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Abstract : This study was conducted to evaluate the biofiltration treatment characteristic
for benzene vapor gas. Compost and calcium silicate porous material were used as biofilter
fillers. Gas velocity and empty bed retention time were 15 m/hr and 4 min, respectively.
Benzene gas removal efficiency of P-Bio (calcium silicate porous material with inoculation)
was the highest and maintained in over 98%. After shock input of benzene gas, the
removal efficiency of P-Bio biofilter was recovered within 2 days, while 5 days were taken
in CP-Bio (compost + calcium silicate porous material mixture with inoculation) and CP
(compost + calcium silicate porous material mixture without inoculation) biofilters. The
removal efficiency of P-Bio biofilter was near 100% in the loading rate of <85 g/m’(filling
material)/hr. It was shown that the maximum elimination capacities of P-Bio, CP-Bio, and
CP biofilters were 95, 69, and 66 g/m’(filling material)/hr, respectively. Microbial number of
P-Bio, which the number was the lowest at start-up, was 3 orders increased on operational

day 48. CO; was generated greatly in order of P-Bio, CP-Bio, and CP biofilters.

Keywords : biofiltration, compost, calcium silicate porous material, benzene vapor gas.

1. M B2 (40.4%)°19, VOC wl&Ze A&HA F7H5A4

2 200599 1994d9) o 2w) shek Fohe

FYel A s BEe g VOC (volatile 22 FA3L SItHll VOC FolA A
organic compounds)Z& &&= o g9Y9L A% 2 M4 A4 E 3 ANEH HuFy
w717k (45%) s =% 2 A AP Eok B7F e F7MA717) 9% AOAY AR,

2

N
=
T
2

=
£

457, =8, d%E, FE544, HAUE, YA,
+ . SFA) [+) = =
F A2} (e-mail : wanb155@samcheok.ac.kr) FAAA A8 5o oledth A4 = =3

_21_



2 ok dEe - R YT oy

AldelAe] ZREAMES B9l BE3AA
g &35t =4 u Ax&EEE 2489 7
A4S EA AY == 294 $54E F7)
Aeg BHo2 WAL 2L {FI)8AS 2o
sl 2]. BTEX (benzene, toluene,
ethylbenzene, xylene) ZHfE FoME wixde
b FAol A3t Aol awxe] wAd ¢
Z17olEtE 2" Ao FR TE FEF F
w, EFAH 5E fUse Ag FedE A
Yol ol2AE 3t wWiAle 3uAle] Zalr]
g iEol FFoly EYHTE F7] Fo Fo] 2
E3a o WAL AdA DAY AWEY)
FAME o] HEHT glon, WA LYdEY
2] SVE (soil vapor extraction) A3} Ao} &
A, WAL PR 19 AR 15Y
o 40A7HE SFEFEA Y EHog v &
Hol: AZe] AL zdgdx dv Fxd
TLV-TWA (threshold limit value - time
weighted average)’} 15 mg/m’e.2 won[3],
Abgho] 2,000 ppmvel =% FH ZA$de AHo
U e AgA fdE LA oH4] age
2 WlAg go] AlgsteE FAAME FHRte
4E& B3] Yt WA Fmo Al 2
AHHE AFstder o &3 SVEZL 3 &
H WA QHEYAME EFdM 23 WA
A7t e A A ¥ u7] Fo2 $Esy
o} Ft}

HWA® 22 VOC 7t2~8 Agsr] $3 %
Hoze Y F&Ho 27ty e B3
A g dd Apdde] glon e F
22 HE@AdeY A A dMsn 24e
Hl-go] BrlolodM AFER HAHE 297~
& AHgsirlde FAFon ¢ Bgsit 2
HEE HIo = uloloWE|S & AEFHFH
A Hrlo] ol AlEym glon}, wio]e He
T 2HEAY FHAEAY B Ddu £8F
Aol wel AAFEEe] Bol #gsA "ot o
23 FAA, & A3 Hy o Farzgi
3 AEE FHAEZEZ AEE vo]o dE
2 A4S W FHAEL] WA AAE
& H71E7] $ste A s

)

-

o

2. 4

2.1, dEsEx

HEMCREEE

Aol AHSE HAIFAE dALd AFF,
74 Z(GAST Vacuum Pumps,
DOAPI04AA, USA), 533, 2¢ 1 vlole
4y g2 FASHY Itk(Fig. 1). vloled
H w87l WA 5 cm, ¥0] 25 cm® F9o}
A8 & PN 9439 F 100 cm ¥018 gL
o, ZA(filing) &2 ABAHE A3t A
7t 7VedEE Sl9n) wlolodWE HMERR
T YA Hu Ao i Fojet F
Azxd F4gEA dFH A2E A4
Huls 27149 7t 48 AR FAEAR A}
/317) Aol 2 mm AZR AEste] B Aq
& AHEEAT Byl IR uYE(VS)H F
71 E2(TOC) e 4 67%9 41% R o, C/N
Ul oF 120l tHTable 1). X E2Ae] 83}
#Fe FEBE {5 (water holding capacity)®
°f 60~80%2 zHaAct FadEA o3
ANae v o] AxsHch 0.3%(H
)9 AEA JTAE 40%Y B3 E38td
Z1ZEA WRk7|olA 3-8 m/secd] MEER 1
2 wykrgt & SAAZo] 20-40R 02 AW
AlRE 23%, A3 29, TAbE A8 25%, A
I 4%%} AgefolES} HI(EE Hw)E HU)
g F 23 wwkslHth o] & 20+5TColA 2442
5% 7Asste aUAelAE ARFT 180T,
10714l A A&t FAZ2EA G438 A
29 V|ZEL ¢ 8%, B3y EHL
Table 2o} YeEllATH nBEHFL FAE 3
FAYFAA TAE FAAEHAE 2970 F=
A7 F AN Bt AQARANII 2 A3 5
FHE FHEATL st AVY £8R
9] MLSS (mixed liquor suspended solids):
11,058 mg/Lel1t}.

Fig. 1. Schematic of biofiltration system.
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Table 1. Characteristics of Compost

Bulk density (kg/m®) 229.0

Moisture content (%) 20.5

Field capacity (%) 69.5
Electrical conductivity

(mmhos/cm) a7

Cation exchange capacity 49.6
(meq/100g, dry basis)

pH 8.8

VS (%) 69.5

TOC (%) 419

TKN (%) 1.6

Pb 139.7

Zn 168.5

Heavy metals Cu 703

(mg/kg) Ni Not

Detected
Cr 38.0
Cd 13.3

Table 2. Characteristics of Calcium Silicate

Porous Media

Item Value
Porosity (%) 78
Average porous size (Um) 17
Compressive strength
(kg/cm®) 10
Bulk density (g/cm’) 0.42-0.53
Major component Si0,, AlO3, CaO
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BaCLE 1 mLA = #H7lste] BaCOs2 M4 A
o] A7I=E 3t o7d dExgaEd AN
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ezl 248 2342 2% g &
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2 55 5H7tY F/AA $4R8E FAT
(Fig. 2. 7t29) §UUSES AFALE 25
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Table 3. Experimental Conditions for This Study
Column Media pH Gas velocity | EBRT Microbial
(m/hr) (min) inoculation
CP-Bio Compost + Porous ceramic 8.62 15 4 Yes
(1 : 1, vol. basis)
CP Compost + Porous ceramic 8.23 15 4 No
(1 : 1, vol. basis)
P-Bio Porous ceramic 892 15 4 Yes
12 - e 1 P & BKg. 27120 T8 o on) 7pF &
o~ o Ou CP-Bio 7HAA 10,000 mg/m’e 2 FYE 219 Aol =
g) 101 =P AAZEO) 60% o)Ag Uehlen, olF &
= 4] e YErEg F2ATA AATEO] thA] 455t
% Mg AHE By FEES ¥ FRE
&) HAAFIAAM AAGZES] wE FES YR
= ocnz wAge] HFH FALEA T A
E Ae SHEs dg 58] & Reg 9@
£ g
oo} FAdEA gEd A5E 101 (B
0 10 20 30 40 50 uphz Eistd fAES HEST CP-Bio%}
Time (days) HE5RA e CPoAE 5Y9) Z]LpAer AA

Fig. 2. Benzene gas concentrations in biofilter
reactors with time.

Removal Efficiency (%)

Time (days)

Fig. 3. Removal efficiencies of benzene gas in
biofilter reactors with time.
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Table 4. Biofiltration Characteristics for Benzene from Literature

Filter Inlet Loading Average Elimination | Remark
media conc. rate removal capacity
(g/m’) | (g/m’/hr) | Rate (%) | (g/m%hr)
Compost 0.05-0.63 3.1-55.9 NAY NA [7]
GAC 0.11-0.70 NA 96 78 [8]
Sugarcane bagasse 0.01-0.05 0.2-7.8 80 7.6 [9]
Compost + GAC 0.26 3.0-25.0 90 9 [10]
“NA = Not Available
3.2. HUMASH 100 T—rpewy =
FHEAY G 8AT FaHe A Ak X ]
AARE ] BAE Fig. 49 dERRRATL 7HE 5 %0 %o &
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7 AALES el 22ivk o] o)t B 0]
Bl e AATEe HA A7 A Ee E ] O CP-Bio
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M E FYRaeFe] 150 g/m(FHEA)/hr ¢
W 95 g/mi(EFAEA)/hre APAATL L U
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g/m(EFA2A)/hrel RnoZ e o,
CP-Bios} CPIlME 227t 699} 66 g/mi(FAE
Ayhrolth tAES HEY FALEA OF
A AAYL P-BioZt HH|9} £33t CP-Bio%
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30 g/m(FAEA)/Mr 3= E}h Martin 5
(1996)% vl#% o8& dFAES WAFesA
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Fig. 4. Relationship between benzene loading
rate and removal efficiency.
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Table 5. Change of Microbial Amount in
The Biofilter Media

Reactor Microbial numbers (cfu/g)
Start-up Day 48
CP-Bio 3.67x10° 2.45x10’
Cp 2.98x10° 1.12%10°
P-Bio 8.51x10° 7.21x10°
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Fig. 6. Cumulative during
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