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Abstract : This study was performed to investigate the removal characteristics of volatile organic compounds (VOCs) in the gas-
phase biofilters, and to propose a stoichiometric analysis approach to characterize biological reaction through carbon mass balance.
The VOCs studied were toluene, styrene, methyl ethyl ketone (MEK), and methyl isobutyl ketone (MIBK) as a single substrate for
cach biofilter. The critical loading rate was determined to be 46.9 g/m’ * hr, 25.8 g/m’ + hr, 96.3 g/m’ - hr, and 66.5 g/m’ - hr for
toluene, styrene, MEK, and MIBK, respectively. The obtained results indicated that the critical loading rate was well correlated the
octanol-water partition coefficient. In the analysis of carbon mass balance, carbon recovery to CO, became relatively lower as sub-
strate loadings increased, but higher for carbon recovery to biomass. Stoichiometric analysis revealed that biomass yield increased as
substrate loadings increased, and its coefficient (g biomass/g substrate) varied from 0.31 to 0.57 for toluene, 0.29 to 0.57 for sty-

rene, 0.08 to 0.56 for MEK, and 0.14 to 0.53 for MIBK.

Key Words : Biofilter, VOC, Critical Loading, Mass Balance, Biomass Yield
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Table 1. Biofilter operating conditions

Item Toluene  Styrene MEK MIBK
50~400 50~200 50~400 50~200
Loading Rate, g/ms-hr 93~937 87~430 119~12016,7~832
Buffered Liquid, L/day 24 24 15 15
Operational Periods, day 326 322 319 312

Inlet Concentration, ppnv
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Fig. 2, Correlation between critical loading rates for VOCs and
their physicochemical properties: Octanol-water partition
coefficient (Log Kow) and Henry's law coefficient (K,
atm - m®/mole) were obtained from Watts*® Ecotoxicity
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Table 2, Carbon recovery* at different inlet for VOC-loaded biofilter
VOC studied Log/?%gg_ F;?te a%ZOQ bg/ic CCOLOC dCO/ZSS C”"af,/f“med

Toluene 93 799 04 15 143 40
188 75.0 06 08 12.3 113

46 .9** 69.2 02 0.0 154 152

751 69.6 03 15 12.0 16.6

93.7 63.2 03 0.1 155 209

Styrene 87 814 05 11 139 3.1
17.2 68.6 06 05 16.3 140

25 8** 716 06 02 183 93

430 63.5 06 06 16.9 184

MEK 119 86.2 0.1 59 70 08
24 1 709 11 12 185 133

601 62.3 20 09 209 139

96.3* 548 38 09 179 226

120.0 46.9 38 19 141 33.3

MIBK 16.7 895 06 2.1 73 05
333 671 09 0.8 175 138

50.0 556 36 14 224 17.0

66,5 458 33 23 262 224

83.2 504 2.1 15 205 255

* Carbon recovery: Cvoc removed = aCCOZ in effluent gas + bclnorgamc carbon in effluent liquid + CCTmal organic carbon in effluent liquid + dCVSS in effluent liquid and backwashing solution +
Chiomass retained in the reactor. A typical cellular composition for a heterogeneous microorganism is represented as CsH;O.N, Carbon recovery analysis
was based on the experimental data obtained during the experimental period with consistent VOC loading rates,

**Values indicate the critical loading rates of the given substrates

% otk webAl GAle] ZAw o] BA4A HA] £k

Al FAE vholeul A SR o2 Ty

2 7bgstel wgvle] AR HHT >

3.3. 2HIS 0| Q=

ot o
Table 20| A|AlE 7] ARt e 2deA AR F
J (

COZ 344 B4234E(Coo)S 4] (10)~(13)9] 3}
ﬁzg}fsE LE&sld, 71A AR BEFEY TS

& A (19-07% 2ol e & et Ao bl
oloTH o ABUSE U379 Zolet £AH7I7}

s e B dpelx REE A
(1417 7120] w2

d 83 olgd % Ak

C,Hs+ 60+ 0.428NOs + 0.428H" —
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CsH 120 +4.220;,+ 0.61INOs + 0.611H" —
0.611CsH,0:N + 4.17H0 + 2.95CO;

C,HsO0 + 3.180;+ 0.332NOs + 0.332H" —
0.332CsH;0:N + 3.01H>0 + 2.34CO;
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(15)

(16)
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strateS 223100, Alonso 5°"2] Lo AL diethyl ether
Z tJAFO 2 0.35 g biomass/g substrate-2 Z-&-3Ic}. 3} X Tk
ARl neh ABNLS )o] Febd & ] o
of 7]&K sl 92 biomass yield gro] st £
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