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Abstract

Microorganisms capable of utilizing 24,5-trichlorophenoxyacetic acid(2,45-T) as sole
carbon source were isolated from soil by enrichment culture. Among these strains,
EL-071P had the highest biodegradability of 2,45-T, and according to its morphological
and physiological characteristics, it was identified as Pseudomonas sp. This strain was
resistant to rifampicin, streptomycin, ampicillin, kanamycin and such metal ions as Zn%,
Cu”. Various compounds of chlorinated phenol and substrate analogs were more easily
utilized than 2,4,5-T, but biodegradation rate for each compound was different. The strain
easily utilized the compounds of chlorinated substituents on phenol in the order of ortho-,
para-, and meta- position. The biodegradability of this strain was very stable.

Key words @ 2,4,5-trichlorophenoxyacetic acid, Pseudomonas sp.

=2

(==

o e
2
<,
A

HAHL
AN e A4% JtHHilary et al, 1985). 18
=

fln N o o e
4

AA7E okt AR FEWA Ut
2 39

AaA HFE ddlrie FRHOE WS

e gy By oplet gt AE o]9
AEA gddo] fEd ¥ wogdos 4
2o ZA(rthizosphere) PIAE 2] FFa
2 9SS FEEN FE9 AL

ol @A WIF dsLE VYEE A

3ol 24 5-trichlorophenoxyacetic

o] 5|11 9JvHFranklin et al, 1981).
Sy ME sivink O AlEgo] F71 9=
o gle WEE galsa £3) o Foz olf

acid(°]3t 245-T2t %)= FEFA A Az
A7} 24-DRY Atte o) By 24-D #3
BUEEA 2, M, BF 59 Fx B /S

-13_



198 e - o

FA ol &= ot AZXA 9o AEZ2EA
EA g 93 wx], 7tate] ol W), A74H
9] A7) 7t Z lemon®l FHAE AAAIE H &
B3 ARA, 1978). 245-TE genotoxic effects
2 Q& AFgel gd s1¥el 242 fske A
52 tEH3 QItHGrant, 1979; Hanify et al,
1981).

Natural microflora® cooxidative metabolismoll
&} 245-TE ot =A E3FhMcCall et
al, 1981). 245-T & ¥4 4 o|&5& 7}
A AT AE F9 /7 Q3 ojg EF
cooxidative metabolismol A 471 @47t AE 7
AAELR He A97t =8 484 ol &
Ao AHAL natural microflora’t ¢]E EAE
2o 2 JUAdeR o]fEA R3] W)
t}. Cometabolismdll 2§ 245-T9 AlA W$
< oy & EHo=z o|f5+ adventitious
enzyme®l] 98] o]F oAt} Cometabolismdl] 23}
245-TY ¥®d&Ex= 1~100ppme]  245-TE
90% ®3eted 424 1208744 A-A o]
& 245-T9 771871 obd 245-T
o vigozZ BYL Wl H$olthRosenberg 9
Alexander, 1980; Horvath, 1970; Chakrabarty et
al, 1985, Kilbane et al., 1983, Kamns et al., 1983
Kamns et al., 1983; Alexander, 1981; Kellogg et
al., 1981; Chatterjee et al., 1981, Bailey et al,
1978, Edwards ¢ McMinn, 1985; Corbelt et al.,
1984).

Chakrabarty et al.(1985)2  Pseudomonas
cepacias I HEe TGO RRE 245-TF
B&8e culture system® N'E319x Kilbane
et al.(1982)2 245-TE #Y3 &2 2 oz
dog  o)l8&+=  Pseudomonas cepaciaE
plasmid-assisted molecular breeding®.2 A¥3
t}. McCall et al.(1981)2 HALH FHYLE o] &
3l 245-T9 tlAREo] 245-trichlorophenol,
2,4 5-trichloroanisole®} i, ©] anisole ©]A 23}
 v) 452 %3 phenol2 FE HAHEE BuF
vl Atk Kim et al(1987)2 245-T EsjATE
EAAFZRE Kiyohara et al.(1982)¢] Wyloz
223ttt AENX 245-TS BEHE Hye 3

A B

ERERRES

718 23 o83 Rol7] g&o] 23y A A
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gt HAawjAdA 718 #7H v TIEol
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AAAEE Bo F94.
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2.45-Trichlorophenoxyacetic Acid £8]73e} 22 2 &4 199

245-T EdjdF2A 449 F5F< 100ppm9
245-T7} A7He LB AR A A SE3] A
A2 O WgaoM BESS E dFl A
sHA o

Table 1. Composition of medium for isolation of
245,-T degrader(g/2)

245-T 0.05 | MgSO4 - THO 0.2
K:HPO;4 2.1 NaCl 0.2
KH2PO4 16 CaCl - 2H.O0 01
(NH4),S04 05 FeCl; - 6H20 0.05
KCl 02 pH 72

22. 245 T 2siade =&l

Ar

2t AgelAM A} ELFE 1g¥ Hetd £
& WA 10mE e Aged F 8¢ F 30°C
oA 797 8 AR FEATHI20Rev X 6em,
stroke gl F7]). JAguigol B Z Ad e
ZHH WY 01w HHA M2 28 W
Aol AF, 30°CelA 74T oAl AR EE F
245-T E3s 78 U2 dHsHt

ool Al 245-T EdllFol e A2E #Fd
Ao g 0lms HE F E8 Hu)
Aol =@atad 30°CAAM 393 Wit B
w2 gdell FA4E colonyE 1MFO] FHdted thA
& 28 Wi Ae] HA sjFsEy AT AL
et E colonyE A¥atd £ald HadAu
Aol A W FAA Eols FFE AEAsH

2.3.

gigel 4]z 54

M
b

Fegge 245-T E38& HES] 99
500m¢ shaking flaskel 100m¢ ® RS Wol FFd
F Zujed 1mE FES] 30°ColA 120pme
2 AgugstEA dAHAL BHeR A{xe
Ba&e 2334t txFEAE 7L HE3)
] 42 FY 24 wiAE AP A5
¥ spectrophotometer(Shimadzu UV 120-02
spectrophotometer) & o] 83t 600nmol X F3%
=2 3393, ¥&&2 vidd-S 10,000rpmel

N

A 3083t AAEEsY 28nmel A S5
24. 3H0[20] HE e =A

Fa&ol2d g WAYRAE metal compound
gradient plate method(Gerhardt et al, 1981)& 4
S o] AAsHTh 10me] 2d€ LB §3
A8 AFo] 10cmY EFH petri dishol ¥
o] plated] EW wviete] WA WA} FeE
plated] 3 % 7132 E 94X AF o] A
HAE 28 F plated HYSHA 3t 348 X
gsle 10mée] LB S AE Hof 23 o] 9
F4EL 33 FRF 54 g Fdd F ol
g7 e LB Aol Frtstd EFIAY. @
ZH3AE s OmM 2 wd#e HnFert §
FEFE Tl Yoo Beldg 19go] FHs)
FolgErrrt Frkste W¥oezr EwIych
W F 233 AFA leveld AT H F4%F
EE #7 g2A @, 77t fle 3402 LB
B RYFEL YT¥ toothpick®: ©]2) 5}
30°Col A 39 wiekst H colonyd AAFFZA
Ag3E ZABIEG

ot e AR

25 S EF Oish Mad xA

LB gduizlE nbddstd 45°C2 43
B AA  stock solutions® H7V8lY  rifampicin,
ampicillin, chloramphenicol, kanamycin, strepto-
mycin, tetracycline $& 2}z 5, 50, 34, 50, 50,
30ug/m-S EH3tc LB plateE TS A tHGerhardt
et al, 1981). ©|§ H#o FFE HIF3 343}
o HE 197 WY F ARETE Ustn A
A& Uetd #Fo daiMe A4 s=& 4]
GE2A ¢ LB sjAAM wgstd HAAsN TR
MIC)E ZA3tAth
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2.1.

0K

Alzte

HI

FAToE MAB 245-T BalFy 2aay
15 AE37] 5t geiaty, woka, Ass
A 5L ALY oo wWE FAFY
e 54L& Bergey's Manual of Determi-
native Bacterioloy(8th. ed., 1974)¢} Bergey's
Manual of Systematic Bacteriology Vol. 1(1984)

ol E3tod AAIEA

e 2 do
Ne
R

271, Helsts S

AES]  FHeldtd AwMAPL  Manual  of
Methods for General Bacteriology(Gerhardt et
al, 1981)¢} L. ]. Bradshow(1982)9] Laboratory
Microbiology(3rd. ed.)oll &3t AAslg o).

FATEE ¥
colony®] e, 9 A =%
Gelatin 931432 nutrient gelatin stab medium
og AAzHed 438 wadyge JF
MacFaddin(1980)%]  Biochemical = Tests for
Identification of Medical Bacteriad)] Z3te] AA]
st

273. 4stety EM

TATY AEAHA A 542 Biochemical
Tests for Identification of Medical Bacteria
(MacFaddin, 1980)$} Laboratory Microbiology
(Bradshow, 1982)e &3ty A Ajstych

28 =df=0l IS ojx= Mot 4=
SHd=AM

FAFA AP 245 T E3&E E£ol7] 95

IANTE AHEAN tel o o] YA

o owiA o) 2% pHY W3, AAYe W3l As
Asxe] W3l 2 245-T % W5l & A4S
=9 Fags ZAEHG o o E fAHE
¢} Z+% chlorophenol compoundsd®)] w3l EAS

ENE TN
28.1. pH Hsto| e Ast

wWixe 3 pHE AR} 7] 989 pH 4094
pH 100712 Zt dAEZ A" wE AL 3o
A W F ASEY BEEeS 233190

282

ol vzl wE o

& wiAd dadogn & F 7rdL
F F714498 005%4 Mg T 7243 B}]Ook
stel Ae=s HA&S FHsPoH, AFPdsn
HHArdo2 wyd AxYo daiMe w2
o B ¥F=9 FH&S SH3A

283 7| Hsk #slo mE g3

#9% @a 2 oUAAOE 245 TS FE
2 A7kstel 2N Y ¥ BRES SHAC

284, 71 SAd % ZHE chlorophenal
compoundsOll thak B SM T A}

AT 71d AR 2 4% chlorophenol
compoundsoll 3t R EAL FAREI7] 95ty
Table 2014 R uig} 22 73 A 2 243
chlorophenol compounds& 0.1 mM=& H7}slo
A WG T IAFY ALE9) B =34
st AR E 2L spectrophotometerE ARS
o 600 nmolM e FFEZ FAH3IPoY B
€2 Zt chlorophenol compounds®t 713 A
o HAEToFAMe] FREE E2H3AY

29. 2457 Zalisal otEM XA

FANEY 245-T Rejsd oz dAAEL
Kilbane et al.(1982)8] W] <8 ZFAsct
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2,45-Trichlorophenoxyacetic Acid 231779 ¥ ¥ §4 201

Z 245-T7F T8E G FAFE 724
ek & owigy 0.1meE el 245-T o
A 29%9] glucose’t EFE AAMuxo] HEF3IA
o} o] AL HlUdEHEA 0, 6, 12, 18 MuBE Hj<)
AL 0.1mH Hdo 474 SFFH HUeRA G
spreaderg E=T3IATH &2 & 30°ColA 4847
W Fsle {FTH FuujRA g Yehd & 79
9 colonyE 2%9 glucose W4l 245-T7F X
e PR de) 100702 colonyE Yo A3}
o] tooth-picking3tdth. o] HEulA S 30°Col A
497 wWiFsted FAE colony FE AFIHA
245-T 859 A E ZAEIAUTH

3 Az & IH
31. 245 T =di @2l =2

B AgAde) 4, AEA AN F
HESS ANEE AFso 28 wiAgA e
e AAF B 15358 AREAn. 245-T
2oz BEad #FE Gram 94 ¥ 249
Aot 9 FFE W BaEL AR
23 Table 28 #$te™, No. 5 No. 14 #F7}
7+ BaEe] 53t

Table 2. 245-T degradation rate of 24,5-T degrading

bacteria
Organism Degradation Organism Degradation
No. rate(%) No. rate(%)
1 51 13 33
4 51 14 58
5 52 15 20
6 48 17 33
7 48 18 40
10 45 19 15
11 40 20 35
12 45
32. 245-T 2dlide 485 Y sl
EXS

B 73 FoA 245-T £3¥50) M4 ¢4
ZFNo. 1408 #24 uix A XI%HH%}EM a
AExs i8S 3% Ade Fig 1% 2%
t}. o] FFNo.l4)7t 245-TE #Y8 gage
Z ojgsl A5 A{FIT MM AHEY {2
717 A9 el gkon, Futz tjF47)
2 A F3lA 48217kl AR 71 x2S

0.5 £ 100

- 0.4 80 *
] P
2 W
e 0.3 60 o
a "
o ~
£ 0.2 40 3
E 2

r20 g

0

0 24 48 72 9
Cultivation Time(hours)

—i— ,Growth; —5— ,Rresidual 2,4,5-T.

Fig. 1. Growth of isolated strain(No. 14).
Symbols: =, Growth; &=, Residual 24,5-T.

33 F&Hol2 4o

245-T £8&c] vlud & FFE U3
metal compound gradient plate® AF&3le F&
3HgHEd W9E A ZF Table 3%+ Z3ith.
o] #FE9Y ZnCh CuSosdl iy WAL H
oY L RAo=Z Yelgoen ZnChe AL oiF
8mM o]A4e =& YAEE BYth Cadmium
9] 7% No. 10, No.14 2 No.20@FF7} =& WA
S JEIAT HgChY A$= A9 wl&3A
|20 4=

o A

34. F2|Tol M WMo H2YKH
s

Badd 6, 7, 1449 A dF HAgL

Table 49} 2Z¢ith. ©]& 245-T ¥3ae&
tetracycline, chloramphenicoldll thaj A#Zo] A 3|
%913, rifampicin, streptomycin, ampicillin,
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kanamycinol sl A= WAS YA WA S
Jebd 3¢9 MICE B9 rifampicin® 50ug/mé,
streptomycin, kanamycin, ampicillin® 73-¢ 500

g/mé o}/dol ATt

Table 3. Resistance of screened 245-T degrading
bacteria to metal compounds

Organism Maximum

concentration of  metal

No. compound that allowed bacterial growth
Cd(NQ3)2 ZnClz AgNO; CuSOs HgCl
1 6 9 04 9 0.1
4 2 10 03 9 0.1
5 2 9 04 8 0.1
6 4 9 04 9 0.1
7 4 10 09 9 0.1
10 7 10 0.6 7 0.1
11 2 9 0.6 7 0.1
12 7 7 0.6 8 0.1
13 2 10 06 9 0.1
14 7 10 04 5 0.1
15 2 8 07 7 0.1
17 4 10 0.6 6 0.1
18 5 9 06 7 0.09
19 2 9 0.6 9 0.1
20 7 7 05 9 0.1

* Determined by the metal compound gradient plate
method(mM).

Table 4. Antibiotic resistance and minimal inhibitory
concentration{MIC) of isolated strains

Antibioti MIC  Isolated strain No.
ntibiotics (ug/ml) 6 7 Y

Ampicillin 500 R R R
Chloramphenicol S S S
Kanamycin 500 R R R
Streptomycin 500 R R R
Tetracycline S S S
Rifampicin 50 R R R
Symbols: R, resistant; S, sensitive.
35 BANTFe MY ¥ EFSE
B #3233 Noldazt 245-T £&&, AS5E, 7

ol WA, FAA WAAFAAN —r-’?—f{ 4de
Jehfglens Wey EL-071P2h ®Wst, ©

a.

4% - o2

FAREY BF, 54 A FA%H WA,
CELER IV ERE VLT LY

351 SEjEX EN

FANEY EI-07IPE SEFFAAIE Ao A
o AIZPEE W gEEA JEEvFor T
P e A EAL Table 5914 Re uiet 24t
. FANFFE El QT EAN EFA
B Gray WH(Gerhardt et al, 1981)e] 2%
RN polar flagella olY X Gram 4G4
drae 422 eyt

Ol Q}N

.

‘::L

l‘

I‘E

352 HjLH &M

FNAFFE SFFHYHAGAN w3t
44 colony-% EAd disiA AR A
Table 53 Zstth AE colonye #7171 B2
ZFYE7 BEE28 convexP ol Colonyd 47
e ge =AML HAon colonye EFHEEA
t}. Gelatin H34YAMe F4E& R,
@438 daFo] Ug 4P phenol red broth
base ¥} A/go A AAH L I AFE Table 6
of Jehd uletgto] xylose$t arabinoseo] o3|
BE%S B4 39 245-T Eals ¢4 A
Yol A% 7149 glucoses ¥ TFF7F LEF
o] &AL gloy gAagdozME ol&Ao] 9
o] 1AM AFEE YERRUTT

Table 5. Morphological and cultural characteristics of
isolated strain EL-071P

Contents Characterisitics
Shape Short rod with round end
Cell size(um) 03~05 by 08~10
Motility Motile by polar flagellum
Gram stain Negative

Simple division
Circular, entire, convex,

Type of cell division
Colonies on nutrient

agar wetted
Colony surface Smooth
Colony color Pale yellow
Colony opacity Opaque
Hydrolysis of gelatin Negative

_18_



245~ Trichlorophenoxyacetic Acid 2l#39 £ 2 &4 203

Table 6. Test for carbohydrate fermentation of
isolated strain EL-071P

Carbohydrate Isolated strain EL-071P

Glucose -(+)*
Sucrose -
Lactose -
Mannitol -
Sorbitol -
Fructose -
Xylose +
Rhamnose -
Inulin -
Inositol -
Ribose -
Sorbose -
Arabinose +
Maltose -
Galactose -
Trehalose -
Salicin -
Soluble starch -
Symbols: +, positive; -, negative; (+)’, growth as
carbon source.

353 M3sy £M

FTATFFY AEEH EHE HEF] B
Table 73 #gth. B T3 catalase, oxidase,
citrate utilization, nitrate reduction, MacConkey
agard| A o] AFddMe FA4E YA, H.S
production, indole, decarboxylase test, urease,
growth on KCN broth, growth on SS agar,
Tween 80 hydrolysis, starch hydrolysisl A& &
A& Yelddd. Oxidation-Fermentation testol
A& oxidationg WERH AT

354. SAZF9 &3

(=

i
=i

E Agdx Reld FAETA FuEty, w3,
Az1eta A E4-2 Bergey’'s Manual of Deter-
minative Bacteriology(8th. ed., 1974)%} Bergey’s
Manual of Systematic Bacteriology Vol. 1(1984)
# 8ln HEZF A gram GHAM 4, 34
HEd 93 FA, ZV|A, Catalase ¥4,
Oxidase ¥4, 3o o3t 39 oA FoE
YElsts, 1 99 Avt AN Pseudomonas

£9] A EAY YAEY Pseudomonas 22
EAFH[G. olE HIYHY  Pseudomonas  sp.
EL-071P2} %93t & d4ge FATFE AR
&t

Table 7. Biochemical characteristics of isolated strain

EL-071P
Isolated strain
Contents EL-071P
Calase test +
Cytochrome oxidase test +
Oxidation/Fermentation test oxidation
H2S production -
Simmons citrate agar +
Nitrate reduction +
Indole test -
Decarboxylase test
lysine -
ornithine -
Arginine dehydrolase -
Urease -

Growth on KCN broth -
Growth on SS agar -
Growth on MacConkey agar +
Tween 80 hydrolysis -
Pigment production -
Starch hydrolysis -

Symbols: +, positive; -, negative.

36. 2sisol Fgs olxs Mt 4=
sS4 =M

36.1. pH Walo| wE st

Ao 24 pHO ®W3lo] mE Pseudomonas
sp. EI-071P%} 245-T £dl5& ZAEI7] 98ty
2} 2% pHel My A8z B3&S vian
HEZ FAE Fig. 2004 Ee ube} #ioh

w2 e] 2% pHE 4094 10074 @Ade=s
Z3d3ld AgF 23 pH 7.09M pH 8.0Ao]dl
BAZ & A8 B&s Boln oy pH
7494 Ea o] Huz el
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204 %Gz - o)
0.5 = 100

7 0.4 80 ‘%
€ 03] 60 3
8 :
£ 0.2 40 g
; 2
8 0.1 20 &

4] T T 1 T T T Y 4]

3 4 5 6 7 8 9 10 N

pH

—-— ,Growth; —£3— ,Residual 2,4,5-T.

Fig. 2. Effect of pH on the growth and biodegradation
of 245-T of Pseudomonas sp. EL-071P.
Symbols: = Growth; =-, Residual 2,45-T.

362 HAY wislo] wWE &
Hl Aol (NH)2S04 thAl F7134 43 frd4

4 005% FEZ F7pstd AT A& F

o
5188 &A% d3e Table 8914 B nie} gt}

Table 8. Effect of nitrogen sources on the growth and

a.

o4z - ol F

on {Fr|ALYEL Fr14xdel v A&
Fao o] Bluy AZ3Hc. 2gx
a9 A7t AT A5 3o e
19E  HYFAY. 9y
Pseudomonas sp. EI-071P2] A4 o] & £
o a2 F M OES e}
(NH9):SO& & dFoA A 8314 #5449
22 BAHA (NH):S0:8 sx=o @& FATY
Agxe Bal&S £33 Fgde Table 994 X
© ket Zsioh

(NH4)25049 F=& 0.05%01A 1.0%77 @A
Hog zAso AL Z3 (NH.):S048 =
b 02%Y W Y 2 A8 B8-S ey
Ao Fx7t 03% olFd wWole A& oA
2 gusht Badol AXSFAT g 2 4
FollMe AAYE 02% (NH)S0.2 3] A3
Ao

W i rio

F1ALAE

P

£

£ 3o

polgg

Table 9. Effect of concentration of (NH4):S04 on the
growth and biodegradation of Pseudomonas

biodegradation of Pseudomonas sp. EL-071P. sp. EL-071P.
Growth Biodegradation Concentration Growth Biodegradation

Contents (Aetw) (%) (%) (Aao) (%)
NH,Cl 0.15 26 0.06 0.15 38
NHsNO: 0.17 28 0.1 0.23 38
(NH4)2HPO4 0.18 30 0.2 0.25 45
(NH4)2504 0.20 48 0.3 0.21 10
KNO; 0.13 23 0.4 0.22 10
NaNO: 0.10 34 05 017 5
Casein 0.13 25 1.0 0.13 5
Casamino acid 0.48 18
Yeast extract 0.38 30
Proteose peptone 0.34 33
Bacto peptone 028 15 363. 245-Te sxof w2 At
Polypeptone 0.31 5
Asparagine 0.50 10 WA Wel ANEE 245-Te) FEe we
f;i‘:;“e 8:32 1(2) Pseudomonas sp. EL-071PF¢] A454S 24}
Urea 0.16 15 3 A= Fig. 304 BE wleh 2ol
Yeast nitrogen base 0.17 7 Fig. 3914 B& uvle} o] 100mg/t7tA Y ¥ &
None 0.07 0

w24 vl A AE-E (NH.)2SOs NaNO; %
(NHo):HPOs 5°] £& A&7 F3&S Ui

AN B FAFY AFol Fuayen 150me/t
ol ol M= 245-Tol 28] HEANE ol A%
o] #33 ZATE Yl
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o o o =)
W FS o
o " L

Growth(OD 660nm)

©
=

0 LA B e — T T T T
10 100 1000
2,4,5-T(mg/1)

Fig. 3. Effect of 2,45-T concentration of the growth
of Pseudomonas sp. EL-071P.

364. 7|2 SAAl % 2+E  chlorophenal
compoundsoll CHEt 2 &M = A}

Pseudomonas sp. EL-071PF¢] 718 HAMA
2 7} chlorophenol compoundso] W3 AS=
o} B34S A3 AFe Table 1094 BE vt
oF it

Table 10. Growth and biodegradation of various

chlorophenol compounds and substrate
analogues by Pseudomonas sp. EL-071P.

Growth B10delg4

Compounds (Ago) radation
(OD)
2-Chlorophenol 0.19 0.12
3-Chlorophenol 0.15 0.10
4-Chlorophenol 0.15 0.12
3,4-Dichlorophenol 0.04 ND
2,6-Dichlorophenol 0.22 0.10
2,4-Dichlorophenol 0.14 ND
2.5-Dichlorophenol 0.05 0.01
2,3-Dichlorophenol 0.17 0.09
2,45-Trichlorophenol 0.03 ND
3-Chlorobenzoic acid 0.21 0.19
4-Chlorobenzoic acid 0.26 0.13
3,4-Chlorobenzoic acid 0.19 0.07
Phenoxyacetic acid 021 0.23
p-Chlorophenoxyacetic acid 0.22 0.10

4-Chloro-2-methylphenoxyacetic acid 0.19 0.11
2.4-Dichlorophenoxyacetic acid  0.25 0.04
Catechol 0.15 0.09

Karns et al.(1983)9] 913t CI'9 A& A7}
ortho, para, meta 4«22 371 & Atz
slded B FAlFd 2§ chlorophenol
compounds®) E&&S WY ol IXFL K
ZF3 otk = FY3 phenoxyalkancic acid AE
9] AzAQ 24-DY AS B3 &o] ofF o}
Chatterjee et al(1982)°] AAPA wie} Fo] &
i 278 ZAE 9 Fe 714 Sol4e] UL

Aoz Adn.

Pseudomonas sp. EL-071PF 9] 245-T £3l%
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