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SHORT COMMUNICATION

The Treatment of Wade-air Containing Mixed Solvent usng a Bidfilter
2. Treatment of Wage-air Containing Ethanol and Toluene in a Bidfilter
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Abgtract—An experiment for five stages of a biofilter-run was performed to invetigate the effect of hydrophilic eth-
anol and hydrophobic toluene on the biodegradation of hydrophobic toluene and hydrophilic ethanol, respectively, when
wagte-air containing toluene and ethanol was trested by a biofilter. Removal efficiencies of toluene and ethanol began to
decrease when inlet load surpassed 90 g/m*h and 100 g/m?h consistent with maximum elimination capacities of tol-
uene and ethanol, respectively. At the end of the biofilter-run, removal efficiencies for toluene and ethanol were de-
creased and maintained at 65% and 40%, respectively. The concentration of toluene at 1st sampling port was raised
by factor of two in the 3rd stage of the bidfilter run when the inlet load of ethanol co-feed was increased by 1.5 times,
while the process conditions of toluene were maintained the same as those of the 2nd stage of biofilter-run. According
to the result of Mohseni and Allen, it may be interpreted that removal efficiency of hydrophobic toluene was affected
by the presence of hydrophilic ethanol when high load of hydrophobic toluene was applied like that of the 1st sampling
port of the biofilter. However it was not the case when alow load of hydrophobic toluene was applied like those of
the 2nd, 3rd and 4th sampling ports since hydrophobicity of toluene is much less that of a-pinene. Thus, it may be sug-
gested that biodegradetion of hydrophobic VOC weas interfered by hydrophilic VOC dissolved in the biolayer and the
degree of interference was proportiond to the inlet load of hydrophobic VOC as well as that of hydrophilic VOC and
was inversely proportiond to the solubility of hydrophobic VOC. However, it was inferred that the existence of hydro-
phobic toluene from waste-air can hardly inversdy hinder the remova of hydrophilic ethanal in the biofilter when time-
evolutions of hydrophilic ethanol concentrations of this experiment were compared with those of the previous experi-
ment of biofilter to treat waste-air containing ethanol only.
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INTRODUCTION

Asa promising air pollution control technology bidfiltration has
emerged S0 as to treat waste ar containing volatile organic com-
pounds (VOCs) aswdl as odoriferous compounds. Many researchr
ers have investigated bidfilter performance to diminate VOCs from
waste gas [Ottengraf, 1986; Deshusses ¢ d., 1995; Deshusses and
Dunn, 1994; Deshusses and Hamer, 1993; Lim and Leg, 2003; Buch-
ner, 1939; Leson and Winer, 1991; Sorid et d., 1995; Leson and
Smith, 1997; Swanson and Loehr, 1997; Ottengraf and van den
Oever, 1983; Zarook and Bdtzis, 1994; Mohseni and Allen, 2000;
Tang et d., 1995; Jorio et d., 1998; Hodge and Devinny, 1994, 1995,
Shim et d., 1995; Arulneyam and Swaminathan, 2000; Auria et
a., 1998; Chridine et d., 2002; Lim and Park, 2004, 2005]. Per-
formance of hidfilter treating wagte-air containing VOCs has been
known to depend on their solubility in the biolayer of the bicfilter
[Ottengraf and van den Oever, 1983; Zarook and Bdtzis, 1994].
Hydrophilic methanal and hydrophobic a-pinene exigting in natu-
rd wood are mgjor air pollutants generated from pulp and paper
indudtries. The former isone of 189 hazardous air pollutants (HAP)
referred to in Cleen Air Act Amendment announced by EPA in 1990
and the latter is o hydrophobic that its water-solubility may be 5
10mg/L. It was reported that remova efficiency of hydrophobic
VOC (a-pinene) dropped more sgnificantly up to 74% asthe con-
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centration of hydrophilic VOC (methanal) increased for the Smul-
taneous bidfilter-treetment of hydrophobic VOC (a-pinene) and
hydrophilic VOC (methanal) than that for the sole treatment of hy-
drophobic VOC (a-pinene) of 91.2% [Mohseni and Allen, 2000].
Toluene and ethanal are designated as hydrophobic and hydrophilic
VOCs, respectively, in order to perform experiments for the smul-
taneous trestment of hydrophobic and hydrophilic VOCs, since they
have been emitted very frequently from various indudtries and their
emissions have been under regulatory control even though hydro-
phobicity of toluene is much less than thet of a-pinene (The water
olubility of toluene is about 526 mg/L). The experiment for five
stages of hidfilter-run is performed to investigate the effect of hydro-
philic ethanal and hydrophobic toluene on the biodegradation of
hydrophobic toluene and hydrophilic ethanol, respectively, when
wadte-air containing toluene and ethanal is trested by abidfilter. Its
results are compared to those of the works [Lim and Park, 2004,
2005], where trandent behavior of bidfilter to treat waste-air con-
taining ethanol was observed under the same operating conditions
of ethanal as the part two of the work adopts, and are evduated in

many respects.
EXPERIMENTAL

The bidfilter system and its packing media were designed and
buffer and minerd solution was provided in the same way asin the
work of Limand Peark [2004] to treat waste-air containing both hy-
drophilic ethanol and hydrophobic toluene. A schematic diagram
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of the hidfilter process and feeding schedule of buffer solution are
shown as Fgs. 1 and 2, regpectively. Temperature of bidfilter col-
umn was loosdy controlled between 26 °C and 35°C by turning
the heating band on and off to Smulate naturd temperature varia
tioninthefiddasin Fg. 3.
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Fig. 1. Schematic diagram of bidfilter treating waste-air contain-
ing mixed solvent.
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Fig. 2. Feeding schedule of buffer solution to biofilter.
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Fig. 3. Temperature schedule for the operation of bidfilter.

Microorgeniams of Pseudomonas putida (KCTC 1768) and Burk-
holderia cepacia G4 from Inje University were incubated and their
mixed culture was inoculated before the count of microbes fixed
on packing media were determined in the same way asin thework
of Lim and Park [2005]. The bidfilter was run a 26-35°C under
various operating conditions on toluene and ethanol as shown in
Tebles1 and 2, regpectivey, for 39 days (totd 77 times with mea
auring frequency of two times per day). Andyticd methods to mea:
aure the concentration of ethanol and toluene from four sampling
portswere d <o the same asin thework of Lim and Park [2005)].

RESULTS AND DISCUSSION

1. Time Evolutions of Hydrophobic Toluene Concentrations
and the Effect of Hydrophilic Ethanol Co-feed at Four Sam-
pling Ports

Trangent behavior of toluene concentrations messured & the po-
stion of feed inlet and four sampling ports of bidfilter is shown as
in Fig. 4. After excess amount of 45 ml buffer solution was poured
into the biofilter a 18th time of 2nd Stage operation (9-26 times) of
bicfilter, abnormd largest concentration peaks appeared fird a the
1¢ sampling port. For the lower sampling port less donorma pesks
of toluene concentration gppeared than that of the upper sampling
port as shown in Fig. 4. It was noticed that al dnormd pesks of
toluene concentrations from four sampling ports appeared a the
same time unlike those of ethanol concentrations from this part two
of the work as wel as those of ethanol concentrations from part
one of the work [Lim and Park, 2004]. It was a0 observed that
remova efficiency of toluene was diminished due to such flooding
effects of excess supply of buffer solution as temporary loss of in-
terface between wagte-air and biolayer and reduced effective height
of bidfilter asshownin Fg. 5. Later, theremovd fidency of tdluene

Table 1. Theoretical values of operating condition on toluene from each stage of biofilter-run

Stage (times)

Theoretical valug 1st stage (1-8) 2nd stage (9-26) 3rd stage (27-42)  4th stage (43-58)  5th stage (59-77)
m (ul/min) 0.29 0.58 0.58 1.16 2.32
Q (L/min) 0.25 05 0.5 0.5 1.0
Cy (PpmM) 278 278 278 556 556
C, (@M’ 1 1 1 2 2
7(min) 2.98 1.49 1.49 1.49 0.75
Inlet load (g/m*/h) 20.13 40.27 40.27 80.54 160

* m: toluene injection rate at asyringe pump, Q: air flow rate, C,,: feed concentration, 7: EBCT (effective height: 0.38 m)
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Table 2. Theoretical values of operating condition on ethanol from each stage of biofilter

Stage (times)

Theoretical valle 1st stage (1-8) 2nd stage (9-26) 3rd stage (27-42)  4th stage (43-58)  5th stage (59-77)
m (ul/min) 0.83 1.67 25 5.0
Q (L/min) 0.25 0.5 0.5 0.5 10
Cy (ppm) 1,450 1,450 2,180 2,180 2,180
C, (gmd) 2.62 2.62 393 3.933.93
7 (min) 2.98 149 149 1.49 0.75
Inlet load (g/m¥/h) 52.75 105.50 158.26 158.26 316.51

% m: ethanol injection rate at asyringe pump, Q: air flow rate, C,,: feed concentration, 7: EBCT (effective height: 0.38 m)

Biofilter (toluene)

| Q{L/min) toluen(u/min) —=— feed —— 1st —a—2nd 3rd +exi1|

600 v
= 500 | e,
o
<400
2
%3m0 |,
=
g 200 |
=
S 100 |

u]
1 1" 21 3 41 51 B1 71
Times

Fig. 4. Varioustoluene concentrations of bidfilter at each sampling
port versus experimental times.
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Fig. 5. Removal efficiency, inlet and exit concentrations versus
times.

was observed to recover the status prior to flooding.

Theinlet load of ethanol co-feed wasincreased by 1.5 timeswhile
the process conditions of toluene were maintained the same as those
of the 2nd stage of operation & the 3rd stage of operation (43 times
58 times). The concentration of toluene at the 1s sampling port was
raised by afactor of two at the 3rd stage of biofilter-run, while the
effect of hydrophilic ethanol co-feed was observed negligible on tran-
dent behavior of hydrophobic toluene concentrations at the 2nd,
3rd and 4th sampling ports, compared to those of the 2nd stage of
bicfilter-run as shown in Fg. 4, except for abnormd pesk of tolu-
ene concentration due to flooding effect, in the smilar manner to
the previous investigation tregting mixed solvert vaporswith hybrid
system composed of a hidfilter and photo-cataytic reactor [Lim
and Park, 2005] where the concentretion of toluene a 1t sampling
port was raised by 50% with the same operating conditions. Mohs-
eni and Allen [2000] reported that remova efficiency of hydropho-

March, 2005

Biofilter (toluene)

|+ Inlet load —=— Elimination capacity |

I 1l 1] Iv v
140
120
100 ] -
: L™ ol e
|

o
3

Elimination capacity & inlet
load(g/m3/h)

80
60 w&
a0 ﬁ,ﬁ’W
20 e
g H
1 " 21 El a4 51 61 il
Times

Fig. 6. Elimination capacity (¢/m*h) and inlet load versustimes.

bic VOC (a-pinene) dropped more sgnificantly up to 74% as the
concentration of hydrophilic VOC (methanal) increesed for the S-
multaneous trestment of hydrophobic VOC (a-pinene) and hydro-
philic VOC (methanol) than that for the sole trestment of hydro-
phobic VOC (a-pinene) of 91.2%. According to the result of Mohseni
and Allen [2000] it may be interpreted that remova efficiency of
hydrophohbic toluene was affected by the presence of hydrophilic
ethanol when high load of hydrophobic toluene was gpplied like
that of the 1¢t sampling port of the bidfilter. However, it was not
the case when alow load of hydrophobic toluene was applied like
those of the 2nd, 3rd and 4th sampling ports snce hydrophobicity
of tolueneis much lessthat of a-pinene. Thus, it may be suggested
that biodegradation of hydrophobic VOC was interfered by hydro-
philic VOC dissolved in biolayer, and the degree of interference was
proportiond to the inlet load of hydrophobic VOC as well &s that
of hydrophilic VOC and was inversdy proportiond to the solubility
of hydrophobic VOC.

Time-evolutions of removd efficiency and dimination capacity
versus inlet load are shown as in Fgs. 5 and 6, repectively. The
removd efficiency of toluene maintained dmost 100%, asin Fg. 5,
in early bidfilter-run. However, in the end of the bicfilter-runitsre-
moval efficiency was maintained a 65% after it began to decrease
when inlet load surpassad the maximum diminaion capecity of
90 gm’h, asin Figs 6and 7.

2. Time Evolutions of Hydrophilic Ethana Concentrations and
the Effect of Hydrophobic Toluene Cofeed at Four Sampling
Ports

Trandent behavior of ethandl concentrations measured & the po-
dtion of feed inlet and four sampling ports of the fore-said bicfilter
isshown asin Figs 8a, 8b and 8c.
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After excess amount of 45ml buffer solution was poured into
the bicfilter at 18th time of 2nd stage operation (9-26 times) of bio-
filter, abnormal largest concentration pesk appeared firg a the 1¢
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Fig. 7. Elimination capacity (¢/m¥h) versus inlet load of toluene
at the exit of bidfilter.
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Fig. 8. () Various ethanal concentrations of bidfilter at each sam-
pling port versus experimental times. (b) Various ethanol
concentrations of biofilter at feed inlet and 1st sampling
port. (c) Various ethanal concentrations of bidfilter at 2nd,
3rd and exit sampling ports.

sampling port. For the lower sampling port less ébnorma peek ap-
peered later with atimeinterva than that of the upper sampling port
asshownin Figs 8a 8b and 8c. The removd efficiency of ethanal
was obsarved to decrease due to such flooding effects of excess sup-
ply of buffer solution and to recover the Satus prior to flooding later
as shown in Fgs 9a and 9b from the part one of this work [Lim
and Park, 2004], which was smilar fashion to thet of toluene.

At 4th stage of bidfilter-run (43-58 times) process conditions of
ethanol were maintained as the same as those of the 3rd sage of
operation except for temperature of bicfilter. 10 ml of buffer solu-
tion was provided intermittently to the biofilter except for the 43rd
time and 50th time of bidfilter-run when each of 20 ml buffer solu-
tion was provided. Each time-evolution of ethanol concentration at
each sampling port was observed sharply incressed around these
two times (i.e., 43rd time and 50th time) of 4th stage of bidfilter-
run and lowered, asin Figs 8a, 8b and 8c. It may be attributed thet
relaively large amount of buffer solution provided at 43rd time and
50th time of biofilter-run caused flooding in the bidfilter, and it re-
covered the satus prior to the flooding in congideration that experi-
menta times of abnorma concentration peaks of ethanal (in par-
ticular, from 2nd sampling port) shown at 4th stage of bidfilter-run
were exactly matched with those (i.e, 43rd time and 50th time) when
each of 20ml-buffer solution was provided to the bidfilter.

Time-evolution of dimination capecity versusinlet load is shown
as in Fg. 10. In ealy time-evolution of removd efficiency asin
Fg. 9a it maintained dmost 100%. However, it began to decrease
when inlet load surpassed, asin Fig. 10, 100 g/m’h consistent with
maximum dimination capecity shown asin Fg. 11. At the end of
the bidfilter-run removd efficiency was decreased and maintained
a 40%. During the whole bidfilter-run, time-evolution of removal
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Fig. 9. () Removal efficiency, inlet and exit concentrations versus
times. (b) Removal efficiency, inlet and exit concentrations
versustimes[Lim and Park, 2004].
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Fig. 10. Elimination capacity (g/m*h) and inlet load ver sustimes.
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Fig. 11. Elimination capacity (gym*h) versusinlet load of ethanol
at the exit of bidfilter.

efficiency was qguite Smilar to that as shown in Fig. 9 from part
one of thiswork [Lim and Park, 2004] where wasgte-air contained
only ethanal. This comparison inferred that the existence of hydro-
phobic toluene from wagte-air can hardly affect the removd of hy-
drophilic ethanadl in the bicfilter. Moreover, this inference was cor-
sgent with the experimenta result thet the effect of hydrophobic
toluene co-feed was observed negligible, of Lim and Park [2005]
where the ethanol concentrations, in 4th stage of hybrid sysem-
run, a every sampling port remained dmogt the same asiin the pre-
vious gage of hybrid sysem-run even though the inlet load of tolu-
ene co-feed wasincreased by factor of two.
3. Analysis of Packing Media

Thedengty of packing mediawas 040 and theinitidly neutrd pH
of pecking media from 2nd and 4th sampling ports changed to 5.65
and 6.20, respectively, a the end of bidfilter experiments. Moisture
contents of the media from these two sampling ports were 52.50%
and 54.45%, respectively. The totd bacterid numbers (TBN) for
the 1<, 2nd and 3rd sampling ports were 1.72x10%g, 9.03x1C°/g
and 6.15x10%/g, respectivey, in such away that TBN was decreased
as the effective height was increased. Microbes were obsarved by
fluorescence microscope (16x100) (Axiolab, Xeiss, Germany) UV
filter (G365, LP395, FT420) asshown in Fg. 12.

CONCLUSION

After excess amount of 45ml buffer solution was poured into
the bidfilter, less abnorma pesks of toluene and ethanol concentra:
tions gppeeared for the lower sampling port & the sametime asand
later with atime intervd than, respectively, those of the upper sam-
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Fig. 12. Microbes observed by fluorescence microscope (16x100)
(Axiolab, Xeiss, Germany).

pling port. The removd efficiencies of toluene and ethanol were
obsarved to decrease due to such flooding effects of excess supply
of buffer solution and was observed to recover the gatus prior to
flooding later. In the early stage of the bidfilter-run remova effi-
dencies of toluene and ethanol maintained dmost 100%. However,
they began to decrease when inlet load surpassed 90 gm/h and 100
g/m?h condgigtent with maximum imination capecity of toluene
and ethanol, respectively. At the end of the bicfilter-run remova
effidencies for toluene and ethanol were decreased and maintained
at 65% and 40%, respectively.

Contrary to the result of Mohseni and Allen [2000], & the 3rd
gage of the bidfilter run, the effect of hydrophilic ethanol co-feed
was obsarved negligible on trandent behavior of hydrophobic tolu-
ene concentrations at the 2nd, 3rd and 4th sampling ports, conm-
pared to those of the 2nd stage of biofilter run, except for abnorma
peek of toluene concentration due to flooding effect. However, satu-
rated concentration of toluene was raised by factor of two at the 1¢
sampling port & the 3rd Sage of bidfilter run. According to the resuilt
of Mohseni and Allen [2000], it may be interpreted thet remova
efficiency of hydrophobic toluene was affected by the presence of
hydrophilic ethanol when high load of hydrophobic toluene was gp-
plied likethat of 1st sampling port of bicfilter. However, it was not
the case when low load of hydrophobic toluene was gpplied like
those of 2nd, 3rd and 4th sampling ports, since hydrophobicity of
tolueneismuch lessthat of a-pinene.

Thus, it may be suggested that biodegradation of hydrophobic
VOC was interfered by hydrophilic VOC dissolved in the biolayer
and the degree of interference was proportiond to the inlet load of
hydrophobic VOC aswel asthat of hydrophilic VOC and wasin-
versy proportiond to the solubility of hydrophobic VOC. How-
ever, it wasinferred that the existence of hydrophobic toluene from
wadte-air could hardly inversdly afect the remova of hydrophilic
ethanal in the bidfilter when the time-evolution of hydrophilic ethar
nol concentrations of this experiment was compared with those of
the previous experiments of Lim and Park [2004, 2005] to treet wade-
ar containing ethanal.
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