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ABSTRACT

The possibility of multiresidue analysis of 24 pesticides out of 30 residual pesticides which are subjected to test in the golf
courses was examined. The utility of multiresidue method for pesticide residue test was evaluated by recovery test through
a standard addition method of pesticides in water, soil, and lawn grass. The experimental results of the recovery test for
individual pesticides are as follows : The number of pesticide of which average recovery rate was over 70% regardless of
media was 16 pesticides. These pesticides were composed of 8 organophosphorus pesticides (chlorpyrifos, chlorpyrifos-
methyl, diazinon, EPN, fenitrothion, phenthoate, phosalone, and toclofos-methyl). 4-organochlorinated pesticides (daconil,
captan, endosulfan, and tetradifon), 2-pyrethroid pesticides (fenpropathrin, lambda-cyhalothrin) and 2 other pesticides
{(bromopropylate, pendimethalin). On the other hand, in case of dicofol, average recovery rate was over 70% for water and
lawn grass but only 53.3% for soil. Therefore, the multiresidue method applied in this experiment is not appropriate for
analysis of dicofol in soil. Furthermore, among 7 pesticides, 2 pesticides (amitraz and pyraclofos) showed that theirs
average recovery rate deviated from criteria (70~130%) in almost all media, while 5 pesticides (bensulide, deltamethrin,
iprodione, phosphamidon and tralomethlin) were not detected from all media by GC/NPD or GC/ECD.
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phenthoate, phosalone, bensulide, pyraclofos, tolclofos-
methyl, phosphamidon), 71944 &F 5% (captane,
chlorothalonil, dicofol, endosulfan, tetradifon), 33
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Table 1. Physicochemical characteristics of soils used
pH OM CEC Distribution of particle size (%) Soil
DW. 1:5) (%) cmol(+)/kg sand clay Texture
5.31 2.41 8.0 57.8 143 Silty Loam
5.20 1.90 14.6 36.0 23.6 Loam

Table 2. Analytical conditions for multiple pesticides using GC/ECD and GC/NPD

" Class GC/ECD Conditions “GC/NPD Conditions
Type DB-5 DB-1
Column Length 50 m 60 m
LD. 0.32 mm 0.32 mm
Injection Type Split Sptit
Injection Temperature 230°C 230°C
Detection Temperature 270°C 325°C

Oven Temperature program

60°C — 120°C — 250°C — 270°C
(2min) 20°C/min 5°C/min 2°C/min (8min)

180°C — 270°C
(2min) 4°C/min (Smin)

Carrier gas N, (1.0 mL/min) N, (1.4 mL/min)

3 H, (3.0 mL/min)

Fuel gas Air (60.0 mL/min)

Make-up gas N, (60.0 mL/min) N, (10.0 mL/min)
222 Z(l'q { s0il(30 g), lawn grass(10 g) | i water(500 mL) |

e SEEFAE sidelA AFsIH e, 7Hel=2
0.5~1 em ZNE A Basle] AgE AMgSlch A
o WiF we FTEHAE sl I 100 WY ¥
kol ¥=7F 05 mgkg? 1.0 mgkgol H=F F
(spiking)d}o] A|ZE A&t

223. &

FHT 500 mLoll thid weke] F=7) 0.025 mg/Le}
0.05 mg/L7t HEF Eoll FU(spiking)etd AlZE AMS-
sheict.

2.3. 244

ZERseke] & 9 AAMFHES US FDAA AFEER]
TR BAEAMS - 231UTHUS FDA, 1994). Fig.
12 M8 SAIEAER S AlEHAE YR Zoloh. 5
Z8NE dichloromethane@FF-52RE-4d8)10 2 391, &
A AP FSHEES ARSIN, 8589 4
AT} 2oldt 37FA EF-89 (hexane/dichloromethane/
acetonitrile)e EHHIES EE(49.65 — 48.5 — 45/50/
035— 15— 5%l 330 Zx 8&% ol Zze &
ZNE FES AgEAAe R 9T B AlEe 7t F
=9 23] wkEo g AT, AFENS Table 28] ¥
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— 0.2 N NH1 solution 30 ml
— acetone 100 mL
(shaking for 1 hr)

I decompressed _ filtration |

«— NaCl solution(saturated) 50 mL
< distilled water 500 mL
<+ dichlomethane 50 mLx2 extraction

dichlomethane layer

NaCl solution(saturated) 50 mbL—
dichlomethane 50 mLx2 extraction—

}__

[ evaporation by concentrator
I residue
sil, water : dichomethane 5 mi— |—lawn grass : hexare 5 niL
clean_up(florisil column) ]
«—hexane/ dichloromethane/acetonitrile
hexane/ dichloromethane/acetonitrile—|  (49.65:50:0.35)50 mL elution{eluant 1)
(48.5:50:1.5) 50 mL elution{efuant 2) —hexane/dichloromethane/acetonitrile
(45:50:5) 50 mL elution(el 3)
i eluant 1.2 3
| evaporation by concentrator
{ residue
| —mass-up with _hexane
[ analysis

Fig. 1. The flowchart of multiplew-residue analysis method.
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1. Diazinon
2. Chlorpysiphos—methyt
3. TYoiclotos—methyl
4. Fenitrothion
5. Chlorpyriphos

1 §. Phendimethalin

7. Phenthoate

8. EPN

9. Phosalon

10. Pyraciofos

e

Fig. 2. Chromatogram of organophosphorous pesticides using
NPD detector. '

Daconil

Captan
a-Endosulian
B-Endosulfan
Endosulfan—sulfate
Dicofol
Bromopropylate

. Eenpropathrin
Tetradifon
Cyhalrothrin

~
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Fig. 3. Chromatogram of halogenated and pyrethroid pesticides
using ECD detector.
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tolclofos-methyl®] 73-$- EURIAES} *E A= §e}
o HHghelMe 42 84.8%, 89.4%, 79.8%, 84.6%,
91.1%, 89.3%, 96% % 823%Z 358 WHE 79.8~
96%0|eH, A= 232t 84.6%, 89.4%, 78.5%,
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76.3%, 92.8%, 75.0%, 72.3%, 77.6%, 76.9%, 80.0%
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g3t RS B3 OFEE Fo] FgE AR
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Table 3. Average recovery rate of target pesticides in medium
Soil
Lawn Grass Water
Average Sany Loam Loam
Bensulide - - - - -
Chlorpyrifos 84.8 85.3 84.4 84.6 76.3
Chlorpyrifos-methy! 89.4 89.4 89.4 89.4 92.8
U% Diazinon 79.3 80.8 77.8 78.5 75.0
3 § EPN 84.6 84.8 84.5 85.0 723
&2  Fenitrothion 91.1 90.9 913 92.8 776
2 Phenthoate 89.3 88.2 90.4 938 76.9
S Phosalone 96.0 93.7 96.0 107.5 80.0
Phosphamidon - - - - -
Pyraclofos 1383 132.0 144.6 162.4 60.8
Tolclofos-methyl 823 824 823 83.6 75.7
0—? Daconill 733 753 714 71.5 76.1
E % Captane 109.7 117.2 102.2 87.5 80.6
£z Dicofol 533 67.0 39.5 83.4 70.9
g §~ Endosulfan 87.0 90.0 84.1 78.0 84.3
§  Tetradifon 1015 106.8 96.2 1043 95.7
o Fenpropathrin 108.8 118.7 99.9 100.9 90.8
2 = Tralomethrin - - - - -
% g Lambda-cyhalothin 104.6 119.9 97.3 117.0 90.8
e Deltamethrin - - - — -
Amitraz 27.8 23.5 32.1 73.3 59.2
Q Bromopropylate 103.9 110.2 97.6 104.2 91.6
3:3— Iprodione _ _ _ _ _
Pendimethalin 110.1 1174 102.9 105.2 108.8
YAFFAA F2 - 2AHo SEHA] ot &0l H wfHoA dicofors AASITL F IR SrEel 70%
A Agkd Aoz 2P B3, bensulided]) AL olFOZ TPIE BAEAMY] Hgo] 5T Ao Y
NPDoA Hthke FPDOIA] AEZE7) 108 A% %= ok 284 dicofol> EYIXE] 3l80] 53.3%, 53]
o o® ERIEAHEBAEIILE, 1905), 7kem FEeAE S50l 30.5%E CHIE BARADY A8
olEaze A&7 A3 G g 2o A 7¥ERE FA BA9KTable 3), ] 2 EolM] B
L21= & ZHZ} 83.4% 2 70.9%2 EYS A% Y ¥ &

3.2 1A s Ee| &8
F7185A FAgEe] viAE BdeeS AR
dicofol, captane, daconil, endosulfan 2 tetradifon®] E

FOIFES} FE AT Yojo) FRPING HrEe

Z¥2} 53.3%, 109.7%, 73.3%, 87.0% L 101.5%Z 35
& 9= 533~109.7%)1L, Fjollxe] 348 Z47}
83.4%, 87.5%, 71.5%, 78.0% = 1043%Z 3|+&
AE 71.5~1043%0°]0, EoA2 3FE&L 70.9%,

80.6%, 76.1%, 84.3% = 95.7%=Z 3|+& HYT 709~
95.7%0]t}. °o]& F7IgaAl TR 3FES

=
B2
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of THIE SAEAHES] A8o] 7Fed AeE AdHIH.
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|EE Hof gloy B AFdMe Y Fdoz
hexanes AMESIaL 1o} AATG ] Bufde]e] z)o]
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pylate & pendimethalin®] ESRIGES} Y& AaE 3
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FejelMe] 58-S 27 104.2%, 105.2%1H EoA19]
BTE2 A4 91.6%, 108.8%= EE wjAoA 70% ©]
Foz ot i FARA ] Ho] Jsd Ao
AT 9 270k F(1997)el oJ3t FHEet ok
AR SARANATATAME pendimethalin® H] w4
Fsgt 3eES Vel iR BAIRA A8
7Fs3r Aog ®i3dk vl Utk

T3} iprodione FZvIETIEA) Fo)avt A&
Bl ettt ol ¥R 5(2001)0] 3T FopdEel
A EARoA] ARERE AN SEde) FF 2 714
H|-8-0] aceton:n-hexane(15 : 85)E & AlgolA] AREHIH
=/38ve} vigAg8ule] T 2 858l E3Hlew
zto]7k 1o ol 711 Aoz HThAr)
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A

AR SHdol e A7 23

7} 2 rkeageiEazg £40] 7hsE AR
dotels 2339 FeRdEel disled tHE SAIEA
of o3t 4 viAE 3)& HrraH, 71904 sk
8% (chlorpyrifos, chlorpyrifos-methyl, diazinon, EPN, fenit-
rothion, phenthoate, phosalone, tolclofos-methy), #7]%
2A FIE 45 (captane, daconil, endosulfan, tetradifon),
g2z o) =A] 2% (cyhalothin, fenpropathrin) & 7[E}
dser 2% (bromopropylate ¥ pendimethalinys 165
< Zt wiAlell BARIO] Fgo] 70% oPFo R Ys3l]
£ A7olx AAE dichloromethanedl] &g F2F 2
214 HolA  hexane/dichloromethane/acetonitrile(49.65 —
48.5 —45/50/0.35 —1.5 —5) /A &oje] E3MIS-S &
23t 33]o] A §=S T R SAIEAHY A
8o] 7Fs3 AR AGHIT ol olF TR A
Ar EE8AeR AT E4E7HQ] hexane/dichloro-
methane/acetonitrile®] -8-ZA] SAjo] W& hexaned} A
0] %¥& acetonitrile?}e] EFHES TR OZ Fusie]
|EARoZH EZAAERd F3E sopdRoe] 8%
oHoll ofa F&, &3, 829 A& AgE AX iR
829 A7 dutEn} 3, kAT (19920014
T A dd-8ulE ARSke AR SA¢] e 2-3
9| B &Rt Algsls o] AAlEES =Y &
AT ARFSFEH

ey dPddEF dicofol 2T B EolAe] I4&
o] Z}Zt 83.4% H 70.9%0F TR FARAY] Hgo)
75t EGeIME 34-80] 533%2 thh Yol v
B A8elor & FoE dddnh

SHH pyraclofos= & wiAlel Y] =80 60.8%= T}
& 9a, B Y YoM Y e 247 1323%,
1624%% TR FAIEATY H8HEHAA 70~130%5
T Hloju}, ARl tisixe 5 A7t o 9.
& Aoz gchEch
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oF 8% (chlorpyrifos, chlorpyrifos-methyl, diazinon, EPN,
fenitrothion, phenthoate, phosalone, and toclofos-methyl),
Fr71947A4] 5 4% (daconil, captan, endosulfan, and
tetradifon), $FFH 22 o|=A FF 2% (fepropathrin,
lambda-cyhalothrin), 7]€} &<} 2% (bromopropylate, pendi-
methalin)°| 1T}

T SAIEAPTEY] 28 & 5 gle 839 B &
dicofol®] 79, B3 ZrollMs 4-80] 70%S 413
stloH, EoME 53%E Ueh} E%0] A9 thgs
SAARY] A8 ol Aos dAdddnt w3
amitraze= "jAE F4=go] 70% ©J3II1L, pyraclofoss
A W S)g-go] TR FAEANMY Hev)E
(70~130%)l] Bk, bensulide, deltamethrin, iprodione,
phosphamidon, tralomethlin®] F¢F A3 Hex]x] oo}
B A7olA ARES AR FAEAS F8% 4 ¢
ATt

o p

]
rat

&

3T, 1997, AFE EoFol| 23t chlorthalonil 2
2 =8 7A78}8)R) | 6(3), 285291
AR, AR, 1ha-8], 1999, EokE TH 8 245 oko) Ba)
H Fikel] gk A, 3 delekslA | 5(3), 551-561.
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