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Biological Treatment of Wastewater Containing Chlorinated Phenols by a Mixed Culture. Lee, Wan-Seok’,
Sang-Wook Jung, Chan-Sun Park, Byung-Dae Yoon, Jang-Eok Kim!, and Hee-Mock Oh*. Fnvironmental
Bioresources Laboratory, Korea Research Institute of Biosicence and Biotechnology, Tagjon, Korea, 'Department of
Agricultural Chemistry, Kyungpook National University, Taegu, Korea — The biodegradation of chlorinated phenols
in an artificial waslewater was investigated using a mixed culture. The mixed culture was composed of 8 microor-
ganisms isolated from the soil contaminated with various chlorinated phenols. Pseudomonas sp. BM as a main constit-
uent of a mixed culture was Gram-negative, catalase- and oxidase-positive, and rod-shaped, and did not grow at
41°C. It degraded 99% of initial 500 mg/! of pentachlorophenol (PCP) in the minimal salts medium as a sole source
of carbon and energy within 3 days. The degradation efficiency of Pseudomonas sp. BM was not affected by the
other organic carbon and nitrogen compounds. Pseudomonas sp. BM was able to grow in a broad range of pH 5 - 8,
and degrade 2,000 mg/l PCP. In the experiment with an artificial wastewater containing chlorinated phenols, the degra-
dation efficiency of the mixed culture was the range of 73% (2.4-dichlorophenol) -96% (2-chlorophenol) during an
incubation of 7 days. In a conlinuous culture experiment, the degradation efficiency of mixed culture plus activated
sludge was about 2 times higher than that of the control containing only activated sludge. These results indicate that
it is possible to apply the mixed culture to other wastewaters containing chlorinated phenols.

Key words: Biodegradation, chlorinated phenols, pentachlorophenol, Pseudomonas sp. BM

Aagt FEIhed AR, Ak, SIEAR, F
ANuEA Fol FuA AMEE TEEAM AEA P9
gk F3EE A= Zled deiA gl E3) 2-chloro-
phenol, 2.4-dichlorophenol, 2.4,6-trichlorophenol, pentachloro-
phenol W= A EEAAM AT 129719 FejE
o] =] Q7). Had) H=3lEe] Felo ek A
T2 Seech §[21]= E®ded EE HsigL,
Higgblom 5[5 Rhodococcus R Mycobacterium 52
u] M E-& o]83l9l e MacBain S[1212 Flavobacte-rium
sp. & Phanerochaete chrysosporium d5= ©]-43 A2
SE dATsiact. ofLlolx AEErA Hajl] wisle] w2
A77E FREGeu A9 g 4} Hwe] R 9
o #Ee 9lew, ofe] HgFe] EAlE e A 24
oMol Bl 7= Pl = AA ) 10,16).

7ol whEEe vkt A% wsHIE FolA pent-
achlorophenol (PCPye= 52F, BA|RER] 5 Algda o2 gol
ARG 9127 [20], 0.6 mg/lE. dH-F2] offel] A elm
gl vl o 40eie] FAE Mol H3Eo|vt PCPE
92 94} H=3lghEe] vlE B2 943 A= ld)

*Corresponding author
Tel. 042-860-4321, Fax. 042-860-4598
E-mail: heemock@mail kribb.re.kr

of Bgo] 73R, nZe] o1 84E HshAl)7] Rl A
Sohgol w3 dekn BISREH1, PCP 5] 943} S
ST DY FFoll Aakre] FE AR W uHel
B2, ik, Al Aol thakek $5e) 945 st
2B P SART Qon) 1 5% w5 b Hefeleh.

mhe, £ QTN PR s SERgEel T
9 P42 G A dsled Apehiel B
S4o) AT PCPE FH O nAES o4t Lol 24}
et =8, 935t A=Ak N2 Aol ) A DY
Zoll wis) R el Gl MR Relsed 4w
BEANG DE The HH i 20 ZAlsiict. T3]
T AR T ASPARAANN ARNEE 24}

e,

HEFHd
==

ne

k=

Yasl H= Sdlime 22

A4} S FTFE EeE] $1% WAZA basal
salt medium (BSM: K HPOQ, 435¢, KH,PO, 1.7g, NH,Cl
2.1g, MgSO, 02g, MnSO; 0.05g, FeSO47H,0 0.01g,
CaCl;2H,0 0.03 g, water 1,000mlel] @43} #H&g
1,000 mgl¢] 5=& Arlsie] Algsleiv}. 2-CP(2-chloro-
phenol), 4-CP(4-chlorophenol), 2,4-DCP(2 4-dichlorophenol),



116  LEeE efal.

2,4,5-TCP(2,4,5-trichlorophenol), 2,3,4,6-TCP(2,3,4,6.-tetra-
chlorophenol) &3l PCP(pentachlorophenol) 5 6Z2]
@43} =2 Sigma (USA) B Aldrich (USAXIM T
sjof ALEsiich. Agolet Feke] Balst salelA AR
THAE 0.1 g& AIAHE5(NaCl 0.85%) 9.9 mlol] &=
A7 F- 200 WiE HA23) #He BT L28 A x|
Seksle] viehbe AR 2ejsigint. 228 25 100 -
ml flaskell -FL3t =49 2 =¥ R 500 mgie] 4
&3 #z-S 23 vl AFs FAEE D dag)
st Felsel et T AlEsials.

i

2| &3
o] AL APl 20E system(BioMerieux), Bergey’s
Manual of Systematic Bacteriology[9] 2 Manual for the
Identification of Medical Bacteria[4]el £l gy
g A A3 EAS TAaksle] et

=l

[+

HHHEL

J43} #H= 500 mg/Pt E8E A0 100 miE- 250-ml
Erenmeyer flaskel] 43 B2l o2 HEse] 30°C
oA 24417F A wekalodct. Al ik 12,000 rpmeflA 10
B A4 Relsled A G ol Adal 23 AAE
F AZslgoh B wjoke 1,000 mg/le] 943} Hme] F3hE
2] 4R 100 mE- 250-ml Erenmeyer faskell g2 F A
F AEs}ed, 30°Co1M 200 rpme =2 e} wieksh A, woF
AlPEE FARE F 28 dE v 55 SR &
=7} . PCPS2 methanoll] £804)7] 3 7lebgd#3]ed
methanots S LAIZ]0m ®2A Lai%rt 2 G4d) #e
=2 MR HA 48] F rsigdslaet. oA ASo
9)X= pHe 33kE ZAEE fisld 27] pHE A7 4.0
oM 8.07kA] &AL, T fr1 A48T whadg]
7hel] whE od8FS olR 7] $5le] yeast extract, beef
extract, malt extract, peptone, tryptonc peptone, skim milk
extract 52 0.5 /100 ml 4 A7|sled vkl

A7 A5 AR AXT QFHTE peptone 6g,
yeast extract 4g, urea lg, NaCl lg, K,HPO, lg,
KCI 0.14g, CaCl, 0.14g, MgS0O, 0.1 g X 1 liter
o el F pH 7.0+022 =A%} T woFH R
A ARg3RiT BOD 10,000 mg/lE- 22% Ql3dse o
L3R oA E20% sieEFES Fsl] A A
6]

mAE &5

A B B4 (Shimadzu UV-160A)E o] 43}
660 ool Al FF=E SAsle] veplisich EEREAE
o4& = gl EERl olFH S F B &R MR
= duaedyez FAE SH3C

HAst Hiz 24

a3} #we] e XL AEFE 12,000 pme 2 14
H2]gk F AMEolS Whatman membrane filter(0.45 um)
5 o438l celld #bA3] A|7AIZI F HPLC(Shimadzu
CTO 10A)E Agsle] ZA3leitt. HPLC H4-2 Waters
Cig reverse-phase columns ARE-E132H 280 nmellA UV
detcctor®.  EA3}¢d v}, Mobile phaser ammonium
acctate 0.018 M, acetate 2%7} 2+ A71e B3 metha-
nolg 20:80(vv)28 £33l | mlmin®l flow rate® 2
AE ot

8Z total organic carbon (TOC) 24

42 TOC 55 AEE 12,000 pmeE 44 Helgh
& AFZel 2 Whatman membrane filter(0.45 um)s o4
8l el 913 AAAZ F- TOC E-437)(Shimadzu 5000)
2 EAMalgoh. TOCE TCtotal carbon)el A} IC(inorganic
carbon)E A8k Fro 2 AlEsigct.

SEMMEMRY M=

Egtn] A EA Al ribbon impeller7} F-&% mixerdl] 2
A7de WAL wAE ekl S Bl alshEA FERA
2 %29 B TPLED e el FAs AZ
slodet. AREEE m|AE wieFA-E Pseudomonas sp. BMI}
Acinetobacterium sp. BM1 F &2 52 FHLE ¢43)
Hzel] BllEAAS vehie 622 772 2t rich medium
oAl 1947k wickg}l 3 Eslsled Algsgict.

o
A% Y o

wolrre =5

F4E H=-g E&sle F8 ujAE2A4 BM ¥ BMI
o] A, A=A 2 AEE B8 2R ZIE Table
1] Vlepisiel. BMEF BM1 25 Gram 24722A &
714 Agelslem 254E AV ddvh BM 75
catalase®} oxidasesl FAJe]3Z D-galactose, maltose, sucrose
5o skiglew o] 831R] Esli} glucose, L-alanine, L-
glutamic acid, phenylacetate, D-saccharic acid 52 =it
P2 o}§ 7hgshn, 41°ColdelEe A8k Sehe
F2 gHEde) o|2ar ARE BMTTZE Pseudomonas
2 sy, HFE SR Preudomonas sp. BMOE o
slede}. BM1 =Rt catalaseol|>= FA, oxidasedll= £4
22 Elger] glucose, maltose, xylose, 211 sucroses
BF o) A3k Ralsdct o83t A#= Acinetobacterium
I Ao FAlEE BALRA FTH 2R Acinetobacterium
sp. BM1o.2 =Hdslgnt




BioLogicAL TREATMENT OF WasTEwATER CONTAINING CHLORINATED PHENOLS 117

Table 1. Characterization of strain BM and BM1

Table 2. Characteristics of a mixed culture complex

Straing Characteristics Contents
Test BM BM1 Total viable count 3.2 x 107 CFU/g
Cell shape Rod Short Rod Bulk density 0.302 g/cm3
Motility + + Water content 27.2%
Gram stain . _ Particle size 50~100 mesh
Calalase + +
Oxidase + - 500 . -+ 25
Optimum temp. 32°C 30°C
Growth on MacConkey + + 400 l20 E
Growth 1n air + + 5
O/F test* Oxidation Oxidation % 200 | Lis &
Hydrolysis of gelatine + + E %
Assimilation of & 00 10 B
D-galactose - - & §
Glucose + - T
Xylose i i 100 ‘ 05 O
Maltose - - w
L-thamnose - - 0 ‘ “ 00
4 5 B 7 8
Sucrose - - pH
D-trehalose - - Fig. 2. Effect of pH on PCP biodegradation and cell growth.
Lysine + + Initial PCP concentration was 500 mg/L.
Arginine + + Symbol: O, PCP conceniration; @, cell growth.
L-alanine + +
L-glutamic acid + +
Phenylacetate + + Atgsted pCPe| Es)APS 38t A= Fig. 19} vk
D-saccharic acid + + BM =7} ghEo 2 ZA)sl o pCP: vk 39 F 99%9]

*(Oxidation-fermentation test

PCP {mg/L)
Log (CFU/mI}

Incubation (Days)

Fig. 1. Biodegradation of pentachlorophenol (PCP) by strain
BM and/or BM1 and cell growth.

Symbol: <>, control; O, BM; U, BM1; &, BM and BMI;
closed symbols, PCP concentration; open symbols, cell growth.
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Fig. 3. Effect of organic carbon and nitrogen on the removal
efficiency of PCP by a mixed culture. PCP concentration was
500 mg/1. Removal efficiency was measured after 5 days of
incubation.
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Fig. 4. Effects of PCP concentrations on the PCP degradation
and cell growth in an artificial wastewater. Added microorganisms
were composed of eight isolates.

Symbol: O, 10 mg/l; ¥, 50 mg/l; 1, 100 mg/l; <, 500 mg/l; &,
1,000 mg/l; O, 2,000 mg/l; open symbols, PCP residue; closed sym-
bols, cell growth.
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Fig. 5. Effects of chlorinated phenols on the degradation of hlori-
nated phenols decrease and cell growth in an artificial wastewa-
ter. Added miero-organisms were composed of eight isolates.
Symbol: O, 2-CP; V7, 4-CP; (3, 2,4-DCP; <, 24,5-TCP; /A, 2,34,
6-TCP; open symbols, chlorinated phenols; closed symbols, cell
growth.
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Fig. 6. PCP and TOC degradation by a mixed culture and/or an
acti-vated sludge.

Symbol: O, sludge; A, sludge and mixed culture; [, sterile sludge;
open symbols, PCP concentration; closed symbols, TOC.
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Fig. 7. Biodegradation of PCP by an activated sludge or an acti-
vated sludge plus mixed culture.

Symbol: O, sludge; £, sludge and mixed culture; closed symbols, PCP
concentralion; open symbols, cell growth.
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