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Abstact — In this study, both pressure drop and microbe-population-distribution were observed while running a novel
biofilter system with improved design in which the biofilter system is composed of two, upper and lower biofilters with
both equal feed-rates of up-flow and down-flow, respectively. Then they were compared with the pressure drop and
microbe-population-distribution observed in a conventional biofilter of the same effective volume with unidirectional
flow. The pressure drop-value of biofilter system with improved design turned out to be less at the incipient stage of run
or steady-state long term operation by more than 40~80% of that of the conventional biofilter. The microbe-population-
distribution was observed to be lower and higher at higher and lower column of biofilter, respectively, for both the con-
ventional biofilter and the biofilter system with improved design. The microbe-media of waste-tire crumb showed much
greater CFU counts than GAC. In the biofilter system with improved design, the bottom—up feeding of waste air
showed greater microbe-population growth than the top—>down feeding for both the microbe-media of waste-tire crumb
and GAC. However, it was more prominent for the former than the latter. Comparing the microbe-population-distribu-
tions of both of the conventional biofilter and the biofilter system with improved design, the microbe-population of lat-
ter was distributed ca. 15 and 2.5 times more evenly for GAC and the media of waste-tire crumb, respectively, than that
of former.
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Fig. 1. (a) Biofilter system with improved design (R reactor).
1. R, (lower column of upper biofilter)

2. R, (upper column of upper biofilter)

3. Ry,3 (upper column of lower biofilter)

4. R4 (lower column of lower biofilter)

5. Biofilter system with improved design

6. Microbes-carrying-media

7. Waste air fed to a biofilter

8. Treated waste air fed bottom-up

9. Treated waste air fed top-down

10. Treated waste air after feeding direction being reversed
*(®) denotes a pressure gauge

i
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Fig. 1. (Continued) (b) Conventional biofilter (L reactor).

1. L; (Ist column of a biofilter) 6. Microbes-carrying-media

2. L, (2nd column of a biofilter) 7. Waste air fed to a biofilter

3. L; (3rd column of a biofilter) 9. Treated waste air fed top-down
4. L, (4th column of a biofilter) *(®) denotes a pressure gauge.
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Fig. 2. Schematic diagram of a biofilter system with improved design (R reactor) and a conventional biofilter (L reactor) treating waste-air con-

taining malodor and VOC.

Table 1. Compositions of buffer and mineral solution

Salt stock solution Mineral solution

NaHPO, 70 g/L CaCl,2H,0 1.5¢gL
KH,PO, 30 g/L MgSO,-7H,0 24.6 g/
NaCl 50 g/L
NH,Cl 10 g/L
Table 2. Compositions of culture medium
Na,S,0,-5H,0 8.0 ¢g/L
Yeast extract 2.0¢g/L
KH,PO, 1.0 gL
K,HPO, 1.0 gL
Mg(Cl, 02 ¢g/LL
FeSO,-7H,0 0.01 g/LL
NH,Cl1 1.5¢g/L
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& we] F Akl T g0l Bigle wo] HR7IUES W

A AT, AEloldAe) 9RTIEE 1 L Agolo] B
% 228 22 QRS v F Aol wh) rgo) B2 A
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Table 3. Operating condition of biofilter system with improved design and conventional biofilter

Stage I 1l il v v VI VII VIII
Q (L/min) 0.5 1 1 2 2 2 2 2
Cgo (H,S) 30 30 60 60 100 250 500 500
C,, (Ethanol) 800 800 1300 1300 2000 2000 2000 2000
Duration (day) 20 10 20 10 10 10 10 10

1. The direction of waste air-supply to a biofilter system with improved design has been reversed at the 8th stage of each improved biofilter (R-reactor) run
(The directions of bottom-up and top-down were reversed to those of top-down and bottom-up, respectively).

2. Buffer solution-injection schedule: each of 10 mL was injected to each improved biofilter (R-reactor) per day during I-VI runs while 20 mL was injected to
a conventional biofilter (L-reactor) per day during I-VI runs; each of 15 mL was injected to each improved biofilter (R-reactor) per day during VII-VIII runs
while 30 mL was injected to a conventional biofilter (L-reactor) per day during VII-VIII runs (In this study there was no observed effluent of bufter solution

out of the bottom of biofilter systems).

3. Both C,, and Q denote feed concentration (ppmv) and air flow rate, respectively.

Table 4. Components of Plate Count Agar (PCA) (105463 Plate count
agar, MERCK, Germany)

Plate Count Agar (22.5 g/L)

Yeast extract 25¢g/L
Peptone 5.0g/L
Glucose 1.0 g/L

Agar 14.0 g/L
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HAeAlN 22| e H7FAE top-downC.Z FFRto}l A 2|5I3iT).
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of, 108 349l Wt 10, 10% 10%, 10* 2 1012 3]43}Ic)
3|45k gols mAEiFlo] 100 pl Hojree] =wakl 0 H | clean
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2-3-2-3. viF W wEAl
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.20 EE
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Fig. 3. SEM image of the surface of microbes-carrying media: (a)
GAC, (b) compost, (c) waste-tire crumb, (d) cross-section of
waste-tire-crumb.

ElolofgtAl) g8 a7le] el tist gk 217} 45, 62 Y
54%01Act. T3t JIAE vlo] B Ao m| B A (E '
+compost+HER] oA pH 3 top-down W2 0 & H|7EA~7}

wd we] nlo] e 9t} oficto] 747} 4.62 W 6252
T7F STV SRtk g 2 m S S A (U |,
compost & FHELo|o Ayl 178 vjAE] tf$t SEM A d =
Figs. 3(a)-(d)e} 2t}

3-2. O[¥EEH 358 ¥ H|EMA
A e 2 compost®] 5=E (e, wet porosity)> Table 59}

7ol 747} 0.553 2 0.7029] Fro] AHEE Itk S HEfolol g )

Table 5. Characteristics of the media packed in the biofilter

GAC CompostWaste tire crumb
Apparent density (g/cc) 0.41 0.37 0.27
Wet porosity 0.553  0.702 0.74/0.6
Equivalent diameter (mm) 2.5 0.6 5
Interfacial area per unit volume (m¥m®) 1292.6 2980 51500
*Wet porosity values of 0.74 and 0.6 correspond to those of total porosity

and exterior porosity, respectively.
"Data of Sam-Kwang company.
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Fig. 4. Inner pore of the media of waste tire crumb [reflected light
observation (the left) and transmitted light observation (the
right)] by light microscopy (%60).
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Fig. 5. Transient behavior of pressure drop of a conventional biofilter
(L reactor) and biofilter system with improved design (R reac-
tor).
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Fig. 6. Microbial counts with dilution factor of 10* at each column
of conventional biofilter (L reactor) (top—down): L1, top
column of biofilter; L2, second column of biofilter from the
top; L3, third column of biofilter from the top; L4, bottom
column of biofilter [WT: Waste-tire crumb packing as microbes-
carrier; AC: Granular activated carbon]*Arrow denotes the
direction of feed gas to a biofilter during the operation.
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Table 6. Microbial population distribution of conventional (L-reactor)
and improved biofilter (R-reactor)

L-reactor R-reactor

Microbes-carrying

H 1
media L4/.L 1(top—~>down) Rdn4/Rdn3(mp—>down)1 Rup 1/R11p2(bott0m—>up)
AC? 24 1.6 13
wT? 5 1.7 2.5

"The direction of waste air-supply to biofilter has been reversed at the Sth
stage of each improved biofilter(R-reactor) operations.

2Granular activated carbon(GAC)-media.

3Waste tire crumb-media.
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