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ABSTRACT

This research was investigated the applicability of the biofiltration technology for the removal of volatile organic carbons
(VOCs) produced from the bioremediation of oil contaminated soil. Diesel was used as surrogate for oil and, two types of
biofilter systems made of ceramic and polymer media were compared for the removal efficiencies of diesel VOCs at
different inlet concentrations and space velocity (SV) conditions. During the first 30-d operation, the removal efficiencies
of the biofilter packed with polymer and the biofilter packed with ceramic were investigated at constant SV of 153 h™".
When inlet concentrations of diesel VOCs were below 10 ppmv, the average removal efficiencies of the polymer biofilter
and the ceramic biofilter were average 67% and 75%, respectively. When the inlet concentration increased to 30 ppmv, the
VOC removal efficiency in the polymer biofilter was 80%, while the average removal efficiency in the ceramic biofilter
was 60%. Effect of the inlet concentration and SV on the removal efficiency of total diesel VOCs was investigated. As SV
increased from 153 h™' to 204 h™' and 306 h™', the removal efficiency of total diesel VOCs was decreased gradually. The
average removal efficiency of the biofilter packed with polymer carrier was decreased from 82% to 80% and 77%. The
biofilter packed with polymer carrier showed that the removal efficiency of benzene and toluene were maintained within
the range of 81%~86%. In contrast, for the biofilter packed with ceramic carrier, when SV increased from 153 h™" to 204
h™' and 306 h™', the removal efficiency of benzene decreased from 87% to 79% and 74%, respectively. The removal
efficiency of toluene decreased from 80% to 77% and 76% at SV of 153 h™', 204 h™' and 306 h™!, respectively.
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1. M =

Biofiltration> THA EAloll 1A= Ue wWES
olgdtd F7] T LAEAL A oIt
(Joseph et al., 1999). BA7FA] 282 biofiltration FH
o 2 3 F718E(Volatile Organic Compounds,
VOCs)2| AAe| o]&% Ro| tjiioln, £3] oFA|A
o= B3l g¥9E Hole Zow 4R Uth(Leson
and Winer, 1991). 18]31 VOCs AANME 7471354
olH, 22k QEEA e/} Baskx| % A Az
we s Zbsg-g Wil QQthChou and Cheng, 1997,
Lee et al., 2002).

A7 S48 VOCs AA71ES BTEXS} gasoline
7} o] HlmA YEIHEE 7} Golsiy o] v
29 H8E 2497t gFEeIdkelvE F, 2004;
Chungsying et al., 2002; Wan et al., 2003; Wan et
al, In Press) 12U} £ Aolle vlwz Aol v
3L, GRS 2dS IS e dieseld] i
biofiltratioms 2-8-5}3.2} :

ol ot EYede A4 (underground
storage tanks)OAU 2579 Bl ALgRPgolM RR7} T
ZEo] WAYHTHEIE, 2003). L F diesek> 200~300
AF9 @slFiR o]Rfolz B3I EHolH, semi
volatile®"d-& Wo| Xt Ql7] ujfol] EY IF4
o] Fo} AHHoR EY - A3 edS HUsly U
(Boopathy, 2004) HA7}A = diesel VOCs =] 2]dl
bifiltration 3{°] Z-&H o7} JIA7] Wl £ Aol
AMe BEYY B9 S 2AlE: diesel VOCSE Al
AsR=Hl biofilter®] 28 7FsAdS YolHgitt.

B A7l 2183 e 71439 ceramict F7143
9} polymer HAHIZA A WAZ o] T Ao AAEE
& HWSIES, F MAZ F GAE o83t columnt
SVEIEES)E 23l AFAIRKE e AAEEe]
35 B9 0, diesel VOCse] YT-er s 2AsH]
VOCs 59 O& wjAEe] 73 58 vlasdisd
TS VOCsY] tiEA E49] benzene? tolueneS diesel
VOCs & N8 AEFsle] AAHEE WHils A3,
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2.1. Diesel 25l O|&E2| ElAuief X EHH2| F=H|

Diesel® 29 E%(Pusan, Korea) 10 g& F-71u)
A 90mL7F FHE s00mLe] A FEfezed ¥a
diesel 100 uLE spike 3FHth 57|19 wixje] 4L
U3 2tk 9gl Na,HPO, - 12H,0, 3 gL (NH,)SO,,
15¢/L KH,PO,, 0.15 gL MgSO,, 0.01 gl CaCl,- 2H,0.
91} wikel-g 30°C, 180 pmOE oF 4537+ ehjoks}
o] 4HE2(3000 rpm, 15 min)dle] 3)5FE FAE O
100 mLe] AZ2- viR)ol] SAFACE. 99} 2o whio
2 337 719 diesel &3l PIAAES FoplRgE & &
A Well EA3HE vocs 3l FAES Z24917] $l8)
Aol HE3IT

E AFoNA o] 83 DAl ceramic® polymer BHIE
Ceramic ©AT ©FA ceramic(10 mm, Oikos, Korea)
o] HEHOZ composts: EH3Hd THEAT. Polymer
A (215, Koreays 712 - AIE - =ol7F 242t 15 mmr}

EE At S5 RS ARSI

2.2. Biofilter X| 3 diesel VOCs X7 &8
Fig. 12 284 7759 biofilter 23S VFERA o]},

Biofilter= ]9} 2170] 242} 30 cmt 10 cm}l 953
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Fig. 1. Schematic diagram of lab-scale biofilter.
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o] FEIZRE olg3R o, F TR I BT X
F37} 1.177L7}) HES S5 SERS SHE A
= WL O3 2ol 5t Al 100 mL
E QA8 (3,000 rpm, 60 min)E 353 § 358
AE 20 mLe] F7|G A3t & 242} 670 ¢ 210 g9
ceramic compost®} polymers £33l ZHY 15 et
A S8R VOCs EAEA= 1L bottleoll diesel
500 mLE A3 siliconZRZ Al O E compressor
9} AAse dAHY voCs7t TAHEE Sk
VOCs9] TS F7IA717] HAsir B¢l heating
bandE X5l 255 50°CE ARSI 123 A
S ZPsaA diesel®] Addel ¥slelRE 459 o]$o]
diesetS &3] WAt 33t

oF 5~20 ppmve] dieselS 153 h7'9] INEEZ FHY
o] Faahar A7t 279 FEE FUIHCE GCE
AR, 7] 57 A HEo] HA & v
= Y47 FEE SEFUT. 7129 Fge] AlRE &
oY 50 mLe BHFE biofilterd] Al FF3 70%
olte] &S ARSI e, dFd % M 100 mL
o] Eud FUIEAE I8 FU1ES FE6kA

Al 43I diesel £ITTE FFHE dieselell
TAS F, diesel VOCs9] AAFES Yolr] I8t
biofilter® =+ diesel?] F=(0~35 ppmv)s} 5
5(153~306 h™ys WA AT AgsiHc). vOCs AlA
EAds A vocse! thEF EZ2Q benzened} toluene
& 242t 2 QS diesel VOCsEe] AATSES &
A3t Benzened} toluene®] 22t EAY A|AHSAHE
TEskL AESE EllsAds ARIH BE A7
Z0AM E79 Fave 4 gl =28 w7ix|
3~53] ZASATE. Z7ke] 7oA 39 BEE AES
PR HakS ARSI

=3E, oA AlE 5 e PR} 2 3%
& 70 biofilter/} Fht W] HEE ¢ JU=A| Ho}
Bt} oF 8A7F diesel VOCsE 333 & A air
o FEE & oA VOGsE w2 AF9

VOCs A|A &8-858 Hlasl B9}

+ 18 «

23 By

2.3.1 Diesel VOCs®] =4

Biofilter Y79} &7 diesel VOCs?] =5 273
3}71915] Flame Ionization Detector®} HP-1 column
(Methyl Siloxane Capillary, 60 m length X 0.32 mm X
1 um thickness, Hewlett-Packard, USA)®] &2 GC

71315 AAE 93 vlo] 2 e A& 47

2 B8l Alge] AT gas tight syringeE ©]-8-3}
Hom U719} A&V L% 42 300°C, 250°CE
ARSI, QBT 1000ClM 187 A F R
3°CH &3l 280°C7HA) SHE 58X AAIRl F
663-2) AAITto] A

Diesel VOCs9| 4748 ¢olr 7] £3] SPB-1 column
(60 mx 0.25 mm X 1 um, Supelco Co., USA)Z Mass
Selective Detector(Agilent 5973, USAY’} 3" GC/
MSD(Agilent 6890, USA)E #-A&lc). B4e =9
g SRR |eATAE FHA A dEiint.
7] (injector) B 7E7](detector)?] 2%= 22t 150°C,
230°CO]aL ovend] LEi= 40°C~200°C7HA] 5°C/min® 2
2319tk =48] = micro scale purge & trap mode
(Entech Preconcentrator 710012 ARS8t}

DieselolA] #4171 VOCs= B% 200~300 $79] &
AR olFo|AUct. olHd B FTFHe] sl =2
< BF Auslsiria dddos 44 e ook w
A B Al XE benzene? tolueneS 01831 diesel
oA WA= & VOCse] & S48t &, benzene
# tolueneS WA FE3t T response factors 0851
w2 FF9 TPH(Total Petroleum Hydrocarbons)E %
goz AHaksl Sl rHEdward et al., 1991). ©]g] 2
2 purgedt 1224 mLe] 3ol benzene¥} toluenes
24y 0.5 mL A Fet] dA SEE 7Rl F AR
FATS 1-5uLE o} YA E GCFID B F,
benzene? toluene®] standard curveS /I3l

2.3.2 143} vjAE2] SEM #H(Lee et al., 2002)

Ao ke vEde JHe A & FAR
A1 (JEOL 5600, Japan)o-2 B35 & Fig, 20 1}
Efc). BAE biofilter2RE AFE T o] HA
of M} VBES A Stk d8F 2A 1g&
glutaraldehyde”} 3~5%(V/V)R] 22~ (phosphate buffer,
pH 7.0) 1 mLell B F, 4°CollH 2A17F o] HEx|3}e]
AEE T 3T 919 FEE AR HAIE phosphate
d=gAoz 23] HAF T 19%(V/V) Osmium tetrao-
xide(OsO, 7} T e8] FEAIA 4°CollA] 2217E
o WALt 1St AIEE g Asly] st A
e S 60~100% ek Slof DA O Tt &
2087 B RS g9 H2lE A8E isoamy-
lacetate/ethanol(1: &0 8 Hepr|A 208-7F HEX]El &
critical point CO, dryer(LADD Mode 28000)2 7AZH
A|EE Ton sputter deviceJKC 11000 2o} W5 o

g 2-n
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Fig. 2. Scanning electron micrographs of ceramic biofilter(a, ¢) and polymer biofilter(b, d).

3 & SEMOZ2 2dslgrk

233 Aol 54

wAle] 14stE vAE o) WIS Hash] sy
biofilter &3 A& A . 3ol A 58 ZHH??}%‘:}. A
g A4 502 EFE 55 100 mLell ¥1 e
Zith. dekle e 10‘2~10“°ﬁ}1] 4*46}%@. a
]2 nutrient B A (Bacto Beef Extract 3 g/L, Bacto
Peptone 5g/L, Bacto Agar 15 g/1)ol 102~107'%7}A] 3]
44-2 100 uLA =281, 30°C wid7)ell 2 S<t u)

Flal FAE colonyT S AlG=3F3ct.

3. 48 & &
3.1. Efxlofl DXS}E pjMEo| Bhat
Fig. 2 ceramic ¥ polymer g0l 1931H vjAYE
o) FARARANA Aot} 7 45 & AF3 FAE
A Axl, F2 Zo] 1~1.5um®) Bzt Apoes
olfoA UL-S & & UATE 1™ @9} ey ceramic
ZAeln, Z247F x10,000, x15,0008 2351 Aolc}h. 17
(b2} (e polymer HAO] TASIR wZo), zzt
X20,000, x10,00080&-2 23 Ao]Act.
Biofilter® &30l w2 gAllol] Balwl wjEae] ¥
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3IE dohr) Hal YEHe FAE AAD T vAE
9] CFU(Colony Forming Units)E =78}tk Biofilter
A AA A g} 1AEE vMEe] HH CFUs
1 X 1070)93L, biofilter $AA12 25 F.9] 2ol 1143}
H ouEe] HF CFUE 2x 105 9t 2 biofilter
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R B AN W AR 7IS0R AAS A2 Hlol L8He] A 3

o} ceramic ©A 2 polymer ©Ae] CFUZ} ZZ
4x10°, 1x 10002 F7HEITE 85 22l 450l vla}
o] A9 ZVIE Holx| & Aog Jehdxut 125 F
o= ceramic ©A| % polymer ©A|e} CFU= Z+Z)
4% 10°, 3x10°2 F718 AE dF F 5 AJT
(Fig. 3). &, ©I= biofilterd] A|AEEo] F7BIHthe &
o] A¥o] XaPgol| w} G Exljshe rlAdES
2847 o] FTRItE RS usr|e gt o]
g3t 21 4] 5l AEHeE AaE 5719 viA|
S0mLE F71FoR FF3Fe] XY ARE 4= F
Alol] Goi-g Ikt aelar &8 vEe] 3
2 B3l vAE 5 FTMI71RAL S, 2
YlollA] diesel VOCsE #31& 5 e o7 9495
A& = Qe FHS 25l FA

3.2. VOCs =2 F717} biofiltere] M7 &&0f 0|X|
= A8

Fig. 4= 3 7] 3047 3458 1S3 h'E 12
AXNAIL JT79 diesel VOCse] F5E Z7A)70] wh&
ceramic % polymer biofilter®] diesel VOCs #AAEES
HERITE. Ceramic BAIY 7% VOCso| U7-5%=7}
10 ppmv ©J3}Y W) FH 67%9] AAELES HPor),
oF 128 3 ¥ Y7 =71 12 ppmvyt HUS W
Ao} AA &) 88% 7K FIHIG. T FEE 20
ppmv 2 7712 TR AAHEEC] 73%E AU
o, 2 F Y78=7F 30 ppmy 7 HAS wie vAE
o] &4e A =HEA ol HojHd AAEEC] T
e 60%71A AABEC] FVHENT AT FE F
7t 10 ppmv € wi7EX|Y] et AAEEL oF 65%9 S
o, 11 o)F YFEET} 30 ppmve™ Ha AAEEO]
60%ATt.

HHA | polymer ] 7910 ppmv °J3te] A+
ol B 75%2] AATES Yo, oF 104 +4 F
AT % 13 ppmvollME AAHELo] HUZ 88%7} =

79%Gt). o} F U FEF 30 ppmvE TS A5
of 7] AA &80 43%% FZ3] &5t oL, olF
73] FEH] oF 80%9] ¥ AAEES RYTh o}

=

-

EQME VOCsd| tet w2 AAHEES Role 9%
A= Als ).

Fig. 5 £ polymer FX|oAe] SVEIET )] of&
AAEES] HslE VR Aot Y755 10~20 ppmv
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Fig. 4. The removal efficiency of diesel VOCs using by the
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3.3. BenzeneZ} toluene®| MHEE

Diesel VOCsoll 78 HFEZHA vOCe] benzened
toluene®] AAEEE AHRIT} Polymer BAOW= &
7w o] Z7lolE BE73)31 benzened toluene 25 oF
81~86%2] FGolA] LS AAEES Hols FoF 1}
ERdTh(Fig. 6(a)). Ceramic EHoA benzene2] 3¢ &
7T 153 h'ollM B 87%0] AASES KL, F
7H557) 204 h'ol) 306 h'2 F)3el) Wl 79%0]
X 14%E. 73H4ASIET Toluened] AATEL Tk
Z7ll meEl 80%N A=zt 77% R 16%= ATk
(Fig. 6(b)).

Polymer BA|2] 739 benzene?] AAEEL 3T %
43 ppbvollAl 454 ppbw/EX] FTIAATREA BNEES
153 h'allX 306 W2 STRIATE BEE A8FdA
T AAHRESS & A3 glo] 80%el g B
4 AckFig. 7(2)). Toluene® 729 YFFEEZE 37
ppbvoilAl 501 ppbve] WRIE STMIATEN SHEE
] 153 holld 306 h'E Z7MAFIE ® benzene
M} rRIIRE Hit 83~85%2 AAELEE BT
(Fig. 7(b). 3HAT Y7+5% 220 ppbvoll ] FSHT
306 W'Y 7% 76%2] AATEE Hoht, okt ozt
=2 QEERl 280 ppbvolld] ZUEE 204 b A
87%2] AAESE Role L& Hol Fkknd mE
AAEES] At GA) TES F A%

Diesel VOCs 7435 Ud7-sToll wair AAEEe] #
Fol A3 benzened} toluene diesel VOCsol] B3]
AAEEo] LA Ve AL & & AU oiFE
59 diesel VOCs= AE8HoE B3l 7FsslAlyt YF
dEsig E4do] 23Eo] Q7] wigol oleig Aurt
et Zlojglar Als g Ao vehd 23E 2E v
2 FxoA AARS] A Uehle BFe HolARt
1AL AR EFoEA A7 2 AATHS IE
= AL & 5 9ot dAHoE &4 ) vEY &
o] "o} ARt Aol mia} o]gt e A
oz 5% P58 AR Lehgrh

o] S F3R) BHES w, B AgolA ARSI 5
A9 FAE VOCs, E3] benzened} toluene] Ao
BHolY A SR o)E Jlsditar WUk

r

b O

ox o

o

34, ZUPX| 212t - To| MHgEQ| HEt
AFE JFsAA neleBEY F18 FAE 9H
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DA Azte] AdgE BAl] FHEE diesel®] &
o] 4 sy VBl 4% vtk wdsiy ol
3 ABE SN o) 24P sV 153 n @R
20secyS 71EOR A YA A - FE vlagldh
Fig. 8ol Uehd nis} go] &4 Azt 3 970817k 73
319 o) PTEET) 3.2 ppmvd Al A S
o] 60% HEZCE 2eix FHE wAsle of 8k
air T+ FF3S}3L, VOCse] FFE TSI o] F
114077190 vOCs®) 355 2}}7H6¥ Az 27)9 9 =
=7} 26 ppmveE EA FFEo] AAREC] 23%=
gort, oF o]F Fal 01:]:11 FE7} 34 ppmvE F7FE 0]
= AATES 65%1A) 8% 5 U o) An} w3t

vl A8l 84S 2 ESE @ wolls #37)
Zro] FR3dith= e Uehlie Zloth

Jgn BE el Adzns 2o) =P
ZAslod biofilterS 7FE3te] Hdth, ALl 23449
AARED 29& FAHAN A7hs S ol A
AEEE viwsle £ 740}4 ZUE IEH= A% T
e 50%2] AATES Holoprt 8ATt airs Bl ¥l
A diesel VOCs F9L AR 3 715 3198
T 65%% AAEE] Forh

4.8 E

A oF g6zt A FEoH, £ i }
R0 diesel VOCsS) B0 e A A8-S
olthrt olF FHHoZ B AA ELL IS

T3 E2] AAE A ulo| 2. HEf o] A4 41
YO R biofilterS WY A5 F31E0] —7}%011
we} AAEEe] TaEle A Bl old RS
sk F AR, 4T F59 svel Sk Zﬂﬂﬁg
$ Al Aog dEA Ao F SR FAHE o
83 B ATl polymer BAIS AA &8©] ceramic
=A9] Aol vl A o® o] 9535 AoE )
W, 2R3 ceramic BAO B8] polymer BA2] BIE
HWajo] JiAen 3v) il Ao ATt Uty
o7 A7 vle} 2ol ceramic BAle] B]EHEL 0.08-
I m%g(Lee et al., 1992)8] 3] polymer-/? 3% open
cell 725 714 56 m¥gd = EHALS o
et 53, Polymer HAJOIAM = 43—2}%5 Z7)o) wket
AAZEC] TaFojxls YRR Aol IRIsKiT) 1
Yyt ceramic BRI E 4R dBEA ¥ ARE B
ol7|% Stk 1 Y diesel VOCsE Z43h=d] 3l
ojMe] AFde] ofde, A AR ME
o} gAde] Holz AlsE). &, vAES] /3] biofilter
o] AAHREA FIFE A= 7 Fag dAA e
g ot webr, @84S FHHEE = ds TR
2 S5 35, pHe) 287 22 8 IS F A
A vlAE 8715 Haslshke Ao] biofilter 2-8-9]
ol & £ Aok B AN & F ARl
biofilter®] 352 F¢3he WAEY BAS AA T&L
Agske vl F83 ftolnt. iy, PlBE g4s
HAZ FAAATZ] 9% F719 WiAe] a8
39, pHe] ZET 22 3 o] 2do] Fagt &
22 AEY 21 B oflal, dAolA HEHE
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