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Abstract

To investigate the effect of adding large size inert materials into natural organic packing media in waste gas treatment, two biofilters,
one packed with buckwheat hulls and inert spheres and the other packed with buckwheat hulls only, were used in parallel experiments to
treat toluene gas for 305 continuous days. The toluene removal capacities and pressure drops of the two biofilters were compared during the
experiments. The physical properties of the filter beds were also investigated by pulse injection technique combined with a mathematical
model. In the late phase of the operation with a sufficient supply of nutrients, the biofilter with inert spheres showed a higher toluene removal
capacity than the biofilter without inert spheres. This was due to the fact that the biofilter with inert spheres had less bed compaction and a
greater increase in specific surface area. The pressure drop of the biofilter with inert spheres was also significantly lower and more stable than
that of the biofilter without inert spheres due to its higher bed void fraction. All the experimental results quantitatively showed that adding
inert spheres into the filter beds could improve the performance of the biofilter under long-term operation.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction moisture content, sufficient nutrients and suitable pH for mi-
crobial growth in the packing medium; (2) it should have
Over the past two decades, different techniques, such adarge surface area and uniform pore distribution to gain high
incineration, catalytic oxidation, adsorption and biological VOC mass-transfer efficiency from the gas phase to the pack-
treatment have been developed to control pollution from ing media; (3) it should have low pressure drops to reduce
volatile organic compounds (VOCg}1]. Compared with energy consumption; (4) it should have minimum bed com-
other techniques, biological treatment is more often used for paction and deterioration to avoid frequent replacement; (5)
low concentration VOCs treatment (<3000 mgfgener- it should be cheap and easy to obtain.
ally) and has advantages of simple configuration, low capital  Packing media used for waste gas biofiltration are usually
and operation costs and minimum secondary pollution pro- divided into two categories: natural organic packing media
duction[2—4]. Biofilters are the earliest type of biological and inert packing media. The natural organic packing media,
reactor and many scientists and technical engineers focuseduch as compost, peat, soil and wood chips, have been the
on them[5]. most frequently used from the early period of the applica-
The characteristics and functions of the packing media aretion, especially for conventional biofilters with open beds.
very important for biofilters to perform well. An ideal pack- The advantage of natural organic packing media is that they
ing medium should meet the following requiremef@s/]: are usually cheap, comprising some nutrients and active mi-
(1) it is easy to maintain optimum conditions, such as high croorganisms, and thus make the biofilter to have a quick
startup. Nevertheless, bed compaction often occurs for natu-
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formation of anaerobic zones and decreased long-term op-effective length of the filter bed, which may also affect the

eration performance. In recent years, more and more inertVOC removal rate. Thus, the effect of adding inert materials

packing media, including perlite, ceramic, activated carbon, on physical properties and bed compaction should also be

lava rocks and many artificial plastic or glass packing me- studied for long periods of operation.

dia have been studied by researchers and applied by com- The aim of this study is to investigate the effect of adding

panies. For inert packing media, its advantages are that itinert materials into the filter bed on the biofilter's VOC re-

is physically intensive and chemically stable, having mini- moval performance under long-term operation. The filter

mum bed compaction and a longer lifetime. However, most bed’s physical properties, the VOC removal capacities, bed

inert and synthetic packing media are more expensive thancompaction and pressure drops of two biofilters with and

natural organic packing med[&8]. Many researchers have without inert spheres were compared.

reported that in order to minimize the bed compaction and

extend the lifetime of the organic packing media, adding

large size inert materials, such as glass beads, polystyren@. Materials and methods

spheres and lava rocks, into the organic packing media could

decrease the bed compaction and avoid clogging and sig-2.1. Biofiltration systems

nificant pressure drofp—11] Nevertheless, most of these

works did not report how the addition of large size inert Two paralleled biofilter systems, identified as BF1 and

materials into the filter bed would affect the VOC removal BF2, were establishe&ig. 1). The biofilters had same setup;

capacity of the biofilters quantitatively. There are almost each biofilter column had a height of 1.5m and an inner di-

no reports of any systematic comparison of biofilters with ameter of 0.1 m. The filter bed was divided equally into four

and without inert materials under long-term operation in the layers, which were identified as layers A, B, C and D from

literature. the bottom to the top of the biofilter. The overall volume of
To predict how adding inert materials will affect the VOC-  the filter bed was 7.9 L for each biofilter.

removal capacity of a biofilter, the change of the physical = Buckwheat hulls were used as the organic packing

properties of the filter beds should be considered. Pellet sizemedium as reported in a previous styd@]. The inert ma-

and the specific surface area of the filter bed are the key phys-erial selected here was polypropylene sphefas (). BF1

ical properties that influence the VOC mass transfer rate andwas packed with 0.90 kg buckwheat hulls, which had an av-

removal rate. They were found to be the major factors lim- erage diameter of 5mm, a bulk density of 130 kgbhand

iting the compost-based biofilters’ VOCs removal capacity a moisture content of 10%. The void fraction of the BF1

[12]. The addition of large size inert material reduces the bed was 0.65. BF2 was packed with 0.71 kg buckwheat hulls

specific surface area of the filter bed and then may lead themixed with 0.43 kg polypropylene spheres, which had a di-

VOC removal rate to decrease. On the other hand, adding in-ameter of 25 mm and a bulk density of 118 kg¥nThe void

ert materials prevents the bed compaction and maintains thefraction of the BF2 bed was 0.72.
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Fig. 1. The schematic of the biofilter system and the inert spheres used in this study.
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Toluene was selected as the representative VOC, because fior BF2), nutrient solution was used. The nutrient solution
is a very typical and widely used chemical in many industrial contained 10gL! of NaNQs, 0.7 gL~! of NaHPQ, and
areas. To produce a toluene gas with the desired concentra0.6 g L~1 of NaH,PQy.
tion, a toluene feeding apparatus was set up using a capillary During the experiment period, the concentrations of
tube made of quartz glass (Yongnian Corp., China). The flow gaseous toluene in the inlets and outlets of the two biofilters,
rate of liquid toluene fed into the influent air was controlled the microbial concentration in the packing medium, and the
by setting the proper radius, length and inlet pressure of thelength and the pressure drop of the filter bed were monitored
capillary. The functional relationship can be described by at intervals. The pulse injection technique was also applied
Poiseuilli's equation: on different days in order to investigate changes in the filter
4 beds’ physical properties.

R
Q=8—(P1—P2) 1) L . .
nL 2.3. Molecular retention time distribution curve analysis
whereQ (m3s1) is the flow rate of liquid in the capillary
tube; R (m) the capillary radiusl. (m) the capillary length,
n (Pas) the viscosity of the liquidP; (Pa) the inlet pressure

The pulse injection technique is often used to monitor the
flow behavior in reactors by using an Axial Dispersion Model

of the capillary tube ané; (Pa) is the outlet pressure of the [14,15] The'trqcers used to estimate the retentiqn time O,f the
capillary tube. A capillary with a length of 40 m and an inner gas flow in biofilters should be strictly hydrophobic to avoid a

diameter of 25@.m was used here, and the valueRafwas mass-transfer process between the gas phase and the packing
about 3.0x 10* Pa ' medium. Unlike the normal pulse injection technique, an ab-

A metering pump (Iwaki EHC-R220C, Japan) was used sorbable tracer was used here. The_ time course of the tracer
to send tap water or a nutrients solution from a stock tank to concentration in the outlet of the biofilter, which could be
the filter bed. define as the molecular retention time distribution (MRTD)
curve[16], was used to analyze the physical properties of
the filter bed. The difference between using a hydrophobic
tracer (for example methane) and an absorbable tracer was
well interpreted in Mendoza’s woild.7].

The 1,2-dichloroethane (DCE) was selected as the ab-
sorbable tracer because it is non-degradable in the biofilter.
Under the superficial velocity of 64 nth, 0.5g DCE was
injected into the inlet of the biofilter and the DCE concentra-
tionin the outlet was measured at intervals to gain the MRTD
curve. The sampling of the outlet gas continued until the DCE
concentration was lower than 1% of the peak concentration.
The recoveries of the DCE were between 0.91 and 0.96 in
most cases.

To characterize the MRTD curves, the theoretical mo-
mentsv, and o of the MRTD curve were then calculated.
v1 (S) is the first absolute moment of the MRTD curve, which
represents the average molecular retention time of the VOC
Opulse.uz (s?) is the second moment of the MRTD curve

which represents the width of the MRTD cunveandu, are

2.2. Operating conditions and experimental control

After the biofilters were inoculated with 1.2 L activated
sludge (MLSS=6.3gL?) taken from a wastewater treat-
ment plant, biofilters BF1 and BF2 were operated continu-
ously in parallel for 305 days. After day 305, the pressure
drop of BF1 became so high that the biofilter could not con-
tinue to run, while BF2 had arelatively constant pressure drop
and could run through the end of the experiment on day 360.
The operating conditions of the two biofilters were kept the
same, and are shownTable 1 To compare the performance
of the biofilters under nutrient-rich and nutrient-limited con-
ditions, the whole experimental period was divided into four
phases according to different spray conditions. During Phase
| (days 1-45) and Phase Il (days 136—-210), tap water was
sprayed into the filter bed directly, while during Phase Il (days
46-135) and Phase IV (days 211-305 for BF1, days 211-36

Table 1 defined as:
Operating conditions of the biofilters fgotc,dt Z tici At
- vy = = )
Environment 00 AT
c,dt ciAt,
Temperature 19-28 f() ! Z e
Relative humidity 50-85% and
Gaseous toluene feeding 00 2 2
Inlet toluene concentration 200-400 mg#n oy = o (1 = vi)eids ~ 2 (1 = vi) ei A )
Flow rate 0.5mMh~1, upflow fgoctdt > At
Empty bed retention time 1min
Velocity 64mht 9 wheret (s) is the time after injection and (mgm3) the
Loading rate 10-259 tolueneThh outlet gaseous concentration of inert VOC at tim8o, the
Spraying _ _ MRTD curve can be expressed a@s-t; tj (s) is the speci-
gp’ay?d '!q;“d | T;lp water °r6r‘;“”e”t solution  fied time andc; (mg m3) is the outlet tracer concentration
praying intervals nce every . ) . .
Quantity sprayed 200300 mLA measured at timg. At; (s) is the difference betwednand

ti_1. With the theoretical moments of the MRTD curve, the
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physical properties of the filter beds were then analyzed by
a newly designed mathematical model, which is described in
the latter part of this paper.

2.4. Analytical methods

The concentrations of toluene and 1,2-dichloroethane

were analyzed by a gas chromatograph (Shimadazu, GC-

14B, Japan) with an FID detector and a capillary column
(ULBON HR-10.25 mmx 30 m). Nitrogen was selected as
the carrier gas, while pure hydrogen and air were supplied to
the FID detector. The temperatures of the column oven, in-
jector and detector were 100, 150 and 16Qrespectively. A
fifty-milliliter gas sample was taken from the biofilter using
a glass syringe with a latex seal. A 2pQ-gastight syringe
(Hamilton Corp., USA) was used to draw fifty microliters of
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Fig. 2. Variations of the toluene removal efficiency and toluene removal rate
for BF1 and BF2: @) REg of BF1; (O) REq of BF2; (A) —ri of BF1

gas from the glass syringe and to inject the gas into the gasand @) —r of BF2.

chromatograph.

To measure the microbial concentration in the packing
medium, the microorganisms or the biolayers existing on the
surface of the packing medium were washed out first. About
5mL of packing medium was taken from the filter bed and
put into 50 mL distilled water. After the packing medium
was surged by ultrasonic wave (40 kHz, 100 W, 45 s), the mi-
croorganisms in the packing medium were washed out of
the inert particles into the water. The optical density of the
microbial suspension was then measured at a wavelength o
600 nm. In a previous workl8], the relationship between
600 nm optical density of the microbial suspension &g
cm~1) and the microbial concentration in the suspensk (
expressed as gcell! suspension) was discovered to be
Xs=0.30x ODggo. The microbial concentration in the pack-
ing medium K, expressed as g celt packing medium)
was then calculated b)p =Xs x 50Ny, in which V,, is the
volume of the packing medium sample in milliliters.

The pressure drop of the filter bed was monitored by a wa-
ter manometer. The void fraction of the filter bed was mea-
sured using the water displacement method as described i
the literaturg15].

3. Results and discussion

3.1. Toluene removal performance

The toluene removal efficiencies (R and toluene re-
moval rates €ry) of BF1 and BF2 are shown iRig. 2

nutrients, these nutrients would be used up after a certain pe-
riod. During the experiments, tap water was used for spray-
ing in Phases | and lll, while a nutrient solution was used in
Phases Il and IV. As a result, the Beof BF1 and BF2 in-
creased in Phases Il and IV, but decreased in Phases | and IlI.
This result indicates that a sufficient nutrient supply is very
necessary for maintaining the biofilter’s toluene removal ca-
1pacity.

In Phases Il and IV with nutrient feeding, the toluene re-
moval capacities of the two biofilters were compared by using
the average values of Rfrand—ryg. In Phase Il, BF1's aver-
age RE, was 67% and its averaga was 9.6 gCm3h1,
which was higher than BF2’s average ®K£51%) and aver-
age—r (8.8gCnr3h~1). Butin Phase IV, BF1 had an av-
erage R, of 70% and an averageri, of 8.1gCnT3h1,
which was lower than BF2’s average BE81%) and—rig
(131 gCnr3h~1). The differences of the toluene removal
capacity between the two biofilters suggest that adding inert
spheres into the filter beds changed some properties of the

ilter beds.

After day 305, BF1 was seriously clogged and its opera-
tion was stopped, while BF2 continued to run under the same
conditions until day 360. The toluene removal efficiency of
BF2 remained around 80% and did not fall. This result sug-
gests that if the nutrient supply is sufficient, the biofilter with
inert spheres can achieve higher and more stable toluene re-
moval capacity throughout a long period of operation.

The data describe the results of about one year’s continuous3.2. Microbial concentrations in the packing medium

operation.
In Phase |, the RE of BF1 and BF2 both increased soon

The biological removal of toluene is accomplished by the

after the startup and then fell to less than 20%. The decreasanicrobial consortium in the packing medium. Thus, the mi-
in REo was mainly due to the lack of inorganic nutrients. crobial concentrations in the packing medium must be one of
Many studies reported that inorganic nutrients including ni- important factors affecting the toluene removal capacity. The
trogen and phosphorous salts are necessary for maintainingnicrobial concentrations in the packing medium of BF1 and
the toluene removal capaciti®,20] Although organic pack-  BF2 were measured intermittently and the results are shown
ing media, such as compost often originally contained somein Table 2
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Table 2
The microbial concentration in different layers of BF1 and BF2
Phases
|2 I n \Y,

5days 12days 19days 33days 47days 64days 105days 194days 216days 246days 250days 291 days
BF1 (gcell 1)

LayerA 085 107 123 049 098 102 245 223 206 083 119 219
LayerB Q92 095 085 047 079 b - - - - - -
LayerC 125 135 069 058 090 062 254 201 165 077 061 089
LayerD 158 126 120 058 090 - - - - - - -
Average 115 116 099 053 089 082 250 212 186 080 090 154
BF2 (gcell 1)
LayerA Q76 233 063 060 - 068 256 082 124 135 299 215
LayerB Q86 104 120 059 - - - - - - - -
LayerC Q78 087 071 059 - 091 096 090 137 174 147 090
LayerD 106 076 123 075 - - - - - - - -
Average 086 125 094 063 - Q79 176 086 130 154 223 153

a The microbial concentration on day 0 was calculated to be around 0.85 géddbsed on the amount of activated sludge inoculated.
b Not measured.

The samples taken from different layers differed by their cracked more easily due to the effect of biodegradation. The
microbial concentration, indicating that the microbial con- direct water spray also promoted bed compaction, but its
centration in the filter bed is not homogeneous. The microbial effect was very limited. The inert and rigid spheres added
concentrations in the inlet layer are often higher than in the into the filter bed could function as a framework which
other layers because the toluene concentration and removatould support the cracked particles and effectively prevent
rate are higher in the inlet layg21,22] Therefore, the aver-  bed compaction.
age value of samples from different layers was used to eval- Bed compaction reduced the effective volume of the fil-
uate the microbial concentration in the whole filter bed. For ter bed. If the amount of toluene removed by unit volume of
both biofilters, the average microbial concentrations showed filter bed did not change much, the total amount of toluene
variation trends that were almost the same as the changes imemoved by the whole reactor would be reduced due to bed
the toluene removal efficiency. The average microbial con- compaction. In Phase I, since the difference between BF1's
centration of BF1 in Phase Il was higher than that of BF2, bed length and BF2’s bed length was not significant (the
which explains the difference of toluene removal capacity BF1's bed length was about 90% of the BF2's bed length),
between BF1 and BF2 in Phase Il. However, the averagethe higher microbial concentration in BF1 resulted in BF1
microbial concentration of BF1 was a little higher than that having a higher Rfg and —r. But in Phase 1V, the bed
of BF2 at the beginning and the end of Phase IV, while the length of BF1 was only about 75% of the BF2’s bed length.
toluene removal capacity of BF1 was lower than that of BF2. This resulted in BF1 having a lower pFand—rig|.

This indicated that the microbial concentration was not the
only reason for the difference in the treatment performance 3.4. Analysis of the physical properties of the filter beds

of the two biofilters. ) ) )
The differences in the toluene removal behabior between

3.3. Bed compaction BF1 and BF2 should be originally caused by the difference in

100 3
920 X
80 |
70
60 F
50 |
40 F
30 F
20 |

During the operation period, the lengths of the filter beds
for BF1 and BF2 were monitored, afdy. 3shows the per-
centages of the filter bed length to the initial length. Serious
compaction occurred in BF1, and its bed length was only
67% of the initial length by the end of the operation. For
BF2, which had inert spheres, the bed compaction was not
significant, and the bed length remained 91%. Four layers of
each biofilter had almost the same bed length reduction, ex- 0k
ceptfor the layer with direct spray, which showed a little more o Do i
compaction during the operation period (data not shown). o 50 O'“gram‘)f]”ﬁmi“(‘;) 250 300

The bed compaction of the filter bed was estimated to be P
mainly caused by the deterioration of the buckwheat hulls. rig. 3. variations of the percentage of filter bed length to the initial length:
The particles of the buckwheat hulls decreased in size and(m) BF1 and {J) BF2.

Percentage of the bed length (%)
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physical properties of the filter beds. MRTD curves of DCE For DCE pulse input, the initial conditions for this model are
were used in this study to analyze the physical properties of as described below.
the filter beds. A math model describing the movement and

transfer of DCE in the filter bed was also designed to discover €9/=0 = 0 @
the relationship betwgen the physical properties of the filter ¢, ,_q = 0 (8)
beds and the theoretical moments of the MRTD curve.

Some simplifying assumptions were made in order to €g.x=0 = mé(t), (9)

make the model simple and easy to resolve. These assumpyherem (mg) is the amount of DCE injected into the inlet of
tions have also been used in other wo[R8,24} (1) the  he piofilter, ands(t) is the Diracs function, which describes
packing medium can be taken as a two-phase system: the aifhe pyise[25]. Egs.(7) and (8)indicate that the initial gas
phase and the solid phase. The solid phase includes the '”erbhase and solid phase DCE concentrations are zero.
particles and the biolayers around the particles. (2) The fil- By solving the equations in the Laplace domain, the theo-
ter bed composition (e.g., void fraction and specific surface (gtical moments of the MRTD curves can be expressed by the

area) is homogeneous. (3) The gas phase and solid phasgnayacteristic parameters of the filter bed as shown in Egs.
DCE concentrations along the filter bed are mainly decided (10)and(11).

by convection in the gas phase and adsorption between the

gas phase and the solid phase, and the axis diffusion in the,, _ E[g +(1—#)K] (10)
gas phase is negligible. (4) The adsorption equilibrium rela- u

tion between the gas phase concentration and the solid phase 2L aDp\ ™~

concentration can be written in a linear expression. 2 =—(1 - 8)2(5_b> K, (11)

Accounting for the mass balance in the gas phase, the vari-
ation of the DCE concentration in the gas phase is dominatedwhereL is the bed length of the biofilter. The characteristic
by the convection in the gas phase and the DCE transfer fromparameter& andaDy/dp can be expressed by the theoretical
the gas phase to the solid phase. So, the following equationmoments of the MRTD curve as follows:

can be gained: Le —
_ & viu (12)

deg dcg  aDp(Kcg — cp) @) L(e —1)
EY—=-UuUy————",

ot ox S aDp 2L82 — Le —eviu +viu (13)
Wherecg (mgm3) is the gas phase DCE concentratiog, db Hop '
(mg ) the average DCE concentration in the solid phase,  Fig. 4shows an example of MRTD curves. Using E@®.
¢ (dimensionless) the void fraction of the filter beqm h™*) and (3), the average molecular retention timg)(and the

the superficial velocitya (m” m~3) the specific surface area  idth of the MRTD curve (i) were calculated based on the

in the packing mediurDy, (m? h~1) the effective diffusion  MRTD curves. The results are shownTiable 3 The values

coefficient for DCE andy, (m) is the average thickness of  of ), were from 10 to 15 min, which was much longer than the

the solid phaseaDy/sy (h™*) represents the overall mass-  hydrodynamic empty bed retention time of the two biofilters

transfer coefficient from the gas phase to the solid phase. (apout 1 min) by an order of magnitude. This was caused by

(dimensionless) is the ratio of the solid phase DCE concen-the adsorption and desorption process of DCE between the

tration and the gas phase DCE concentration in the state ofgas phase and the packing medium.

equilibrium, x (m) the distance along the filter bed, arth) As shown inTable 3 the average retention time of BF1

IS time. decreased and remained only 64% of the initial level at the
e(dcg/ot) represents the variation of DCE in the end of the operation period, while the of BF2 kept fairly

gas phasep(dcy/0x) represents the convection rate, and constant and remained at 88% of the initial level. Accord-

aDp(Kcg—cp/)/8p represents the mass-transfer rate from the ing to Eq.(10), the value ofv; was determined by the bed
gas phase to the solid phase.

Accounting for the mass balance in the solid phase, the
variation of the DCE concentration in the solid phase is dom-
inated by the transfer process from the gas phase to the solid
phase. So another equation is given:

3

DCE concentration (mg.m)

8000
6000

3 D 4000
cp  aDp

ep— = —(Kcqg — cp), 5
b5 = 5 (Kg = cv) (5)
wheregp (dimensionless) is the ratio of the solid phase vol- 0

ume to the whole filter bed volumeandey have the follow- 0 10 20 30 40 50

ing relationship: Time after injection (min)

2000

e+ep=1 (6) Fig. 4. MRTD curvesi—t on day 147: @) BF1 and () BF2.
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Table 3 be caused by the increase in the specific surface area, which
Theoretic moments calculated from the MRTD curves was a result of microbial growth and biomass accumulation.
Time (d) Morgan-Sagastume et 4l5] studied the physical property
0 72 147 162 246 291 changes of a compost biofilter using a flow channel model,
V1 (min) and aI'so qbser\{ed the inprease in' the specific ;urface area,
BF1 159 166 106 144 97 110 especially in the inlet section of the filter bed. In this study, the
BF2 116 - a1 9.3 108 95 specific surface area of BF2 increased, becoming close to that
112 (Min?) of BF1, which resulted in a similar microbial concentration
BFL 1162 1159 866 1093 605 606 at the end of the operation.
BF2 989 - 713 793 597 431

3.5. Pressure drops

lengthL, void fractione, superficial velocityu, and equilib- i _ g
rium constanK. The decrease im for BF1 was estimated ¢ Theplterbed prtletss;lfre?rotﬁs is another key asp(ta_ct Of?'ct);"'
to be caused by the bed length reduction due to compaction er performance. Tt aflects the energy consumption of the

The initial value ofv1 for BF1 was much higher than that of bIo_\I/_vher, Wh.lch contr]:brl;ltes most toéhe opefrartllo?lcosf). d
BF2, while the initial bed lengths of BF1 and BF2 had no e variations of the pressure drops of the filter beds are

difference (se@able 3 Fig. 3). This was due to the fact that shown inFig. 6. Before day 130, the pressure d_rops of BF1
the initial void fraction of BF1 was less than that of BF2. and BF2 were arond 36 a’?d 22 Pajr.nresp_ectlvely. The
The parameter& andaDy/§), calculated from the theo- initial pressure dr_op Of. th? f|IFer bed is ’.“a'”'y _determlned
retical moments of the different days are showrFig. 5. by Fhe particles size dlstrlbu_tlon, thg void fraction and the
As shown inFig. 5, theK values of BF1 and BF2 were very moisture content of the packing media. _The pressure drop of
close and remained steady throughout the operation period BF2 was lower than BF1 because the void fraction of BF2 was

This result indicated that the equilibrium constants of BF1 higherthan that of BF1. The pressure drops of BF1 and BF2
and BF2 had no significant difference. increased suddenly on day 24, which resulted from too much

In Phases | and II, thaDy/s, value of BE1 was about water sprayed (about 600 mE#) due to a control error. _
5.0-5.5h1, while theaDy/s, value for BF2 was between After day 130! the pressure drop of BF1 began to in-
3.5and 4.0 hl, which was lower than that of BF1. Since the crease and remained a_t 300-500 I?én_»ffter day 230, the_
values ofD, andsy are fairly constant for a specific biofilter pressure drop of BF1 mcrea_sed S|gmf|cantl_y and the filter
and a specific VOC, this difference in ta®y/8, value was bed of BF.l was clogged seriously with maximum pressure
most probably due to the fact that the specific surface area ofdrOp fanging from 1000. to 2700 Pm%.] For BFZ.’ the pres-
BF1 was higher than that of BF2, which had large size inert sure drop jumped occasionally, reaching amaximum pressure
spheres. A higher specific surface area improved the massJ70P 0f about 400 Pat, and came back to the initial level

1
transfer and biodegradation rate in the filter beds, resulting in (20-30 Pam™) eventually.

more biomass production and accumulation in the packing b (‘jl’he presiure k()j_rop mcreascihls Zn |ntt§g|1rated Ir(ta.sultt. of
medium. This should be one of the important reasons that €d compaction, biomass growth and particie aggiutination

the microbial concentration and toluene removal capacity of [11,26] The pressure drops of thg different Iayers for both
BF1 were higher than those of BF2 in Phase Il. BF1 and BF2 were measured during the experiment and the

After Phase Il, theaDp/5p values of both BF1 and BF2 result on day 195 is shown iRig. & For BF1, only the

increased and reached about 6:8.HThis was estimated to ~ Pressure drop of the inlet layer increased significantly, while
the other layer’s pressure drop remained at 36 P& ®ince
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the bed compaction occurred in each bed layer of BF1, the [5] G. Leson, A.M. Winer, Biofiltration: an innovative air pollution con-

bed compaction was not the main reason for the pressure trol technology for VOC emissions, J. Air Waste Manage. Assoc. 41

drop increase. The inlet layer with higher toluene concentra- __ (1991) 1045-1054. = = .

tions usually had a hiaher toluene removal rate and biomass [6] R.L. Corsi, L. Seed, Bidfiltration of BTEX: media, substrate and
y . g . . . loadings effects, Environ. Prog. 14 (1995) 151-158.

growth rate, which resulted in more biomass accumulation (7] w.J. swanson, R.C. Loehr, Biofiltration: fundamentals, design and

(seeTable 2. The excess biomass blocked the flow channels operations principles, and applications, J. Environ. Eng. 123 (1997)

in the filter bed and increased the pressure drop. This result ~ 538-546.

indicated that the excess biomass accumulation contributed (8] C- Kennes, M.C. Veiga, Inert filter media for the biofiltration of
t to the bed cl . fBE1 waste gases-characteristics and biomass control, Rev. Environ. Sci.
mostto the bed clogging o ' Biotechnol. 1 (2002) 201-214.

The pressure drop of BF2 was stable during the operation [g] m. Zilli, B. Fabiano, A. Ferraiolo, A. Converti, Macro-kinetic in-
period, because the higher bed void fraction of BF2 reduced  vestigation on phenol uptake from air by biofiltration: influence of
the likelihood of the bed clogging. The experimental results superficial gas flow rate and inlet pollutant concentration, Biotechnol.
mentioned above verified that adding inert spheres into filter ___ Bioeng. 49 (1996) 391-398.

10] D. Arulneyam, T. Swaminathan, Biodegradation of methanol vapor
beds can actually lower the pressure drop and the energy” ™ ; ', \sfiter, J. Environ. Sci. China 15 (2003) 691-696.

consumption of the biofilter during long periods of operation. [11] F. Morgan-Sagastume, B.E. Sleep, D.G. Allen, Effects of biomass
growth on gas pressure drop in biofilters, J. Environ. Eng. 127 (2001)
388-396.

. [12] M. Delhomenie, L. Bibeau, M. Heitz, A study of the impact of par-

4. Conclusions ticle size and adsorption phenomena in a compost-based biological

filter, Chem. Eng. Sci. 57 (2002) 4999-5010.
Two biofilters packed with buckwheat hulls, one with inert  [13] J.Y. Xi, H.Y. Hu, Y. Qian, Biological removal of gaseous toluene by
spheres in the filter bed and the other without, were operated a biofilter packed with buckwheat hull, in: Proceedings of the Sec-

continuously for more than 300 days. The following conclu- ;’Zd IWA Conference on Odor and VOCs, Singapore, 2003, session
sions can be_drawn from the ?Xpe”memal results. ~ [14] S.M. Zarook, A.A. Shaikh, S.M. Azam, Axial dispersion in biofilters,

A comparison of the two biofilters’ toluene removal effi- Biochem. Eng. J. 1 (1998) 77-84.
ciencies during different phases verified that it was necessary{15] J.M. Morgan-Sagastume, A. Noyola, S. Revah, S.J. Ergas, Changes
to supply enough nutrients for the biofilter to maintain its in physical properties of a compost biofilter treating hydrogen sulfide,

. . J. Air Waste Manage. Assoc. 53 (2003) 1011-1021.
toluene removal capacity when using buckwheat hulls as the[16] M.A. Garzon-Zuniga, P. Lessard, G. Buelna, Determination of the

pack!ng me(.j'.um- . ) o o hydraulic residence time in a trickling biofilter filled with organic
With sufficient nutrient feeding, the biofilter with inert matter, Environ. Technol. 24 (2003) 605-614.

spheres showed a lower toluene removal capacity in the early{17] J.A. Mendoza, O.J. Prado, M.C. Veiga, C. Kennes, Hydrodynamic
part of the operation due to the fact that it had a lower initial behaviour and comparison of technologies for the removal of ex-
specific surface area than the biofilter without inert spheres, ~ 6°SS biomass in gas-phase biofilters, Water Res. 38 (2004) 404~

. e S . 413.
However, the biofilter with inert spheres had a higher toluene [18] J.Y. Xi, H.Y. Hu, H.B. Zhu, Y. Qian, The isolation and characteri-
removal capacity in the late period of operation mainly be- zations of two strains of toluene-degrading bacteria, in: Proceedings
cause it had much less bed compaction than the biofilter with- of the First National Conference on Odor Measurement and Control
out inert spheres. Techniques, Tianjin, China, 2003, pp. 72-78, written in Chinese.

The pressure drop of the biofilter with inert spheres was [19] E. Morgenroth, E.D. Schroeder, P.Y.D. Chang, K.M. Scow, Nutrient
limitation in a compost biofilter degrading hexane, J. Air Waste

lower and more stable due to the fact that its filter bed had & \1anage. Assoc. 46 (1996) 300-308.

large void fraction. [20] O©.J. Prado, J.A. Mendoza, M.C. Veiga, C. Kennes, Optimiza-

All the experimental results showed that adding inert tion of nutrient supply in a downflow gas-phase biofilter packed
spheres into the natural organic filter bed can effectively pre- ‘é\’;tg an inert carrier, Appl. Microbiol. Biotechnol. 59 (2002) 567
V.ent bed compact_lon and increase the void fraction .Of.the [21] C. Kennes, H.H.J. Cox, H.J. Doddema, W. Harder, Design and per-
filter bed, which will improve the performance of the biofil- formance of biofilters for the removal of alkylbenzene vapors, J.
ter under long-term operation. Chem. Tech. Biotechnol. 66 (1996) 300-304.

[22] J.R. Woertz, K.A. Kinney, N.D.P. Mclntosh, P.J. Szaniszlo, Removal
of toluene in a vapor-phase bioreactor containing a strain of the
dimorphic black yeasExophiala lecanii-corni Biotechnol. Bioeng.
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