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A Study on the Biodegradability of Some Pesticides in Water

Kyung-Jin Min and Chun-Geun Cha
Department of Public Health, Keimyung University, Taegu 704-701, Korea

ABSTRACT - The present study was conducted to investigate biological degradability of phosphamidon and
profenofos. In the biodegradation test of two pesticides by the modified river die-away method from May 20 to July
29, 1999, the biodegradation rate was determined in Nakdong (A) and Kumho(B) River. The residual percentages
of phosphamidon were 74.9%, 68.8% and 62.7% in control, A and B samples 7 days after application, respectively.
Biodegradation constants and half-lives of phosphamidon were 0.0005 and 58.6 days in A, 0.0012 and 23.8 days in
B, respectively. The residual percentages of profenofos were 25.1%, 21.9% and 11.9% in cotrol, A and B samples
7 days after application. Biodegradation constants and half-lives of profenofos were 0.0005 and 58.4 days in A,
0.0013 and 21.6 days in B, respectively. The biodegradation rates of phosphamidon and profenofos were higher in
the Kumho River(B) than in the Nackdong River(A). The strains of microorganisms for the degradation of
phosphamidon and profenofos were identified as Klebsiella pneumoniae, Aeromonas hydrophila and Acinetobacter
calcoaceticus, all Gram-negative bacteria. In order to identify biodegradate products, the extracts of cultivates were
analyzed by GC/MS. The mass spectra of biodegradate products of phosphamidon were at m/z 153 and 149, those
of the profenofos were at m/z 208 and 240, respectively. It was suggested that the biodegradate metabolites of
phosphamidon were O, O-dimethyl phosphate (DMP) and N, N-diethylchloroacetamide, those of profenofos were
4-bromo-2-chlorophenol and O-ethyl-S-propyl phosphate.
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APEoFe AR FHM AHHe /71UA Fekd
phosphamidon [2-chloro-2-diethyl carbamoyl-methyl vinyl dime-
thyl phosphate, 98%, (57)3%]3 profenofos [O-4-bromo-2-
chlorophenyl O-ethyl S-propyl phosphorothioate, 98%, ()
AEIE AT

7171 % Alof

A zore] FFEAS 98l FPD(flame photometric
detector, phosphorus mode)7} ¥ gas chromatograph
(Shimadzu, GC-14A)S AME-3IA, AR 2 72
E Fols}r] 9814 Hewlett Packard(HP) 6890 gas chro-
matographoll <4A¥ HP 5972A Mass Selective DetectorS
AMEsIATh 3)4d% W55 7] (Rikakikai, NE-IS), Z1Bui%7]
(Hwashin, HS-DS45F), pH meter(TOA, HM-20S) ¥ =2
9] AgAM AEshe LRIV ARSI AREE A
ok R EFo|e] AL AMESEIHIL, peptone Difcort
(@]=), anhydrous sodium sulfate= JunseiAHYE), sodium
chloride= Kanto*H(Y &), acetone, acetonitrile, ethyl acetate,
ethyl ether ¥ n-hexane WakoAHH )9 AFS A3t
o} & o|&E = MILLI-Q-PLUS (Millipore) —E?xﬂ&%
& ol&sld AFPA| A3l ARE3FATE

MESH HEHEF
oko] MEFHSS vlwstual LEEAAM R} AUe F
A9 HFAAHY: BOD<2mgl, BAH: BOD 2~10
mg/l)i ANEL FEAFAF NI BARS 357
(7]-2]'—1—"—)" AlEE XHE%}M‘:]’(Flg. 1). AgAEFHE F A
’éoﬂfﬂ 19993 59 20Y, 69 234 2 7¥ 29%°l 77} 3
3) At

MEe| TEHEY

S5 pHe ARAHFIO 2HAD FA B
7VsEkA) e #FE-S HaE polypropylene bottleZ DO
bottle?] A|FE ol 4°C2 ¥, AgHdz 29t & 34
AR AR FAENE BN FALATYNDPY
Dol weh gAReH, FoleAULY(ABS) B
MBAS(Methylene blue active substance) assay® ©1-§-3}o]
AR o) BEIAE FREFFOR FEIY FRIX
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Fig. 1. Sampling position of river water used.
(A: Songju bridge B: Gangchang bridge)
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AE B2 R IHAd welA] nutrient agar(3 g
beef-extract, 5g peptone, 15g agar L', pH 7.0)& HiX|=
sl 8a FEEE Zhzb 3709 platedl] 25°C HE9] iR
15mi¢t SME AE 1mE ¥ F E£89 442 H =9
A 25+£0.5°CoA 724347 WA & et Heke
(colony forming units/ml; CFU ml")E AlS=31%T.

T3 sY2d ojdEe 22 ¥ 3

& E3)8 viRE 4922 phosphamidon®} profenofos
£ H71 MM2 AR Pe] 248 tha HE Al
A9} 1.5% bacto agars Y7t JAAFHERAE ARE-SHI L.
o, 2 2L Table 13 2ok AHHE ANEES 27 Ha
THTE ML 10 miS FHsle zizbe] Fefo] FiE o
H 2 2lA] 200 miell HE8kA 25°C, 120rpmol|A] 247 2
B ujret §, 7 Balg A BohiRe] ©uske 25°Ce]
A 297k HHOJ-‘S}JL PR Akl HAE colonyESS 3k

Table 1. Compoesition of medium to isolate microorganisms

Components Concentration
Na,HPO,- 12H,0 0.14%
KH,PO, 0.36%
(NH,),SO, 0.24%
MgSO,-7H,0 0.025%
NaCl 0.05%
Distilled water 11
pH 7.0

% Phosphamidon (100 mg/l) or profenofos (100 mg/l) as a sole
source of carbon and energy were added to isolation medium.
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AR H A=) HEFSIS 25°C, 120rpmell A 2 7F vt
F OA R HEBeA] ) FH =88k colonyE S E2lE}
Aok B #59 BF % %8 Bergey's manual of
systemmatic bacteriology’?$} API 20E Kit(bioMerieux Co.,
USAYE o] &3ttt

HESYo M= X HEMe| =y

7} ool g Al AR 2 B GCo BAH=E
78 AN F3]22} PAM (Pesticide analytical manual)*®
ol Wttt Phosphamidon?} profenofosE ethyl acetate 10
mlo] = ZtZF 1000 ug/ml F1A stock solutiong A
3 & 7 A E 34 0.5, 1, 5. 10 pg/mlzt =HA
BEEEAE 2A8EY. 249 7} v58 #5898 1l
A GCl FYsted peak HEH o8l AHFLE A
sttt Z2t Foke 4% AT GCo EH2HL Table
29F At

HEe AE=A

FoFe] AR AP modified river die-away method
o ojaf AeFere] ARHES FIAYY. F, %&% F
APl sRFpH 7+ 0.1)8F 02% FHAEFE 1112
—zizdai lomiE ¥3 5% E&89Y 0.1 miE 7}21 Re
AP0 R Sth EFOE nAE o9fe] Qlatel &%t
ko] BE ER1EaIAl 02% e} Breses
112 E33 10mle] 5 28 0.1 miE 718k ¥
TdHE5= 10g peptone, 5g sodium chloride, 3.5g dis-
odium hydrogen phosphate, 1.5g potassium phosphate mono-
basice Fatoll 5o 1A A8t 7+ w82 §Y
279 84S 374 vEo] 120mpm, 25°C, YAA e
vjoFstiTh. AEAFH S A2 AEVRAT oY, 1Y, 2, 3Y,
59 9 7Y Foll AAlsidict ddwefe] e 2lERE
Z}Z} 10ppm 715208 sty ZAISY HEFore] &4
BEAL Alg8Y 10mlE SmliE #Hsld n-hexane : ethyl
ether(4:1) Smist FIUHEF 22 7183 387 vortex
mixer2 Z1FE 4000 pmeA A E-Esle] EmiE2 3
TR @2 fNoll thA] n-hexaneethyl ether(4:1) 5ml
A 7tele] &2 33 WS o 3)Sde el &
4 Na,SO, column(H7d 20 mm, =°] 50 mm)yg E34A)A
G935 T BA] columne n-hexane 2 miE AojWo] §H&}
I olRE 35°ClA EHFTHEFIIZ OF 05 mEA F5
T v HEFRL HATEAE Bo) yof dUzAIA
=HFES ethyl acetated)] o] EFgMz 7o v o
GC-FPDE #48lditt. d3soke] Aia&e 72t dF
H3nbEe] eighE F gt FEk

Table 2. GC and GC/MS conditions for analysis of pesticides
and their metabolites

Items GC GC/MS

Instruments Shimadzu GC-14A  Hewlett-Packard 6890
GC conditions
Column DB-17 HP-5MS
capillary capillary
30 m x 0.53 mm (LD) 30 m x 0.25 mm (LD)
Temperature Col.T 220,240°C  Col. initial temp. 70°C
initial time 3min
rate 20/min
final temp. 250°C
final time Smin
Inj.* 240, 250°C Inj. 280°C
Carrier gas Det. 270°C
Air N,, 2 ml/min He, 0.8 ml/min
Hydrogen 60 kPa -
Type of injection 60 kPa -
Injection volume  Splitless Split(1/10)
Detector 1l Tl
MS conditions FPD -
MS
ionization mode HP 5972A MSD
Mass range Electron impact
Electron energy 50~550 my/z
70eV

T Column temp. phosphamidon (220°C), profenofos (240°C)
*Injection temp. phosphamidon (240°C), profenofos (250°C)

%9 3+-§ &3

10 ug/ml2] phosphamidon®} profenofos TF&N¥-g zHz}
0.5 mi¥ F7isted M3t Aol ulet 22 & FdF
& Teien o]2HE 358-g ALt

solel wis SRSl Yo u

oFe] ARs) N EY] RIS ) Hed Agw

el ejAstd Alg ll“E— ZA| 3} *g"?‘aﬁ HE $ A8
500mlE AFHEa Aegt Wyol wEt n-hexaneethyl
ether(4:1) 100 mlZ 2321 &, FFIAT. FETHRES
ethyl acetate 1 mlo| 3o Elizabeth®} James®] HHHZe|
w2} tetrabutylammonium hydroxide (TBAH) 40 plE AMg
&ty dialkyl phosphate® %43 3 3 GC/MSE B4}
At GCMSY B 2712 Table 29} 7t

- -

shHisel SN WY

F AHY st i FEEY Avs Table 33 2
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Table 3. Properties of water used for experiment

Sampling positions A B A B A B
Sampling date 20 May 20 May 23 Jun 23 Jun 29 July 29 July
Water temperature (°C) 20.7 21.8 24.1 26.0 257 273
pp 19 80 14 8 79 81

Total bacteria(cfu mI™) 9.3x 10° 35x 100 87x10° 53 x 10* 44x%10° 1.2 10*
DO (mg/l) 73 6.8 7.7 6.4 7.8 6.2
BOD (mg/l) 1.6 3.7 1.7 33 1.7 33
SS (mg/l) 132 17.2 8.7 19.6 10.2 17.7
ABS (mg/l) 0.04 0.05 0.04 0.05 0.00 0.02

(A: Songju bridge B: Gangchang bridge)

o}, AR Ay B u) BREe] AREEY FHed 4 100 :

Tt 22 RS 4 4 . AXRFELS A R A : 90 | "\.\‘\_‘_&.LM

2 #2290 'H%fsl% o2 BOD#e! 1.6~1.7(mg/HR L, s 80y T T {

BARS F57 2709 sigshe o2 BODZO| 33~ g ;0‘ T~

L vy .= = 0 i

3.7(mg/1)olaiu}. ol T A aFe A Folo] we £ ol

o] AR &S Hadhs o IS Aexgom wd < a0l

HAT FEHg o3 EAE vAEY e AA € 30| I

— ontrol
Aol A9 44x10°~9.3x 10%(CFU ml™") o]gled, BAA 9 S o0l | e A
® —a-B
74 12x10%53x 10" (CFU mlM)e2 AxZHZ BAHY 10} [
U AAESH ArAT $459 %S BRHo] AXFERT | 0 : —

% (order) A= =S4T}

Modified river die-away method0ll 2|8 sofo|
=6l AlY =

S| g8

Agz7)A phosphamidon} profenofos94 8o 7t
7} 935+ 1.59F 95.1 % 1.7%2 Fofe] g ¥Ask=d ¥
gk wel Ao g #aEct.

Phosphamidon2| 23T

Modified river die-away methodol 23l S574(A &
7B)2] EollA HE3 phosphamidon®] 7‘]'Tro,_ Fig. 2
o} ot i 74 AR F AT o] IRFS 2ol
A 749%, A ABZAME 68.8%, B AT TAIME 62.7%
7} ZRstaer FEge] At BRIl AXFEN AR
=7t =A vePdt). Phosphamidon®] AJESHET gt
HEE71E AGA 0.0005 2 58.64°15L, BAlAT 0.0012 F
238Y=E SAHUT

Profenofos®| &3l

Profenofos®] A8 ZAal= Fig. 33 7ot wlgF 7 A=
$ AMIF gy AFFS d2LAA 25.1%, A=
21.9%, BollME 11.9%7} 3o e 48 B

0 1 2 3 4 5 6 7
incubation period (days)

Fig. 2. Residue of phosphamidon by incubation period in
water A and B.
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Fig. 3. Residue of profenofos by incubation in water A and
B.

Aol AXAHET RN} =A vERdTh ProfenofosS)
AE&Ael W)= AolA 0.0005 2 58.4U0IA,
BollA 0.0013 2 21692 ZFHFU}

Phosphamidon} profenofos®] A&Eshe wjckA|7te] QA
SrE, FEH0] 22FE o] )t FHF
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o] ¥ AAUFE AR &o] ¥ 72 Fushiwaki®t
Urano®] A7®¢} Jti mid 59 7Y 2 Nishihara %
o] A9} e AAEA FHLAER W FHEIUAF
o] zjol7} AL WX Aoz 2T E3 F /A
FoFel tizzolA Rajgol WEol B%t sEs| A
Fop & zpolzt g, ASF BAHY ARV 2] w2
Baleg VA 28 Mo uFo] B o ¥ 7] 5o
o] Bajje 7iRalo] 93t 9FS o A e Rom A
Z+E T},

SoHEs DjdE

2 # 3L &H5=0) A phosphamidoni} profenofose] ¥-3l%
M FFEE EEEta ¥, A 9 AsetE 54
S sl BAS 2o T 7R slM BT 359
R3] Acinetobacter calcoaceticus, Aeromonas
hydrophila, Klebsiella pneumoniaed©] A= AT} Acineto-
bacter calcoaceticus= /A% 01 H&FHA 28 &4 7
o™, deromonas hydrophilew= EFIE )L 854 17
4] 7Vgo|H| Kiebsiella pneumoniae= 28 0|31 &5
A 1 A 1Rtoltt. olF 59 A3eHE 5L Table
49} 7T} Acinetobacter calcoaceticus<= citrate, glucose,
melibiose % arabinoseE ©]-8-3H 2™, oxidase W2 &
AJol AT, deromonas hydrophila’= arginine, indole, gelatine
55 ©] 839, oxidase BF-2 WIoIUT}. Klebsiella
prneumoniae™ urea, voges proskauer 5-& ©]-&3tH o,
oxidase ¥FH3-2 2/Jolqlct.

Fofe] AR A3 dre FE IR & /A9
A wokoll el ®Wol olFo|d i, F7IUA F
aire a7t golstd zHRAdo] =& olf wiEe] A
o2 AF3A chRoidch. 1au, f71Q1A Bk ARS-
Fo] VIR Ak & spgel LaAEet Rske Aok

i o

o
o o

=
F71RAA Fekel ek tiRA Bajdos dezl A
parathion, malathion, diazinon, disulfoton ¥ phorates &
B3|z Psedomonas spo} 2 3714 M3 Nocardia
spoh 2 AR § ARl FE AR FHe R
#7124 Feke] Baldol] w3t drRe WhEE 50
s 7ol QAT AHEAEANA iprobenfosE B E3)
3F9 FTFERHNALLZE Pseudomonas putida type Al,
Acaligenes xylosoxydans ss den/pie, Klebsiella planticola/
omitinllyticaZ 5438191, 7] 53] phosphamidon £
BT o2 Bl B&1§ Capnocytophaga gingivalis®]
AEssS Bad A7rt ok woke] iAol ElF

Hol G AFE o5 FRIRLS A3 B + 9

Table 4. Biochemical characteristics of Acinetobacter calco-
aceticus, Aeromonas hydrophila and Klebsiella pneumoniae
isolated from test water™

. Acinetobacter Aeromonas  Klebsiella
Characteristics . . )
calcoaceticus  hydrophila  pneumoniae
ONPG' - + +
Arginine - + -
Lysine - - -
Omithine - - -
Citrate + + -
H,S production - - -
Urea - - +
Tryptophan deaminase - - -
Indole - + -
Voges proskauer - - +
Gelatine - + -
Glucose + + +
Mannitol - + +
Inositol - - +
Sorbitol - - +
Rhamnose - + +
Saccharose - + +
Melibiose + - +
Amygdaline - + +
Arabinose + + +
Oxidase - + -

T ONPG: O-Nitrophenyl-B-D-Glactopyranosid

—! negative +:positive

*Water sampled point A and B(A:Songju bridge, B:Gangchang
bridge)

= 58 a58 ke V1aAEEA 2 9ejrt Ay
kagae

S WEH YuE

Phosphamidon®] &3l A3 ¥ EWEES s
218 GC/MSE #-4J3t total ion chromatograme Fig. 49}
). AR AE 7 B ES Zhz 788 1135004
e peakE 1% + UATh Fig 49 7 HEE peak 12
m/z=15322 O, O-dimethyl phosphate (DMP)& 37350y,
71 mass spectrum AIE Fig. 5o YJERHSITE Peak 2+
m/z=1492. mass spectrum Fig. 58} 231, N, N-diethyl-
chloroacetamide= F €},

Profenofos®] A& A3 ¥ EAEES 1t sl
GC/MSE 4§} total ion chromatograme Fig. 63} 7T},
AR A F BANES A7 9583 16.15701M e
peakE B 4= AUt Fig 69} zt A#E peak 12 m/
z=208% mass spectrum Fig. 73 737 4-bromo 2-chloro
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& QO-ethyl S-propyl phosphate= F3 ¥t}

£-2 m/z=208Z 4-bromo 2-chloro phenold} m/z=2402.
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