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Abstract i

i
s |
Considering the efficiencies of the preparation process at each stage obtained in previous studies, the analytical
determination method was established for multi-pesticide residues in soils. It consist of the acetone-extraction,
the dichloromethane-partition, the Florisil or silica-gel chromatography and the gas chromatography analysis
equipped with the electron capture detector and the nitrogen-phosphorus detector. In the soil recovery test by
Florisil clean-up system, the number of pesticides recovered in the range of 70~120% and showed less than
20% of RSD were 165 pesticides for paddy soil, 169 pesticides for upland soil and 159 pesticides in both
soils through the tested 183 pesticides. And in the soil recovery test by silica-gel system, the number of
pesticides recovered in the range of 70~120% and showed less than 20% of RSD were 154 pesticides for
paddy soil, 145 pesticides for upland soil, and 134 pesticides in both soils.
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(Appendix 1 #10). A|8)soFo] tHEL Dr. Ehrenstorfer 5
SEREE ARAZEE TUSAY, 2 ForzAIE B
s}oq A1) AL U] Wl Sltel % o

C B4 HF5 AR st 10719 E3hgdE 245}
03] ARL3ELS E]- AR TE-&HL beta-cyfluthrin®} bifenox,
bromopropylate, buprofezin, cyprodinil, diethofencarb, folpet,
hexaconazole, hexazinone, isoprocarb, mepronil, phenazine

oxide, probenazole, pyrazophos, pyrazoxyfen. simetryn,

terbufos, terbuthylazine, tetradifon, thenylchlor, thiobencarb,
tolclofos-methyl, triazophos, trifluralin, A% = aiachlorgl-
benfuracarb, bifenthrin, cadusafos, dichlobenil, fenobucarb,
fluazinam, fosthiazate, furathiocarb, isoprothiolane, mala-
thion, metobromuron, oxyfluorfen, procymidone, pyroquilon,
tralomethrin, zeta-cypermethrin, Y&} chinomethionat®}
dimepiperate, fonofos, halfenprox, metalaxyl, ofurace, pen-
cycuron, phosalone, piperophos, pirimicarb, prodiamine,
prothiofos, pyraclofos, thifluzamide, triadimefon, THI#)|
+ alpha-cypermethrin¥} bitertanol, cyproconazole, diazinon,
dicofol, dithiopyr, flupyrazofos, imibenconazole, mefenacet,
methidathion, pirimiphos-ethyl, propanil, &A%} amitraz
9}, carpropamid, chlomethoxyfen, chlornitrofen, fenclorim,
fenothiocarb, fenpropathrin, flucythrinate, hexaflumuron,
mecarbam, metolachlor, phosphamidon, pirimiphos-methyl,
profenofos, prometryn, propaquizafop, UI#+= bromacil}
chlorfenapyr, chlorothalonil, dimethametryn, dimethenamid,
dimethoate, dimethylvinfos, edifenphos, esfenvalerate, etho-
prophos, etoxazole, fipronil, fludioxonil, lamda-cyhalothrin,
metolcarb, pyridaben, pyridaphenthion, triazamate, ¢ g4
+= azinphos-methyli} etridiazole, fenvalerate, isazofos,
mepanipyrim, methabenzthiazuron, pendimethalin, phosmet,
pretilachlor, prochloraz, propiconazole, quinalphos, tebu-
fenpyrad, vinclozolin, o}& |+ butachlor®} carbofuran,
chlorpyrifos, chlorpyrifos-methyl, ethalfluralin, fenarimol,
fenazaquin, fenbuconazole, fenitrothion, fenoxycarb, fluva-
linate, iprodione, nuarimol, oxadiazon, penconazole, phen-
thoate, tefluthrin, &
carbaryl, carbosulfan, cyfluthrin, difenoconazole, esprocarb,

L anilazine} anilofos, benfluralin,

iprobenfos, molinate, myclobutanil, naproanilide, napropamide,

oxadixyl, parathion, simazine, tebuconazole, triadimenol
0|93, $7192AE 248 EFRFOR AP
B AREFRAUY ATHS BFN] A B g

tolylfluanid, 4|+ acrinathrin¥} captan, cypermethrin, Ao AHgH EYS =EYR LEF 41 Fo8 1 0|3}
deltamethrin, EPN, ferimzone, flusilazole, flutolanil, fthalide, 14 422 Table 13+ Zt
Table 1. Physico-chemical properties of soils used
i Particle size distribution” (%
Soil oH orgams carbon CEC : article size 1's ution” (%) Texture®
(%) cmol kg Sand Silt Clay
Upland 52 0.6 8.8 66.8 21.8 114 Sandy loam
Paddy 5.8 1.3 11.2 48.7 30.0 213 Loam

JUSDA methods.
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TAIBFAT

71| AR EO] A2 71 5(2009) ¢ 7] 5(2010)
of ARt = TSt &, AREZYZE7I(ECD)9}
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< silica-gel A9 MARH o a4
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Florisil JAMAE AH-gsto] EMG 43}, =gt HES
o thsled Z-zk 166 AET 171 AJE0] 70-120%2] %33l 3]
& Vehlglom, 50-70% Hele Z2h 8 AR 7 ARl

11, 50% wuke 7+7F amitraz, carbosulfan, dichlobenil ¥
metalaxyl S EZ3HE 8 AET}F 5 AEo| ATt Table 29} 3).
G538 egd ekl AROE BolAla 20% oy A
HAGS Vbl JEL =9 165 A5, TESF 169 4 £l
L, 159 o] F EoF miFofA Fugt e Hlv
(Appendix 137} 2).

Silica-gel A AAE A-&ste] A3 23t E%h s
EgFo] thstef Z}7t 155 4 -tr"l‘} 151 /48] 7
35 382 UERfglon, 50-70% e #7—} 14 &
_L} 16 Hlﬂo]ml 30-50% g,]: 7L7L 7 /\al%i:r 11 Agvt_i_o]gi
o, =EolA 30% n9te] B85 Vel A E-2 amitraz,
! pyridaben®] 5 &
o1 WESFO 79 amitraz, carbosulfan, dichlobenil,
molinate ¥ pyridaben®| 5 Zo|¢ithTable 2¢} 3). 453t
342 vehd AROE ROl 20% oo AAHS
UFEW AJELS = oF 154 A5 HHE ok 1454 50|31,
% 134 JRo] ¥ EY BRoA gt AL it
(Appendix 137 2).

Florisil#} silica-gel A A9} =/%F E9F 23} o] dhitof
HERE 50% olete] 548 thehl 24%9] sobyito)l 5
& AAE Table 30| Uergleh 2E 2FA 280
w7 Ueld amitraz, carbosulfan, dichlobenil, etridiazole
L. dichloromethane SH] 882 243 7] 5(2009)9) A1}t

carbosulfan, etridiazole, isoprothiolane %!

[

243} o p&E o] M= U] AL = etridiazole©] 68%, LFHA& 70% ©]4+9
F33 Fegg 7IEsg o, AAHA MY &5 T
F7IBAAHE I 193 429 5HGER Bl 24T T 520109 G enidivoles] Florsil 3
A28} acetone %, dichloromethane B4 3 Florisil & A 35g 53%E A st 0-43%9) B2 s UER
Table 2. Summary on recoveries of pesticides from two soil spiked
Recovery Florisil chromatography silica-gel chromatography
(%) Paddy Upland Paddy Upland
>120 1 1
80-120 153 139 138
70-80 13 16 13
50-70 14 16
30-50 11
<30 5
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Table 3. Comparison of overall efficiencies with Florisil and silica-gel chromatography systems on low-recovered pesticides from

two soils added

Florisil chromatography

Silica-gel chromatography

Pesticide Paddy soil Upland soil Paddy soil Upland soil
Average cVv Average (A% Average (A% Average (OAY
% % % % % % % %
amitraz 15 7 44 9 4 35 20 88
anilazine 76 12 83 16 48 22 92 24
bitertanol 98 7 101 6 103 45 19
carbosulfan 37 35 9 10 2 173
chlorothalonil 45 20 81 3 37 74 2
dichlobenit 46 54 38 72 53 49 18 90
dimethametryn 89 3 84 41 7 45 13
etridiazole 21 67 59 10 139 35 36
fenbuconazole 91 11 86 12 101 9 30 29
ferimzone 66 5 56 13 63 7 38 15
fludioxonil 83 15 41 42 81 10 54 10
imibenconazole 101 17 87 33 86 17 48 30
isoprothiolane 129 0 109 6 19 13 41 4
metalaxyl 22 20 12 11 89 3 79 4
methidathion 95 9 96 2 44 5 82 3
molinate 89 8 63 11 32 8 27 4
oxyfluorfen 106 4 92 45 103 93 3
pencycuron 101 3 83 98 6 43 16
prochloraz 41 8 75 11 86 12 88 18
prometryn 82 1 82 5 58 19 42 9
pyridaben 96 3 105 4 20 11 12 17
simetryn 86 2 83 10 55 106 33 13
thiobencarb 88 5 86 8 44 29 35 6
heptachlor 45 75 100 2 26 37 91 13
of vl &Y 3ego] W AL BAGANAM wEE AL 79t Florisil AAolA 94%, silica-gel AAofA 61%2]

2 AYzh=|gick
Florisil®} silica-gel ZAAA Y] 34&& vjwst A},
dimethametryn, isoprothiolane, molinate, prometryn, pyri-
daben, simetryn Y thiobencarb-2- Florisil A& %-838]%
& U e 2ol EFC2REY Frg 80% e
UEH e silica-gel AIAIE A 87 REY H9= 50%
F’H S vEhigth 22y dimethametryn 59
A= H}EHE metalaxyl-Q- Florisil A Ao}A 10-20% A
o] e S5 Yot} slicagel 449 I8 312
&2 80% Wz d2stqn. B¢ mAans wiAst
AL dimethametryn 5 UF A2 silica-gel AAELL
58%9] Bl 7|1=3t simetryng ¥]33lo] L] 2 40%
o}5l2 WO} Florisil AA| 882 43-78%Z silica-gel 2
Aito] vlshd =9k, Whhe] & EE metalaxylQl

B8 vepo] ZAAAE &40l Brgd AL g
WTHA 5, 2010). EFaide] o3t FAlp&9 F7HadE
TES 4 ey Florisil AAQ A9+ 15-44% EAE,
silica-gel A|A Q] A$-= 0-27% LEQ 3|48 F7HE Y
eEhfiSlou, AA=&Y S7Hd0] BEdReEEd A%t &
ZoFiel wstef gt AR EAAE7|Y et A3 F
kol w2 ARy} At offt AR e sk Feinh

EFERE 2o|7} e AL, & =8GO Hlgte] LEY)
Al Bjggo] &A vERY chlorothalonil@} heptachlor, )
B =EokiAxe] 34go] =& fludioxonil? A= AR}
e EOhE A4ele] B 2AEE0) HolE U B
Be7} 98 Aoz Az,

FHA-EYE 27 U F ol sl F480] ¥A U

ERt 7.9-9] anilazine, bitertanol, fenbuconazole, ferimzone,
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Appendix 1. Recoveries of pesticides by acetone extraction-dichloromethane partition-Florisil or silica-gel column chromatography
in two different soils

Florisil chromatography Silica-gel chromatography
Pesticide Paddy soil Upland soil Paddy soil Upland soil
Average CvV Average cv Average (OAY Average CVv

% % % %o % % Y% %
acrinathrin 109 5 87 10 95 7 90 6
alachlor 92 4 92 2 93 1 92 2
alpha-cypermethrin 101 15 98 4 87 8 114 29
amitraz 15 7 44 9 4 35 20 88
anilazine 76 12 83 16 48 22 92 24
anilofos 94 1 106 5 79 3 96 3
azinphos-methyl 88 6 92 4 91 12 63
benfluralin 99 3 104 3 88 3 91
benfuracarb 79 6 74 3 61 9 60 32
betacyfluthrin 100 5 99 6 93 17 89
bifenox 113 1 93 2 101 6 94
bifenthrin 112 10 98 7 92 6 105
bitertanol 98 7 101 6 103 8 45 19
bromacil 100 7 89 2 90 3 87 12
bromopropylate 100 2 110 4 105 3 84 2
buprofezin 92 2 91 0 71 3 85 6
butachlor 109 2 97 1 95 5 93 1
cadusafos 95 3 93 4 93 2 92 4
captan 78 1 92 2 100 17 92 4
carbaryl 101 4 66 8 81 3 87 6
carbofuran 95 1 90 8 101 0 90 6
carbosulfan 37 6 35 9 10 5 2 173
carpropamid 98 8 91 1 103 5 90 5
chinomethionat 87 9 89 5 78 4 80 3
chlomethoxyfen 111 5 88 9 106 7 95 5
chlorfenapyr 103 2 97 2 96 3 93 2
chlornitrofen 101 4 94 2 97 7 101 3
chlorothalonil 45 20 81 3 37 6 74 2
chlorpyrifos 101 5 96 2 95 7 104 3
chlorpyrifos-methyl 95 3 93 1 84 2 92 10
cyfluthrin 101 12 96 4 90 10 113 30
cypermethrin 110 8 88 16 94 9 89 7
cyproconazole 88 5 92 4 91 3 75
cyprodinil 92 4 83 8 83 3 82 6
deltamethrin 100 31 97 7 75 13 119 38
diazinon 105 1 98 3 99 1 88 6
dichlobenil 46 54 38 72 53 49 18 90
dicofol 90 3 99 2 74 5 94 7
diethofencarb 84 7 76 7 85 5 90

difenoconazole 94 16 92 8 113 4 96 11
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Appendix 1. (continued)

Florisil chromatography Silica-gel chromatography
Pesticide Paddy soil Upland soil Paddy soil Upland soil
Average Cv Average CV Average cV Average CVv
% % Y% % % % Yo %
dimepiperate 107 5 92 3 71 4 60 6
dimethametryn 89 3 84 2 41 7 45 13
dimethenamid 92 10 97 4 86 10 92 6
dimethoate 86 9 80 1 94 3 81 4
dimethylvinfos 79 6 88 3 108 6 100 3
dithiopyr 98 2 93 5 92 8 89 7
edifenphos 81 2 93 2 97 4 95 2
EPN 99 4 86 3 106 4 92 11
esfenvalerate 111 9 88 19 90 11 89 9
esprocarb 99 10 87 5 68 7 57 6
ethalfluralin 101 3 102 3 87 5 86 8
ethoprophos 93 1 90 3 99 7 86 3
etoxazole 84 8 90 7 84 8 86 3
etridiazole 21 67 59 8 10 139 35 36
fenarimol 96 5 105 3 101 2 98 3
fenazaquin 100 5 104 10 103 7 95 4
fenbuconazole 91 11 86 12 101 9 30 29
fenclorim 89 5 86 2 84 6 85 2
fenitrothion 97 3 91 2 84 6 88 5
fenobucarb 93 4 81 8 86 2 69 49
fenothiocarb 91 2 90 2 88 9 53 5
fenoxycarb 93 2 93 4 122 3 98 6
fenpropathrin 109 5 90 7 97 6 94 5
fenvalerate 109 6 94 6 100 13 92 2
ferimzone 66 5 56 13 63 7 38 15
fipronil 92 1 96 7 84 4 96 4
fluazinam 109 10 94 8 82 8 101
flucythrinate 95 5 97 6 93 18 92 6
fludioxonil 33 N 41 42 31 10 54 10
flupyrazofos 160 2 95 2 105 3 88 7
flusilazole 84 2 87 3 100 2 90 4
flutolanit 93 3 77 10 85 2 83 6
fluvalinate 114 6 95 8 100 13 92 4
folpet 67 16 93 2 61 12 102 7
fonofos 85 5 68 6 85 16 64 18
fosthiazate 54 4 58 4 108 2 95 2
fthalide 98 2 98 4 84 3 98 2
furathiocarb 102 10 94 9 94 10 86 3
halfenprox 101 5 96 6 95 5 105 2
hexaconazole 91 2 99 3 100 1 106 2
hexaflumuron 80 4 109 7 102 14 97 6
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Appendix 1. (continued)
Florisil chromatography Silica-gel chrbmatography
Pesticide Paddy soil Upland soil Paddy soil Upland soil
Average CVv Average (OAY Average CV Average (OAY)
% % % % % % % %
hexazinone 79 9 76 1 72 4 58 8
imibenconazole 101 17 87 33 86 17 48 30
iprobenfos 97 1 94 6 95 2 92 3
iprodione 113 1 97 4 106 101 2
isazofos 89 8 84 2 73 79 4
isoprocarb 98 3 83 6 94 7 77 11
isoprothiolane 129 0 109 6 19 13 41 4
lambda-cyhalothrin 100 2 97 8 91 15 90 6
malathion 105 2 85 7 97 0 76 6
mecarbam 98 5 87 4 75 60 6
mefenacet 102 6 96 11 102 7 84 14
mepanipyrim 96 10 87 20 91 11 81 5
mepronil 100 6 86 6 94 5 66 19
metalaxyl 22 20 12 11 89 3 79 4
methabenzthiazuron 89 14 73 1 95 3 31 7
methidathion 95 9 96 2 44 5 82 3
metobromuron 85 10 100 4 141 3 104 5
metolachlor 96 4 99 2 89 3 94 1
metolcarb 90 3 77 4 112 10 85 5
molinate 89 8 63 11 32 8 27 4
myclobutanil 89 6 89 6 91 6 59 8
naproanilide 88 3 54 15 95 3 92 5
napropamide 89 4 93 4 86 5 91 5
nuarimol 98 3 108 3 100 2 74 5
ofurace 95 7 93 5 108 6 88 23
oxadiazon 97 2 97 5 99 7 104 3
oxadixyl 62 5 70 5 104 1 77 4
oxyfluorfen 106 4 92 5 45 103 93 3
parathion 99 1 93 2 94 1 98 8
penconazole 94 3 94 2 90 2 82 5
pencycuron 101 3 83 5 98 6 43 16
pendimethalin 107 7 95 2 100 3 103 8
phenazine oxide 73 6 71 10 60 4 69 4
phenthoate 94 4 90 6 62 38 56 8
phosalone 107 4 108 4 82 9 71 3
phosmet 101 4 94 4 80 3 93 3
phosphamidon 74 2 70 3 107 1 87 1
piperophos 94 4 97 5 83 4 90 h)
pirimicarb 89 7 88 7 87 5 81 3
pirimiphos-ethyl 97 3 92 4 78 6 77 1
pirimiphos-methyl 96 3 88 3 82 6 72 2
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Appendix 1. {(continued)
Florisil chromatography Silica-gel chromatography
Pesticide Paddy soil Upland soil Paddy soil Upland soil
Average CV Average CcV Average CV Average CV
% % % Yo % % Yo %
pretilachlor 102 4 107 2 83 1 95 2
probenazole 90 3 87 12 112 0 97 3
prochloraz 41 8 75 11 86 12 88 18
procymidone 98 2 106 2 98 1 92 5
prodiamine 105 3 105 4 101 2 108 6
profenofos 79 4 85 2 103 10 88 i
prometryn 82 1 82 5 58 19 42 9
propanil 97 2 84 2 92 7 68 19
propaquizafop 97 10 87 10 149 3 100 7
propiconazole 93 4 99 3 97 2 98 2
prothiofos 104 1 106 2 92 4 90 3
pyraclofos 98 8 88 4 &2 4 79 4
pyrazophos 108 1 89 6 101 4 92 7
pyrazoxyfen 112 4 90 4 120 6 98 3
pyridaben 96 3 105 4 20 11 12 17
pyridaphenthion 102 6 96 3 103 5 86 7
pyroquilon 91 4 90 1 89 4 80
quinalphos 104 4 89 1 92 6 83
simazine 60 33 74 22 80 3 93 4
simetryn 86 2 83 10 55 10 33 13
tebuconazole 79 5 93 5 104 4 83 11
tebufenpyrad 95 5 90 1 84 5 86 6
tefluthrin 100 3 94 1 93 7 89 5
terbufos 92 2 89 1 69 2 86 5
terbuthylazine 101 3 99 7 98 6 92 2
tetradifon 99 3 98 4 92 3 96 1
thenylchlor 96 6 112 3 77 1 92 4
thifluzamide 103 3 105 l 93 0 92 4
thiobencarb 88 5 86 8 44 29 35 6
tolclofos-methyl 102 2 92 1 97 3 89 3
tolylfluanid 56 5 90 1 53 5 88 5
tralomethrin 94 10 102 7 100 22 90 6
triadimefon 92 5 94 3 101 7 99 2
triadimenol 83 4 90 2 101 4 85 3
triazamate 103 5 95 9 89 8 83 1
triazophos 95 4 78 4 81 3 70 4
trifluralin 95 3 89 4 83 6 87 6
vinclozolin 99 2 97 2 93 4 93 3
zeta-cypermethrin 105 5 93 5 96 10 91 1




370 Y- 0139 - SFE - UE - URE - 01YS

Appendix 2. Recoveries of organo-chlorine pesticides by acetone extraction- dichloromethane partition-Florisil or silica-gel column
chromatography in two different soils

Florisil chromatography Silica-gel chromatography
Pesticide Paddy soil Upland soil Paddy soil Upland soil
Average CV Average (OAY Average CV Average CV
% % % % % % % %
a-endosulfan 90 2 95 6 83 4 96 6
B-endosulfan 101 4 90 4 93 5 93
endosulfan sulfate 100 1 93 2 84 6 89 1
a-BHC 76 6 93 2 68 10 79 24
3-BHC 66 1 91 3 66 3 86 8
y-BHC 73 4 92 2 75 9 79 16
§-BHC 104 5 99 0 96 2 94 6
a-chlordane 86 3 96 2 81 3 96 3
y-chlordane 94 1 98 3 87 1 94 3
op'-DDD 84 0 101 4 77 1 96 1
p.p-DDD 96 7 99 5 96 3 99 1
o,p-DDE 90 3 99 3 84 1 98 2
p,p'-DDE 102 3 101 2 94 2 97 2
op'-DDT 69 5 100 3 74 3 99 2
p.p-DDT 106 7 103 2 104 4 101 2
aldrin 77 3 92 1 72 4 85 8
dieldrin 99 2 98 2 94 3 93 3
endrin 90 3 98 1 82 5 102 8
HCB 86 2 84 4 78 7 68 20
heptachlor 45 75 100 2 26 37 91 13
mirex 71 5 97 5 67 2 99 2
PCNB 98 3 93 1 65 9 84 16




