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Screening of Organo Phosphorus Insecticide Fenitrothion-Degrading Microorganisms
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Abstract : Fenitrothion-degrading microorganisms were isolated from 124 sampling sites of paddy, upland, forest
and polluted soil, and wastewater, A total of 1,071 strains were isolated from each selective medium supplemented
with 50mg/ ! of fenitrothion - nutrient agar (NA) 601, potato dextrose agar (PDA) 201, Actinomycetes isolation
agar (AIA) 168 and basal salt medium (BSM) 101, respectively.

Twenty-eight effective strains of them, which showed more than 80% degradation of fenitrothion by the gas-
liquid chromatography(GLC) analysis, were successfully selected from each liquid culture supplemented with
50mg/ ! of fenitrothion -~ NB 12(upland soil 3, paddy soil 3, forest soil 2, polluted soil 4), PDB 8(upland soil 1,
paddy soil 2, forest soil 2, polluted soil 3) and BSB 8(upland soil 1, forest soil 1, polluted soil 6), respectively.

Four strains - NPal, NFol, PFol and BPol. which have the most powerful degradation activity were finally
selected among 28 fenitrothion-degrading micreorganisms based on the degradation rate at the concentration of
100 mg/ | fenitrothion in enrichment media.
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Table 1. Soil and wastewater samples collected from different
sources for the screening of fenitrothion-degrading
microorganisms.

Source Upland Paddy Forest Polluted Waste Total
soil soil soil soil water

No. of

samples 30 30 30 30 4 124
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Fig. 1. Structural formula of fenitrothion.
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Fenitrothion ¥4 & 13 Awars] 48 Adus
2N Az EgE€ 939 nutrient agar(NA) ¥ A (beef
extract 3 g, peptone 3 g, agar 12 g/ 1), AM¥F EdE
H384 potato dextrose agar(PDA) B (potato 200 g,
dextrose 20 g, agar 15 g/ 1), ¥ #F A& iy
Actinomycetes isolation agar(AIA) ¥} 2] (sodium caseinate
2 g, asparagine 0.1 g, sodium propionate 4 g, dipotassium
phosphate 0.5 g, magnesium sulfate 0.1 g, ferrous sulfate
0001 g, agar 15 g/ 1), 7Iet 4yt vjAEE A7) 93y
basal salt medium(BSM) HjA](sodium chloride 8g, ammonium
sulfate 1g, potassium phosphate 05g, dipotassium hydrogen
phosphate 0.5g, magnesium sulfate 0.1g, calcium chloride
0.1g, agar 15 g/ 1 )& AME3l4Y. old Mgy njAE B
& st 2 viA o] 50 mg/ I 9] fenitrothion® A 7}8}
ot

¥¥ fenitrothion ¥3&& AFHoz 247 A
A9 Z MANA agartt Ay e 4R $Us
A 24 JAWAE AxHAG. old Z A&
nutrient broth(NB), potato dextrose broth(PDB),
Actinomycetes isolation broth(AIB) % basal salt
broth(BSB) izl F&3I¢th
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12 #2YE dl EFAE(10 g)& serial dilution®d )
g 7 FFFEZ 1 ~ 1074 10804 kAo = A8
A B¢ HFNEE A5 1 We 9F 552 104
A&t 2 BA¢ 1 sl € 50 mg/ 9 fenitrothiono] A
7he A2g IAYJu ] =23H =TE NA,
PDA, BSM & 30C, AIA ¥WiA = 25CelA wjss
A BAE colony® Bt

2%} Mt 98 oLyt

22} fenitrothion Esim| g8 HLe $sted 20 m vialol
50 mg/ 19 fenitrothione] ¥7}¥ NB, PDB, AIB, BSB
WMAE zhz 10 wy W 13 Adelr dL colonyE S
¥% stk NB, PDB, BSB #lA= 30T, AIB #jA & 25
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Table 2. GLC operating parameters for the analysis of

fenitrothion.

Instrument Hewlett Packard 5890 series || gas chromatograph
Detector Nitrogen-phosphorus detector (NPD)
Column 2mmid. x 2 m spiral glass column packed with 3%

DC-200 on Gas Chrom Q (80~ 100 mesh)
Temperature  Column oven 185°C

Injection port 220°C

Detector block 270°C
Gas flowrate Carrier : Helium 40 s¢/min

Fuel : Hydrogen 3mi/min
Air 100 al/min

Table 3. The number of fenitrothion-degrading microorganisms
isolated from different screening media and sources of

microorganisms. {Unit : CFU)
Source of microorganism
Medium  Paddy Upland Forest Polluted Waste Total
soil soil soil soil  water

NA 152 148 141 152 8 601
PDA 40 47 45 57 12 201
AlA 45 48 42 25 8 168
BSM 16 20 14 50 1 101
Total 253 263 242 284 29 1,071

CTofA 150 rpme 2 397 A% %3 gas-liquid
chromatography (GLC) & fenitrothion ¥ & & 24 8%}
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Erlenmeyer flask(100 sl)o] 100 mg/ I ¢ fenitrothion
o] A7}¥ NB, PDB WA & Zt7 20 w4 ¥ 1, ¥%°| §l
© wiAA 247 Aw st (AN FAEFE Z
1 ¥ st FFsAch oA S %71 150 rpme
2 597 Ae vk T fenitrothion S ¢ TA 3.

Fenitrothion =44

W o) B vial#} flaske] vl ¥} AFL Ha FF9
n-hexane2. & 23 Fuj3&3 T 4549 n-hexane 3T
€ ¥, GLCZ fenitrothion Z%g ¥A gl v &)
2] ¢ fenitrothion ¥ & ofef2lo] ojsie] ALsiglon,
fenitrothiong H}FH 02 A7 Y& GLC E¥xHL
Table 2} 7t}

(fenitrothion A 2] % - fenitrothion Z+%)

% BE& =
¢ fenitrothion A& % x 100

dot 9 of

Fenitrothion Z5lj0j4S2] 1X} Met

Fenitrothion 50 mg/ {7} #7}8 NA, PDA, AlA,
BSM ZAHHuR o] =, &, 9o}, 2HA EYAES} ¥
FARE §4, =T F# fenitrothion ¥3]0)4 &9
4 Table 33 7t}

£ @ fenitrothion ¥3 Y& F4E 1,071 FojUL
B, 2 & NA WA 601 %, PDA wiA o)A 201 &,
AIA wiA oA 168 F, BSM ®iAlolA 101 Fo] 2tz &3
HAY. v E FHEE BY = F, Yo}, 09A )
A EEE B 47 20% WYY veg FF02
2HUY. 284 HFdME 3% ArY % FFom

gl A&H%Y BAZFe HEFT & 56%2 7}
2 gston o AMFR 19%, HAZFI 16%
& A%t BSM ujA ol AH £ WP F9
o 9%7 EeHRoeH, o WAy Agd whEL o
REo] AMIEFOIATLE AA AHYaF vige 3+ £
49 3 F 4 28%8 AA A}

NA HHX|O|A] E2|8F 0|AJ22| fenitrothion 232

13 NA wjAje)A HAee 58 WHLZ 50 mg/ 19
fenitrothiono] X719 NB AAjufAo|A 347 e wjFg
¥ GLCZ Z} v|JBEY fenitrothion #&¥E FF3Ho
2 BNy, o|u fenitrothion & e rjYEE
o $XE ZAY Ade Fig. 294 Re big) 2 o
Aol ot 13 Hdgeld d& vPELS A=
fenitrothion ¥31go] e A€ AUAL 2 9 4
BT fenitrothion #3518 glo] AT 713 235 89
HAo Wt & A7 EFe X ¥HE fenitrothion ¥
Yol £ nYEE Husy] fdtd dAujFAM B
#&o] 80% o4 £ VA ETE 23 Mg

EHE 601 F9 vBE FoA B FEPE FEF
® fenitrothion ¥8]&0] 80% Rt} ¥& 7 ¢/t vE F4
NA 97% o4& KA 2T 80% 39 ¢+
EHE&S R IFe = EYINN 3 F L ES 3 F ¢
oF EF 2 F 294 EY 4 Fo] EHo £ 12 £
EIHUG. 22U A5 e 60 ~ 70% WA vzF
¥ P& /1A 237t 2 F A", 80% o4
B3 2Fc & T EASA AT o|AolA A
¥ dFe 44 Ed99 A% NPal (N: NA wj=],
Pa; paddy soil, 1: 11 #F¢ %¢), NPa2, NPa3, NUpl,
NUpZ, NUp3, NFol, NFo2, NPol, NPo2, NPo3, NPo4Z
s,

PDA HiX|Of|A] 22|8t 0|82 fenitrothion £5HE
12 PDA WixXAMN EIE vjHEL 50 mg/ !9
fenitrothion®] #7}g PDB HalujAo]A 347+ Ag wjok
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Fig. 2. Number of fenitrothion-degrading microorganisms
isolated from different sources on an NA medium.
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Fig. 3. Number of fenitrothion-degrading microorganisms
isolated from different sources on a PDA medium.
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Fig. 4. Number of fenitrothion-degrading microorganisms
isolated from different sources on an AlA medium.
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BSM HiX|O|A] 2|8t o] 22| fenitrothion E£5HE

BSM Aol EAF v4EL 50 mg/ 19
fenitrothion®] A7}8 BSB JMulxelx 3U7 A7 v}
# F GLC ¥43td, nlAYE 9 fenitrothiono] ¥ &3 &
Y BYE AEY Fig. 58 2o o] Ao o3 £4
101 $9] vl E FoA] fenitrothion ¥&j&o] 80% B
@R A7t 88% o4& ARsdd 80% olde ¢
F8 BHEL Ze FFE & EYAN 1 F, Yok EF
AN 1 F, 294 EFA 6 Fol Zz Eeso F 8
Fol £ 28 & ESF siFdMe 80% oY
3 2Fc & = EASA Gk ol dolAM Mg
& ¢Fe 294 ZAs9 BPal, BFol, BPol, BPo2,
BPo3, BPo4, BPo5, BPo6Z ™ 3l t}.
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22 MoA A& 4 fenitrothion 2V PE 28 F&
100 mg/ 1 9 fenitrothiono] ZEEE H7lg WA 7}
s FstAA el ol HFPEG A uix] A<
B &g 2ARIAT. old FaluiA oy o] 433
FAO B8l &o] AdHos & FFE 3a Mg F
W st
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Fig. 5. Number of fenitrothion-degrading microorganisms
isolated from different sources on a BSM medium.
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¥ 100 mg/ ! ¢ fenitrothion ¥ =2 73lg NB wjA|
% PDB Al 22 ALE M7 12 F34 AH32 16
52 HF89 30T, 150 rpme 25U A wjYH &
fenitrothion £3&& $3¢ ZA#(Table 5), 2a A% &
FE2 100 mg/ ! 9 fenitrothiono] A7} YAl x| o A
FgEH g AnFog A AgHUG ole v|AE
o 9]% fenitrothion ¥ AR F 7t A2 oA A5
& phenolAl 3¥E9 A#E9 3-methyl-4-nitrophenolo] 7+
4 AFEAYE /HAL W7 HEY A FRE 33
€9. & fenitrothion ¥%=7} HoHIFE EHLEQY 3-
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Table 4. Growth of fenitrothion-degrading microorganisms at the
concentrations of 50 and 100 mg / I fenitrothion.

Fenitrothion concentration
Strain 50mg/ 1 100 mg/ I
NPa1 4 +
NPa2 ++ -
NPa3 ++ +
NUp1 ++ ++
NUp2 ++ +
NUp3 ++ +
NFot ++ +
NFo2 ++ +
NPot1 ++ +
NPo2 ++ +
NPo3 ++ +
NPo4 ++ +
PPat ++ +
PUp1 +++ ++
PUp2 ++ +
PFo1 +++ ++
PFo2 ++ ++
PPo1 +++ +
PPo2 +++ ++
PPo3 ++ +
BPa1 +++ ++
BFo1 ++ +
BPo1 +++ ++
BPo2 ++ +
BPo3 o+t ++
BPo4 4+ ++
BPo5 -+ -
BPo6 ++ ++

Symbols denote the degree of growth: +++, good; ++, fair; +, weak;
-, poor.

HYollA fenitrothion ¥3v]4EE @AMsigc 2 A
F 1,071 #F& 14 #3349 WAMYZE nutrient
agar, potato dextrose agar, Actinomyces isolation agar ¥
basal salt medium ZAuwjx]o]A zZtz} 601, 201, 168, 101
Fo 84dFE 14 Basdn

o] FA fenitrothion £&|ge] JhAoz ¢4 uA
T AEes] At AAquiFE FF GLCEN 43
&&o] 80% ol¥e ¢F 28 L 2a MEdgt o5
A ad, oY E FUEZ ABER NA wiR o=
EGoM 3 F, & ELM 3 F, Aok ESM 2 F,
HA EFolA 4 Fo| Bz Eelsio] & 12 Fol £
th. PDA AN E = EFAN 1 &, & ESA 2 F,
dok EYGA 2 F, 294 EUAM 3 Fo| Z7t B
of £ 8 %$o] EIJHAUY. BSM wiAdME = EYolr 1
F Uk EYAM 1 F, 2EA EYIM 6 Fo] 27 &
2 =lo] F 8 Fo| EHAD 28U AIA WA E B
€ T F7} fenitrothion £3)&0°) 50% o} sto|ict,

2 to f ale Az
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Table 5. Degradation of fenitrothion by selected microorganisms Environ. Agric., 10(2):113-118,
isolated from the 2nd scrgemn.g, at the concentrations 4 Park, C. K., D. S. Han and J. H. Hur (1984)
of 50 and 100 mg / 1 fenitrothion.

Organophosphorus pesticide residues in major

Fenitrothion concentration . .

Strain 50mg 1 T00mg/ T environmental components of Nakdong river, Korean
J. Environ. Agric,, 3(1):36-44.

NPa1 %4.2 834 ..
NPa2 89.3 293 5 Lee, S. H. and ]. W. Hong (1987) Pesticides, 2nd
NPa3 88.5 805 Ed., Hyang-Mun Press.
NUp1 96.2 752 6. Worthing, C. R. (1991) The pesticide manual, ninth
NUp2 86.7 384 . . : .
NUp3 875 56.6 edition, The British Crop Protection Council.
NFo1 94:7 85:3 7. Agricultural Chemicals Industrial Association (1995)
NFo2 88.3 81.0 Agrochemical Yearbook.
Rgog ig g;g 8. HI¥, MEHX (1988) MWL 3 KEFRARL B
NPo3 9 g % AR £2TH, 27. 387,
NPo4 86.8 633 9, Schoen, S. R. (1987) The effects of various soil factors
PPa1 85.2 700 and amendments on the degradation of pesticide
g‘dP; gg-g ;‘1’; mixtures, J. Environ, Sci. Health, 22(3) :347-377.
PF§1 91:1 80.4 10. Han, S. S, P. J. Park, D. H. Jeong and Y. S. Rim
PFo2 84.3 72.7 (1996) Degradation ability of fungicide myclobutanil
PPo1 89.0 79 by several soil bacteria, Korean J, Environ. Agric.,
PPo2 84.3 705 e
PPo3 855 64 1 15(1):25-36. - ' .
BPat %00 358 11. MacRae, 1. C. (1989) Microbial metabolism of
BFo1 88.9 772 pesticides and structurally related compounds, Rev.
gg 01 93.0 ggl Environ. Contam. Toxicol., 109:1-88,
Bng gg 71:7 12. Sato, Y. (1992) Degradation of fenitrothion by
BPo4 887 717 bacteria isolated from forest soil, J. Jpn. For, Soc,
BPo5 84.8 18.9 74(6) :482-487,
BPo6 85.6

418 13. Adhya, T. K., B. Sudhakar and N. Sethunathan

(1981) Fate of fenitrothion, methyl parathion and

FH 100 mg/ ! 8 ZFE fenitrothion A7} ¥R oA 2 parathion in anoxic sulfur-containing soil systems,
A A9 #3& Zugstd A FAAE Npald Pestic. Biochem. Physiol., 16:14-20.

NFol ##F7}, AMd# oA+ PFols} BPol ##7} £38 14. Bruhn, C, H. Lenke and H. J. Knackmuss (1987)

o] 7t w& A2 JEHRY,

Nitrosubstituted aromatic compounds as nitrogen
source for bacteria, Appl. Environ. Microbiol,
53(1):208-210.

15. Han, S. S, C. G. Choi, J. H. Joeng and S. H. Baek
(1995) Residue of fungicide myclobutanil and change
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Fig. 3. Water content evolution of the compost during experimental period at 45°C



