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Analysis of Multiple Pesticide Residues in Apples and Pears Using Gas-Liquid

Chromatography

Ju-Hwang Park, Taek-Kyum Kim, Chang-Hwan Oh”, Jeong-Han Kim?, Young-Deuk Lee” and Jang-Eok Kim’
(Department of Agricultural Chemistry, Kyungpook National University, Daegu 702-701, Korea, "Lab Frontier
Inc., Suwon 443-766, Korea, JSchool of Agricultural Biotechnology, Seoul National University, Seoul 151-742,
Korea, “Division of Life and Environmental Science, Daegu University, Gyeongsan 712-714, Korea)

ABSTRACT : A rapid analytical method was developed to determine multiple pesticide residues in apples
and pears using gas-liquid chromatography (GLC). The samples were extracted with water-miscible solvents
and purified by cleanup procedures serially comprising liquid-liquid partition and solid-phase extraction
(SPE). Each analyte was separated and determined by a high-resolution GLC equipped with electron-capture
detector (ECD) and nitrogen-phosphorous detector (NPD). A total of 196 pesticides, which were previously
classified into 5 groups each for ECD and NPD based on their retention behaviors on the capillary column
and responses to the detector, were subjected to the recovery experiment. In compliance with the analytical
criteria, 70 to 120% of recovery and less than 20% relative standard deviation, the proposed method could
be successfully applied to analyze 136 and 133 pesticide residues in apples and pears, respectively, which
enabled not only rapid screening but quantitation of the residues. Even though less reliability was resulted
from unacceptable recovery range, rest of pesticides including 43 and 45 analytes in apples and pears, could
be also detected for their identity. The proposed method, failed to cover 17 and 18 pesticides for apples
and pears, which mostly showed high polarity or heat-lability but, could be suitable for fast surveilance or
monitoring of fruit harvests.

Key words: multiple pesticide residues, solid-phase extraction (SPE), apple, pear, GLC analysis.
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H2) HELS AAY F 2 am FEE A)A8}aL homogenizer
2 gAgkEyck Alz" AR polyethylene A)gHo) Yol

o
e
o

4

acetoneol] o] 1000 mg/Le] stock solutiong THE T}S- 3
Hele) ol 47 U pEsMe BRsel 50 me/Le
EG REE S48 AL 1A EF wEEol A
N pEEEARA KD FHE9 1S AT oA
ECD Z1goll= pentachloronitrobenzeneS, NPD 1-&20l= tri-
phenyl phosphateE 7t A5 01 mg/L 522 A28k
t}. Solid-phase extraction (SPE) cartridge (1 g 6 mL tube)
+ Supelco (USA)ol|A, ZH5F-E1-8 acetone, acetonitrile, n-he-
xane ¥ dichloromethane-& Kanto Chemical (Japan)oll ¢
3}513%, anhydrous sodium sulfatet™= Junsei Chemical (Japan)

EECE SRR e
F& 2 HH

Akth 9w AJ8 20 g2 homogenizer (Nihonseiki Kaisha
Ace AM-8, Japan)ol] il 100 mLe| acetone/acetonitrile &
FM0/10, v/v)E H7IEte, ERFESEAVIR 3581t o
Azl &, EgAS A9t ARty A3k Egtels 23}
244 50 mL, 374 100 mL7h @7] 2edieel 1251 dich-
loromethane 70 mLE 23] HHj5E2 ¢+ 5 FZ9-S anhy-
drous sodium sulfate =& S A|A @471 234 =
%715 ojgstel Sul7h 2% H& W7HA ¥53 § hexane
4 mLE 7lete] AHES s &ejAAT) Florisil SPE
cartridgee] hexane 5 mLE w]2] F&lFo] EABHA|7]aL Al
HENE VI8t cartridgeE T3 8AS AP e %
cartridge®]] hexane/ dichloromethane/acetonitrile (50/48.5/1.5,
v/v/v) EGEY 7 mLE FEFo] U §EdE U A
o] BEoith &&ds AAaviaE A BeE AlAT
T YR EFEAS A7 hexane 2 mLE Ajg-ef dtof GLC
o FAlek

R

717 =A

BMel] AR GCE ECD9} NPDE st Varian (USA)
CP 3800 »d& ARGailal, £418 ZH2 J&W Sdentific
(USA)2] DB5 capillary column (5% phenyl-methyl polysil-
oxane, 30 m x 0.25 mm id, 025 pm film thickness)g& AMH&
sk FYF 2EE 20T, AF7) 2w 80T, BHEE
E2aRes 0T 287 Sese BY 1009 &
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$A THIE ARENEY S99 SN AL
g 358 AY EFEEF S (Recovery test mixture, RTM)
of TP FAES WY A3l Lehotay §79) el w}
2 7} okl B34 7%, Log Py BAF 2 S9I% 52
123} esfenvalerate, benfluralin, p-Endosulfan, chlorpyri-
fos, oxyfluorfen, bitertanol, pretilachlor, tolylfluanid, fenit-
rothion, napropamide, fenothiocarb, terbuthylazine, nuarimol,
vinclozolin, molinate, metobromuron, metalaxyl ¥ acephate
591 187} eto] 4L

Sl AP EERFE S90S Ags] Y8, 24
& ERRE AT THIRES BY - 33 54 (599
315t 247), log Pow, BRI 5)0R FRIPOH, 1 F

log Po #t0.2 A&318 23} log Pow %M o4 150097,
1~3 349978, 1 o]} 1047 <)) 1:} o] x
of=ol| del AL
™, 53 71 B9 o iou b o) g 2|
SHEE 7} log Pow group B 1714 Heba)ic.

AlZ 24 o] sz
A7) Aise $A TR AN B9 9 RAx
58 A5 2580 248 35 58 B, A2 WA

20 g of sample

™ Add 100 mL of acetone/ acetonitrile(90/10, v/v)

— Homogenize for 3 min

Filtration

Liquid-liquid partition

[ Add 50 mL of satd. NaCl and 100 mL of distilled water

[ Extract with 70 mL of dichloromethane

I—— Dehydrate dichloromethane layer by passing through
anhydrous sodium sulfate

Evaporation

SPE-Florisil

—— 7 mL of n-hexane/dichloromethane/acetonitrile mixture
(50/485/15, v/v/v)

Evaporation

GLC/ECD or GLC/NPD

Hg. 1. Sample preparation procedure for analysis of multiple
pesticide residues in the fruits.

F= S WA %5 iRl tsiA 80%
ool 3]4-8-5 X2 acetone/acetonitrile (90/10, v/v) &35+
%oﬂ.% AREEII oM, 7]&e] HAlRy] @ 2 g2nlE 1y
thalste] et fristekee] BAl Fgel wol AHg-H
+ solid-phase extraction (SPE) cartridge #PHS xels}
of JHAE 3 A7} dichloromethane o & HBEH] 3 Flori-
sil cartridgeS AME3HE WHHS AASIACE Sabik 509 B
Tl 2ol olaHel ARZA PHE A% AL,
7185 wao] Fojop i, Aol o] FolaL He
Hl.go] Wlololol ke BN SPENE 1ej8 20S
& 24 FEA7I Qe ol ¥ 4 Atk 3 2 SPE 3
golxel g AL gk zH 9AME AFATE Table 19]
Ao Aol go] BFEAIE ERATE 4T AFEAY
FoE ] Oty 71 AL F4E HAE HQl acetonitrile
Jacetone (90/10, v/v) % hexane/dichloromethane/aceton-
itrile (50/485/1.5, v/v/v) |3tk

Table 1. Recoveries of representative eighteen pesticides with
different extraction and cleanup methods

Recovery(%)
Extraction”

Cleanupb)
D E F
00 00 00
763 757 591 988
1066 98 1034
915 926 882
1170 1023 99
1014 %2 %6
784 00 00
1088 1025 1023
1000 1000 1000
34 B1 %1
895 %7 B3
9%.0 1101 1021
9.8 B0 A0
98  B5 R1
%5 920 899
727 B0 &4
0.0 00 00
P4 B3 N4

Pesticide

A
Esfenvalerate 0.0
Benfluralin 80.6
B-Endosulfan  113.0
Chlorpyrifos 777
Oxyfluorfen 1029
Bitertanol 984
Pretilachlor 20.3
Tolylfluanid 1055
Fenitrothion 100.0
Napropamide ~ 90.8
Fenothiocarb 80.0
Terbuthylazine 721
Nuarimol 96.3
Vinclozolin 91.0
Molinate 89.3
Metobromuron  30.0
Metalaxyl 0.0
Acephate 89.8

a)Extractjng solvents : A, 100% acetonitrile; B, acetonitrile/acet-
one(90/10, v/v); G acetonitrile/acetone(10/9%0, v/v); D, 100%
acetone.

YFlorisil SPE eluents E, 20% acetone in hexane; F, Hexane/

CHClo/ ACN(0/48.5/15, v/v/v); G, Hexane/CHyClo/ ACN(0
/45/5, v/v/v).
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B} Table 20 veht A28 acephate, amitraz, brom-
acil, diafenthiuron, dicdlomezine, difenconazole, flufenoxuron,
furathiocarb, hexazinone, imazalil, imibenconazole, oryzalin,
prochloraz, pyraclofos, pyrazoxyfen, pyroquilon ¥ simetryn

o venes %oﬂi .
< AN Az ECD group 5¢] imibenconazole. T}E ok
A HI3A 2] retention time o 2 Q18| RAlo) A )9

=7

Table 2. Recoveries and relative standard deviations(RSDs) of pesticides from fortified fruit samples

. . Recovery(%) = RSD(%)
No. Pesticide Chemical Class RRT? Mixture®
Apple Pear

1 Acephate Organophosphorous NR nr® nr

2 Acetochlor Chloroacetanilide 1.069 E3 91.2+11.7 92.5+8.3
3 Acrinathrin Pyrethroid 1.424™ E4 94.4+6.9 77.9£5.1
4 Alachlor Chloroacetanilide 1.082 E1 90.4£9.7 99.7+17.8
5 Aldrin Organochlorine 1.133 E3 82.8+8.8 85.6+4.5
6 Amitraz Amidine - N3 nr nr

7 Anilazine nf” 1176 E2 8224125 85.683
8 Anilofos Organophosphorous 1.420 E2 62.1+£5.8 77.9+47.6
9 Azinophos-methyl Organophosphorous 1.052 N2 114.3£3.3 103.545.7
10 Benfluralin 2,6-Dinitroanoline 0.920 ER 794+4.8 73.2+3.6
11 Benfuracarb carbamate 1.041 N1 28.1+£5.7 36.1+13.5
12 BHC(total) Organochlorine 0.949™ E3 106.8+14.5 90.6+9.1
13 Bifenox Diphenyl ether 1.416 E5 92.7+4.3 90.9+1.1
14 Bifenthrin Pyrethroid 1.395 E5 92.3+8.3 79.5£5.2
15 Bitertanol Azole 1.055 NR 61.846.3 36.9+1.6
16 Bromacil Uracil 1.105 E3 nr nr

17 Bromopropylate Benzilate 1.398 E3 82.1£8.2 87.0+8.1
18 Buprofezin nf 0.867 N2 85.0+11.5 87.3+11.0
19 Butachlor Chloroacetanilide 1.219 El 81.9+49 97.3+25.8
20 Captafol N-trihalomethylthio 1.367 E2 80.1+18.1 90.6+17.0
21 Captan N-trihalomethylthio 1.187 F4 88.849.0 83.4+4.3
22 Carbophenothion Organophosphorous 0.928 N2 75.3+11.9 75.2+11.6
23 Carbosulfan Carbamate 0.984 N3 37.8454 55.1+2.5
24 Chinomethionat Quinoxaline 1.208 E3 85.6+4.4 79.9+4.4
25 Chlomethoxyfen Diphenyl ether 1.384 E5 90.4+9.3 86.8+5.0
26 Chlorfenapyr Pyrazole analogue 1.275 E5 81.0+13.0 80.7+7.1
27 Chlorfenvinphos Organophosphorous 0.816 N4 731+5.3 75.8+4.5
28 Chlornitrofen Diphenyl ether 1.326 E5 85.0+6.9 86.9+1.9
29 Chlorobenzilate Chlorinated hydrocarbon 1.284 E1 73.0+12.1 71.3+3.2
30 Chlorothalonil Organochlorine 1.028 El 84.4+16.6 101.1+38.9
31 Chlorpropham Carbamate 0.664 N1 648+1.4 64.4+0.8
32 Chlorpyrifos Organophosphorous 1.127 ER 112.4+10.5 926454
33 Chlorpyrifos-methyl Organophosphorous 0.751 N2 85.0+15.3 92.0+6.5
34 a-Cyfluthrin Pyrethroid 1.582" E1 71.2+13.1 83.3+13.0
35 B-Cyfluthrin Pyrethroid 1.583" E4 74.8+4.3 77.4+4.1
36 Cyhalothrin Pyrethroid 1.446™ E5 77.8+2.9 82.2+24.6
37 A-Cyhalothrin Pyrethroid 1.447™ E3 75.6+44 73.5x6.7
38 a-Cypermathrin Pyrethroid 1.618™ E3 94.9+22.9 88.3+16.0
39 Cypermethrin Pyrethroid 1.618" E1 92.0+13.8 99.918.5
40 {-Cypermethrin Pyrethroid 1.619™ E5 82.1+41 79.2+4.9
41 Cyproconazole Azole 0.891 N1 16.5+1.0 18.4+3.4
42 Cyprodinil Anilnopyrimidine 0.814 N2 98.1+8.4 102.9+12.4
43 DDD-p,p Organochlorine 1.297 E3 84.0+7.8 74.3+3.9
44 DDE-p,p Organochlorine 1.248 E3 77.0+4.6 78.6£7.8
45 Deltamethrin Pyrethroid 1.827™ E2 83.5+9.8 75.5+2.9
46 Demeton-S-methyl Organophosphorous 0.620 N1 92.2+8.1 84.6+3.5
47 Diafenthiuron Urea 0.932 N3 nr nr

48 Diazinon Organophosphorous 0.705 N5 109.7+12.8 96.3+18.5
49 Dichlobenil Benzonitrile 0.672 E2 71.2£5.2 76.2+2.9

YRelative retention fime to the internal standard (pentachloronitrobenzene and triphenyl phosphate in the ECD and NPD standard
mixtures, respectively.), N, NPD mixture; E, ECD mixture; R, recovery test mixture; numbers, groups of mixtures, “m, RRT of the
first peak of pesticide showing multiple peaks, ", not recovered, )nf, not defined.
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Table 2. (Continued)
Recovery(%) + RSD(%)

No. Pesticide Chemical Class RRT? Mixture”

Apple Pear
50 Dichlofluanid N-trihalomethylthio 1.118 E1l 96.3+4.3 7154273
51 Dichlorvos Organophosphorous 0.410 N1 73.5+5.5 89.3+11.8
52 Diclfop-methy! 2'“’aryloxyp:;r;oxwpmpi"“ic 1.355 3 118.5:183 78.6+14.4
53 Diclomezine nf 1.361 E4 nr nr
54 Dicloran nf 0.963 E3 82.0+10.7 89.1£9.2
55 Dicofol Organochlorine 1.139 E4 90.91£9.0 87.2£6.9
56 Dieldrin Organochlorine 1.257 El 76.1+16.3 80.69.0
57 Diethofencarb Phenyl carbamate 0.783 N1 93.9+3.3 105.24£12.2
58 Difenconazole Azole 1.809™ F4 nr nr
59 Dimepiperate Thiocarbamate 0.831 N4 53.1+0.4 31.7+8.8
60 Dimethametryn 1,3,5-Triazine 0.817 N3 78.316.9 47.6+4.6
61 Dimethenamid Chloroacetamide 1.065 E4 84.7+8.3 88.945.5
62 Dimethoate Organophosphorous 0.674 N5 225422 15.0+3.6
63 Dimethylvinphos Organophosphorous 0.790 N5 51.0+2.2 59.0£6.5
64 Dinocap Dinitrophenol derivative 1.357" E1 58.8+10.9 24.6+3.7
65 Diphenamid Alkanamide 0.808 N3 49.9+6.8 33.1+10.4
66 Diphenylamine nf 0.621 N4 110.8+4.3 92.9+19.3
67 Disulfoton Organophosphorous 1.017 E2 11.4£1.7 26.6%6.1
68 Dithiopyr Pyridine 1.100 E4 85.0£6.7 83.6+13.5
69 Edifenphos Organophosphate ester 0.951 N3 83.1+6.5 90.3+4.9
70 a-Endorsulfan Cyclodiene organochlorine 1.226 E2 87.2+9.5 84.2+0.7
71 Endorsulfan sulfate Cyclodiene organochlorine 1.342 El 70.5+5.0 72.0£7.4
72 B-Endosulfan Cyclodiene organochlorine 1.287 ER 63.4+7.2 76.4+4.8
73 Endrin Cyclodiene organochlorine 1.284 E3 93.0+14.3 90.0+8.5
74 EPN Organophosphorous 0.978 N1 83.8+16.3 88.5£9.6
75 Esfenvalerate Pyrethroid 1.760 ER 84.6+5.8 74.6£2.6
76 Esprocarb Thiocarbamate 0.778 N5 99.6+17.7 95.1+10.4
77 Ethalfluralin 2.6-Dinitroaniline 0911 E2 72.6+3.2 82.0+0.8
78 Ethion Organophosphorous 0.909 N1 95.6+8.8 87.4+14.2
79 Ethoprophos Organophosphorous 0.626 N5 78.5+3.8 83.0+7.2
80 Etoxazole Azole 0.983 N2 78.6+14.9 77222
81 Etridiazole Aromatic hydrocarbon 0.761 E4 71.5£5.7 85.5+5.5
82 Etrimos Organophosphorous 0.719 N5 100.5£13.7 87.3+9.8
83 Fenamiphos Organophosphorous 0.857 N1 13.4+1.0 95+1.3
84 Fenarimol Pyrimidinyl carbinol 1.484 E1l 28.9+4.6 18.3£6.1
85 Fenazaquin nf 0.990 N4 94.3+4.9 86.3+7.5
86 Fenclorim Pyrimidine 0.948 E5 78.6+10.3 86.5+12.2
87 Fenitrocarb Carbamate 0.888 NR 86.4+2.5 89.7+£5.8
88 Fenitrothion Organophosphorous 1.101 ER 96.4+7.5 90.5+6.5
89 Fenobucarb Carbamate 0.613 N5 85.0£9.0 9644211
90 Fenpropathrin Pyrethroid 1.404 E5 103.9+11.3 95.4+8.2
91 Fenthion Organophosphorous 0.790 N4 116.5£9.0 94.5+15.2
92 Fenvalerate Pyrethroid 1.742™ El 121.7+8.4 120.1+7.8
93 Fipronil Phenyl pyrazole 1.180 E5 771445 82.2+10.1
94 Fluazinam 2.6-Dinitroaniline 1.172 E4 97.7+6.5 96.6+12.7
95 Flucythrinate Pyrethroid 1.642™ E2 95.7+18.2 72.9+4.1
96 Flufenoxuron Benzoylurea - N3 nr nr
97 Fluoroimide nf 0.960 E2 11.4+1.7 32.5+11.3
98 Flusilazole Azole 0.897 N5 33.6+8.4 55.7+3.9
99 Flutolanit Carboxamide 0.860 N4 88.2116.7 84.3+5.2
100 T-fluvalinate nf 1.770 E2 104.5+12.0 91.1+8.9
101 Folpet N-trihalomethylthio 1.195 E5 52.842.5 46.9+7.1
102 Fonofos Organophosphorous 0.702 N1 96.7+3.8 109.5+4.0
103 Fosthiazate Organophosphorous 0.807™ N1 11.9+1.5 18.5+2.8
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Table 2. (Continued)

Recovery(%) + RSD(%)

No. Pesticide Chemical Class RRT Mixture”
Apple Pear

104 Fthalide Quinones 1.156 E3 79.8+5.8 821145
105 Furathiocarb Carbamate - N3 nr nr
106 Halfenprox Non-ester pyrethroid 1.627 E4 90.5+14.3 82.8+13.8
107 Heptachlor Cyclodiene organochlorine 1.089 E3 78.8+2.4 88.7+8.7
108 Heptachlor-epoxide Cyclodiene organochlorine 1.181 E3 78.2+5.8 83.0+11.4
109 Hexaconazole Azole 0.864 N3 21.9+11.3 9.3+1.2
110 Hexazinone 1,2,4-Triazinone 0.944 N1 nr nr
111 Imazalil Azole 1.238 E2 nr nr
112 Imibenconazole Azole - E5 nr nr
113 Iprobenfos Organophosphate ester 0.726 N1 36.5£3.2 44.5+2.1
114 Iprodione Dicarboxamide 1.382 E3 56.7+5.1 47.6+10.7
115 Isazophos Organophosphorous 0.717 N2 84.2+16.5 72.2x2.0
116 Isofenphos Organophosphorous 0.826 N5 114.4+21.9 97.3+6.6
117 Isoprocarb Carbamate 0.577 N2 79.4+6.0 87.1+14.1
118 Isoprothiolane Phosphorothiolate 1.237 E5 94.5+8.0 92.9+6.7
119 Kresoxim-methyl Strobilurin analogue 0.879 N3 77274 94.9+12.8
120 Linuron Urea 1.111 E2 86.4+12.9 106.5+26.5
121 Malathion Organophosphorous 0.781 N2 91.2+3.2 80.6+7.2
122 Metalaxyl Phenylamide - NR nr nr
123 Mecarbam Organophosphorous 0.826 N3 88.4+16.7 98.3+3.8
124 Mepaniprim Anilnopyrimidine 0.850 N5 76.6£6.9 75.4£3.3
125 Methidation Organophosphorous 0.843 N1 107.2+13.2 86.1+17.2
126 Methoxychlor Organochlorine 1.404 E2 86.2+15.8 76.8+4.7
127 Metobromuron Urea 1.042 ER 26.9+4.6 14.6+3.5
128 Metolachlor Chloroacetanilide 1.129 E2 82.1+12.6 101.3+22.4
129 Metribuzin 1,2,4-Triazinone 1.061 E1 734+72 84.9+3.8
130 Mevinphos Organophosphorous 0.515 N5 18.8+2.1 11.8+0.7
131 Molinate Thiocarbamate 0.606 NR 88.3+7.2 83.5+6.5
132 Myclobutanil Azole 1.253 ES 33.1£0.3 26.1+4.0
133 Napropamid Alkanamide 0.906 NR 76.5+8.1 72.5+4.5
134 Nonachlor Organochlorine 1234 E3 78.7+3.8 87.2+10.0
135 Nuarimol Pyrimidinyl carbinol 1.353 ER 14.4+5.1 6.5+2.6
136 Ofurace Phenylamide 0.926 N1 9.2+4.2 13.4+2.1
137 Oryzalin 2,6-Dinitroaniline 1.515 E5 nr nr
138 Oxadixyl Phenylamide 0.909 N5 25.5+6.3 11.2+0.8
139 Oxadilon Oxadiazole 1.247 E2 82.6x14.6 73.0+11.2
140 Oxyfluorfen Diphenylether 1.247 ER 76.5+5.4 72.6+1.5
141 Paclobutrazole Azole 0.847 N3 27.5+4.9 15.7+4.9
142 Parathion Organophosphorous 0.793 N2 82.3+10.5 85.7+13.6
143 Penconazole Azole 0.821 N4 27.2+6.0 32.3+4.7
144 Pendimethalin 2,6-Dinitroaniline 0.820 N1 77.5+1.5 94.6+11.0
145 Permethrin Pyrethroid 1.527™ E3 110.61.0 94.1+12.8
146 Phenthoate Organophosphorous 1.186 E1 92.2+14.7 93.1+13.8
147 Phorate Organophosphorous 0.658 N1 95.4+8.8 102.9+11.2
148 Phosalone Organophosphorous 1.009 N4 92.7+7.2 99.7+8.5
149 Phosmet Organophosphorous 1.397 E4 81.8+9.7 725452
150 Phosphamidone Organophosphorous 0.707 N4 23.842.2 16.4+2.9
151 Piperophos Organophosphorous 0.980 N5 63.0+8.3 65.3+3.6
152 Pirimicarb Carbamate 0.729 N4 30.0+7.2 23.7£2.8
153 Pirimiphos-ethyl Organophosphorous 0.808 N5 109.7+12.4 99.9£5.0
154 Pirimiphos-methyl Organophosphorous 0.774 N1 100.7£4.0 83.7+14.4
155 Pretilachlor Chloroacetanilide 1.239 ER 77.3+3.6 68.7+5.1
156 Prochloraz Azole 1.558 E2 nr nr
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Table 2. (Continued)
Recovery(%) = RSD(%)
No. Pesticide Chemical Class RRT? Mixture®
Apple Pear

157 Procymidone Dicarboximide 1.194 E2 81.6£6.5 95.1+18.6
158 Prodiamine 2,6-Dinitroaniline 1.104 E5 86.0+13.3 95.0+16.3
159 Profenofos Organophosphorous 1.241 E1l 59.6+12.5 61.3+9.1
160 Prometryn 1,3,5-Triazine 0.758 N5 90.3+5.5 88.5+2.5
161 Propamocarb Carbamate 0.495 N5 26.4+5.1 25.1+4.6
162 Propanil Anilide 1.057 E2 93.8+9.4 83.4+8.8
163 Propiconazole Azole 0.932™ N4 75.848.0 74.1+10.4
164 Prothiofos Organophosphorous 1.239 E4 85.6+9.2 921427
165 Pyraclofos Organophosphorous - N2 nr nr
166 Pyrazophos Organophosphate ester 1.483 E2 77.6x7.7 74.9+8.9
167 Pyrazoxyfen Pyrazole 1.835 E5 nr nr
168 Pyributicarb Thiocarbamate 1.379 E2 71.3+4.3 90.4£12.8
169 Pyridaben nf 1.544 E4 88.0£8.6 74.7+3.6
170 Pyridaphenthion Organophosphorous 0.971 N2 40.3+4.0 28.2+6.7
171 Pyroquilon Reductase 0.702 N2 nr nr
172 Quinalphos Organophosphorous 0.830 N5 97.6+16.9 95.3+11.3
173 Quintozene Aromatic hydrocarbon derivative 1.000 E1 105.7+11.7 87.5+11.2
174 Simazine 1,3,5-Triazine 0.676 N3 31.1+8.1 93104
175 Simetryn 1,3,5-Triazine 0.752 N3 nr nr
176 Tebufenpyrad Pyrazole 1.019 N3 78.4+3.0 68.9£2.6
177 Tefluthrin Pyrethroid 1.020 E4 83.8+7.2 86.9+12.4
178 Tebuconazole Azole 0.948 N2 76.3+7.8 76.1£7.2
179 Terbufos Organophosphorous 0.697 N2 90.24¢9.3 76.542.2
180 Terbuthylazine 1,3,5-Triazine 0.729 NR 83.9+4.6 81.2+104
181 Terbutryn 1,3,5-Triazine 0.767™ N2 925453 95.8+9.9
182 Tetradifon Organosulfur 1.433 E5 85.4+4.6 87.5+4.1
183 Thifluazamide Oxathiin 0.880 N4 99.8+20.8 97.2+14.0
184 Thiobencarb Thiocarbamate 0.793 N3 84.7+4.7 84.5+6.9
185 Thiometon Organophosphorous 0.668 N2 67.4£8.9 46.3+3.5
186 Tolclofos-methyl Organophosphate ester 0.755 N1 90.9+4.5 100.9+8.2
187 Tolylfluanid N-trihalomethylthio 1.175 ER 794+4.6 59.5+5.4
188 Tralomethrin Pyrethroid 1.865 E4 114.4+5.5 89.4+5.2
189 Triadimefon Azole 1.136 E1 56.3+6.4 65.9+15.3
190 Triadimenol Azole 0.831™ N2 111.9+7.6 106.2+10.6
191 Triazamate Carbamoyltriazole 0.845 N4 29.8+8.0 30.8+1.4
192 Triazophos Organophosphorous 0.918 N4 81.6+3.7 96.9+4.9
193 Trichlorfon Organophosphorous 0.411 N2 38.4+6.8 15.6+2.2
194 Triflumizole Azole 0.835 N4 40.0+8.7 23.7+5.0
195 Trifluralin 2,6-Dinitroaniline 0.922 E4 101.1+4.0 96.1+6.6
196 Vinclozolin Dicarboximide 1.066 ER 78.7+5.4 74.9+4.5
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Table 3. Recovery distribution of pesticides related to their
logPyy in different matrices

Number of pesticides

Recovery Apple Pear
SR - T R - - "R,
<1 13 >3 <1 13 >3

n® 2 4 9 17 2 5 10 18
<% 6 10 1 4 6 12 15 “

70~120% 2 21 100 136 2 18 % 133

>120% - - 1 1 - -1 1

a)

nr, not recovered, Pesticides not considered of logPow.

12

12

17, 1s

18

A

19

Fig. 2. Typical gas-liquid chromatograms of standards and the apple extract for NPD group 1 pesticides. (A, standard mixture

containing each pesticide at 5ug/ml; B, fortified apple sample)
Peak identity :

I-Trichlorfon, 2-Isoprocarb, 3-Thiomefon, 4-Terbufos, 5-Pyroquilon, 6-Isazofos, 7-Chlorpyrifos-methyl, 8-Terbutryn,

9-Malathion, 10-Parathion, 11-Cyprodinil, 12-Triadimenol, 13-Buprofezin, 14-Carbophenothion, 15-Terbuconazole, IS-Triphenyl phos-
phate(internal standard), 16-Pyridaphenthion, 17-Etoxazole, 18-Azinphos-methyl, 19-Pyraclofos.
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