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Summary

Performance characteristics of laboratory-scale biofilters were investigated
for the removal of a volatile organic carbon, styrene, which is one of
malodorous  substances regulated by the Korean Air Environment
Conservation Law. Scoria, activated carbon and loess were mixed with a
polyurethane, and were innoculated with a recycled sludge from Seogwipo
Dongbu Sewage Treatment Plant, Jeju, Korea. The effects of inlet
concentration and empty bed contact time(EBCT) on the efficiency of styrene
removal were determined. In addition, pH and pressure drop affecting
microbial activity and styrene removal during the biofilter operation were

evaluated.

1. The microbial adaptation! period was 3-4 days for the change of inlet
styrene concentration and EBCT. At 200 sec of EBCT, the removal
efficiencies of styrene were 100% for every biofilters with 200 ppm of inlet
concentration, while 94%, 78% and 92% with 400 ppm of inlet
concentration for the biofilters packed with scoria, activated carbon and
loess, respectively.

2. EBCT decrease from 300 to 75 sec with 150 ppm of inlet concentration
showed that the removal efficiencies of styrene were 85%, 81% and 74%
for the biofilters packed with scoria, activated carbon and loess,
respectively.

3. Maximum capacities of styrene removal for the biofilters packed with coria,
activated carbon and loess were 30 g/m’hr, 30 g/m’/hr and 29 g/m’r,
respectively.

4. During continuous operation of 74 days, pH of the drain changed slightly,

_Vi_



and the pressure drop through the biofilter columns was 42.5 mmH-O, 70
mmH>O and 40 mmH:O for the biofilters packed with scoria, activated
carbon and loess, respectively. The pressure drop had no effect on styrene
removal, and the clogging of composite media with the pressure drop did

not occur.

From the above results, it turned out that three composite media, such as

scoria, activated carbon and loess, used in this study were efficient as a

packing media of the biofilter for styrene removal.
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o 2 ethylbenzene? E<A3WHS T cumene? W EIRIS] 93] XA

A (Fawell?} Hunt, 1988; Sorial &, 1998).

Table 1. Physicochemical characteristics of main ma,odorous compounds

o Melting Hoiling Threshold
Molecular Specific

Odor compounds Chemical formula weight density pc:int poﬂint concentration
(C) (C) (ppm)
Hydrogen sulfide HsS 34.08 1.189 -82.9 -59.6 0.0005
Methanethiol CH3SH 48.10 0.896 -121 5.88 0.0001
Dimethyl disulfide (CH3)2S 62.13 0.846 -83.2 37.3 0.00012
Dimethyl disulfade (CHa)2S2 94.2 1.057 - 116 0.0002
Ammonia NH3 17.03 0.597 =717 -334 0.15
Trimethylamine (CHs)sN 59.11 0.662 -124 35 0.00011
Acete aldehyde CH3CHO 44.05 0.783 -1235 20.2 0.0015
Propion aldehyde C.HsCHO 58.08 0.807 -81 495 0.0015
n-Butylaldehyde  CH3CH.CH:CHO 72.10 0.817 -99 75.7 0.00029
iso-Butylaldehyde (CH3)sCHO 73.10 0.794 -65.9 64.8 0.00055
n-Butylaldehyde C.HsCH:CHsCHO  86.13 0.819 -92 103.4 0.00071
iso-Butylaldehyde (CH3):CHCH.CHO  86.13 0.803 -51 92.56 0.000069
iso-Butynol (CH3):CHCH,0OH 7412 0.805 -108 107 0.012
Ethyl acetate CH3COO0C.Hs 88.10 0.901 -824 771 0.00025
MethylFiso butyl =) cHcocH, 10016 0796 847 1159 017
ketone
Toluene CeéHsCHsz 92.13 0.866 -95 110.8 0.92
Styrene CsHs 104.14 0.903 -31 145 0.033

(Mackay et al., 1995)
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Table 2. Characteristics and source of main odorus materials
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=
2 FTEeld F24Y o AATAS A= die] s

27 (masking)> oFH &4 i nt~2F 5o #AE&S ot EH(L - g4
A)E EFFozN ot i 748 glls WHoeR EAQ gHHL of
Utk 543 ARgolu thE o] AEHA %S 5ol FE ARSH=d e

Al A 4 Qi Hlgo] AHE vk AR LUF Aol 4 FH 5t

ole & walol 9

o

AE&35ke] o3 2 VOCsE E st 540, AesXolA 1ske
A gLzt Wan AR, FAE] 9 du 7 va 23 o de] EA7E

oh 7o) mEUE o] g8 WY Eebxvhs ol gah: Yol Atk

_‘IO_



714 (biomass) & A8kA7E WHom Be - sheha el Ha) BF A el
o AAA dehie Pasn vk AESGE PPe dnHon JA-oA
AWt )A-3A A

HATAY A= AA WY ol A=A Wye

P el A vl os] BeAYE Mo R(e], 1999), °f WA A - F
AT AAAY E AU AR A3 wol AsH e P 2
ANl pH7 Wold A EEy] wiel Aze &elAE Ao} o

al
seA7 BEeky] UEe wEorE g & gn BAY 5 FHAs) B

EguHye oA Re EGFS Biet LFe SR gAY G
mdo] F3¥ o}HE B nARo] Ragt Aow, fAM g g

ol
e
=2
e
ol
s
)
)
rln
ui
rr
o
jutnt
o,
%0,
ui
I
v
v
oL
oS

Ao 4 WA dFo] g

st W2 EA WAHe agsty, A9A ESe] wAdA T 7

Jo] dth(Zhang, 1991).

#71%S =AA bioscrubbers, trickling biofilter, =& 1

biofilter A7FA 2 = +=dl(McNevin¥} Barford, 2000), ©]& A %=34 A g

719 dEle 2A v2A Fol, 7EAo R F/FF 2eal AEdHA Akshe

IS Az
Bioscrubbers= HA4Fo &

%
AEstH o7 A e oA A =

1o
2
r‘;l
=i
R
oy
o
e
o Qo
i
N
A
o
ey
>y
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AA Al 5 ZHoz A £3tst= A4S AXA FY. Bioscrubbers W
=

[e] = [e) [e] = [e)
dol 4m, WST VY FAL B2 5 dE FHS A; Qe W

1998).

Trickling biofilterol &) ¢t# AAE Aoz EAsE AbejoA W&ol
FAEoIAE FATA GHEL] AEFHoR THeE AHS AAA He
o, o]gA FATE Tt dHAEL LS F5dFd EAEE MAEEANA 4
F2AL FHE 448 A Hrh Trickling biofilters] A5 o)A & v =
ehe), A, SdHFAEe] AE-E o tH(Kennes and Thalasso, 1998). 4
7h gbe mAEe fFAdE T2 FHS HAL AR FHH[ o] Fol
B3 A= 94 AV 283 GHS A AL Qith

Biofilter(v}o] £ ¥ )= Z A humidifiere} vle] L HE x|, A5Ax5oz +
A 4o we nutrient tank®t 4 pumpE Z QL2 St} Hlo] R EHE F
e A9 clogging Adelv, &3 pH 249 of#go] AR HZTole
Mz Al AR olf3  ERAAE st dow, odA dH3
bioscrubber®} trickling biofilterel] B3l W& xn]9} 234 e HAEHo] gl
FHHoR AHELAS AAT F o] AR AAIT APg e

AL gl

_12_



3. Hol2EH

1) vl 2. =E S GAlst 7% A 314

AEsHA el ogk oFFH 7t~ Al 192319 Batchel 9lshe] sh4A 2]
HoS7F~5 A gstr] Yot s o AA=2 Ao H8H A2 19504 +
HE w23} S oA A= QI tH(Thompson &, 1996).

1950t Fyto] HUd3t mioA ARG npo] e FE &2 fFEd Sl E

Fe BE § HTHOR ks FYATE Azgoon, ol F 1960~1970
dojg AARA FEE FHoR volo e Ee] WAL A Hu), v

Calson¥} Leiser®] AAA A= sl dolr B e Eds SH=4d=
o] &3t ulo] e TE A& St FHHT AETH Eao o8 SAE] Al
ARty Agela Qo (Leson®} Winer, 1991).

1970 diell 5o 71l tigk A7 AstEA g7l Ao 2" E
o] A 2E filter media Zfgho] FEoH  oju A&H AL bark,
peat, wood chip & ol 1980 t] o] Fol= AFHZ Aoy = Loy vlo] 2
Y 7F Mok 3 mediaZl el o] glof &, Algkd, carbons
gk FYaddlly 22 Bl veledy gAZE R H AtH(Webster T,
1997).

n)=rol A 1990 d thel o] 22 Clean Air Act?] TFAlZ <Qlslte] HL 0] ulo] o
de o d77F &d] WPEloen, dEAAE 19309 dFA8S T3] 1990
Ao A= 283 dAed Solithleson®}t Winer, 1991; Thompson %,
1996). o2t A& Faf oAl wioledH = A, BBISAH Vsl
FRAoR Zgs Wi Y52 28 9t dHAE g AlaEE "oy

g ATl WAHE oFH 2 VOCsE APs] flstel olgsta )

%
o3

rie

) vhol @ ME S o] §% YA AAL el
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AE2 3= compost, peat, A9 T3 L2 vhaAde] vz dAHHE A
=] mAEE Edets AeH AP Axdolth el BEH = )
717k 27F wpolAH S FaetAl wHW, F/FF I AehH Abske] F 7HA 7]

2]
B AAZ =] FAl Aoy do F 71 Ld=E dEHS x4 F449

= I tH(Ha9} Choi, 2000).
1% 2= Fig. 100 v vheh 2ol A% wh(biofilm) F4 3 fAbeie 7

e

1G4AE 7h2ate]l e d& 4o F7|¢ A filter bedE =33t HA w4 WA
B

gRgor AAHm $ANE weleRHE %7 stz RIS CO,

HO, ¥719 Z28a MEe Ze HFANEREZ 3t (Warren?} Raymond,
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Contaminated Air

Liquid-biofilm
l l l_l phase
Carbon dioxide

water vapor

Fig. 1. Internal mechanims of a biofilter (Webster and Devinny, 1998).
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3) "ol e dE el o] &5 = vAdE

AN MARES EGA WAL 0B FAE, dejecl, &R, A

q
A, 27, QAEE ol shele FFo o2 A WS s ol
ol o BE & LAl o} Fuel BPA Wk wHA YA 48T F Av

Tfel mpoledy HACdME B vAew, steAd 2AEHA, 2714

Fx AE F-4EHA, compost FIAEY T2 53 mAETS FAEYS=R
o] &3tH T dFEE vlo]oFE AFEL StTFAHYFNA AL HEFESEHAE
b wed, 7|EAHo g kst nAES HAsta ol thgst 7

Atk A
Ao abol] A A o
FHoll= AN o FH E VOCse AlAC Hold HAES &5,
st &3 mAEoR o&ste AHgEEs =
=), E A o2 Hyphomicrobium %, Thiobacillus &5 3344 otz Z49¢ 3
st Wlgazie, gaird, ojgsivd F& A=)
A ok = giFEe VOCsE 3t A& Pseudomonas < A+t
E3] P. acidovorans, P. putia® o] &¢#x At} Table 39+ 2z 4] st
of AMEEE M= TRE f9ste] YEudlth

49 F5AE AT e 5HE A w9

iy

o=z Bis=E Ao=w
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Table 3. Application of bacteria species

Bactera Species

Type of organic compounds

Pseudomonas fluorescens Z6NZ2

Pseudomonas oleouorans XYL

Pseudomonas sp. YZI
Pseudomonas putida STY

Methiocaterium organophilium

Nacardia sp. EC2

Comamounas testosteroni ST2

Thiobacillus thiousulfatophilum R2

Thiobacillus thiooxidans AMI

Bacillus sp. ZI1801

Bacillus sp. Z1206

naphtalene, antracene, salicyllic acid,

benzene, toluene, xylene, benzoil acid

xylene, tolune, bezene,

butyl acetate, butanol
acetone, 1-propanol

stylene, vinyl chloride

methanol, formaldehyde

methyl propionate,
sewage treatment factory odor,

food factory waste air deodoration

benzaldehyde, phenol,

food factory waste air deodoration
Hydrogen sulfide
sewage treatment factory odor

sewage treatment factory odor,

food factory waste air deodoration

sewage treatment factory odor,

food factory waste air deodoration

(<%, 2000)
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Table 4. Comparison of biofilter media(1l)

Biofilter media

Classification Soil \é;(;(fj Activated Ceran_lic
Compost Carbon Plastic
Surface Area, m”/g wet 1~10 5~10 5~10 1
Gas Sorption Capacity, <10 1 9 1
o/kg wet
Density, wet 15 05 0.4 04
Bearing Strength high low medium high
Air Permeability low midium  medium high
Backpressure, kPa 05~15 0.2 0.3 0.1
Bacteria/g 10’ 10" 0 0
pH Buffering Capacity high low 0 0
Nutrient Supply high high 0 0
Hydrophilic, dry ves no no yves
Area for Rapily
Biodegradable Gases, 0.06 0.03 0.02 0.02
m”/m”/hr
Lifertime, years >30 2~5 5 10~30

(Namkoong et al., 2000)

Table 5. Comparison of biofilter media(2)

Head Water pH of Adsorp Mechanical

Nutrient o . o o Prices
Loss  absorptivity media —tivity  characteristics
Compost O X O (@) (@) X @)
Peat A A (@) A (@) X A
Activated
R o o A o o X
carbon
Bark-chip A O A A A O @)
Perlite X O X A A (@) O
I .
norgénlc X o N A o X
media
O: Good A: Normal X: Bad (Hong, 2000)
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5) vhol e @B o] HA W $HAA

(1) THHFAIZ
T H Z A ZHEBCT, empty bed contact time)S H}o] 9 FE] ZHZo|A 9 7}
ZAFAIE ulst=dl, obe o] A3t o] FHF Fylo i
A Aolgth EBCTE MZ tE biofilter &2 o2 Filxzos $H4HE &
o

Fol & B o] 7h2A 7S Hlaeh=d o] &H T

{1
=

EBCT =V /Q V . 3% 59 (filter-bed volume)

Q : = (flow-rate)

EBCT= 29 7t2=9 AAAYAZNS o F7tste] vUebd 4 o ALt
o] golgor FAHoR ALEH = FElvE o] th(Webster$} Devinny, 1998).
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Arl&olH
A2l s 9 s

SdE

L

Hho] ¢ 2 E o
SAS weEE, A Bz e

e}
Wt (Warren® Raymond, 1997; Webster®} Devinny, 1998).
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—
4 Media Hl r Medl? 11T 3

Nutrient supply
° pump

Flow-meter

Media sampling
port

Mixing chamber

&t

Air pump

=

Air pump

Gas sampling
port

Fig. 2. Schematic diagram of biofilter system used in this study.
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2. SHEH W 0YS

2 olgste] SALA/Ee e, BB SAY, FE/E A 2 9A
£ Azste] vpolo Aol FHste] UL AT
23 galel Azt SAN, B4

202)5 ©]-&3to] 200 mesh A %9 =7

al
e/ Ee e, FE/E2YAYE 5 FAE Al

stk AzE 72 B¢ PAL Arestel 57 mmel =79 WAL AAE
AL Adstel 1 Lo ¥ 7 wgrlel FAGED, S48 B dAe A,

|

F&38t 3l o H, peristaltic pumpE o838t AFAIE Ft vpo] o AE o]

Aol A 7IHA HES HATh 2 Aol AMEH A F SR/ E S

gk 53 @A wAAEo] FEE] e Wy FAE ®EWe SEM AMS
Fig. 3¢ Yep STt

ol 2 dE o gAe] HFH nAAES &4 7|17F 52 nutrient pumpel <]

d dE=ES sl Hed, ddeEEe] 242 Table 79 YRl A Hlol

edEe 24 77 B AFBAL FAVOLA NAT Add Baw 9
Ao BE FEe FHeel FERANA sl sl
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Table 6. Physical characteristics

of composite media

Physical characteristic Scoria/  Activated carbon/  Loess/
polyurethane  polyurethane  polyurethane
Apparent density, g/cm’ 2.00 1.38 1.42
Packing density, g/cm” 0.80 0.58 0.72
Void volume ratio 0.50 0.42 0.52
Water holding capacity, %(w/w) 31.70 46.30 4873
Mesh size, mm 5~7 5~7 5~7
Table 7. Composition of the nutrient solution
Components Concentration Components Concentration
KH2PO,4 25 g/L CaCly - 2H-0 05 g/L
KoHPO,4 25 g/L FeSO, - TH20 0.3 g/L
NH4Cl1 25 g/L KNO3 1.5 g/L
MgSO; - TH.0 6.8 g/L
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Fig. 3. SEM photographs of surface of activated carbon/polyurethane
composite media (a) and microorganisms attached on composite

media (b).
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3. ARe BY

i)

2 ATNAN dEdE AHEE 2" dllE Aldrich Chem. Co.(USA) +%*

99% olde B8-S Abgetlen, 71 A" VA S ol &kl HAAZ]

7k~ N2 AHE gas sampling portoll 5] A A gas bagl ® A H3 T =
gas—tight syringeg ©o|&3ste] EF o]&3 FH=7](FID, Flame Ionization
Detector)”} 2¥ gas chromatograph(HP 5890 series II, U.S.A) (GC-FID)Z
Abgstol Zhzalwe] wiE BASTh Table 82 2"dle] GC-FID &4
Z45 el Ao Z ) columne WAl 0.32 mmeo|al Zo]7F 30 mel capillary
column(HP-5)& AF&3F oW, carrier gasE %7} 99.999%¢1 A gasES A}
£3589t o)W injetion &%+ 70C, oven &%+ 150T, detector &%+ 250T
o] At

a8 a 4EEAS v e (Dwyer Instrument, MM. 400)& ©]&3te] 343}
Ao biofiltere] ¥ 28~32TC A olA et W37 Z2RE &5
o] Yo =9 %9 pHE pH meter(Orion, 420A)S o]-&3le] =43} t}.

Table 8. Analytical condition of gas chromatograph

Item Analytical condition

Detector Flame Ionization Detector(FID)

Column HP-5 Column(L : 30 m, ID : 0.32 mm)
Injection temperature 70T

Oven temperature 150C

Detector temperature 250C

Carrier gas flow-rate Nitrogen, 40 ml/min
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1. vjo|2EE2] ou 2

ol S FH = HAldl dAE Al mAeS Edss A=y A Al
2dolth, drkAom oF gl VOCs7h nlo] @ BE S FdstAl HH F/F2 3%
e kst F 7HA 71 AIATIE] sl doju Al He=d, ofF
VOCs =22 "Aol A=gs 43 mA=dl os) A7 =xth(Hast Choi,
2000).
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scoria/polyurethane
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Fig. 4. Changes in outlet styrene concentration with the operation
time under the conditions of moisture supplied ([]) and not
supplied (O) in the biofilter packed with composite media
of scoria/polyurethane (a), activated carbon/polyurethane (b)
and loess/polyurethane (c¢) which are not innoculated with
microorganism (inlet styrene conc.: 50 ppm).
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(a) scoria/polyurethane
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(b) activated carbon/polyurethane
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Fig. 5. Inlet and outlet styrene concentration profiles at different EBCT
(empty bed contact time) during the operation of the biofilter
packed with composite media of scoria/polyurethane (a), activated
carbon/polyurethane (b) and loess/polyurethane (c).
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(a) scoria/polyurethane
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Fig. 6. Removal efficiency of styrene with its inlet concentration at
different EBCT during the operation of the biofilter packed
with composite media of scoria/polyurethane (a), activated
carbon/polyurethane (b) and loess/polyurethane (c).
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o] &5 U5S oW Frh(RL, 2002).

(a) scoria/polyurethane
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Dimensionless bed length

(b) activated carbon/polyurethane

C/Co

0 0.5 1
Dimensionless bed length

(c) loess/polyurethane
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<
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Fig. 7. Ratio of inlet (Cy) and outlet (C) styrene concentrations
at different bed length with its inlet concentration during
the operation of the biofilter packed with composite media
of scoria/polyurethane (a), activated carbon/polyurethane (b)
and loess/polyurethane (c¢) (EBCT: 200 sec).
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(a) scoria/polyurethane
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Fig. 8. Inlet and outlet styrene concentration profiles with different
EBCT during the operation of the biofilter packed with
composite media of scoria/polyurethane (a), activated carbon/
polyurethane (b) and loess/polyurethane (c) (inlet styrene conc.:
150 ppm).
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(a) scoria/polyurethane
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Fig. 9. Removal efficiency of styrene with different EBCT during
the operation of the biofilter packed with composie media of
scoria/polyurethane (a), activated carbon/polyurethane (b) and
loess/polyurethane (c) (inlet styrene conc.: 150 ppm).
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(a) scoria/polyurethane
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Fig. 10. Relationships between inlet loading and elimination capacity
with different EBCT in the biofilter packed with composite
media of scoria/polyurethane (a), activated carbon/

polyurethane (b) and loess/polyurethane (c).
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(a) scoria/polyurethane
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Fig. 11. Variations of head loss and pH during the operation of
the biofilter packed with composie media of scoria/
polyurethane (a), activated carbon/polyurethane (b) and

loess/polyurethane (c).
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