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Table 1. Microorganisms and cultural media used in the experi-
ment
Cultural  conditions
Microorganisms
Media Temperature
Bacteria
Obligative aerobes
Bacillus megaterium (KCTC 3007) LB 30T
Bacillus subtilis (KCTC 1021) LB 30
Facultative anaerobes
Escherichia coli (KCTC 1039) LB 37
Salmonella typhimurium (KCTC 1925) LB 37
Obligative anaerobes
Clostridium sporogenes (IFO 12636) TYA 30
Lactobactllus casei (ATCC 4646) MRS 37
Yeasts
Saccharomyces cerevisiae (KCTC 1213) YM 24
Candida utiis (KCTC 7137) YM 26
Molds
Aspergilius oryzae (KCTC 2114) PDA 24
Mucor ambigus (KCTC 6142) PSA 24
Penicillium citrinum (KCTC 1255) PDA 24
Rhizopus stolonifer (KCTC 6174) PDA 24

Abbreviations of the media: Luria-Bertani's (LB), tryptophaﬁ-yeast
extract-acetate (TYA), Man-Rogosa-Sarpe’s (MRS), yeast-malt extract
(YM), potato-dextrose-agar (PDA or PGA) and potato-sucrose agar
medium (PSA)

Table 2. Type and concentration of pesticides used in the experi-
ments

Chemicals Type Contents of Remarks
active ingredient (%)
Insecticides
Fenobucarb EW 97.0 T
Phosphamidon EW 50.0 T
demeton-s-methyl EwW 460 T
Dichlorvos EW 50.0 Al
Phenthoate EW 475 A=
Parathion EW 95.0 T
Carbofuran SP 30 T
Fungicides
Validamycin SP 64.3 T
Kasugamycin SP 69.3 T
Streptomycin Sp 200 T
Mancozeb SP 75.0 T
Chilorothalonil Sp 75.0 T
Captafol SP 80.0 T
IBP EW 96.0 T
Herbicides
Paraquat (A) EwW 430 T
B) 98.0 R
Butachlor EW 88.0 Al
24D EW 400 T

Symbols represent as EW, emulsion, oil in water; SP, water soluble
powder; T, technical and R, reagent grade. Paraquat A(Hannong
Co.) and B(Tokyo Chemical Co.) was used for assay of general
toxicity of chemicals and paraquat-specific toxicity, respectively.
Chemicals except paraquat were kindly provided Kyoung Nong Co.
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Fig. 1 Effects of pesticides chemicals on turbidometric growth
of organisms. Escherichia coli(upper) and Aspergillus oryzae(lower)
were used as the indicator organisms. The organisms were cultiva-
ted in the presence of 10ppm of each chemicals for 8 hours. Turbi-
dity of the culture was measured at 660nm for bacterium, while
dry weight was measured for mold. Scores are presented as the
relative growth rate against control.
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Fig. 2 Effect of paraquat treatment on the turbidometric growth
of obligative aerobes and facultative anaerobes. The organisms
were aerobicaly cultivated in 1.0 mM paraquat. Symbols are @—@
for control and O—O for paraquat. Paraquat was treated at the
time indicated by the arrow.
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Fig. 3 Effect of paraquat treatment on the growth of obligative
anaerobes. The organisms were anaerobically cultivated in the Tu-
mberg’s tubes. Symbols are @—@ for control and O—O for para-
quat. Paraquat was treated at the time indicated by the arrow.
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Fig. 4 Effect of paraquat treatment on the growth of yeasts.
The organisms were aerobically cuitivated by shaking. Symbols are
@®—@ for control and O—O for paraquat. Paraquat was treated
at the time indicated by the arrow.

Table 3. Changes in the number of viable cell counts of £ coli according to paraquat concentration
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Fig. 5 Effect of paraquat treatment on the growth of molds.
The organisms were aerobically cultivated by shaking. Cells were
dryed at 105C. Symbols are @ —@ for control and O—O for para-
quat. Paraquat was treated at the time indicated by the arrow.

(unit: cells/mf)

Cultivation time after paraquat treatment (Hour)

Concentration of paraquat (M)

0 hour 4 hour 8 hour
0 (3.57+ 0.28) X 1074 (1.28+ 0.15) X 108 (2.82+ 0.15) X 10'1=€
1078 (3.19+ 0.28) X 10%A (1.02+ 0.10) X 1018 (1.88+ 0.16) X 10'C
1078 (2.89+ 0.26) X 104 (9.74+ 0.24) X 10158 (1.25+ 0.16) X 101«
10~* (2.03+ 0.22) X 10%A (7.58+ 0.37) X 108 (9.04+ 1.29) X 101%C
1073 (1.79+ 0.24) X 10*4 (5.21+ 0.29) X 108 (6.32+ 0.73) X 10%¢
1072 (1.37+ 0.39) X 10%* (3.87+ 041) X 10>® (1.05+ 0.19) X 10%*
10t (6.00+ 1.10) X 1074 (7.51+ 1.14) X 10™ (2.45+ 1.06)X 107

Viable cell counts were determined by plate method. Values in the Table indicate means+ SEM. Different first letters in same column
and different second letters in same line were significantly different at the level of P<0.05, respectively.
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Fig. 6 Effect of paraquat treatment on turbidometric growth of
E. coli cells according to concentration of the herbicide. Paraquat
was added at 4 hours after cultivation(arrowed).
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and d, 10 mM

T Btk gAY 52 Jejo] wE paraquat®)
B 2 O 7} Tl wilF 279 1.0 mM®] para-
quatg A2 2y F=7|7F gl vl AT
AFEH U5Fd DR Y T2 paraquatE

A 23 @AY A S Bk =T

1.0 mM paraquat 24 7] 0A3tel FAlTFY] ¢k
50%7} AbE =, o] F- Al o] gJate] A FRe
2% HRAQ) O AEse A5 Wk
paraquat®] E2}-8-0] F7ER ] Aoldt 7R E FAEH
o ASS JERHAL ok B A A] 0AZ olEt g
paraquat®] 2] ZFo] A|RE FHape] 10°) o] 3
Z paraquatE 3R ¥ AAg v Ao HA=H3
Ao 2 paraquat¥ el 2 FH HAEL FTEIHAY &
aAze] oF 2RAFEUE FsHE 0AIZtel F 50%7t
APEE A2 vl wE AZ A iHe] EAFE Y
ST st whdel o) Fof e ANHoz 3
Ayt HFH o2 APEEE 22 Hu & B
A el 2ARS ehfz slck

Ao &
o] =72 19949E HTAEAVIEYY ALY SedT
Zgul ofste] ATHRFU

=2 #

L g (1976) +3EEhiZ A5 BREEID TEEEIC #
T A%, BAFEARK BT

. BAAE, T (1992). 155.

3. 9t (1989) s4HE 4 FHEAFY g 89 A
B AEAY 6, 2744,

4, A7 B (1992) Studies on the several soil factors
affection on alachlor and paraquat adsorption by soils. Ko-
rean J. Environ. Agric. 11, 101-108.

Do



288

CLER

. Green, R. E. (1974) Pesticide-clay-water interaction. /. Series
No 1904 of the Hawaii Agr. Exp. Station. Honolulu, Hawaii.
Cit. Pesticide in soil and water. 3-36.

. Fryer, J. D. Hance, R. J. and Luduig, J. W. (1975) Long
term persistence of paraquat in soil. Weed Res. 15, 189-
194.

. Kanathrana, P. (1986) Column efficiency for the determina-
tion of paraquat residues in soil. / Environ. Sci. Health.
21, 167-175.

. Constenla, M. A, Riley, D. Kennedy, S. H, Rojas, C. E,
Mora, L. E and Stevens, J. E. B. (1986) Paraquat behavior
in Costa Rican soils and residues in coffee. | Agric. Food.
Chem. 38, 1985-1988.

. Paschal, D. C., Needham, L. L, Rollen, Z. J. and Liddle,
J. A. (1979) Determination of paraquat in sunflower seeds
by reversed-phase high-performance liquid chromatography.
J. Chromat. 177, 85-90.

. Winterlin, W. L., McChesney, M. M., Schoen, S. R. and
Seiber, J. N. (1986) Chemical residues during screening,
composting, and soil incorporation of cotton gin waste. f
Environ. Sci. Health. B21, 507-528.

. Ty, C. M. and Bollen, W. B. (1968) Interaction between
paraquat microbes in soils, Weed Res. 8, 38-45.

. Carr, R. J. G, Bilton, R . F. and Atkinson, T. (1985) Mecha-
nism of biodegradation of paraquat by Lipomyces starkey:.
J. Gen. Appl. Environ. Microbiol. 49, 1290-1294.

. Hata, S. J,, Shirata, K. and Takagishi, H. (1986) Degradation
of paraquat and diquat by the yeast Limpomyces starkeyi.
J Gen. Appl. Microbiol. 32, 193-202.

. Carr, R. J. G, Bilton, R. F. and Atkinson, T. (1986) Toxicity
of paraquat to microorganisms. Appl. Environ. Microbiol. 52,
1112-1114.

. Vaishampayan, A. (1985) Mutagenicity of bipyridilium salts
in a Nyfixing cyanobacterium. Microbios. 43, 53-65.

. Davison, C. L. and Papirmeister. B. (1971) Bacteriostasis

B

of Escherichia coli by the herbicide paraquat. Proc. Soc. Exp.
Biol. Med. 136, 359-364.

. Fisher, H. and Williams, G. (1976) Paraquat is not bacterio-

static under anaerobic conditions. Life Sci. 19, 421-426.

. Hassan, H. and Fridovich, L. (1978) Superoxide radical and

the oxygen enhancement of the toxicity of paraquat on E.
coli. . Biol. Chem. 253, 8143-8148,

. Peterson, E., Fairsher, R, Morrison, J. and Cesario, T.

(1981) Effect of the herbicide paraquat dichloride on bacte-
ria of human organ. Appl. Environ. Microbiol. 41, 327-328.

. Kitzler, J. and Frodovichi, L. (1986) Effect of paraquat on

Escherachia coli distinction between bacteriostasis and le-
thality. J. Free Radic. Biol. Medic. 2, 245-248.

A A, AAS. (1986) Saccharomyces cerevisiaed)

i3t A =zA| paraquate] F4) A3 2L L ERA 9 v
AlTxe] Wsk ¥=Es}etsA] 29, 359-365.

. Farag, R. S, El-Leithy, M. A, Basyony, A. E. and Daw,

Z. Y. (1987) Growth and aflatoxin production by Aspergilius
pavasiticus in a medium containing plant hormones, herbici-
des or insecticides. J Food Protec. 50, 1044-1047.

. Han, S. S, Kim, S. ], Baek, S. H. and Choi, H. J. (1990)

Effect of Pesticides on change of soil microflora in flooded
paddy soil. Korea | Environ. Agric. 9, 83-93.

. A738 (1992) Aol Wik paraquqte) 5-d-Paraquqtol

W @714 AR B % AdGRSE getd Aa

seleE,

- HAE, AEa, AL (1993) Paraquat A2l ]38 Bacil-

lus megaterium® superoxide dismutase EAJA3). &4
At ATE=EF 46, 251-262.

. x}71A, B, (1982) Bacillus megaterium®] Z2}o] w] X

£ 5o 9% ANt et =4 1, 43
47

. A3} 29, (1986) AT superoxide dismutaseo]] th§k

paraquat®] F7|3 XA, 4GNS HHNE =
3 5, 3843.

Inhibition of Micobial Growth by Paraquat

~ Mi-Lim Kim', Chan-Sung Park’ and Kyoung-Ho Choi'* (\Department of Food Science and Nutrition, Daegu Hyosung
Catholic University, Hayang-eup, Kyoungsan-Kun, Kyoungbuk 713-702, Korea; 2Department of Food Science, Kyoungsan

University, Kyounsan-si, Kyounbuk 712-240, Korea)

Abstract : This study was carried out to investigate the toxic action of herbicide, paraquat(1,1’-dimethyl-44’-bipyridylium-
dichloride), against microorganisms. The toxic effect of paraquat was observed mainly using Escherichia coli(KCTC
1039), as follows; Growth of aerobic microorganisms which comprise 4 strains of bacteria and 2 strains of yeast
and 4 strains of mold was inhibited drastically in the presence of 1.OmM paraquat. But the growth of anaerobic
bacteria was not affected by the chemical. When actively growing cells of E. coli were exposed to the paraquat
at the concentration higher than 1.0 mM, they rapidly lost their ability to form colony and clearly formed inhibitory
zone by well test. More than 50% of the cells were killed by 1.0 mM paraquat treatment, even at immediate addition

of paraquat to the medium.
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