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A two-stage continuous stired tank reactor (CSTR)/trickling biofilter reactor (TBR) system was developed for the degradation of
gas-phase trichloroethylene (TCE) using Methyiosinus trichosporium OB3b. Methylosinus trichosporium OB3b was immobilized on
activated carbons in TBR and the microbial growth reactor of a CSTR was coupled for the reactivation of the deactivated cells
during TCE degradation. The effect of operation variables on TCE conversion and degradation rate were studied. At inlet TCE
concentrations ranging from 10 to 80 wmolll, TCE degradation rate was increased up to 525 mg TCE/L - day with 75%
conversion. The TCE degradation rates were also increased with increse in broth recycle flow rate, gas flow rate and dilution rate.
When the temperature of TBR was changed from 30C to 15C, TCE degradation rate and TCE conversion were increased due to
the enhanced TCE transfer from gas—_phase to liquid-phase. The two-stage reactor system was found to be stable and has been

operated for more than 270 days.
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Figure 1. Schematic diagram of two-stage CSTR/TBR
system for gas—-phase TCE degradation.

Ho] gltHFigure 1). A&WE7|2+ 5 L AEHE7HKFC-
oL, #= @yl FA3A, I AHEEHAD 2E 30T,
gl B3 35 LYo mukEEeE A Add A 500
mpmeE FAFAT 727 die 10% olitserE
a3 3719 v 3:72 AP BE JlaE e
7iol FFEH1A 47 045 yum BE S 022 um sterilized
filterg 3 AFZ, & 729 HFFL mass flow
meter(GEM17, GEM37, AALBORG, New York)$t gas
proportioner(Cole-Parmer, USA)E %3}o] zt7t z=dstqic)

Baurerle dEH #Y= wEdn, WA 7 cm, AA
Zo] 55 cm, ¥3 21 Ltk w&7] £ 20 em Eol2
SAeH ok Al Ae; 97, 085~3.18 mm; F4¥)S £
AAX mAELE PYAAIIEE HARAT g4Ee
stainless steel o2 WX A1, ukg7)olgol 15 cme] o
Wg Fol Fo] AR x| ¥EEF &k CSTROIA

Soj2 YA distributorg® & A W FnF
BAEA 9t 2EAE A8 water jacketE AAFn

g2z A4AAHY CSTRH TBRY 94#-2 EF viton
tubing ¥ teflon Bl AMEst TCE §& 2 248 4
334t CSTRoAM A ¢AE 9d5PLE 539 TBR
2 FFHY TBRelA 7|42z #4€ TCEE w3 €
. TBRE 538 dAe 7 TCEE fol7] sk
stripping unitellA] CSTRZYFE Y2 7|AES o]&3y
stripping A1zl & thA] CSTRZE o714 St

2n 9 0@
2¢t 4E8t W37 23
] B EAGZEHS7I(CSTR)ANME TCE 2 &4U sMMO

AUz A 5 g uY 2188 FAEE o) da
o WA, B dFME 2 9 FEuYM 7T F
27L& EdE CSTRE AHdAh g¥&zE 0017
hel, Wets 2719 $4& z22 029 045 L/ming 34

A 1

Korean J. Biotechnol. Bioeng., Vol. 14, No. 4

6.0
55 -
2 50
F B4 setesseay et tee
35
30 1 4 1 1 ] ] 1

MMO Activity
(nmol PO formed/min - mg cells)

TCE (1A
]
i

| I O N SO SO Y O S |

01234567891011121314151617181920
Time (day)

Figure 2. Time course of cell density of CSTR, sMMO
activities and TCE concentrations in inlet and outlet of
TBR at various inlet TCE concentrations.
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Figure 4. Time course of cell density of CSTR, sMMO
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80 20 ~ 60
s %] 3
042 Wl
- |E L 2|
X 604 E B £
E § 160‘%9_40 I::"
£ 508 R 2
£ g 20 {140 = o
AN e
o T O F S
30‘+ L 100 =
g
20- 10 T T T 1 L &) 10

0 20 40 60 8 100 12
Broth circuration rate (mL/min)

Figure 5. Effect of broth circulation rate on TCE
conversion and removal rate.

7t A e $4(50, 100 mL/min)XE 95 mg
TCE/L - daylA 205 mg TCE/L - day7tA] FAHogE &
et ol wigd &8 £% F712 Q39 TBRUY
wjFd hold-upe] Z7tstha, ole} uel TCE A3g 2
2HEEY Z713 A= Mg £ ok

JNARE Ha

FY% TCE #%< 40 umol/L, #l¥d ¢&&EE 50
mL/min, TBR €%¥ 30C, CSTRoIA S HMEEE 0017
hr'2 $48 A Z1AFES 50, 100, 200, 400, 600
mL/min® 2 @A 7|HA TCE A3s £ B4 E A4



456

04 40 400
=
_ 3
604 = 3+ - 350 .
=
2 B
—_ 2 =
K 04 E 0 - 30 e
= 8 -
14 =] =t
S 048 %- L os0 £
S |8 £
L I 5 m
g? " &
© [£3]
0@ 15 L 150 &
0d 10 . : . . 100

0 500 1000 1500 2000 2500
Inlet TCE load (mg/L - day)

Figure 6. Effect of gas flow rate containing TCE on
TCE conversion and removal rate.

Btk Wkg7] SAEe CSTROA #AZS dAs A &
AHRen, CSTR 2 TBR #4% 2 f&%94 sMMO
245 dASA FAH o] £HxAAME TCEE A
oz &% 4 gldcidata not shown).

TCE &= E 71A §4 F7 utgt ¥ fdore
Helgert AMHoz F718lt7t 200 mL/min(718.6 mg/
L - day) ©ol’d9 2 f&dAe YA Helgen, H3
TCE ¥3l&%+ 350 mg/L - day°] A tH(Figure 6). o]& 7]
A FF w5378 4 TCE Ral&£57 S719 AL 7
Af&o] F7HEd ue} AT FFHE TCE ¥o) &
R gFo)el AzEe ¥ #4 (50, 100 mL/min)
dlME 50% ooz =& Mol
ggo] ZAsYd JAFLo =
AdHezs EAw Hggo] Fom2 F o
fo] UE Fom BiLrrt ol FHolx Eilnzg
443 TCE 24z HgdEE & F+ e Y
£719 &do} 3t £ ATolA ALE 294 w37
2=l A9 50(179.7) 2 100 mL/min(359.3 mg/L - day)

F&olME AEdee =gou TCE £ &5 ti
e Holw, 200 mL/min(781.6 mg/L - day) °]&¢] &4
X TCE 23&ET AY FYsiAnt Hshge] Hojxm
2 200 mL/min(781.6 mg/L - day) =9 f&o| 71% A
Hsittn BoE

RN

>

o

TBR 25 ¥3

U8 TCE >
mL/min, 714A
0017 hr'e2 £33
TCE #3hg 2 £8) A
TBRoIAS 2%& 15 20, 23, 25 30CE w@sAzd o
CSTRelA 8] #A1% w3l CSTR 2 TBR #9% ¢ &2
Box o] sMMO A0 miXe 933 A5y oy 2%
Z704 A% 2 sMMO 48 #AsT glo] He |
Ao &&= ZAdA TCEE ¢tAZoz HeEdd + s

40 pmol/L, ¥ <3 £EE 50
100 mL/min, CSTRY 3%
ejolA] TBReIMS 2% Wt

N Jl-)' l-ﬂ
o o rir
S
-y
a
™
rir
o2
o
lo
>
B
[
pacs
£
o
>

Korean J. Biotechnol. Bioeng., Vol. 14, No. 4

3
J

1

lé)

T 1
BB
(=] =)

-l Conversion (%)
-@- Outlet TCE concentration ( # M)

=3
I

T

[§%)

=

-4 TCE degradation rate (mg TCE/L - day)

—
IS
i
T
=)
=

.
{471
L
—
38
L
—
&

Column temperture (T)

Figure 7. Effect of TBR temperature on TCE
conversion and removal rate.
Dilution rate (hr’))
o 0.017 L 0.008 L 0.004 o
I =1 =< =

A

MMO activity

TCE conc. (M) (nmol formed/min - mg cells)

0 T T T T T T T T T T
0 2 4 6 8 1012 14 16 18 20 22 24
Time (day)
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Table 1. Performance comparison of various bioreactors designed for TCE degradation.

Stain Carbon TCE Duration TCE deg. rate Referenc
source (M) (day) (mgTCE/L of reactor/day) €
B. cepacia G4 PRy 03~183 1~22 86~392.3
(fixed-film) Glucose (gas) 4~40 7~10 Sun et al. (1997)
B. cepacia G4 PR1y Yeast extract, 1.01.0~10.0 - .
(fixed—film) peptone, glucose (gas) 4 07~21 Shields et al. .(1994)
B. cepacia G4 10~327 _ - Folsom and
(suspended) phenol (liquid) 14 B~ Chapman(1991)
B. cepacia G4 2.3~304 ~ 1 Ensley and Kurisko
(suspended) Phenol (gas) 14 10~156 (1992r3)
B. cepacia G4 19~877 _ _
(suspended) Toluene (gas) 22~126 Landa et al. (1994)
P. putida F1 and mixed Phenol 12 <1 17~30 Covle et al. (1993)
culture (liquid)
Alcaligenes Eutrophus -40 - oz Mckay et al.
JMPI3 Phenol (Tiquid) -1 67~95 (1994)
Methanotrophs 35~3204 ~ N Fennell et al.
(fixed film) Methane (liquid) (a2 28~%01 (1993)
Methanotrophs 6.8~84 ~ ~ Strandberg et al.
(fixed film) Methane (liquid) 24~138 (1989)
Methane / propane Methane, 34~132 _ 02~09 Lackey et al
oxidizers(packed) propane (liquid) o (1993)
M.trichosporium 15~76 - Tschantz et al.
OB3b(pp358) Methane iquid) 18 0.2~30 (1996)
Methanotrophs Methane 114~222 3 338~414 McFarland et al.
(suspended) (liquid) (20 mM formate) (1992)
Methanotrophs Methane 0.1~388 170 05~154 Strand et .
(1991)
M. trichosporium OB3b Metnane 10~80 770 85~525 This study

(gas)
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