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Principle and Commercialization of Biofilter

for Treatment of Volatile Organic Compounds
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1Dept. of Food Sci. & Technol.,, Kyungsung Univ.;
2EcoBiogen Co.; ®School of Chem. Eng., Seoul Nat'l Univ.;
*Dept. Chem Eng., Pusan Nat'l Univ.

Abstract

Styrene as volatile organic compounds(VOC) has come under strict
regulatory control as they cause serious health and environmental problems.
Biofiltration offers a number of economical and environmental advantages over
conventional technologies, such as incineration, catalytic adsorption, and chemical
scrubbing. In this presentation, recent progresses on the development of
lab-scale biofilter for the treatment of gas—phase styrene are reviewed. The

potentials of commercialization of biofilter systems are also discussed.

Key words : Biofilter, biofiltration, styrene, volatile organic compound(VOC)
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Table 2. Regulation of odorous compounds in Korea (2)

= 3 d 4 e R -~
A3 s H GHE 2= o]
7k e T

(1) FFAGH A%

(2) ZTEA SRS A4
U FAFAA

(1) FFAGH A4 - F & 200]8}

(2) ZIEA G A% - 3 u& 159]8}

54 ul& 1,0000] 5
3] 48] & 5000]3}

oral o FAA Gt 71EbA] 9 ko]
rHes A A1

dE Yo} 2 ppmo] &} 1 ppmo] &}
o 2o 27t 0.004 ppmo] 3} 0.002 ppme©] 3}
7] A Fotrih 0.06 ppmo] s} 0.02 ppmeo]s}
- g 0.05 ppm©] 3} 0.01 ppmo] 3}
o] slu g 0.03 ppmol 3t 0.009 ppmo]3}
Edgoldl 0.02 ppmol 3} 0.005 ppmo] 3}k
ol EZ s = 0.1 ppmo] 3} 0.05 ppmo] &}

2E ¥l 0.8 ppmo] &} 0.4 ppmo| s}

AF7A AHEHED e VOC MW o2E cooling towerE ©] &3 F5F4W
(condensation), A% <23 FHH(adsorption), AhL¢ZE] LHo| g FFH
(absorption), ZZojl} ZFujE o] &3 AiW(incineration) 5 &8-858 wWyo] U
Foldth 2y oy e WHE dwrdo=m HXHyt v xH]&o] Aot 2x
B4 LEEAS FEANVE 2AE 7 Ak old wEl A& WHEe £AM 2
AXH) 7 AEe Holw, nAES o83t VOC £3& Fald HFTUAAER Efst
7} el 23 LAERDY Ao v FA A5 WHoti3). £ ERAAME VOC
9 #HItx AYE Y vlolE Y Y& FHs AHIE EHNFoEHN VOC A&
vlol e BE o] WA JM5Ad-E Prhstuxt st

2. Biofilteration ©]&

2-1. #7t2ol] i AETH Xzl U8y
FAEY VOCE E&d #7tzo dg FAZ A= AAdow wHisg
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A = Q& 71Ny B840l FUEA HASW HstAE AAS] HE 71E
223183 HHEL o8 /1A EAREE 72 Jdoh dE EF MY £ HA A H
v 4472 700 T~1400 CelA stz = Adujn] By ofyz} Fu|7F o] 4,
CO, COz, NOSF Z2 Al 23t Q¥ EHo] HAdT. 48 A8 T8 AATES
$2 29 LEEAS X dvtE AdA 53 & AYas& S Ho|ARL 24
Edo] e o] oz FFEHY o FFHAE AAFAY Aok @
o] Qt}. Biofiltratione VOCE X dst= o8 711 #H7tx et 7158 ggtr|e=
A BEEHoR FH7tsd 240 Aol HY, AT H Ao Ade @
Ho|tHFig. 1; 4-6).
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Figure 1. Application of various air pollution control technologies based on air flow rates and
concentrations to be treated (Biofiltration for air pollution control).

19203t Zutol] mlolA LASHE Ho.SE AASY] A3t Ao 2 AESF
A g Wyo] AFEEHJ e, 1970d ¥ 54U JIF =X biofiltrationo] o+ Al A
of 4oz 71F F4& 7lgolge AL RAFANG). 19809 FEH 54 43
Ztzo] digk BEEE AHgol BAE UA HJLoH, 1 oFE oF JA] AdEA
oA BAsE VOC 7128 AstAY &4/M4e] HHer AETH AWy 34§
HAZF &= gl

2-2. BESH A T4
RETH 7t= A e WSS o83t F7] Fo FhrHol ds FIAE

_90_



Adg otsEL, B 59 T EH42 A= UHE LT LEEEL HAY

° i, o] FrE L9EZS UAESEY AL o8t &

o|tHFig. 2). VOCo i3 v &9 a8 F2 ax9 4
FHAL 7 EANE T o8t LPELS ovtEEL, B

T 7t LPEEALS fUER Ex FUIEHE FE udE] A

Fetee 2o duxdoly Bxdoz AAgdn. oz o] FHE JtAG

Fol o Eo g &Hxr}t & GUAG TR FHoth EFT 72

o A AL B B UAE Az i vAEY o) 23 AA Etsd

F, ¢Us=R, AEF 291 39 WIFSEYE 22 7rleEH

=1

A Aggdoz Bast fola,

a8]3 7] biomass&

ane HyeEa
gaseE 43 N4 HE yE 4
» D@L

Contaminants breakdow

Biofilm

» Mass transfer limitation ) 71 @ + cell =—~> CO, + H,0 + more cells

» Kinetic limitation L7:(VOGs)
sdlAe
QHE 8 More cells
o B % &7

Figure 2. Basic principle and internal mechanism of biofilter (Biofiltration for air pollution control).

dlean air dean air dean air

I filter filter contacting

humidifier

. nutrients
wat (33343 o e
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contaminated contaminated  contaminated
air air air

Biofilter Trickling Biofilter Bio-scrubber

Figure 3. Schematics of three categories of bioreactor systems for VOC treatment.
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Table 3. Relative advantages and disadvantages of bioreactor systems for VOC treatment

Biofilter

Trickling biofilter

Bioscrubber

Advantages

Simple operation

Low investment costs
Low running costs
Degradation of less
water soluble pollutants
Suitable for reduction

of odorous pollutants

Disadvantages

Low waste-air
volumetric flow rate
Only low pollutant
concentration
Channeling of air flow
1s normal
Limited service life
of filter bed
Excess biomass
not disposable

Simple operation

Low investment costs
Low running costs
Suitable for moderately
contaminated waste air
Ability to add nutrients

Limited process control
Channeling can be

a problem

Limit service life of
filter bed

Excess biomass

not disposable

Good process control
possible

Suitable for highly
contaminated waste air
Suitable for process
modelling

High operational stability
Ability to add nutrients

High investment cost
High running costs
Production of excess
biomass disposal of
water

Possible plugging In
adsorption stage

AESH o2 HrtAAe] QA5 AS A st WY o2& biofilter, biotrickling
filter, bioscrubber’} 1tH(Fig. 3; Table 3). Biofilters &8 A Wy F 7134 &
e gyor, uA 2 A Eolde A4 vAE FLE kAU SHEHEA 2
FEHO] gas 4olA biofilmeE o]FHo] Astd F AH}A SR COy H0, biomass®
A A D7), Biofilterd] 7]¥ 742 packed bed reactor2 7F53x 2 BFAH
o &% FX A, heaterd] 9% 2= {FA7}F JMssta, FeE mEr s (open
type)@ #HAH(closed type)2 2 Uy ojRt} Filter medias AA ©Al(e.g., compost,
soil, wood chip, bark)\} &4} DAl(e.g., porous ceramic pellets, polyurethane foam
cube)E FE AFZIITHE).

Biotrickling filtere biofilter®} §AF8tH ddo] £H A& AL
staA FHsEE WEE7] Al&Holtt PAEL FAM oA AeA Hi, 52

B =

oA Bf7= do AfFHer £@HE AL ol&5td FEE F=U WS =4

X
o
u
oK

ua Jp z{d
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jo1g 4= o, ¥k37] Yol nAEEe] TFEE AFT 5 glof ¥y A7

¥4 4 At} Biotrickling filter?] @32 packing mediad] ¥ H|EHZ

=3 e ole 2d & A A= EZY A AR S £ & AW B FE

gt ST FF WE UABE A4 A2 YEYE cloggingS 987 EAAE
do7Al Ha(9), #7tx Ao AAE YAHE #HAFY HE FA £A47F @0

Bioscrubber Bg71E F FEOZ Urolx e, A HA w37 A

o] XY gAY, =& TFHO JA ¥ liquidE ¥ FAFTA EAFsIA HIt

2% HAEANA JAZR FFAUY. AR FTE LEEFS 84 s9AY AETo] 1

¥ bioreactorZ olFH &7l dofUA Hi, EL tA] A &£3Ho EAldT

(10). Bioscurbber®] Fd Q¥ pHE 28 4 o, biotrickling filters} 2ol

we 7l AEEg AAvke wdol Yok

U
1
=

2-3. w7 ] U] 4B FEAF Ao

Biotricklng filter 9] biofilter A|2® &Hol|A &3] &A= &4 F st
o BEY A4 o]z gt Fi(clogging) B73olth vAEe Hxd FHE S
s WY Fa21F, ARAL 9 AFF 79 AEAHLE ZAA7A ok o Yolst
v g A=A GEEAE FHANVIL HREGE VA 2@XNYass F435
A dojxg Al Hol Hrt=E Agstsrl ol biofilter?] FAstE Waste F2 a9l

o] FTH9, 11).

Biotrickling filter®] &7] A& 93 cloggings HAFAY #x3 njgs
AASE Wl AT vk PBE AFE A8 HalA dFES Aolsts W
(12, 13), g5 +< A sodium chlorideE LFEZ FAAIA F= W So| dF
g vk AeH14). 23U A9 A o3 vAE AF Ao oAl nAE] 4L
Hojmd QHEY BT S FAAZIER & Ry vhgr|st BeslA Ha, o2 s
Aul 7y Z71EA He 93 XA B 383 wHrlaY FFoR AR 47
< Alojsts WL biomassE FAAZI7IE AR, Ad&AA HHE HslAE Hof
= 5 W9 wer7h desteg FAHer 28 Hol A1), T biomass F
HE Aolstr] Asl AABFEEL o] &5t wHEols EAste WHE Bu HIATHI6).
HBFEY =YL @& biomass FHE /HAYT @29 FHEHEM)FEE TMANE F
AN, AAFTEY HAAT {27 & EAAT

Biotrickling filterol X #HE44%4s v|AE AAE AT 88 WHoz 9hg
719l gAlH ol F713Q SIE wyhy Fol AAHAJKL7, 18). EFAS Agste
biotrickling filter& &2 A5 HAH AFozA FAHZQ &4 AFAE RAFHoY
AAHA WE FIEL FEAIAT 3l22 2 §49 liquid B850 Hasty FJE
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S g4 F5A1717] Y8 87 ByEg F 40% ¢ & IS YeE = A T
o] YA}
3. Lab-scale biofilterZ ¢]&3% Styrene A&
3-1. Styrene

Biofilter& o] &3 &3 dido] HE= dEAHQ VOC EFEE acrylonitrile,
diethylether, dichloromethane, styrene, toluene 5°] ¢t} ©] 5 styrene & F49
oo A Z vinylbenzene EE phenylethyleneol&t % 3t F7|42 20 ColA 4.5
mmHg, 30 ColA 8.21 mmHgol® #wAgo] gln ol & =2 o= B2 Wy) 3o
A o wkgo] @al HA hydroxyl radicals®l\} ozoned} W3-8 ¥ tHTable 4).
Styrene ozoneol 93 A AHHE HAHE AAH formaldehyde, benzaldehyde,
benzoic acid & A3, ozoneol| 23 styrened] HIZ7|E A AR FZ5HT

E 2 ALY styrene F4E B W2 A HA EXHEH F2 AR
AgEol A8 AAHER F7T vrRHA 28 A BAN F3FHo] o]FojA 1 o
= F2 7, 8-epoxideZ AA| WEF | E4HL doylA Hel

3-2. 84 <£HAE &= o|LF styrene )

71749 styrene& A7) 4T A £8XE o] &3 biofilter systeme I L
2 A F 3ge 3goz TAFNOH Eo] 130 cm, WA 9 cmo|® 229 o)
= 75 cmolt}h 30 cm HF 22 Zbdo] sampling port 4708 A&EEd Fd 2 #F
5 Z2AYT £ J=F Y. WS7] T+ water jacketE o] 83ta 30CE A
3}

=&

At £ FA2ZA compost®} polyurethane® 50:50 RHBv|E A48+, pH
Z24-& A3 perliteE 5%(w/w) 7183tk Styrene AZE F329 53 2 & A
24 €8 AE At F2E& FA A H7EdTh 48413 styrened] EAA &
ALUE T 27 18 A & &7 o FFFo2HA start-upZ|HE 244
L ol2 95 £ AU Biofilterd] A5 Y Fr|eHE A HFH 2dE =&
&7] 98l Table 59 #& &A% U2 lab-scale A¥E P33 ch.

Biofilter?] 7] 2AA EAE7] 4L 449 n2@FE A28 A 79 &
AEA g FArYe] ARFE AFH o EZHEch B wer|o A$ 24 159
ARE wgr] e AixY 1@ @do] HAINSTHFig. 4). BFAHA BHAn
(NH4)28048] N-source 1 mol 3 56 mol¥ styreneo] AAHE AL ¢ F AAgch
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Biofiltert}9] A Y 318 42 F7 A Al 71F 23 key point7t HE A&
8ed = JdAoH(Fig. 5), o8 YL F2 compostlld EA3E 584 AL
(soluble mtrogen)—% % 59 4L AHo] e AR fddHT, A FE o

A AdgA o] He ol nFHor B ¢ F7 Yk

Table 4. Chemical and physical properties of styrene (Kirk-Othmer Encyclopedia of
Chemical Technology, U.S. Department of Health and Human Services)

Cinnamene, cinnamenol, cinnamol, ethenylbenzene, monotryrene,
Synonyms phenthylene, phenlethene, phylethylene, styrole, styrolene, styron,

styropol, styropor, vinylbenzene, vinylbenzol

Chemical Abstracts

Registry Number 100-42-5
Molecular Formula CeHsCH=CH>
Molecular weight 104.16
Ambient state Colorless volatile liquid
Boiling point
145.2C (293.4°F)
(760mmHg)
Freezing point -30.6C (-23.1°F)
Density 0.9018 g/cm® (25T)
Soluble in ethyl ether, benzene, methanol, toluene, ethanol, acetone,
Solubility n-heptane, carbon tetrachloride, carbon disulfide; slightly soluble in
water (about 25mg/100g water at 25T)
Falmmable

) o 1.176.1% by volume in air
(explosive) limits

34.4C (94°F) tag closed cup

Flashpot
ashpolnt 36.7C (98°F) tag open cup
Autoigniti
Htoignition 490C (914°F)
temperature
‘F T mm Hg KPa
50 10) 2.34 (0.31)
68 (20) 4.50 (0.60)
Vapor pressure
77 (25) 6.45 (0.86)
86 (30) 8.21 (1.09)
104 (40) 14.30 (1.91)

Concentration in

3,500 25T
satureated Air ppm ( )

Odor threshold 0.057 0.15ppm
Conversion factor lppm = 4.26 mg/m®
(25T, 760mm Hg) lmg/m® = 0.235 ppm

Fygaeel B wgle $H%E A%S pRRL 2e 4% Pl
Qe sirence] SEA Fu BREEA B8 0 9E719 AALe BHn, 7Y

rL

5% 1.236 kg-C / m®day olstillEe FEEEe] WalelE FASA AAE 95 % ©
AL AT &£ AUNFig. 6). B Y styrene FE 400 ppmyo] Aol A styrene
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9 DEEE AW FHo] Wesl) AHEFS F= AoE vhehunh

Table 5. Operation procedure and condition

Phase Purpose Period Co EBRT
(day) (ppmy)’ (sec)™

1 -Biofilter start-up 0 730 207160 90

2 -Nutrient effect test 30765 160, 80 90

-Steady-state performance test
- Effects of the volumetric loading rate on
3 styrene elimination capacity. 687~ 74 257400 20760
- Effect of the temperature (15 C~40 T) on
styrene elimination capacity.

4 Shut-down for one week 747 81 - -
5 -‘Recovery after shut-down 82789 160 90
6 -Biofilter operation after sludge addition 90~ 100 50~ 200 30745
-Steady-state performance test after 2X sludge
addition
7 - Styrene conc. profile along the height of the 101~ 102 50~ 600 20~ 60
filter bed

- Effects of the volumetric loading rate on
styrene elimination capacity.

* Inlet concentration of styrene
** Empty bed residence time

Nitrogen effect teqst
100

Removal efficiency(%)

Styrene concentration (ppmv)

Figure 4. Time course profile of biofilter operation. Styrene concentration were measured
at inlet (¢), port #1 (o), port #2 (v), port #3 (v). Removal efficiency (&) was determined

based on inlet and outlet concentration. The numbers @O~ ® represent nutrient additions.
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(a)

200 A
180 1
160
140 1
120 A
100 A
80 1
60 1
40 1
20
0 T T T T T T T
30 35 40 45 50 55 60 65 70

Ammonia concentration (ppmv)

Time (day) (b)

Total styrene removed(mmol)
\J

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Ammonium sulfate added (mmol)

Figure 5. Effect of nitrogen addition on styrene degradation. (a) variation inlet () and
outlet (4) styrene concentrations. Ammonium solution was added repeatedly at @~ ®. (b)
Carbon removal vs. ammonium sulfate addition. Symbols: (), 160 ppm,; (), 80 ppmy.

Elimination capacity (kg-C/m3day)
(=]
o0

0.0 0.5 1.0 1.5 20 25 3.0 35 4.0

Loading rate (kg-C/m3day)

Figure 6. Effect of loading rate on elimination capacity at EBRT of 30 sec (¢) and 60 sec (¢).
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EBRT 45sec EBRT 30sec (a)

110
100 A

Styrene concentration (ppmv)
N
<
Removal efficiency (%)

EBRT 45sec ~ EBRT 30scc Time (day) (b)
220 { &K

200
180 A
160
140 A
120 A
100
80
60 2
40 1
20 i

— 100

Styrene concentration (ppmv)
Removal efficiency (%)

2 3 4 S5 6 7 8 9 10 11
Time (day)

Figure 7. Biofilter operation after 2X sludge addition. (a) Start-up (b) Time course profile
for 10 days. Styrene concentration were measured at inlet (), sample port #1 (c), sample
port #2 (¥), and sample port #3 (+v), sample 4; Removal efficiency () was determined
based on inlet and outlet concentrations.

&% M7l WE biofilter?] Edls ¥IE FAIFHFig. 7). 2419 &£

2 A7t AL AALEE7} 2.1 kg-C/mdayel A 4.73 kg-C/m®day® oF 28} Z7}3t
ATt o] AL WG wAAEY o] bifiltere] 3Tl AFHCR 7]

a3l Jeg TEF= Aot

£ 313719 A AASEEChIE FREE 30214 3.12 kg-C/m’day°]

o FAAAEE(ECaua)E 2.27 kg-C/m>dayoldth. = F@ET 30z F<
T 200 ppmy7HAIE AAE 90 %olde 2 FE & AT 100€ F

o] $AAA F UdHE&AE AH dojyA] ¥, polyurethane©] bulking agentZ2A]

2 W
o
e
P
)
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HEFBHEX

)¢ o453 98 u S ¢ F vk zejy & wk37]el bulking agentE A}
€% polyurethane®] A% O& &7, F7] EA7} v|Z3RE 3¢ 71F0] vAEE 2
} #& medial o] e Aoz WoHT X IETY pH HIE 5-7F
A8t pH W] W& EA= TAsER &kt

oll

J@

Table 6. Operational procedure and conditions of biotrickling filter

. a Medium
Period Inlet conc. EBRT , ]
circulation rate note
(day) (ppmv) (sec) )
(ml/min)
0715 50 40 3.2 Start-up and stabilization
- - - Change loading and
15~ 35 50~ 700 10~ 70 3.2 ge foading -
gas flow direction
35745 400 40 3.2 Clogging removal test
* Empty bed residence time
180
120
L
r Styiene mixed au
«<— Sampling port
. —0D
- _ll Blower
Pumpg ﬂ Slyrene
Tealedé‘-ir_
S .T\ P Liguid medium
- Samdling oot reserveir
L X

| Medium citculation

Figure 8. Schematic diagram of biotrickling filter for treatment of styrene.
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3-3. PU formE @AZ2 Al&3 lab-scale biotrickling filter

PU formg BAE A28l styrene ®3|5° 5% Pseudomonas putida
SN-12 o]£3} biotrickling filterd &4 &A1} ZAL Table 6° YEMAAHFig. 8).
3717 AdHon A HalHe FAFA "WABEo] FEI FFFHO|oF A
a37) A kgl HAEE HFS F LB broth WA E dFFH o= FFE9 15
A7} packing material®l biofilmo] FAHEE F L3t e FA GAd vl w2
HEAAE 713 PU foamE F3 FAZ A&tk w3717 ¢bAo] 5 ¢ F 167
459 717HEet oY xAoA ¥EE7] &&F E.C.(elimination capacity), 221
clogging AA A8L £33ttt Loading rate W3 AP 7|9 A= 22 wk
o2 EHFE co-current AFTFH ¥lZ FHFE counter—current BPLE Yol
835t} Clogging AA A3olA = NaOH &-Ho 3 v AE AAY a&3ES =
Abstih. W AE filmo]l FE3] ¥AE dEolA pH 12.8, 0.1 MY NaOH 2 L& 20
ml/min®] £E2 2AIZHEG W7 WRE S8A 3 oA siAE ZA S F w7

B ot&E Aol Wt} styrene AA && WIE FAEA.

100

60 -

40 A

Removal efficienty(%)

20 -
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Figure 9. Removal efficiency of styrene at constant EBRT of 40 sec (superficial gas
velocity, 0.2 m*/m%min)

Counter—current &4 ZZAolA loading%ol W& F& WIIE #AAS7] 948
Wz %9 7}~ &% EBRT 40 sec® TLAAZ|L ¥EE 507700 ppm,E WH3A7)d
A AxE AHEg) o] A$ FY X7 400 ppmy7HA] AE &&o] 90 %oldS

LS & AArHFig. 9). 71&9 biotrickling filterollA F ©f &8 Folua A A<
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PU foam< sheet B2 AN F thgg XA styrene A& &I ECunxE
ZA}sr9ch. 2 A styrene AW AL counter—currentol A 5.22 kg-styrenem
day "(EBRT 40 sec, loading rate 6.90 kg-styrenem >day "o (Fig. 10),
co—currento] A 4.69 kg-styrenem >day”! (EBRT 40 sec, loading rate 6.94
kg-styrenem >day )olith. o] AL o ¥Hgr]9 27 3ujo] slFFrHTable 7).

Elimination capacity (kg-styrene/m®day)

o T T T T T
0 2 4 6 8 10

Loading rate (kg-styrene/m®/day)

Figure 10. Elimination capacity at the constant EBRT of 40 sec with varying inlet styrene

concentration during counter-current operation.

Table 7. Performance data for treatment of styrene by biotrickling filter.

EC..
Type" Packing material (kg-mcis-c:ay_l) Reference
BF Perlite 1.15 H.H.J. Cox et al. (1996)
BTF Slag 106 Ming-Shean Chou et al.
(1998)
BF Compost, PU foam, 3.12 Youmseok Kang (2001)
perlite

BF Peat 2.22 Devinny et al. (1999)
BTF Glass-cylinder 0.77 A. Pol. et al. (1998)
BF Perlite 1.38 H.H.J. Cox et al. (1997)
BTF PU foam 5.22 This work

' BF, biofiiter: BTF, biotrickling filter
* Maximum elimination capacity
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10
® Counter-current

O Co-current

-
1

Media unit flow rate
(m*min per m? surface area)
o

0.01 T T
100 1000 10000

Media unit pressure drop
(Pa per meter depth)

Figure 11. Pressure drop during counter, co-current operation with varying EBRT of

gaseous styrene.

HE71E +A-E T A5 WE UF 48 &4& Fig. 119 YERAH.
T AL ¢ F U3, 49 &4o] gE 6379 v m
= e 22 "Holded, 2 oJfe ¥ FZEY vAYE I3: A i EoE ddg
o. %W water hold-up W&o void fractiono] A3  co-currentR.Tth
counter-current®] $#EH0] FA gttt #Y vlAYEL Aolsy] Yl o7 74
BEo] AHEHI AT B AgolAe 333 A dy F9 v 0.1 M NaOHE
Agstd Ade itk ey XHEE 3k F kg W €48 &£49] 80 mm H:0
(EBRT 40 sec)olAl 22 mm Hz0 (EBRT 60 sec)® ZolEq2oy 39 S9F 12.97 kg
m& A Fo A L FFo= EoztHFig. 12). &, BAYAH u P2 o
3t 0.1 M NaOH A#] & afdoz ggEdo] ZoJEJoY styrene Helgo] m
ZA OA] S7bekA, A7z AR AQ w7 AL Y E ety whi e 3 njyy
T AA7L AR o]Fojxol & Aoz wHHU,
27 Wel Bl Eo] o= Hx EAsE 7 AHE A& Qo] 2 BAA}o
o FAE EoJE MAEY 4L A AdME 98 71X dgo)l A 1 F
AN SHd HFFPor ¥y U vAEY F& FISth F2 @A PU foam&
sheet YEIE packingg 3t37] W&ol 2 Fo wet alAEY Fo] 47t Aozl B
o 5 A Fo vAE Fo] 7 mg dry cell/em® media® FHF Egon], g Zo
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3.1 mg dry cell/cm® mediaZ 7} @tk o) gJolA EAlE] F= liquidst R &9
= 1% BANFA e Aol o g AgdHt &#H whgr] e Hg uAYE &
£ 4.3 mg dry cell/cm® media (0.16 g dry cell/g media)o]Qth.

10

Before NaOH treatment
Right after NaOH treatment
1 day after NaOH treatment
2 days after NaOH treatment
3 days after NaOH treatment

“ 4 PO @

0.1

Media unit flow rate
(m*min per m? surface area)

0.01 4— . .
100 1000 10000

Media unit pressure drop
(Pa per meter depth)

Figure 12, Effect of 0.1 M NaOH treamtment for biomass removal: Change of pressure
drop in biotrickling filter.

4. Biofilter 43} Al#] (EcoBiogen(F) AHH])

4-1. BTEX A|A4 AFE advanced-soil filter 7Qgt

SK(F)9 24t complex 3% A1FTH A ZAA 2= BTEXE A2
g 4 JdE AFE soil filter (max. flow rate 27,000 m®/hr)E fEsigich 71&9
soil filtere A¥X BTEXe] WiaiM= £ AJa&S Hd ¥, & soil filters
BTEX 200 ppm °]49 1EEZ FYHE Ao dliX= 90% ¢34 AAEEE &
AgF3 ok dA F 5712 advanced-soil filter® A&t FEsIGT

4-2. 3= BASF 24t 4833 H4A8% Biotrickling filter 73
o232 3}st7]del BASFY styrene A|ZE €4 339 HE&A o)A 2P}

= 93#H 2 VOC(styrene monomer) AHAE $3% biotrickling filterE 7fetdte] A x].¢
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352 9ok FUFE 500 ppm o] LEEANE 95 % ol de] AAEEEL FH4

2 4 o0, 3600 m¥/hre HalL2}E 7K1 Yok

olt

4-3. 71€}

A U7 SAE AMEE AldY dFH AAE HHR 5F ol B
obHE AAY 4 Y= biofilterS MDA B biofiltere g L3S 9000 m¥/h
FFo|t}

Eahod 4878 ARINL @IS N BRAN WS VOO ANE

Biofiltero]l 4182 < v FAE AFHASFUT A}% Mol A st
VOC(styrene, acrylonitrile) 27} 7}5 3 biofilter® FAjolH, biofilter= 9,000
m¥hr g &L M1 Yt

5. 4 &

#7352 VOC wMiEA| Aol tigt 74 A2 st AF7Hx] AHEHI e 7l
£9 VOC AP o5, &4 o3 T4y, 4&22 &9 g F+4, 1
2ol FolilE o] &3 A2y T =3y WS AT + 3= BAHoln &
A AY7iE Mgel 7= Qi *356}2—1 PRE EAY R AAnIE AP, w
AEE ol8std o4H % VOC 22 Falld AFdAIER 28 A 5 7] dael
23} 9AEA AAo Q= 7 B zl;}aol Hyolztan & = gtk VOC AEs &
go] ¥ A FAE R FaAoF FR FAAANEG vAE ASH AL, woled
F 3450l ¢+t FY9 vAE FAE a&He= AAND F e B AL A
gatnzt she wrkse §4S HEs nyd RFY wole=y A F& T
3 &A= ©5d god o Jhdd
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