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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.



Vol. 36, No. 4

T 36£1°C2 YASA FABIANL, 71 air pumpE 531
3.0 L/mm«] £ FE FAoH, wdde Ay wwr)E
ol-g3tq Fd3tA T3 Ut L—rHH F 5 e 718
2 £28 3719 A45E water trapCE ﬁz]ﬁ]ﬁ] HPLCZ &
A A7 ot FEo T SHE A AUTE F 46€7H] A
717t Bt BEERO] HESE 129 HFHoR XHH&‘I] THr
AFVDH A= FeE 44 3T F % AASHFAZ
ek w282 Ak om, T Aee) pHel Wl S5
o}, Specific Cr(VI) reduction rate= THAIZHE A|E thl o
olg gld AF (VD] do2 AARIAT (mg Cr(VI) reduced -
g protein™" - hr "),

23 % 0

p

5|24 HiLOIM IAZ (VDS E

‘5*?—@]/‘1 Hes YT @9 duxeoz ALg-swA
ags FUMNT= %E—qol EL%J, 8t Rhodococcus sp. CPO1 115
i Bi9lo] HAE pH WS Lo} B
°é AT} MSB HIA|2] 27| pHE
é Isto] wiFalS w pH 70l 4]
CPO1 AEF(VHE A7) Ao g Jeldt) 3l
HEE ohA &2 *I E;Oﬂ’\i Jﬂ o &gk Ag (vl et g
A% FHEA] Fgdth 318HAR1 Whgof o8 doju= AF Y]
-2 FeSO,, Na,SO,, NaHSO, NaS,0, 53 72 A
3 Zof=m ko] A pH W97} AH pH 2~ 3°‘E A=
& uf(3), pH 529014 A9 Fhelo] dojupA] ke B Aol A
= CPololl &J3F FE 9] o] 548 WESHH wrge] A
s AA g AESA A8V 39 3 pHE
Enterobacter cloacae HO19 734-9- pH 7.0~7.82] Wegom
(10), E. coli ATCC 33456 3=7(15)%} Bacillus sp.(20)= ¥ A
79 CPOL 79} FUE pH 7014 et} webd *&s@f}
2 AEVD S HA pH~ gl wAES] A AIF pHe}
A= Ao E Holn F4 pH WS A "Hor v
Aoz Helr}

o #F CPo12 HEe £93 ga

pH 52,6, 7, 8, ¢

lo ot

5oy gle

03 |
=
E 0.2
s
=
[«]
(4]
g o
5]
0 . 1 1
0 20 40 60

Time (hr)
Fig. 2. Effects of pH on the reduction of Cr(VI) by Rhodococcus sp.
CPOL. (@ ,pH5.2; O ,pH6; M, pH7; ], pHS; A ,pH9).
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Fig. 3. Reduction of Cr(VI) during the growth of phenol-degrading
strain CPO1 ( @, phenol; O , Cr(VI); L] . protein). Arrows indicate
additions of phenol to adjust the concentration to the initial level,
1,000 mg/L.
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Fig. 4. Performance of reactor during 46 days of continuous culture of
Rhodococcus sp. CPOL. Influent Cr(VI) concentrations were increased
from 0.0625 mM (Phase [) to 0.125 mM (Phase II), and then to 0.25
mM (Phase III). (a) Profile of Cr(VI) reduction efficiency (<) and
influent phenol concentration (—); (b) Profile of protein concentration
(@ )and pH () of effluent.

(s} h} - X

FHoix 2] etk HE o ¢ Al i?g%’é}f?ﬂ 5 101] A
AHahes A4 Fgol ojME gapdo R ALgE|ofE 4 QS
HOF dZFot

HjoF 7 7HEer Bhg-o) MZ-e POl el HE A Ehel
B AEBNY] Ho] EFE ofFy AME Yehlo] Sto
T zEo] @E] lue S ¢ F Al Yo s aE
2] 2912 hydroxyl 01 58 A /35“5}»331 Wke-Z2ol A pHE o]
= ETE V1AE 5 vk o3¢ +4H.0—~Cr +80H . T
B Ao {552 pHe M} HH 717F <t MSB HiA

o] pHel 67Kt} oFZF YR pH 6481 0.118 FHEHAT (Fig.
4b). ©1= MSB HjA|e] eheAvkel vlEe] wtel el sl
d)ize] Bl RRE] wAE ghitol ol ofsf pHY} vtobAl= a3}
7k 2ol ZE(vDe] FHelvt ubelo] dofuks pHel &
I S7H7] e s ALk
= e 849 CrvhE B840 CrlFtshes
ng sfgA BgomyE] dEEo] AR feld
FAGA o] Tt SRR Age] S8 845
rof i fEE Bhgolet & 4 slrk  AtelMe
2 W SFEQ s el sl A5S

Zala Qs AR 2E BN

of &3l
=
e =

=4

=]
A7

,AO% 0.

40“1

~N

ﬁw fof

- m‘o ) E mm

[o}

-

~N
o
1

to o
L
-

g

&

{.ﬁO

Q
T
i

i

t

o oo

{

]
A e W

I+

-
-
A

o



Vol. 36, No. 4

Brpsiltt. 2ol Adel A £ o, & A7e T4 A
VD slEs Tl o7 AAT & e AESHA A
2]9] 7ksAd& AAskaTt.

a2

F ATE ST AGE 98 8yl 2EH AT A
(No. 1998-024-G00018) Aol o8] 3 =5 A=} dx
2 HF =7 A S & S ol A A =HuUnh

oo

10.

Ml

ik

0
ror

- Bergan, T. and K. Sorheim. 1984. Gas-liquid chromatography for

the assay of fatty acid composition in gram-negative bacilli as an
aid to classification. Methods Microbiol. 15, 345-362.

- Bradford, M. M. 1976. A rapid and sensitive method for the quan-

titation of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal. Biochem. 72, 248-254.

. Germain, J. E. and K. E. Patterson. 1974. Plating and cyanide

wastes. J. Water Poll. Contr: Fed. 46, 1301-1315.

. Gopalan, R. and H. Veeramani. 1994. Studies on microbial chro-

mate reduction by Pseudomonas sp. in aerobic continuous sus-
pended growth cultures. Biotechnol. Bioeng. 43, 471-476.

- Horitsu, H., S. Futo, Y. Miyazawa, S. Ogai, and K. Kawai. 1987.

Enzymatic reduction of hexavalent chromium by hexavalent chro-
mium tolerant Pseudomonas ambigua G-1. Agric. Biol. Chem. 51,
2417-2420.

. Imai, A. and E. F. Gloyna. 1990. Effects of pH and oxidation state

of chromium on the behavior of chromium in the activated sludge
process. Water Res. 24, 1143-1150.

-Katz, S. A. 1991. The analytical biochemistry of chromium. Envi-

ron. Health Perspect. 92, 13-16.

-Katz, S. A. and H. Salem. 1993. The toxicology of chromium with

respect to its chemical speciation: a review. J. Appl. Toxicol. 13,
217-224.

.Kim, H.-Y,, Y.-S. Oh, Y.-K. Kim, and S.-C. Choi. 1998. Reduction

of hexavalent chromium by leachate microorganisms in a conti-
nuous suspended growth culture. Kor: J. Microbiol. 34, 126-131.
Komori, K., P. C. Wang, K. Toda, and H. Ohtake. 1989. Factors
affecting chromate reduction in Enterobacter cloacae strain HO1.

HE3} 678 FF (VDS FA] AlA 283

Appl. Microbiol. Biotechnol. 31, 567-570.

11. Llovera, S., R. Bonet, M. D. Simon-Pujol, and F. Congregado.

12.

13.

19.

20.

21.

22.

23.

1993. Chromate reduction by resting cells of Agrobacterium
radiobacter EPS-916. Appl. Environ. Microbiol. 59, 3516-3518.
Oh, Y.-S. and S.-C. Choi. 1997. Reduction of hexavalent chro-
mium by Pseudomonas aeruginosa HP014. J. Microbiol. 35, 25-
29.

Oh, Y.-S. and S.-C. Choi. 1997. A comparison between bacterial
Cr(VI) resistance and Cr(VI) reduction among environmental iso-
lates. Kor. J. Microbiol. 33, 125-130.

. Petrilli, F. L. and S. De Flora. 1977. Toxicity and mutagenicity of

hexavalent chromium on Salmonella typhimurium. Appl. Environ.
Microbiol. 33, 805-809.

. Shen, H. and Y.-T. Wang. 1994. Biological reduction of chromium

by Escherichia coli. J. Environ. Eng. 120, 560-572.

. Shen, H. and Y.-T. Wang. 1995. Simultaneous chromium reduction

and phenol degradation in a coculture of Escherichia coli ATCC
33456 and Pseudomonas putida DMP-1. Appl. Environ. Micro-
biol. 61, 2754-2758.

. Standard Methods. 1995. 19th ed. American Public Health Asso-

ciation. Washington, D.C.

. Stanier, R. Y., N. J. Palleroni, and M. Doudoroff, 1966. The aero-

bic pseudomonads: a taxonomic study. J. Gen. Microbiol. 43, 159-
171.

Suzuki, T., N. Miyata, H. Horitsu, K. Kawai, K. Takamizawa. Y.
Tai, and M. Okazaki. 1992. NAD(P)H-dependent chromium(VI)
reductase of Pseudomonas ambigua G-1: a Cr(V) intermediate is
formed during the reduction of Cr(VI) to Cr(Ill). J. Bacteriol. 174,
5340-5345.

Wang, Y-T. and H. Shen. 1995. Bacterial reduction of hexavalent
chromium. J. Ind. Microbiol. 14, 159-163.

Wang, Y.-T. and H. Shen. 1997. Modelling of Cr(VI) reduction by
pure bacterial cultures. Water Res. 31, 727-732.

Wang, P-C., K. Toda, H. Ohtake, 1. Kusaka, and I. Yabe. 1991.
Membrane-bound respiratory system of Enterobacter cloacae
strain HO1 grown anaerobically with chromate. FEMS Microbiol.
Lett. 78, 11-16.

Wang, Y.-T., E. M. Chirwa, and H. Shen. 2000. Cr(VT) reduction in
continuous-flow coculture bioreactor. J. Environ. Eng. 126, 300-
306.

(Received July 31, 2000/Accepted November 30, 2000)



284 Kwang-Hyvun Choi, et al. Kor. J. Microbiol

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 CPO], 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(VI) - 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.





