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Abstract

The effects of different transient loading conditions on xylene removability and bacterial activity were evaluated in the
polyurethane (PU) biofilter inoculated with Rhodococcus sp. EH831: BF1 (the control) was operated under continuous
and constant loading (200£50 ppm); BF2 under continuous and constant loading after a 2-week long-term shutdown;
BF3 under discontinuous (8 h on/16 h off on weekdays and a 2 day-shutdown at weekends); and constant loading BF4
under discontinuous and high loading (700+£300 ppm); and BF5 under continuous and fluctuating loading (high loading
for 8 h and low loading (7525 ppm) for 16 h on weekdays and low loading at weekends). Xylene remova
efficiencies in the BF1l, BF2, BF3, and BF5 were ranged 83-89%, indicating that 2-week long-term shutdown,
intermittent or fluctuant loading condition did not significantly influence the biofilter performance. However,
discontinuous and high load condition (BF4) caused to deteriorate xylene removability to 52%. Rhodococcus sp.
EH831 could be maintained at 10°~10™ CFU/g-dry PU under 5 kinds of loading conditions. The result of polymerase
chain reaction-terminal-restriction fragment length polymorphism showed that there was no significant change in
bacterial community structures by different loading conditions.
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7] o= WEHE 3IEY 77138%=(VO0Cs)
< 7] A& Al BEE LGATIH AA
of GgTFE vA= Aow dHA SK(Saavanan
and Rajamohan, 2009). ©]&1%t oA F7138dE 5
xylene> 53¢k 3857 (hazardous chemical)Z A1,
Az, 4, A AH, E2taE, AxA, A4
9 7t el Rulz A o] &% a1, AlAl(cleaner)
9} HQIE 34 A (paint thinner)= A}8-¥ th(Jeong et
al., 2008; Saravanan and Rajamohan, 2009). Xylene
Q1A Q) 713} el 5AE Hola Fel T&FS Sl
JAZ s S5 AAAE Balshs oz oy
# 9ol (Forsyth and Faust, 1994), S4Jo] 78k ti7] 2.4
EAZ 750 tHClean Air Act Amendments of 1990
USA).

Xylenes A|AF7] 918 izl WHels &4
o 5%, 27, @ A2l (ozonation), &3, FrAtst,
gl vlo] @ FE  7]&(biofiltration) 5°] UTh
(Jeong et al., 2008). ©] F Hpo] L HE 7%
=2 °]&3to] xylenes 53t o|itsl ©AS) £E
AgA71 = 7IRIe =, 8 Hg2leo]al AAAQl 7
Hog duA ukEmrini et al., 2004). Xylene |
7§ vlol Y 7|&el Slof, Az BE v
AE B4 Wt dleledE Ass Feete 7
2 2z Fo 3dholthKim and Sorid, 2007).
Xylene A7 uto] @ FAE o #3t 7|E AT A
Bl (steady state)oll A Bl @ FEE &P S u) njo)
2y Ass AR A7 g o] tH(Moussavi
and Mohseni, 2007; Cho et al., 2009; Saravanan and
Rajamohan, 2009). “1&u, dF o] X% = (fidd
scale) vko] @ HE = B A Ei(unsteady state) =,
HiE B3z (transient loading) hollA] &A%+ 74
$7F @71 wite] olelst AEelA -dE = ulel
23H el i ARE wolode A43 &
e HAsE g8l v Ttk a8y We F
b oA 9 woledE el digt AT
benzene?} toluene FH 02 FHEYI(Kim et al.,
2005; Lee et al., 2009), W3 (aromatic) 3= Foll
A 7 sl B2l xylenes o ®E S A
T "9 ZHHQi and Moe, 2006; Moussavi and
Mohseni, 2007; Jeong et al., 2008; Mathur and
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Majumder, 2008).

YRR B AT s ZEdes GAE A
3} 31 Rhodococcus sp. EH831S n| A EQ o7 o] &
vto] @ HE o] 7t Aoy BfAR Al Faxn
Fol A xylene A7 d5& ZAFsEITE B, EH831
S A=4 red-time PCR(quantitative TagMan
red-time PCR) 7I}& co]&3to] A=t a3y,
xylene A|A &&2 EH83L &4t ARaAAE =
AFSFATE ME S ek 2ol e EHB3L T
= 3T AT #3 7XE PCRT-RFLP
(polymerase chain reaction-terminal-restriction fragment
length polymorphism) 713 <& o] &-3fo] E413819la,
AbAlt g Fel VA= AE et

& 2RI

gh 1 oo
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2 Ao AR gl E8-$-dl g (polyure-
thane, Seilsponge, Korea) © % 0.3x0.3x0.3cm ©|t}.
Zoede Ue, 35 27 9 2y 22 F

T Kown 59 w=&ol AAsE] ZlsEo vk
(Kown et al., 2003). I 29 7FAE xylene £
(JT. Baker, Phillipsburg, USA)S 7131417 A x5t
I (Lee et al., 2009), m, p, o-xyleneo] B 5F F 3% o]
SltHmxylene 40-60%, p-xylene <20%, o-xylene
15-20%). 4 F o= A}-&-¢F Rhodococcus sp. EH831
TE EE xylene o] A (isomenE LT
T AR ARY EYoEiH FEEHUN
(Lee and Cho, 2009). EH831S H}o] @ IEjo] HEs
7} 8 L Lunia-Bertani(LB, tryptone 10 g.L™; Sodium
Chloride 10 gL™; Yeast extract 5 gL™ Duchefa
Biochemi, Haarlem, Netherlands) Wi=]el 30°C, 180
rpmell A duleFetitt. LB WAl A Adwnjekst
EH83L w5 FAlst & 412 5, wto] FAlo F&
HEE 1Y $o vol Ao HE

30

22 HIO|QEE Mz Y 2 XA
H8 Aol EFAAQ B

57} 9] wio] @ HH & A A8kl 1, vho] 2. E 9
AxAS Fig. 191 BASA vho] e e 9] 7]

Ho o
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qolx BIFAHA #5 ZANA vholeTEIS Xylene AA 5 @ AF BY 11

9 Ad 5L Lee 5(2009)¢] AHAI3] A= o] S BF42] Z71o)A 6%?‘1011 16A17Pﬂ} T 295 75425
Uh(Lee et al., 2009). ¥ A3 o] Sojr}7] & nlo] o ppmel xylenes AFE® ¥ h(Fig 1). B
AE 2 kg a7] 98 93 B H xylene Hlol e AEE FEE 50 h'E 4991, FA
(m, p-xylene, 320+120 ppm; o-xylene, 100+41 ppm) 7} 71748 AYetie JUFEAR o HhHH ok
A5 FNEE 50 h' =AM xylene Al A& £0] 200 ml Bushnell-Hass H %] & (Lee et al., 2009) 9%l
A& A wrtA] 429 F A H(Fg 1). © A ol E FFEETh BE nlo]| el F 273t
A A el T2 nlo| e dEEY Y BE T o] A% $AEY, & BF2= 25319 FA F A
Ae AU o2 FdsiA E3e EAE v 57 7Vt an, 253k 1 = S vhFig. 1).

o] ufo]ledE o FI5ta & 2o w3 nlo)

2AEE 48T BRI U7 oR X&HA 0 2.3 BHAl MF H o
Al

<=

% =
TR 7} EH83LS Y]

-rr

2 U317 (continuous and constant) xylene(200+50 H}O]ii‘ B & AT SR
ppm)= HD atleh. BR2i= 2579 %A Astazl, SARFE AP (biomass)E Tha vt
(shutdown) 5 ®lo] @ HE] S BFLY} SUS 0= %Ol AT AEE AFH A7e B4 &
257AZF A7bE AR, AA A7 e E o771 A Z71(429) 23 BAP S0 & 7
B SRR FHekA $UrtHFig 1). BF3E k7ol 8 o mirh49d 3 569, T BF2E 6327 70%) A
AIZERE xylene(200£50 ppm)< &3kl 7ol 164] akqlch 7t nlo] 2 MEl = AHAAVERE EAE +Y
b F 29> JYEAI xylene THS AA T A A F ok 05 gFFH) A5G g5
eboith BR4 BRF3T SA% 2300l xylene ¥ BAlY g 9 me HUME F, 583 wleto]
FLEUh 700300 ppmz =4 S TH(Fig. 1). BF5: GAZNTE AEFS AT A YEFS
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Continuous and fluctuating loading ;
xylene for high leading = 700+300 ppm, for low loading =75+25 ppm
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Fig. 1. Operating conditions of the five kinds of biofilter. Pre—operation period for steady—state condition until 6 weeks.

PAAR Vol. 7, No. 1(2011)



P75 o] gdte] HEFHor g, A
¥ EH831 A EA o AFEE A

2.4 Real-Time PCRZ 0|&
EH8312| HEEHN

Hlo] ¢ A E] 4 Rhodococcus sp. EH831S R U EH
37 98, A4 red-time PCR W& ol &3ttt
(Lee et al., 2009). EH831%] genomic DNAT- ©H2Hd
AETF 1 mZHE BIO101 FastDNA SPIN KITE ©¢]
43le] %59 1(Q-Biogene, CA, USA), FEHH
2 APAME Farsth. B E genomic DNAE AE
EoR FZH %% genomic DNALE QIAquick
purification kit(QIAgen, CA, USA)E o]g3}o] A
H 93, red-time PCR WHS-2] AlEZ AME-H ST
Real-time PCR< MicroAmp Optical 96-well reaction
plate?} MicroAmp Optical Caps(Applied Biosystems,
USA)E AHg3le] & 25 w2 A AT} Genomic
DNA 3 ulE Al EEH 22 g0 PCR WE-g-8-Heol 7}t
3F91aL, PCR WHE-2] ApAlgh 82 Lee 5(2009)=
F 3 th(Lee et al., 2009). TagMan primer2} probe
o AVIMYEE o= 2T TagMan forward primer
+ 5-CGCAACCCTTGTCCTGTGT-3°]1 reverse
pri mer% 5-GTTGACCCCGGCAGTCT-3 ©]t}. Probe
9719 9L  5-CGTTAAGCCAACCC-3°]1 5o
FAM (6-carboxyfluorescein)©] 2% thLee et al.,
2009). PCR =713 A¥} A2 Lee Tl AHA
3] 7145 o] th(Lee et al., 2009). EE A3 o]
HHE 082 73y gy,

8t Rhodococcus sp.

2.5 PCR-T-RFLP 7|S O|&¢t M7 =& 7= &4
ol ME & HE AE wH TEE ¥Aaw
;q_ u]_o]g_ﬂa Rl _-_E/\];H 01 DNA(‘_ A 562 =1 1=

BF2&= 70Y)E 7FA1al, PCR-T-RFLP 7|H& ©] &3
of &4 st Al ilﬁvb_"@:% S8, FAMo] F-2
¥ 27f(Egert and Friedrich, 2003)$} 907r(Muyzer et
al., 1995)% o]g3to] 16S rRNA gene Y-+ (ca 880
bp)& PCREZZZ3&}%th. PCRS 100 ng genomic
DNAZ} 238 50 pl W& A0 7 o] FojRar, vt
g dlo|= 5 g bovine serum abumin}, primer7} 2+
Z} 04 M, 1 Ex Taq buffer, 0.75 U Takara Ex Taq
DNA polymerase(TaKaRa Bio Inc., Shiga, Japan)$}
200 M dNTP7F x3Ee]  gltk. PCR kg2

-
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GeneAmp® PCR system Model 2700(Applied Bio-
systems Inc., Foster, USA)S o] &3to] 31813l
PCR %11 Cho &< #a3}3itH(Cho et al., 2005).
=% DNALX QlAquick PCR Purification Kit
(Qiagen, Valencia, USA)E ©]-&3t FAeti A
WA E weks] el

A ¥ 16S rRNA gene amplicon 200 ng 2.5 U2
A gtE 2 Haell(BEAMS Biotechnology, Seongnam,
Korea) & ©]&3te] 37CelAl 4x3F 53t A=
t}. Zt AEC] terminal restriction fragment(T-RF) =
7]%= ABI 377 DNA auto sequencer(GMI Inc., Ramsey,
USA)S A3} denaturing polyacrylamide gel(6 M
urea and 5% polyacrylamide)oll #17]9 & 3lo] 245
Stk R O] AA Rl EE=(%) A pesk WA ol
gt Zk7he] T-RF| pesk W o.Z Aatstelct. &)
T 42 fragment Z )7} 30 bpolidel Ak&ERE 7}
ok AT
A, At Al 2 T-RF profiles AFo] 2] FAE =
PC-ORD software version 4.02(McCune and Mefford,
1999) o]&3ato] A, A Al UPGMASH
Bray-Curtis "= #t& A8t

26 HA HiH

Hlo] @ HE ] xylened HEE5 &A1z 1 ml
gas-tight syringe(Hamilton series no. 1001; Hamilton
Co., USA)E o]&3te] 7IAE AFsSIAL, AFHE
7t EEEol&3) 71E7](flame ionization detector)
¢} DBwax(30 m length, 0.32 mm diameter, and 0.25
(m thickness;, Agilent Co., USA) A #Ho] &zt 7pA
A=2vulE 193] (gas  chromatography,  HPG890N,
Agilent Co., USA)E ©]&3to] #4313t «&, F
4, HER 2EE 74 100, 230, ¥ 230C=
ARt olsrtAE AL, AivtAsE ¥4
FaE ARSI olHd WY S xylenes 4
FRA S, m, p-xylene A5 A| THretention time) 2.2
oA TYU pek@ FEFH 1L, oxylene> AFAIZE
25504 BA =Tt Xylene] A& 600 ml &
%“%‘"ﬂ xylenes 1 ut F7bete] ®AaklaL, 2pAE

& Lee 5o A9 ¥ oiglthLee et al., 2009).

Ho] 9 A o] pHE A eta A, Y Hio] 2 H
o] vl Hdrain)ol Al &5 20 ml A F 3te] pH meter
(Orion420A, Orion, USA)Z 4 3F3itt. &2 4+

ol

r—{u:



T B8] f8l, AFHE FA 5 gEwTH) =
70°C LEollA] b wok Axaglal, x50
A el 2 HE @AY FRIFS AAtstA
3.8
3.1 HIO|EE|2| xylene M7 S0l OIXl= ZHH,
2% 25tx70 Hst
Rhodococcus sp. EH831S &3t &2 9-d gt ulo]

2 AE ] xylene(m, p-xylene, 320£120 ppm; o-xylene,
100+41 ppm)-& 50 h'z FFstde o
xylene2 A A7) glo] AAH O 129 3} FH
E] i xylene AAZES 88+7%= FAH =

S

27 A vto] @ E ] Xylene AlA e ¥

Al A 13

89+7%% FAFE AtH(Figs. 2a & 3a). Z1H ], Hlo]l @
e FdA o] BAREFE xylene Al A &80l v

& gt Aol #FHUEH, 27 1579 5<¢
9] m, pxylene?] H AAEES 88+3% |,
25210 A AEZEL 8029%0] Tl H3E, o-xylened]

B AAEZEE 173k 82t9% oA 2FAedl=
73+13%= #] 3t U th(Figs. 2a & 3a).

BF2:= 25719 A7t 35S T A7Ms AR
S % =783 xylenes HFE A AT 5= U=,
BF13} 1817l BR2e A = u}olg%ﬁ_a ATk

Zste] wel xylened AARE ] AstE = Ag

o] & UTE =, BR2Y A+H 173 B AA
282 m p-xylenei} o-xerneO] Z}7}  88+6%,

73:16% ©| gl oy, 25 2Felli= ZHZt 83+13%, 68+21%

S A A A). o8| 429 Ek wpo] o 2 Oha 743 th(Figs. 20 & 3b). o] BF29
HE A7 3, 73t A7 FAE 5702 Hhol xylene AAEES BFLY AAEEN Huys o
i-’JEioﬂ AFA gk %, xylene F-3F 271 Wsle] u}p Tzt glol 25Y Fete RHFTHLE viojed
vlo] @ FE A5E FAMSIATH A&F o7 dF 9] xylene AIAE 5ol A2 TS vAA dS&
S xylenes FH¢ BFLS: E& xylene% A A 8t & QAT
Sid, =3 sded(dal &7 43Y) m, p-xylenez} BF32 &} 81714t xylenes wlo]| L El &
oxylened] #ANA&EL 77t 84+ 109} 81+12%= t} wotal yH A 16417 - 29 FoF2 Hpol e
A sgkon), £ 29AREEA & 4Y) m EHE HE FHskE 184 patxdow Ade
pxylene?} o-xylene® AAZEO] A7 90279 A3 ATHFig. 1). BF3Y A|1FA m, p-xylene¥}t
100. ° o o %0 ° ) * o.ﬁ et - ®
80 Te T e o2 .' * o oo ® * %,
oo ®
60 - = =
L]
;\c\ 40 — ~ r
E @ (b) ©
20 — ~ ~
5 < 1wee 2" week 1% week 2 week—=>1<— 1% week —><— 2" week =
S R R R B C e
g 100 ... - 49 56
£ st ® o * Iy d P .' Operation time (d)
E [ ] ..
5 [ ] ...
—I;\ 60; ° [ ) ~
Qo
E 4w} . ° -
ol (d) NG
< 1% week 2" week 1% week 2" week —>|

42 49 42

Operation time (d)

49

56

Operation time (d)

Fig. 2. Comparison of removal efficiencies m, p—xylene under intermittent and

fluctuant loads of biofilters. (a), BF1;

(b), BF2; (c), BF3; (d) BF4; (e) BF5.
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Fig. 3. Comparison of removal efficiencies o—xylene under intermittent and fluctuant

loads of biofilters. (a), BF1; (b), BF2; (c), BF3; (d) BF4; (e) BF5.

o-xylene®] F A AAEL 717} 95+5%, 88+11% O]
A1, A2FA ol Zhzh 90+6%, 76£13%C.F BF1}
2PE w F-J2 7 glef(Figs. 2¢ & 3c), FE AL
3 2712 xylene AAEZEC] AL FFES vAA|

sHeta, UHA 16 A7k o 1 TekA
p, o-xylene®] A|A&o] &
STE xylene A|AEEO]
FREA AAsk,  A2FAS] m, p-xylene®}
o-xylene?] Ht AAFTEL ZV7; 42423%3} 43+25%
o]l tHFigs. 2d & 3d). &4}, 35 8 A+ 1
5% (700+300 ppm) 2] xyleneS ¥ F3kyL, UM A| 16
Al 7ba} FEke A5 (200450 ppm) xylenes 3
BF5E &4 A Foll(dA &3 43~49Y) m, p-xylene
3} oxylenes ZH7; 86227%, 73+23% A 713le] ¢+
Aor $AHE A ¢ F UAAUTHFigs 2e & 3e).
3, 25 Aol = m, p-xylened} o-xylene A7 &o] Z}
7} 78+10%, 70+14%% BF4THE xylene A7 & &0]
AA ) FAaetA] 2 kThFigs. 2e & 3e).

5714 H3} 2702 7% BFL-BF5 vio] o2
Elel A xylene F-3teFel] whE xylene A AEHS Al
2bsked Fig. 4 =A8F9 T BFL~BF3, BF52] xylene
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AA G 83-89%= T zto]lE HolA grot Az
9] xylene F-3}94 &2 nndk 71 02 HQITHFigs. 4a
~c & ). 3tA %, BF42] xylene #7152 52%% (Fig.
4d), BF1~3, BF58}= & &
o]AO® Hol uto] @ FE ] 5o FFS 1A

etz Ae SAFEY
=
-

32 Mz g4 ¥ Z2HEX=0 o|xle BstxHe|
&

2 Ao A wlo] e FE]e] %3 Rhodococcus
sp. EH831°] Altrell X xylene?3tx19] 4
&S e A, red-time PCR 71 S o] &3}9]
EH83L A& A ZF A ekl th(Table 1). Z+& v}
o] @ AE(BF1~BF5)°ll A % 7] 3k(1.05£0.2x10" CFU/
g-dry PU)°l| H]3] EH831] 47} kit 7FAstSl o,
EH831°] M+ F3F 212 &8
Agle]l 10°~10° CFU/g-dry PU 3

A

WAAZE LA A A).
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BF1;

|

- F
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=
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N

ot

fluctuant loading periods. (a),

Xylene -3} Z310] nlo] @ FH 9] Al T4

of MX= FFs ALY 98, ditAlE

3 4 Sl primer setsS ©]-§-9 PCR-T-RFLP
= o] &3to] Hloledy *H FEAY AT T
A& A8k, xylene 1‘%5} Z710] o4& 554 Hlol
2FE ] ARk THTE Aol fAMY B A

(b),

BF2; (c), BF3; (d) BF4; (e) BF5.
B3-S 4% A3E Fig. 5ol =AIEHITh 1 A3

BF1, BF4, —1¥]) 3l BF29] HAMdo] =9kai(Fig. 5a),
PCA =244 % tlZ(control) Z71Q1 BFLe} BF49
AukAlg FHol 7R ZVEA AAXEla, BF3T
BF5Z = BFIZL g o= e "ojxl 14z v
gEoy, 5He HHHA Ay F

Ex o
=70
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Table 1. Changes of Rhodococcus sp. EH831 in the biofilters during intermittent and fluctuant xylene loads.

Operation CFU of EH831/g-dry polyurethene
Time
C) BF 1 BF 2 BF 3 BF 4 BF 5
Initial 1.05+0.19x10" 105+0.19x10" 1.05+0.19x10" 105+0.19x10" 105+0.19x10"
1% wesk 2.9+0.74x10° 4.61+0.11x10° 5.22+0.24x10° 5.86+0.6x10° 1.58+0.33x10°
2" wesk 2.7+0.81x10° 2.14+0.29x10° 2.73+0.73x10° 397+0.11x10° 1.59+0.20x10°

B o A= Rhodococcus sp. EH831S 7
%

&3
xylene-#| A vlo] @ e ] s Aol Eqf2 2l

BF1
BF2
BF3
BF4
BF5

m><q400

13.0% (PC2)
o
[e)]
[

A
0.3 - ®

0.2 | | | | | | |
02 03 04 05 06 07 08 09 10

80.0% (PC1)

Fig. 5. Universal bacterial community dynamics by
T-RFLP results. (a) Universal bacterial
community similarities. (b) Principal component
analysis. T-RF abundances were subjected for
calculation of UPGMA (unweighted pair group
method with arithmetic mean) and Bray—Curtis
coefficient values.
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xylene A7+ &&
AF8-3F Rhodococcus sp. EH831 i+5+2] xylene #|7
EX3 BEo] e Ao ® HltkLee et al., 2010).
Rhodococcus sp. EH8312 E.& xyleng(m, p, and
oxylene)= #alE = UARE m, p-xylene #3| &5
of H]3l oxylened] #3l] £Z7F AdFor “H+
tl(Lee et al., 2010), ©]& o-xylene?] XA 54
T FL 2l AbEel A% A Y WEoE AR
A} g AT E oxylene xylene o] A A =
ol dEstAo®m 7Hg Fa7t ol =dE B
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