A1#stth. EBCT7F 10 sec ¥ 7.5
sec®l ZZ A= ethyl acetate?] A% ¥ FEF=7F 76 2 120 ppme 2 7

=¥ er, o] o] A AAEELS 77 5 B 61%=2 FAsHAth(Fig. 10(a)).
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22 2-butanol®] 75l EBCT7F 10 sec ¥ 7.5 sec? =

T FE5E7F 86 B 137 ppmo = HAEHAeH, o] o] F AATES 7+
71, 56 %% YEFRTHFig. 10(b)). Fig. 8914 BW $U% EBCT Z7el|A ethyl
acetate®} 2-butanol®] AALELS FUFTE W A3 AFAe mpzrtA R

ethyl acetate® 74-%-7} 2-butanol®] 7 -%-ol ®]a biofilterol] ¢]3+ Ea =7} thix
=2 Aow yeykth & EBCTYF 10 sece] &2 A|FA|7Fel A ethyl acetate?]

747F 2-butanol Btk °F 5 % H& w2 AAEEE B

91l Az B w FSdE& biofilter®] 749 i 50~150 sec® FHHIL 2
S5 AeretH, 9AH R EBCT Aol sl ¢hge Hgass Hela u
TEEEE MRS & & AUk weEA AT
AR-&-3to] ethyl acetate®t 2-butanols A2 45 LFFe #H7tEE FHAS

2 Aed 5 9on g9 2¥8E A5¥ Ao Adh

i

b
W
SE
o
il
o
S,
=
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(a)

500
EBCT :
E B0 sec 30 sec 15 zec 10 sec 7.5 zec
g 400
a
c
S st “_/\,.'J\*H"—M
S W e et
g —o— Ouflet ;:)«o
= 100 |
O w
0 —o—o—o—o—o—oo—o—o—o—o—o&o—o—o—o—o—o/' L L
0 5] 10 15 20 25 30
Operating Time (day)
(b)
500
EBCT :
"E‘ B0 sec 30 sec 15 zec 10 sec 7.5 zec
g 400
a
g 300 -WNWWM
=
o
*GEJ 200 ¢ —e— Inlet
g —o— Ouflet );)'Oﬂ\o_%
S 100 ?‘00—000_0/
[}
0 —o—o—o—o—o—oo—o—o—o—o—cxi\o—o—o—o—o—c( . .

a b 10 15 20 b 30

Operating Time (day)

Fig. 9. Inlet and outlet concentration profiles of (a) ethyl acetate

and (b) 2-butanol under different EBCT.
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(b)
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Fig. 10. Removal efficiency of (a) ethyl acetate and (b) 2-butanol
under different EBCT.
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wel Gt A4 AzEe] AA 2 Aol Al dEs S35}
biofilter A AIAl g FoF & F a3k o)
2 AFoA] AFE ~FTolE HAZ 3 biofilterdl A9 HUEEe W3l

mE FYFetES Feta 24 fryFstEel gk AALHS Tt Y
steF Wslo] w2 Al AEHIEe] AAE YER Fig. 11014 2 AAZ &S 100
%E FAY F Ae= A AALEES ethyl acetate @ 2-butanol®] - 27}

7)
2607 210 g/m7/hr® AAHAT. FrdEE W3 zddqA Hd fraEe
ethyl acetate®} 2-butanol®] 79 7+7F 434, 390 g/m’/hrolgom™, o] w et
A AAGFES 2tz 3163 251 g/mY/hro 2 AAEACE AaH oz HhAlA
S A ethyl acetate® 77} 2-butanole] 2SR} °F 50 g/m’/hr A%
= AAEFS BAuh

EBCT w3l wE Fdstdat AAEZFte dA= ek Fig. 12914
W AAZES 100 ¥ AT & & HU AALLFL ethyl acetate Z
2-butanol®] 7% 7t7k 270 2 210 g/m’/hr2 A HACE S, o] Aol ethyl
acetate®} 2-butanol®] H oGl FelEe zhzh 522 9 440 g/m’/hrol o, o
W dojxl A AALFS 727 318 2 245 g/m’/hro 2 AU whehA
ethyl acetate 752 ZAA & =] 2-butanol 459 HANAALZEFRTG 2k 70
g/m’/hr A% =& ghg B

Fig. 11°] fSl &%= Wslel Fig. 129 EBCT W3t sk AA&ZFS v s
ul A& o2 ethyl acetate’} 2-butanol®t} 50~70 g/m’/hr A&E =& A AL
Fo Bion, U3 FdFeE MR A or 1 AR LE=E
b frdEe A #Fe ARt Aot FdEe ey v =2 A7
LS BT o]& ethyl acetate$t 2-butanold] A$ 7| o2 RE wAPEo]

ZA 8= biofilme 2 &) - A= wreErsl AR Al ureLro] W v

Hir

fx

L
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A7t =27] W&l Ao AR E
B AFoA AFE A23golE GAE ALEE Aol ethyl acetate?] ZHhAA
& 316~318 g/m’/hrol i, 2-butanol®] HthAlA &P 245~251 g/m’/hro]
olg]dt AF}E eldTAES Aol nuwafEW ethyl acetatee 7%
Deshusses 5(1999)¢] compost®} wood chipe] &3 FAE AFE3 45 4
A AE =] 170~200 g/m’/hr, Ottengraf 5(1986)¢] copmpost®} polystyrene2]
3 FAS AT Aol AoAAGZFo] 79~96 g/m’/hre] Al HlEHE $
A3E B¢ o} Buchner (1989)7} copmpost®?t barkd &3 @AS A&
& 7ol HujAlAEFol 280~350 g/m’/hrl AT M| E AE BT E
5l 2-butanol®] 7 ¢ Baltzis (1994)7} peatét perlited] &3 A= A3 A%
of HulAl AL o] 24~26 g/m’/hr, Sabo (1991)7} compost} claye] &3
Ag-ol A AEZE] 70 g/m/hrel A wlwe w B A7Aste
2~3 A% =& AALHFES Vel AT webA, Al 2] o}+= biofilter2]

PN
Z2 GAE Agsl ethyl acetate & 2-butanolel] t3d T3 AAES 7R

oo

%2
ay

jusi)

r
e

1

o
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Fig. 11. Relationship between inlet loading and elimination capacity of
(a) ethyl acetate and (b) 2-butanol under different inlet

concentration.
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Fig. 12. Relationship between inlet loading and elimination capacity of

(a) ethyl acetate and (b) 2-butanol under different EBCT.
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424. pH 2 48 &4
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Fig. 132 ehtyl acetaet ¥ 2-butanol ©d7}=E A2 3}l7] 9§ biofilter &7
7]13b &t drain W €] pH, biofilter We] ¢4&€E4d 2 255 FA4S 445

Eldl Aolth, ZYo| BoIXE= nlel 2o ehtyl acetaet 2 2-butanol T 7}~
o A 271 Ao oF 309 BE *H7IZHE AR Ftel pHe WSt
6.21~723 Afolo] k& HAth 1Elv - 7|7be]l 30 el oA F-E pH7F 4.98
74 W 7be AgS Beed], ol#ls A¥= Liu 5(2002)°] compostE A
% 3 biofilter® ethyl acetateE A e]Al &4 37§50 pH7} 6.71¢14 55% ¥
AR = Aol fARe AVE BT B AFoA biofilters A&7A] o]
A pH7E "olA= olfe A7 § fFaFEsEF]l 271 100 ppmell A 200,
250, 400, 500, 650, 750 ¥ 1,000 ppmo. 2 ZF7F5 A, 3 Bielefelt(1996)7F

=3 vle} o] biofilterE: A& £HF
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i
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gy, 2 Aol pHe AR mAEe S FFS vAAY AAEEY
ashe @S wAskA eskrh Lelv Al&siA pHO Ast S Bgele
pH &&8&dS AgaAY A&z FHFHoAE= nutriente] FS AU
o= pHE F4< FHZ 55 slFoler & "Hart dvha AlsHh

gHEAe A GFS A= QiroH AL BANE I A #A
b Zlo] Al £AM &S SE e wete] A gtk B AFoAE 679 E<t
A B g4HEEAS SAHT A, Fig. 1394 Ho] A%o] Z7] &4

e Edo]l F7eA AT 13 mmH:0 wIRke] A oFE s Holn
CbEEA e Fhe "gA4e BAE mAEo] olE AFste] A% Adstd

A vz Ere]l AR FAAAY] WEer Az, dRbA o= biofilter W
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Fig. 13. Variation of head loss, pH and temperature for (a) ethyl acetate

and (b) 2-butanol during operating times.
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4.3 Biofilter2| BT XM By

431 EFs=ste wtE A A 54

gREel oAE A¥E R EFNARA BE S AT SolA wa
= WAE 4 A, uskA ARel maHe] dvta & 4 Atk ol@A) o
) SRR
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L
rir
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o
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2
rir
o>
oy
of»
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B Ao A= ethyl acetate®t 2-butanol®] A& #go] el Ay R7] 9 s}o]
2-butanol®] FYRTEE 250 ppmo = FAFHA ethyl acetate?] FUAFTEE
300~750 ppme. =2 WH3IIAZ] H9-9F W E ethyl acetated] FY 5 =S 150 ppm
o2 1Asa 2-butanol®] FUFEE 250~750 ppm O E WHIA| I E AFE F
&5} k.

Fig. 14+ 2-butanol® FYFEE 250 ppmezE LA A XA sF2AM ethyl
acetate®] FUTEE YAHLE F/ANZAS W 44 F9 H FETEE
Bl ZolH, Fig. 15 ethyl acetate?] Fs=®ste] WE AAZTES eI
Aot} Fig. 140914 Holx &= wiel Zo] 2-butanol® A5 =7F 250 ppmel =
7104 ethyl acetate?] F4&EE 300 ppm=zZ 3+ Z-F-ol = biofilter -l A
ethyl acetate ¥ 2-butanol & T} AE% A &kt 221}, ethyl acetate®]
AJEEE 500, 600, 765 ppme 2 TAIH o2 FI7IA 7] %9 ethyl acetated] +
A5 9 FAEA biofilter & 7-olA 2-butanol HEHA 2Rk O} ethyl
acetated] FEFEE ZZF 48, 127, 268 ppml® yElyon o] uwl ethyl
acetate®] AAZEL Z2F 90, 79, 66 % & A=} FAEATHFig. 15). Fig. 7(a)¢t
8(a)®] ethyl acetate T A7F~9] A5 AyE KW ethyl acetate®] +U&%E7F
1,000 ppm¥ w ethyl acetate®] 3% =7} 280 ppmeo]| i, A AZTEE&o] 72%A .
o] A¥E ethyl acetate®} 2-butanol®] Tg7F=2] 499 HlWHH ethyl
acetate?} 2-butanol®] &7129] 9o FUFE o] 9F 1,000 ppmel =A
o A ethyl acetate®] F&% %7} 268 ppm, ethyl acetate®] #|A&E&°] 73% =

Uebd e 2 ddzbael Aok EEbARl AS AATEL oF 1 % ARR 2

&

O
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2ol & HolA| ek

Fig. 162 ethyl acetate®] FU&EEE 150 ppme=Z LA3}t
2-butanol?] FPTEE TAHoRE

UEld Aol Fig. 172 2-butanol®] FYd&s=E AAD

16914 B ethyl acetate?] FY&=7F 150 ppmel Z A 2-butanol®
TEE 250, 340, 440 ppm= TAIH SR FIIAZ A SO FEE FUIAI= %
7] 1~2¢9 A= EF9lA 2-butanole] &% AZH AU, 1 o] F ] A7k A
= E7NA 2-butanole] AEFHA LUt 22} 2-butanol® FYUFEE 600,
740 ppm7FA] F7HA1Z1 7B S0l = 2-butanol®] FEEE7F Z+zF 48 2 147 ppm &
2 yUetgom, o] we] AAZES A4 92, 80 %= HA FHAsHATHFig. 17).
E3k 2-butanol®] SAARl fFHEE= Skl el 150 ppme] LAE TR
9% ethyl acetatex 2-butanol®] Fd &Lt FHA FE5L7 A=A
&kt Fig. 7(b)¢F 8(b)2] 2-butanol ©U7F~9 7 2

o FdE=7F 900 ppm¥ Wl ethyl acetate® &% =7} 237 ppmel i, A A&
&) 74%9th. o] AFZ ethyl acetate®} 2-butanol®] E&7t2~9 7 %9 Hlw
S B ethyl acetate®} 2-butanol®] ZFEZQA A Fd5= ol 2F 900
ppm¢l ZAA HEE%7} 157 ppm, AAE L] 83 %=

A AR EFEAA A AAEE] 9 9% AL =& AoE YEETh
T3 Liu 5(2002)2 ethyl acetate$} toluene® &3t
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Fig. 14. Inlet and outlet concentration profiles under different

inlet concentration of ethyl acetate.
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Fig. 15. Removal efficiency of ethyl acetate under different inlet ethyl acetate

concentration (2-butanol concentration was fixed at 250 ppm).
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Fig. 16. Inlet and outlet concentration profiles under different

inlet concentration of 2-butanol.
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