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Abstract This study was conducted to investigate residual organochlorine pesticides in green house soil and
oriental melon, green pepper, and lettuce. The majority of them were designated as persistent organic
pollutants (POPs) by the international community at the Stockholm Convention on Persistent Organic
Pollutant. Extraction and clean-up method were developed using the QuEChERS method for residual
organochlorine pesticides (OCPs) in soil and oriental melon, green pepper and lettuce. Recovery of OCPs in
greenhouse soil and oriental melon, green pepper, and lettuce ranged from 73.3-110.6%. Limit of detection
(LOD) of OCPs in soil and 3 crops were 0.01-0.08 and 0.11-0.17 pg/kg. The residues of OCPs in oriental
melon, green pepper and lettuce greenhouse soil were analyzed by the developed method, and dieldrin, B-
endosulfan and endosulfan sulfate were detected at 1.4-72.5, 0.1-78.7 and 0.0-214.1 pg/kg, respectively. The
detection frequency of 3 compounds in soils were 52 (29.7%), 34 (19.4%) and 57 (32.6%) among 175
samples, respectively. However, these compounds were not detected in all crop samples. The residue level in
3 crops were lower than 1/58.8 of maximum residue level of them. These results showed that the OCPs
residue in oriental melon, green pepper, and lettuce greenhouse soil were not as high as crop safety threatening.
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Soil (50 g)

Extraction (Shaking, 2 hr)
{ Acetone 150 mL (100 + 50 ), MgSO, 20 g, Sodium chloride 5 g, Sodium citrate 5 g)

N

Filtering & Concentration

Re-dissolution
(Acetonitrile 4 mL)

Clean-up (1.5 mL)
(QuEchERS dSPE, MgS0, 150 mg, PSA 50 mg, C,; 50 mg, Shaking 5 min)

4

Centrifugation & Filtering
(3,000 rpm, 5 min, syringe filter 0.22 pm)
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Oriental melon, green pepper, lettuce (10 g)

Extraction (Shaking, 2 hr)
{ Acetone 150 mL (100 + 50 ), NaCl 1 g, Sodium citrate 1 g, Activated carbon 1 g)

N

Filtering & Concentration

Re-dissolution
(Acetonitrile 4 mL)

Clean-up (1.5 mL)
(QuEChERS dSPE, MgSO, 150 mg, PSA 50 mg, Cyy 50 mg, Shaking 5 min)

4

Centrifugation & Filtering
(3,000 rpm, 5 min, syringe filter 0.22 pm)

L 4 4
Instrumental analysis Instrumental analysis
(GC-HECD) (GC-HECD)
Fig. 1. Flow chart for residual organochlorine pesticides in soil (left) and crops (right).
Table 1. Instrumental conditions for residual organochlorine pesticides in soil and crops
Items Instrumental conditions
Column RTX-5MS (30 m x 0.25 mm, 0.25 pum, Restek, Pennsylvania, USA)
Carrier gas N, (1.5 mL/min)
Injection vol. 1L
Injection mode Splitless
Inlet temp. 250°C
Detector temp. 300°C
Stage Rate (°C/min) Temp. (°C) Hold time (min)
Initial - 60 2
Oven temp. Ramp 1 20 130 3
Ramp 2 1.5 210 4
Ramp 3 10 240 3

DDE, 4,4-DDE, 4,4-DDD, 4,4-DDT)& U0 1-5000 pg/L
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3 27 % "H(ng) x S A &3l FH(mL)
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Fig. 2. Representative standard (A), recovery (B), and sample chromatogram (C) of residual organochlorine pesticides.
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Table 2. Recoveries and limit of quantitation of residual organochlorine pesticides in soil

.. Recovery (%) LOD RSD (%)

Pesticides
4 ng/kg 20 ugkg (nghke) 4 ng/kg 20 pgkg

Group I
o-HCH 90.6 +3.3 923+2.0 0.05 3.6 22
B-HCH 102.3+2.8 105.6 +2.2 0.07 2.7 2.1
y-HCH 98.6+1.8 93.8+3.2 0.04 1.8 3.4
8-HCH 942422 93.0£1.6 0.04 2.3 1.7
o~Endosulfan 1062 +2.4 1024+2.4 0.03 2.3 2.3
-Endosulfan 105.4+2.8 110.6 £2.0 0.02 2.7 1.8
Endosulfan sulfate 1103 +£3.2 102.8+1.2 0.03 29 1.2
Endrin 954428 98.4+1.8 0.03 2.9 1.8
2,4-DDD 1052+1.4 104.6+3.0 0.03 1.3 29
2,4-DDT 94.6+2.6 96.4+2.6 0.04 2.7 2.7
Group 11
Aldrin 106.6 £2.2 94.7+22 0.03 2.1 2.3
Dieldrin 844124 882+1.2 0.03 2.8 1.4
Hexachlorobenzene 783132 80.4+0.9 0.02 4.1 1.1
Heptachlor 824+24 863+t 14 0.01 2.9 1.6
Heptachlor epoxide 84.4+22 84.2+3.2 0.03 2.6 3.8
2,4-DDE 982426 79.6+1.3 0.03 2.6 1.6
4,4-DDE 82.6+3.2 80.5+£1.2 0.03 3.9 1.5
4,4-DDD 80.4£1.0 88.8+£0.9 0.08 1.2 1.0
4,4-DDT 91.6+22 782+24 0.03 2.4 3.1

Table 3. Recovery of residual organochlorine pesticides in crops

. Recovery (%) LOD RSD (%)
Crops Pesticides
10 ug/kg 20 pgrkg (ng/kg) 10 ugkg 20 pgkg
Oriental melon Dieldrin 942+1.8 852+33 0.17 1.9 39
Dieldirn 842+28 783+22 0.17 33 2.8
Green pepper B-Endosulfan 924+34 80.6+3.2 0.11 3.7 4.0
Endosulfan sulfate 83.2+4.0 86.4+2.6 0.13 4.8 3.0
Dieldirn 92.6+4.8 832+438 0.17 5.2 5.8
Lettuce B-Endosulfan 77.7+3.5 733+£19 0.11 45 2.6
Endosulfan sulfate 81.5+2.0 84.6+43 0.13 2.5 5.1
goke FolA ARgo] BAHjo] 93, EFoRRE woF  ANMMHE EY 5 BRYFIGLH ol R
o AR 5 - olYE EH IS onE AR P9, FF R AR FA AU EF) 2FY
s AFS Awe Bl Ui FEolM Fdsisich & F71920A ko] ARTE, AENE 9 x5S Table
71847 FF 1959 EY 5 344, RSD ¥ LOD 4] JERATE. GC (LECD) IZ2WEIH AoA AZH
= 47} 78.2-110.6%, 1.0-4.1% 2 0.01-0.08 pg/kg 210l dieldrin, B-endosulfan E endosulfan sulfate A%l thal ]
3(Table 2), 3 ZHE(9], F£3F, 4F) T 3|42, RSD £ GC-MS A EH] )14 o] 28R (m/z) dieldrin

ODE 247} 73.3-94.2%, 1.9-5.8% 2 0.11-0.17 pg/kg 79, 81, 82, B-endosulfan 195, 237, 241 % endosulfan

UEFATHTable 3). o)/3e] EY 3 3 2=ol|x <] 3] sulfate 272, 274, 387 Elste] SUPEAL st

RSDE 348 70-120%, RSD 10% ©]&t& 27+ (Fig. 3).

ol Attt el FAA 37K Al AR EF61AH)elM =
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Fig. 3. Representative GC-MS chromatogram (left) and mass spectrum (right).

Table 4. Residues of residual organochlorine pesticides in greenhouse soil

Greenhouse Pesticides Detection range (ng/kg) Detection number (Ratio of detection, %)
Oriental melon Dieldrin 1.5-72.5 27 (44.2)
Dieldrin 1.6-11.2 11 (17.7)
Green pepper B-Endosulfan 0.9-66.6 11 (17.7)
Endosulfan sulfate 0.0-214.1 32(51.6)
Dieldrin 1.4-2.0 14 (26.9)
Lettuce B-Endosulfan 0.1-78.7 23 (44.2)
Endosulfan sulfate 0.6-123.8 25 (48.1)

Row, AEH} AESNEE 27 1.5-72.5 ngked 44.2%
ojAtt. FaF FAKA] I Alte] AlAANNA] E(6241H)
ol A]= dieldrin, B-endosulfan 2 endosulfan sulfate 3/
o] JRAEF7I9aA Fe] AEHAH, AEH= 7
7} 1.6-11.2, 0.9-66.6 2 0.0-214.1 pgkg, AZHEE 77
17.7, 17.7 2 51.6% ©IAT}. 5 FAA] 21 Alte] A4
AR BE(52AA)A M= dieldrin, B-endosulfan
endosulfan sulfate 3452 ZRAAR7HLA T HE
HRom, AEHYE 47 14-2.0, 0.1-78.7 2 0.6-123.8
nghkg, AENEE 247F 269, 442 2 48.1%0]UT}. o)A+
A= 2 Lim et al. (2016a, 2016b)2] B7] 2 E7) A]
AAuiA] Bl AEE e AR 2 HEFEL FABI
o} 3 AdH EABOA aldrin, DDT, dieldrin, endrin
Y AREFA AZI7E AR el EStal dieldrin RO
AZ9Jch Lim et al. (2016b) ©] o1o2 w77}
aldrin 3652 B3l diedrin 1,0002 2 © Z37, DDT (2,0002)
9} endrin (4,300)ell vlal] W7 ]= FAT Bl =&H
aldrin®] dieldrin®. 2 Ea|Ho] AFHEE AMHaldrin®
W EG T dieldrin®] o] S7HE A, ARUY ES
of AthH o2 aldrin T dieldrin®] ARE-o] B9L7] &
ol Aoz sl k.

~

R A% - AFsta gloH, ol & dAgelx A
dieldrin? endosulfanfoll teire 2F318715S
0.01-0.13} 0.05-0.2 mg/kg®2 Aslal Jrh(Korea Food
Code, 2016). X3t FHHEZAA YL S4HE 5 ¢
Ade] dd BAxQ015)014 20149 AR F4kE
4782771 T 45538](F-AF 2730l AA endosulfan®] &
HS B 7T} Endosulfand POPsZ A4 (2011)% ] A
SHA] LFoll= Bstal SAHECIA 53] HEHE A
& o7ugt 7R endosulfane] ZF-3k Ao, ZEo

N
N

I - oA S YERTh £ Aol A o] AN 3, E
aF B AF F AFRAERIIGNA Fke] JdRFES N
250l AJMAuRA] EQkA  dieldrin, B-endosulfan

endosulfan sulfate”} Z}7; o] 72.5, 78.7 & 214.1 pg/kg
TR AZHASAE Bt BE e, a5 ¥
ZAFA BN A F O] oFEQA o] 1HFE-87]FHT} 1/58.8
Hop w2 30l AEI e AEE] Lim et al.
(2016a, 2016b)°] AlAdANE] 7] 2 Sl AEEHA
Tho g HEE Aol Fdsidint. o] A v
Zhe|, FF B AE AEANEA] ZARY B 17570 Al
8 % dieldrin (527] A&, 29.7%), B-endosulfan (3471 A]
=, 19.4%) 2 endosulfan sulfate (57711 A&, 32.6%) 3/d%
o] AFAR7IEAA FF] 0.0-214.1 pgkg FEoE 7t
F(Table 4)3lal Yot Z=of e o]& Aol AZFHA
eFol AFo] kA ¢] JRE L7 Bt FAeHA e
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