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Abstract

This study was to examine characteristics of treating toluene vapor, which gets to be problematic due to its
harmful carcinogenicity and mass generation from various sources, through a biological treatment facility which is
environment—friendly and adopts a high—efficient and low—cost clean technology. In order to identify whether
Alnus Firma Fruit (AFF) can be used as a media for a bioreactor, its utility and basic operating factors, a study was
conducted on pressure drop, supply of nutrient substances and retention time which are operating factors of a
biofilter, and eliminating characteristics were compared between AFF and the conventional biological activated
carbon (BAC) widely used as filter media. In the case of AFF, the initial microbial deposits was 2.3 X 10’ CFU/g
dry AFF, which represents the initial microbial density higher than the case of BAC showing 5.5 X 10° CFU/g dry
BAC. And it took about 2 weeks to acclimate until its eliminating rate got to be increased over 90%. As a result of
comparing pressure loss taking place with the lapse of time between BAC and AFF, after 130 days passed at SV 25
h™!, BAC showed that its eliminating efficiency had a tendency to drop greatly due to a great pressure loss (0.53 —
54.7 mmH,0/m) caused by an excess of biomass as accumulated. On the other hand, AFF showed that the pressure
drop was 0.53 mmH,0/m, about 2 times as much as the initial pressure loss of 0.4 mmH,0/m, which represents no
great change in the pressure loss, and its eliminating efficiency was also shown to be continuously high. Therefore,
when AFF was used as a filler for a biological treatment facility, a biological filter enabling improvement of the
purifying efficiency to be promoted could be provided, and moreover, the pressure loss was so small that the filler
replacement cycle or the back flushing cycle could be extended. So, even in terms of the operating cost, it was
identified to be an economical filler. When an inorganic material was used as a filler, the biofilters performance
acted sensitively on whether nutrient substances were supplied or not. In the case of AFF with low adsorptivity,
addition of ethyl-alcohol increased the solubility of toluene, and consequently, biodegradation got to be actively
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made by microbes, and thus, its eliminating rate could be increased. As the flow velocity and the inflow concentra-

tion got to be more increased, its eliminating rate got to be lower, and particularly, an increase in the flow velocity
made its eliminating rate drop more greatly than an increase in the concentration.
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Fig. 1. Schematic diagram of the experimental apparatus.
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Fig. 2. Photograph of Alnus Firma Fruit.

Table 1. Physical properties of Alnus Firma Fruit.

Initial pH 6.5
Water content (%) 87
Density (g/cm”) 1.39
Length (cm) 1.3~2.7
Diameter 1.2~17
Specific surface area(mz/g) 0.8
Pore volume (cm/g) 0.006
Initial load force (kg) 2.34
C/N ratio 30.1
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Table 2. Composition of nutrient solution suppled to the

biofilter.
Solution compounds Concentration (mg/L)
K,HPO, 540
KH,PO, 440
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FeSO, 0.13
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CaCl, - 2H,0 25

F1 (Anja Lehning et al., 1997)75% Tryptic Soy
Broth (TSB, Difco, USA)uR]ol] w3t 3 30% (v/v)
Lo, 2AME Y2 ALedA FkEAH
S50 209 g2 ¥ $o18 3T 12
Ax 3RS 27] S AL w2
o =#E ulAEe T4 &AL 93t Colony
Forming Unit (CFUY¥}H-& AL&-8lglc). o] & 93l
uhgzol] 3AA 2 5gF Hsled 4SmlBEH F
45 7kt 300 rpmel| A 5#-7F HomogenizerS
$73he] AT F W3] 54ste] Plate Count
Agar (PCA, Difco, USA) Futuljx|o) w=mtsic}. 73]

SESER SR
A=t

%ol colony4-&

2. 4 got Q
ofokBE-Ae] zAlL m 29} oW time controller
£ o] g3l 36mihrz 19 oF 860mIY FFstdct.

2.5 Eajuiy

Toluene®] #4127} sampling portel] A 250l gas
tight syringe (Hamilton Co)& ¢]£3}e toluene7}>
E AFstgen FID7} ¥2¢ GC (Finnigan 9001,
USA)E AL&slsdd) A2 DB-624 (1I.D 0.53 mm X
30 m, film thickness 3 um), carrier gas (He) 50 ml/min,
AbAg) A 7t 140kPa, ZE 25 45~150°C
Wl sezANN BHISI =4 €00 27
< A (Gastec) & o]--3te] EA A

3. o 9 nHE
3.1 s eHAYE
23 3 BT LHAN WE BTl



2T AolE o 47 HEANPANNY B2 a AJas 54

SVsoh'  svgoh'  svsoh!

693

Svash!

SV50h! SV 100hT SV 25h
«— > «—>

2200
2000
1800
1600
1400
1200
1000
800 r
600
400
200

Input loading (ppmv)

Removal efficiency (%)

0 10 20 30 40 50 60 70 80 90

100 110 120 130

Operation time (day)

Fig. 3. Toluene removal efficiency of the biofilter during operation (o

A : Removal rate of AFF).
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Fig. 4. Pressure drop during operation time.
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Fig. 5. Scanning electron micrograph photographs of support carriers. (A) : AC without microorganisms (Initial State),
(B) : AC coated with microorganisms (After 120 days operation), (C) : AFF without microorganisms (Initial State),
(D) : AFF coated with microorganisms (After 120 days operation)
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Table 3. Some reported elimination for organic media

Inlet gas concentration

Elimination capacity

Compound Packing material (ppmv) (gm™>h™) Reference
Toluene Compost 300 20 Sorial er al.(1997)
Toluene Soil 1200~ 2500 1.73 ”
Toluene Compost 50 11.6 ”
Toluene Peat - 25 Smith et al.(1996)
Acetone Compost 500~ 800 40 Sorial ef al.(1997)
Trimethylamine Compost 78~841 140 Tang er al.(1996)
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Fig. 10. Toluene removal efficiency as funtions of gas
flow rate and toluene concentration.
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Fig. 11. Determination of maximum elimination capacity
of AFF Biofilter (m : Elimination capacity, ® : Re-
moval rate).
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