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Abstract

This study was carried out to survey the residual characteristics of endocrine disruptor (ED)-suspected pesticides
in greenhouse soils and assess their leachabilites to groundwater. Greenhouse soils were collected from 40 sites
of greenhouse in 2008 in Korea. Sixteen ED-suspected pesticides which had been using in Korea, such as
alachlor, benomyl, carbaryl, cypermethrin, 2,4-D, dicofol, endosulfan, fenvalerate, malathion, mancozeb, metribuzin,
metiram, methomyl, parathion, trifluralin, and vinclozolin, in the soils, were analyzed by chromatographic methods
using GLC-ECD and HPLC-DAD/FLD. Limits of detection (LODs) of the test pesticides ranged from 0.0004
to 0.005 mg/kg. Recoveries of the target pesticides from soil ranged from 72.69 to 115.28%. Four pesticides
including cypermethrin were detected in the range of from 0.001 to 2.019 mg/kg, representing that their detection
rate from greenhouse soils was 37.5%. The highest detection rate was observed from endosulfan which was
detected from 16 site soils of the total samples, indicating that endosulfan is persistent in soil because of its
very low mobility and high adsorption characteristics in soil. Based on the groundwater ubiquity scores (GUSs) of
the pesticides detected from greenhouse soils, most of them have little possibilities of groundwater contamination
except the fungicide vinclozolin with some leaching potential because of high water solubility and very low
soil adsorption property.
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Table 1. Sampling areas for the monitoring of endocrine disruptor-suspected pesticide residues in greenhouse soils

Sampling area

Gyeonggi Gapyeong, Pocheon, Yangju, Pyeongtack, Hwaseong
Gangwon Gangneung, Wonju, Chuncheon, Pyeongchang
Chungnam Dangjin, Buyeo, Boryeong, Yeongi, Yesan
Chungbuk Goesan, Boeun, Okcheon, Eumseong, Cheongwon
Jeonam Gwangju, Naju, Damyang, Gwangyang

Jeonbuk Namwon, Sunchang, Iksan, Jeonju, Jinan
Gyeongnam Gimhae, Miryang, Masan, Jinju, Hadong
Gyeongbuk Gyeongsan, Gunwi, Mungyeong, Yeongju, Uljin
Jeju Seogwipo, Jeju

Table 2. Target endocrine disruptor-suspected pesticides for monitoring in greenhouse soils

Use Pesticide

Insecticide (8)
Fungicide (4)
Herbicide (4)

Carbaryl, Cypermethrin, Dicofol, Endosulfan, Fenvalerate, Malathion, Methomyl, Parathion
Benomyl, Mancozeb, Metiram, Vinclozolin
2,4-D, Alachlor, Metribuzin, Trifluralin

Total 16
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Fig. 1. Structural formulas of the target endocrine disruptor-suspected pesticides.



444 w@E - 012H - 0 - U

545, NaCl(&%E 99.5% o]AH)i} 22> NaySO«(&E 99%
o) = MerckA(EFY) AlEE AHE-sEleH, Florisil(Y =

60-100 mesh)> FlukarH("|=) A|E-S AREaFSIT)

HREMS 93 Algisote] 188

EY & AREokE AldEY EAe destel tHd
SARAT RS Yo R BAElAct, HREARA
HHH O 72 BLASE 50kl 3] T (peak) Q] WIS Al7Hretention
time)o] AAIA SHES TEotel EEEAEAE ZAH
th 1 9 A AR FoRE olgke 54 Estel &

7t~ A R nkE g AR E 3 A £ 7] (gas-liquid chroma-
tograph-electron capture detector, GLC-ECD) 24 t)jAls
oFo] BFES n-hexane:acetone(8:2, v/v) Eg-Eu2 83
5to] 1,000 mg/L9) stock solutiong ZA|5FH.2H, o] stock
solution& §% G2 S14J80] GC RAIE EE G
2 ARSIt A5 AA =2 eE T8 Z(high performance
liquid chromatograph, HPLC) 24 t)AlHs2FS acetonitrile
EX= methanolo]| €35F0] 1,000 mg/L2] stock solution=
A3k GLC % HPLC 248 %2 3918 59 £a8
W2 SHele] EREELIS Azelol RS HEgle

2 Mgt Aok 24 A3 424 Hope 3

GC-ECD TIEEA) 24 59

E9F 50 g2 300 mL tall beakero]] Y1l acetone 100 mL
£ 931 250 rppmof| A Agste] &35 T Celite 545(particle
size 0.02-0.1 mm, Merck)E ZA|A ¢ A8l HL
50 mL9] acetone 2= &7] 9 TARS Aof gref ofujolja} of
s3Ik oftols 100 mLo| 3814 H4=0F 400 mL O] F-577}
E91%+= 1 L EHojro) £7]3 50 mL9] dichloromethane
S 7}5t 3 Resipro shaker(SR-2W, Taitec, YE)S 0]&3]
o] 270 rpmoj|A SE7F Aok WO 23] Fufstgle
m, dichloromethane E8jHS F4IIRIEFO 2 €425}
o] 35ColA] 71k Bk, BEa ARt 1300 54
7t oA A58t Florisil 5 g& glass column(l ¢cm LD.
%22 om L)o] A4 3 T o 2 go] BABERS
Florisil Ao ¥11 50 mL2] n-hexane 22 column2 A&
sto] QMg AFiTE. EFA R S S mLY| n-hexane o=
0] column AHof 715te] SEH2]al 5 mL2] n-hexane:
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Table 3. Chromatographic conditions of GLC-ECD for the analysis of the ED-suspected pesticide residues in greenhouse soils

Instrument Gas chromatograph equipped with electron capture detector, Agilent 6890N Network, Agilent, U.S.A.
Column DB-5, 30 m L. x 0.25 mm LD., 0.25 ym film thickness

Oven: Programmed from 130°C for 2 min to 200C at a rate of 7C/min, increased to 220°C at a rate of 2°C/min
Temperature and hold for 3 min, and increased to 300C at a rate of 10C/min and hold for 2 min

Injector: 250°C, Detector: 310C

Carrier (N2) : 1 mL/min
Flow rate Make-up (N) : 60 mL/min
Split ratio 10:1

Injection vol. 1 ulL
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Table 4. GC-MSD operating conditions for the identification of pesticides detected from greenhouse soils

Instrument Gas chromatograph equipped with mass selective detector (MSD), Agilent 6890 Network, Agilent, U.S.A.
Column DB-5MS, 30 m L. x 0.25 mm 1D., 0.25 ym film thickness
Oven: Programmed from 80°C for 2 min, increased to 250°C at a rate of 7°C/min, increased to 280C at a rate
of 5C/min and hold for 20 min, and increased to 300C at a rate of 10C/min and hold for 5 min
Temperature Injector: 25(2°C
Source: 230C
Quad: 120C
Interface: 280C
Flow rate Carrier (He) : 1 mL/min
Solvent delay time 3.5 min
Split mode Splitless
Injection vol. 1 uL

Table 5. Conditions of high performance liquid chromatograph-fluorescence detector (HPLC-FLD) for the analysis of the pesticide
residues in greenhouse soils

Instrument Agilent 1200 Series High Performance Liquid Chromatograph, Agilent, U.S.A.

Column CAPCELL PAK C18, 4.6 mm I.D. x 250 mm L., 5 ym for carbaryl, methomyl
oM Supelcosil™ LC-18-DB, 4.6 mm LD. x 250 mm L., 5 um for carbendazim

Detector Fluorescence detector (FLD)

Wavelength Ex.:330 nm Em.:466 nm for carbaryl and methomyl

Ex.:270 nm Em.:310 nm for carbendazim

Mobile phase

Water:Acetonitrile (65:35, v/v) for carbaryl and methomyl
Ionparing solution:methanol:acetonitrile (45:50:5, v/v/v) for carbendazim

Flow rate

1.0 mL/min for carbaryl and methomyl
0.5 mL/min for carbendazim

Injection vol.

10 pL for carbaryl and methomyl
20 uL for carbendazim
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Table 6. Conditions of high performance liquid chromatograph-diode array detector (HPLC-DAD) for the analysis of the pesticide

residues in greenhouse soils

Instrument Agilent 1200 Series High Performance Liquid Chromatograph, Agilent, U.S.A.
Column Supelcosil™ LC-18-DB, 4.6 mm LD.x 250 mm L., 5 um

Detector Diode array detector (DAD)

Wavelength 272 nm

Mobile phase Acetonitrile:methanol:water (30:10:60, v/v/v)

Flow rate 1.0 mL/min

Injection vol. 20 uL
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Table 7. Grouping of the endocrine disruptor-suspected pesticides by analytical instrument

Analytical method Instrument and detector Pesticide
Alachlor, Cypermethrin, Dicofol, Endosulfan, Fenvalerate, Malation,
GLC-ECD o . . . . .
Multiresidue analysis Metribuzin, Parathion, Trifluralin, Vinclozolin
HPLC-FLD Carbaryl, Methomyl
GLC-ECD 2,4-D
Individual analysis HPLC-DAD Mancozeb, Metiram
HPLC-FLD Carbendazim
o B ECD1
o A F J
- y 2 H §
- [ [
§ o :
" . i
. AL .

T WA Tl TG Ot T

g It 1 20 ) 0 mi

Fig. 2. Chromatograms of the standard mixtures analyzed with a GC-ECD for the multiresidue analysis of the ED-suspected pesticides
in greenhouse soils.

A, Trifluralin; B, Metribuzin; C, Alachlor; D, Malathion; E, Dicofol; F, Endosulfan-a; G, Endosulfan-$3; H, Endosulfan-sulfate;
I, Cypermethrin; J, Fenvalerate (esfenvalerate); K, Vinclozolin and L, Parathion.
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Fig. 3. Chromatograms of the standard pesticides analyzed with an HPLC-DAD/FLD for the multiresidue analysis of the
ED-suspected pesticides in greenhouse soils.
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Fig. 4. Calibration curves for the quantitation of the ED-suspected pesticides detected from greenhouse soils.
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Table 8. Recoveries, limits of detection (LODs) and limits of quantitation (LOQs) of the target pesticides in greenhouse soils

Pesticide Fortification (mg/kg) Recovery = SD (%) LOD LOQ
Alachlor 00‘?0024 ;23‘2 i égi 0.0004 0.0013
Carbaryl 00012 222‘7‘ i ii; 0.004 0.0132
Benomyl 06924 232? i i; 0.005 0.0165
Cypermethrin 0690024 i(l)??lg i 2(7); 0.0004 0.0013
. 37 £ 4.
2,4-D 00?0024 ggzg n T(l)g 0.001 0.0033
.004 37 £ 0.84
Dicofol 00?002 z?;; n (])27 0.002 0.0066
Endosulfan 00‘?0024 Higi i (1)‘1‘3 0.0004 0.0013
Fenvalerate 0690024 18;2; i ;2; 0.0004 0.0013
Malathion 0690024 13?22 i ?;‘i 0.0004 0.0013
0.01 2.69 + 1.28
Mancozeb, Metiram 0.05 ;4482 164 0.001 0.0033
Metribuzin 0690024 1822; i 2?21; 0.0004 0.0013
Methomyl 00'?]2 Zzg; i giz 0.002 0.0066
Parathion 00‘?0024 Hz;; i ‘1‘22 0.0004 0.0013
Trifluralin 0690024 :zzz i izg 0.0004 0.0013
Vinclozolin 0690024 igzgi i é(l); 0.0004 0.0013

Table 9. List of ED-suspected pesticides detected from greenhouse soils

Pesticide Sampling area Cultivating crop at sampling Concentration (mg/kg)
Cypermethrin Jeonbuk Namwon Cucumber 0.013
Gyoengbuk Sangju Tomato 0.021
Gyeonggi Yangju Squash 0.019
Chungnam Dangjin Bean 0.013
Okcheon Squash 0.015
Chungbuk Eumseong Pepper 0.056
Boeun Pepper 0.021
Iksan Pepper 0.022
Endosulfan Jeonbuk Tinan Pepper 0017
Gwangju Squash 0.014
Jeonnam Naju Chinese cabbage 0.042
Damyang Sesame 0.014
Gyeongbuk Sangju Tomato 0.113
Jeju Seogwipo Mandarin 0.121
Boeun Squash 0.001
Fenvalerate Chungbuk Eumseong Cucumber 0.014
Chungbuk Eumseong Pepper 0.016
Ggangyang Cucumber 0.014
Jeonnam Gwangju Squash 0.015
Namwon Cucumber 0.014
. . Jeonbuk Iksan Pepper 0.025
Vinclozolin Jinan Pepper 0.011
Gyeongnam Masan Cucumber 0.014
Gyeongbuk Sangju Tomato 2.019
Jeju Jeju Mandarin 0.020

Seoqwipo Mandarin 0.121
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Fig. 5. Typical GLC-ECD chromatogram including the vinclozolin-suspected peak indicated by arrow (A), total ion chromatogram
(TIC, B) and mass spectrum (C) of standard vinclozolin by GC-MSD, and TIC of field sample extract including the vinclozolin-
suspected peak indicated by arrow (D) and GC-MSD spectrum of the vinclozolin-suspected peak on D (E).

Table 10. Groundwater ubiquity scores (GUSs) of the ED-suspected pesticides detected from greenhouse soils

Pesticide LogoTi pY LogoKoc” GUS
Cypermetrin 1.4771 5.0000 -1.477
Endosulfan 1.6990 4.0934 -0.159
Fenvalerate 1.5441 3.7243 0.426
Vinclozolin 1.3010 2.0000 2.602

"Ty, : half life of pesticide in soil
?Koc : Soil adsorption coefficient
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