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Rhodococcus sp. CP010]| 2|8t HE1 6/ 2F0|22 SA| A

AT - 295 - ZUS® - ANz
SIRICHSIT MRS, WRIIED MRIISEIEE, MBS ABuMe

L U3 g g oAU R o] B3 & Q3= Rhodococcus sp. CPO1S FEFRNE Beldhal 332 g
dAgujef AANA ZF(VDE SA¢ IWAF= 5HE SAsHT. 2FVD) 89 FH pH 7.034 ¥ = 5=
1,000 mg/LolA FAuA]o] Foi2] 0.25 mMe] FZE(VHE CPO1 T35 ]3] 602]17h7ke]] 9A13) AW e, o
o) ZEe] FUETE 4,17 uM/br, 9359 BHEEE 384 mg- L7 - 2 Z2AF. £ E8H A FA7RE 100
hro 28 $714 Aol AAA ZF(VNE BEZ 0.0625, 0.125, 12T 025 mME, ¥ 52 1,000~
4,000 mg/L7FA] WA 7] 46U 7F A& A, IF(VH 0.125 mMI #H= 3,000 mg/LY o] FA} steady state
o o]23 o olu AFY FHEL A2 100%E A FA =K. o] F7hol|A] AALR specific reduction
ratex= 0.34 mg Cr(VI) - g protein™ - hr ' glucoseZ AA7)AZ o] &3} 7|&¢] A Ao}l FA|8F 202 1
elsicl. olAke] Az RE] B dTE FEE aF(VDFH WS AREQ Sins S Aoz AAY 4 e

JEen Az A5AL B T
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AR, chromate(CrO7) Y5 dichromate(Cr,0.>7)7F W33
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EABEES oV Y Al a3t
71A)9) BALAEAS FA|

AL A Aels ol ey
o AL 4= YgouE s

Aeke, ATS s wde) £3 ZARKE s
=AW opel HarisA] chlorophenols A48
(VD o] dAEeAl2 A
)] o] frh1623). “Lejut 7R
Hagl d7das dE Bl Pseudomonas putida DMP-
13} 218 SRR Escherichia coli ATCC 334562] E3hulo
of o5t AF dEme] FAAMACIBZ, shto] whgv|ujel] M=
e 5 g0 AFE FAoRI] o] 1s) Ao} gt

AR s o) FEe wEe) Aok vag A
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Yoo tlo] 5714 BRAAA Ak Aol S ¥

sfo} zgglgle] B AT
HE ¥ Ay
oF 22 ¥ 53
A5 HeE g AE AEe FAT @yl Feele] ofde
A HVEERE IAE HEF (pH 7.0~7.0)F AT
FEMFE Al 500 mi A7 Bapadel] HES 1 et 28

0.25 mM-2- mineral salt basal (MSBY=|(18) 100 miol] 23}
i Teflon® 2 78k SIF 0 R WE-35be] 30°C, 200 pmoE
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A3ty I8 025 mMe] H71E 34 MSB i =
30°C 7)ol A nieksloict. o) Hlme FEael wol wix|
F7VHE FEE FA et A 5 A2Fe gl Ay
T8 ST} 7Y B3 758 9T Beeta B
AEE ST 7t ZuEIH E(Model 6890 Plus,
Hewlett-Packard, Wilmington, USAYE o]&3&}e] &= Beld #
FY MER FEFE fatty acid methyl ester(FAME)2] 2A4-%&
Bergen?} Sorheim(1)2] Wl we} &el8kaL library®} B wlshed
T4 A3, o] HFE Rhodococeus sp. CPO10)2k Wm 3k}

3E(VD el By

TFEZF CVyE BN 4 phHE gobry) S8 ot
22 ARE FHHAG S48 wE @55 2ie MSBE 2
3] MHEaL "R (A,=2.0rS Z7] pHZE 242 pH 5.2, 6, 7,
8, 9= 2FE MSB WA | m¥ HEslFet olw =z Al
ol AAl wR= E4ES DHEtY X7 B 1,000 mg/LE
skl 5% ofsiute] ol gl Ao alg wirlt} 1,000 mg/L
7} B oA H7Velget 27 22V BEE 025 mME
slem HEE Aae 30°co)A) FR200 rpm)ystct.
AEE F70lA] HES A 2 AEE Folsle] vANEEH
FE(VD AL gRlEAct AFg RE B4 Al 28l 4
A AR o Fias A2 et

AFWNHE Y e vgd oz e dH ] A RS )
A FE(V) TR AR FHIJU(LT). AL AR EE
HAE-E (10,000} g, 10 minydlel FRERE AA3 5, 45
0.1 mi& 1.9 miQ SR B2 & 0.16 mie) 2N ke 7}
ste] AASEAIH Y HEE acetonedll =¢) 0.5% diphenylear-
bazide (Sigma Chemical Co., St. Louis, USA) &% 40 wZ 3
7t 1o b oA WEEe AZAZ F, UVAis-
spectrophotometer (Model UV-1601PC, Shimadzu, Tokyo, Japan)
£ o83} 540 nmol M} EYEE Fgstar, BT Ao
B AR W EAshs Crvhike deido s Jkairt. 2
F(VDE e} Sollnl EAistar gAaE oA dolA cell
pelletell M= SHERA] Iorom & ¥ F2F iy 5 E o] A
A=le G A fisdrh

HiEze Y

HiAlell EAjehs HEe ZEV) $AEY] S5 28 o
A BEg A 8oA dAFES 4 mm PTFE syringe filter(pore
size 045 um)Z 23 F, 4.6x150 mm COSMOSIL RP-C18
column®] ZAZE HPLC (Model L-7100, Hitachi, Tokyo, Japan)
£ o]&3le] sl B4 AL & 24 methanol:DW
(40:60 viv) EFAS isocratic A3}, A& FUBES 10 i,
FEHE 1.0 m/mino.2 BA5tE. A5 254 nme) 3394
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=3t} AR 0.1 mio) 20 w2 IN NaOH %7} 5 vortex mixer
£ olgale] HB] 4031, coomassie blue reagent(Bio-Rad,
Hercules, USA) 1 mi& HolFal Aol A 1087 AAAA &
WAl Th S H T = UVivis-spectrophotometerS ©}-8-8te] 595
nmollA F3 52 Z33H 0, bovine serum albuming H5E
AR ol &3 xFA oz RE At
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HKuler =

ALEMEL 3 L HH-F(Q2 L working volumeylioll A} 28alsd
o, Fig. 13 22 714 B-433 AAE o835k 438t
o WREEe} BE wbing ¥ AR WX 1583 121°C90 @
3o 195 Lo MSBHiA #lEel 2-3-% #F HEA
(A,=2.0) 30 mi¥ JEINATE 7] 6U72 v EHE SI14
7131 A 717) Yl 8-S FHEEA] Al el HE
feed tankZHE 253t vh HHEE F feed tankol] FE(VI)
HE5AE 00625 mMo| EEE pore size 02 ume] ZH|AAR
Z(Millipore) 2.2 J}dte] Hr7ielal $-1E AAEIon, o)%
9 2EQ FEE 0125 2 025 mME S7HZCH B3 feed
ank®] HE FER AEFHY FLE uEdle] 1,000 mgLER
E] 2,000, 3,000, 712]31 4,000 mg/L2 Az} S AIHTH His
AEVDE 3T YE MSB WAL feed tankEHH
peristaltic pump(Speed pump [, VWR Scientific, South
Plainfield, USAYE 58| whg-Zol 20 mimre] AT £58 F
w3l o o FjshA AFAIZEE 100 holt}, Hhg-29)

MSB + phenol + Cr{Vi)
Fig. 1. Schematic diagram of the experimental set-up for continuous
culture of Rhodococcus sp. CPO1. MSB-mineral salt basal medium, P-
peristaltic pump, C-cotton filter, T-thermometer, M-magnetic stirrer/
heater, F-flow meter, A-air pump.
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LEE 36+1°CE AHTHA HRIBHHT, F 715 air pumpE E3)
3.0 Lmin®] #5258 FAon, wjed °—1 A g &
olg-3ted w3 A T FUCE At F Hlmel 71stl

o2 &8 349 AE5E water rapSE i?ﬂo}oq HPLC®E &
et A7} frofdt o R SAE A Aotk F 468 A

713k Bt Wk }—4 FEFE 1~2Y HEoR AFEt
SEVIE AEe] FEE A7 299 F v AAEHAol
Ul M- A0, B g pHSl WSk S 4E1
t}. Specific Cr(VI) reduction rate= YA MIEZ thel o]
o) e AEvNHe oz ARSI (mg Co(VI) reduced -

g protein™ < hr™").
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pH 52,6, 7, 8 9 o2 A3l vkl S w pH 7914
CPOLE ZE(VE 718 & &7l Ao= yepdy, sdt
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A TEE R eokrh skehAQl wkgoll ofsf dolvh: AE 2
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Fig. 2. Effects of pH on the reduction of Cr(VI) by Rhodococcus sp.
CPOI. (@ .,pH52; O ,pH6; M ,pH7: []1,pH&; A . pH9).
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olg3le] HAE(VIYS ERH T BRIAIAL (Fig 3). 7] 2F
EE 025 mMS ulE 60x]7HRle] $HHE] FelE|glon, o)m)
HEe d5ol v 548 aEste x7)d faF FYEHA
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Be 27 AXEYEE 150 mg ARFHLE 3PS ©f 2E]
Al vlAgZddA oA Adojuin AT A M= 2.8
:lg._o,] §L0Jo] 1{}_7,:.;? /40] ﬂ}iLE]o%q 5) &]- _TLOHH 24%_3}
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A4 B g4 TS 83 A5y g 2l
o] AA1E vk k21,
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olelgt Azl Fdo] BEAFUSH A A, E oli®} P
putide E3PIFS] F-2-(16) 850 mg/L oA ellA AHajddo] o
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ok Al B 60AlZFeke]] .23
Ao n o AXFH #HEo
mM)el At} (Fig. 3). vHeF d=
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o] 4k3hel ZE e Flo] K
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=l H%Xﬂ g3} (22)
Ch2-9] stoichiometric eq. ©.EXRE #HE | mol¥ 9.3 mol¥
Agvhel  FPEIth CHO+9.3Cr0 +40.6H —9.3Cr' '+
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U= NAD(P)H-dependent reductase® #4J(12,13,19)0) o] &l
e o2 Bzl
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Fig. 3. Reduction of Cr(VI) during the growth of phenol-degrading

strain CPO1 ( @, phenol; O , Cr(VD); [J, protein). Arrows indicate

additions of phenol to adjust the concentration to the initial level,

1,000 mg/L.

HAZHLOAM B (VIS &

3 MFd o] ARE nEste AgudAAE Faska,
BRSO F{lEE ZE8Y Az R vlAEe 847 o3
o W} AEL2 00625 mM (Phase I; 0~11%), 0.125 mM
(Phase 1I; 11~36%), 2123 0.25 mM (Phase III; 36~46Y)&
Azt Z7HA1713, GA] HEE 1,000 mg/L (0~39), 2,000 mg/L
(3~9%Y), 3,000 mg/L (9~39%), L)L 4,000 mg/l. (39~4 6?4_)

2 QAH oz F7MAZ Peed tankdl A W22 FFH=
452 20 mihr2 JAEHA FASI F218HE AFAI7H ]'(HRT)’
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9 pHE ZH3IATH (Fig. 4). Aol H8]-8-2 Phase IO E
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& 100%°1 o]Z%th & Phase 12 #lE2] BE£0 7 CPOI

of oJ3t AE 9] Fglo] AFE W= pRhew wukEn &

Zol|l A A (Vo] FAHEA @ AZto] IHRTE 238 11
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FEAA =L $E(201.3117.3 mg protein/LyS R o0 b
BHEe ABE BAFAT (Fig. 4b). WA o] F13k(Phase )&
A} steady state®} 7} EH specific Cr(VI) reduction rates
034 mg Co(VD-g protein”' -hr'Z AXHAUY. Gopalan
Veeramani (4)= & A9} AR Aok AlAle)A vlw4] B
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Pseudomonas sp. C7°1 23k AE(vNe] Elol Ad ATE <
3Tk #F C7& HRTZ} 7271201 /9 289 5571
0.1 mMZ} 029 mM ull Z+zh 0.129} 0.33 mg Co(VD) g - !
9} specific reduction rate® WERNITE WA gaglo 2 wHiE
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Fig. 4. Performance of reactor during 46 days of continuous culture of
Rhodococcus sp. CPO1. Influent Cr(V1) concentrations were increased
from 0.0625 mM (Phase 1) to 0.125 mM (Phase II), and then to 0.25
mM (Phase 1II). (a) Profile of Cr(VI) reduction efficiency (O) and
influent phenol concentration (—); (b) Profile of protein concentration
( @)and pH (< ) of effluent.
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ABSTRACT : Simultaneous Removal of Phenol and Hexavalent Chromium by Rhodococcus sp. CP01

Kwang-Hyun Choi, Young-Sook Oh!, Byung-Dong Kim?, and Sung-Chan Choi*(Division
of Life Sciences, Hallym University, Chunchon 200-702, 'Division of Ceramics & Chemical
Engineering, Myongji University, Yongin 449-728, *School of Plant Sciences, Seoul National
University, Suwon 441-744, Korea)

Simultaneous reduction of Cr(VI]) and degradation of phenol was observed in batch and bench-scale con-
tinuous stirred tank reactors using Rhodococcus sp. CPO1 isolated from leachate. The strain CP01, which
was capable of utilizing phenol as a sole source of carbon and energy, completely reduced added hexavalent
chromium (0.25 mM) to its trivalent form during 60 hr batch assay under optimal conditions (pH 7.0 and
1,000 mg/L of phenol concentration). The rates of Cr(VI) reduction and phenol degradation were estimated as
4.17 uM Cr(VI) and 38.4 mg phenol - L™' - hr™', respectively. The continuous culture experiment was con-
ducted for 46 days using synthetic feed containing different levels of chromate (0.0625 to 0.25 mM) and phe-
nol (1,000 to 4,000 mg/L). With a hydraulic retention time of 100 hr, Cr(VI) reduction efficiency was mostly
100% for influent Cr(VI) and phenol concentrations of 0.125 mM and 3,000 mg/L, respectively. During
quasi-steady-state operation, specific rate of Cr(VI) reduction was calculated as 0.34 mg Cr(V1) - g protein™
hr™! which was comparable to reported values obtained by using glucose as growth substrate. The results sug-
gest the potential application of biological treatment for detoxification of wastewater contaminated simul-
taneously with Cr(VI) and phenol.



