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Abstract This study was conducted to investigate residual organochlorine pesticides in green house soil and
green perilla leaves. Extraction and clean-up method were developed using the modified QUEChERS method
for residual organochlorine pesticides (ROCPs) in soil and green perilla leaves. Recovery and limit of
quantitation (LOQ) of ROCPs in greenhouse soil and green perilla leaves were 76.3-113.4 and 79.4-107.3%,
0.03-0.24 and 0.33-0.50 pg/kg, respectively. Detected ROCPs in greenhouse soil were dieldrin and endosulfan
sulfate, the residue were 1.6-9.2 and 22.0-87.8 ug/kg, respectively. But two pesticides in all green perilla leaf
samples were not detected. These results showed that ROCPs residue in greenhouse soil was lower than the

level of bioaccumulation occurring.
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EEH| &= E7M(Perilla frutescens var. japonica
Hara)y= $h=f, 5=, 42 SA9A Aghe gheljido] A&
JAre] o} F=9 FHT Fo] AR dHA U,
o3t g7)7} glo} $Elulllie A3t FAtolA A 7]
55 283k 9tH(Chung et al,, 2014). SAYE
ketone 5 407H4] o’de] HfdES sk 9
29| A A= vt ARt o] Fo A5 ITH(Kim et
al,, 2008). F-EuEtolA A5 ZE F Rl E79] Al
AAlE 7 B 9 Sl F2 s glo,
2 A A7 AnlEko] FTkeke| wet AR o] F
7¥skal dthJu et al, 2013). 3 SAHS 20149 E74
AuiA 2 2} AAEFo] 37,461 ha9t 43,260 ton®-E 2013
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of Wal ztz} 2433 29.7% F7FeIASS Haskal Sl
(KOSTAT, 2015).

ZHFAR719 27 2R (residual organochlorine pesticides,
ROCPs)y= 371292 (persistent organic pollutants,
POPs) 5 HAE FHfalal QAL 5oFo 2 AMH SZo|t}
2|uetel| A= aldrin, endrin, dieldrin, toxaphene, chlordane,
heptachlor, mirex, hexachloro benzene (HCB), dichloro
diphenyl trichloro ethane (DDT), a-hexachloro cyclohexane
(HCH), B-HCH, pentachloro benzene (PeCB) ¥ endosulfan
13%2] ROCPs % chlordane @ mirexZ A|9]3+ 1150] A
FAZ 555 0] AM&E v} JTtH(Lim et al,, 2016). °|& F
aldrin, dieldrin, endrin, endosulfan 5 22 & A% 4
ARgol FAE o] Fole 5 - j9]e] e Bl Aol A FE
3] HEHo] BAE I At(Jorgenson, 2001; White, 2001;
Hashimoto, 2005; Jurado et al., 2005; Seike et al., 2007,
Lim et al, 2016). =3t B4 & 274571
Aol F7 - old) H, 2 Aee AEF Fopdwl wt

o Foke
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=274 Jepdth(Waliszewski et al,, 2004; Chen et al.,
2005; Gonzales et al., 2005; Mikes et al., 2009)

Endosulfan®] AR 2 A 27} FA]H 20113 o] %2 2]
vt 598 5 ARG TR =&l o
g BHile B7] AR B} DYl o] R 24
ZA3(Lim et al,, 20169 FHFF=FEA L] “siE
5 ] Ax(20139 6053] A&, FAF 473, 2014
W 4553] A%, FAE 273)E AelehH AFg Aol
oA & AoMe vt JAF AR
A71907 soFR QA E gotar] flste] =71 A
AR AVAA] T R0 SR
B7Fstarzt skt

I

Mz

Aot & BEE

A 719 eA B9 o-HCH, B-HCH, v-
HCH, §-HCH, hexachloro benzene, heptachlor, heptachlor
epoxide, aldrin, dieldrin, endrin, o-endosulfan, B-endosulfan,
endosulfan sulfate, 2,4-DDE, 4,4-DDE, 2,4-DDD, 4,4-DDD,
2,4-DDT ¥ 44-DDT+= Dr. Ehrenstorfer GmbH (Augsburg,
Germany)=FH FY3AL, AE HA
carbon, magnesium sulfate, sodium chloride ¥ sodium citrate
+ Sigma-Aldrich (Saint Louis, USA), Q-sep® QuEChERS
dSPE Tube (150 mg magnesium sulfate, 50 mg primary

o

= 3% activated

secondary amine (PSA), 50 mg C;;, 2mL, Pennsylvania,
USA)= Restek, acetone J.T. Baker (New Jersey, USA)2]
AEE TAste] A3t

x| 15 . 2A5| . DA . HHHE
iy - R85 - 2EH - giEHE

ANEF =X

7l AVANIA] B 9 SRS A5 20159 6Eel $-
Ul 7 FAAA SAEE Faktd e T DA
oA ZhzE 159 274 AFABATE. E70 AAANIA] ES
2 ZZA| 5= Lim et al. (2016)2] Wil kel 3 sk}
EYde EYAEAFATIE o83t 10 cm o= 100-200 g
AAEHE-2 W 107 A RellA zfFH st E3)stal, o]
w73t 2mm AE FHAZ § AT EAY
ANEE ERAEE AF e Al W 107] A H-elA 2}

S
=2

=
=

100-200 g A=5 A3k, ol YAM7IZ st &3}
g T ARl

TRYEFIIGLH 5% 24

7 AR B T AR
& ZAFES 913 HA2l= QuEChERS
o2 S THLIm et al., 2016, Fig. 1). EXAE
50 g& Al AEEeme] ¥ U magnesium
sulfate 20 g, sodium chloride 5g % sodium citrate 5 g
718k, 247k <t acetone® & 23](100+50 mL) A& 3
Z3 o o33t ol & 40°ColA 79t FESIAL 4mL
acetonitrile® A €318 2 1.5 mLE 335} QuEChERS
dSPE Tube?] 2Tt QUEChERS dSPE TubeE 57+
Bk o2 1027F 944%2](3000 rpm, Combi 514R, Hanil,
Incheon, Korea)3laZ, syringe filter (0.22 um)E ©]-8-3}4
Aede o3}st T gas chromatography (GC, Agilent
Technologies, Santa Clara, USA)-micro electron capture

detector (LECD)Z 438} tH(Table 1). 74771947
eoko.
O 1=

Z}

QA T AT
PHS The WYT

-

pud

POPs (persistent organic pollutants, Z-73-f7] 2.4

)2 AH o Az B AREA At wEkA S

Sl

‘ Soil (50 g)

Green perilla leaves (10 g) ‘

.4

4

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

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

‘ Filtering & Concentration ‘ ‘ Filtering & Concentration ‘
Re-dissolution Re-dissolution
(Acetonitrile 4 mL) (Acetonitrile 4 mL)

Clean-up (1.5 mL)
(QuEchERS dSPE, MgSO, 150 mg, PSA 50 mg, C,3 50 mg, Shaking 5 min)

Clean-up (1.5 mL)
(QuEchERS dSPE, MgSO, 150 mg, PSA 50 mg, C,3 50 mg, Shaking 5 min)

¥

¥

Centrifugation & Filtering
(3000 rpm, Smin, syringe filter 0.22 pm)

Centrifugation & Filtering
(3000 rpm, Smin, syringe filter 0.22 pm)

¥

¥

Instrumental analysis
(GC-pECD)

Instrumental analysis
(GC-pECD)

Fig. 1. Flow chart for residual organochlorine pesticides in soil (left) and green perilla leaves (right). QUEChERS dSPE: Quick, easy,
cheap, effective, rugged, and safe dispersive solid phase extraction, GC-uECD: Gas chromatography-micro electron capture detector.



Table 1. Analytical conditions for residual organochlorine pesticides
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Items Analytical conditions

Column RTX-5MS (30 mx0.25 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
Scan range 20-500

Mass spectrometry Voltage 1900 V
Ion source temp. 230°C

AEE TS B3 stof tha M E QUECHERS

5
T

o}
W o2 BASITHLim et al, 2016, Fig. 1). 4% 10¢
S At JzhEEl3d] €3, sodium chloride 1g,
sodium citrate 1 g ¥ activated carbon 1 g& H7}3l2L, 24|
7F <k acetone® 2 28](100+50 mL) A& F=3 Tt o
31T} o= 40°ColM 79t =3} 4mL acetonitrile
2 4 &3l3 o 1.5mLE F3l9) QuUEChERS dSPE

RN =
o J5de o7et T GC-uECDE #4513 th(Table 1).
GC-uECD #4& 53 3919 B 2 E4% T 54+
71928A] Aol disiA= GC-mass spectrometry (MS)
(Agilent Technologies, Santa Clara, USA)Z $IA IS
A g1t
MY 754d

titation, LOQ), 3|58 2 Jo3iETH2K(relative standard

deviation, RSDYE AMg-3td A3ttt AN 2
719287 &<F 195 72 100 mL acetone®] 83l

|

(¢

= o)
ST

tod

2

100 mg/L2] stock solution A|Z313L, &2 #4928
slod 2719 Z2E(Group 1 105, Group II 9%)22 stock
solutiong 84 - &3tte] 1-5000 pg/Le] &89
Az & S At ARAER7IEA FoF

%2] LOQ= S/NH](signal to noise ratio)’} 100] == &
2 Alsith EY 35E AP EY 50 goll 2719] 2=
227 AW 195 ARAEF719407 s 4 2 20

o 1 S o

pgkg TEOE A & B 9] A9E &

2407 2A) B9 Ag o Fig. 19] Wel wet 33
HHELslo] =831 THGwon et al., 2014). EAY 358 Al
He EYA oA HAEF dieldrin 2 endosulfan sulfateTt
S o= FAsIAN, EAY 10 gl EFM HAEE F
B E 10 2 20 ngkg FEOE 2|3 v Fig. 19] W
of we}t 33] whEste] FYsISiTt. I]FES ZHe] oA
Sl st AEdt w9 Hrbske] H2RYH
T, Agd W YA (intermediate precision) SHF

=
ok At F ¥ 2 (relative standard deviation,

Z,:A]— Ak

>
l
Y

AR FF 1989 HFE A
2235 1¢] 7% a-HCH 23.6, B-HCH 26.1, y-HCH 26.9, &-
HCH 30.1, a-endosulfan 46.8, 2,4-DDD 50.5, endrin 52.1,
B-endosulfan 53.5, 2,4-DDT 553 2 endosulfan sulfate
58.1%, 15 119] 73-$- hexachloro benzene 23.6, heptachlor
34.5, aldrin 38.2, heptachlor epoxide 43.3, 2,4-DDE 46.5,
4,4-DDE 49.9, dieldrin 51.0, 4,4-DDD 552, 2 4,4-DDT
59.5%0] AL (Fig. 2), A 224232 AR ATR)7F >0.9993
O 7 BF g5 AdE el

EXMe] 25 13 2& 11 35783 RSDe 242 90.1-
113.49} 76.3-102.6%, 0.9-3.52} 0.9-3.7% HH°I1eH, LOQ
= 0.03-0.24 pg/kg M 912 UERSTH(Table 2). EA A A 9]
35 NS EAENA HEE dieldrin B endosulfan
sulfate?hS thAOZ 300, AN 0|59 3]
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pucn

Heptachlor —s. Group 11

s}

Group 11

Fig. 2. Representative standard (A), recovery (B), and sample chromatogram (C) of residual organochlorine pesticides. DDE:
diphenyl dichloro ethylene, DDD: dichloro diphenyl dichloro ethane, DDT: dichloro diphenyl trichloro ethane.

Table 2. Recovery of residual organochlorine pesticides in soil

. Recovery (%) LOQ RSD® (%)
Pesticides
4 pg/kg 20 ugkg (ng/ke) 4 ng/kg 20 pgkg

Group I

o-HCH 91.7+£23 90.1 £ 1.7 0.14 2.5 1.9
B-HCH 1123+3.2 1094+12 0.22 2.8 1.0
y-HCH 104.0+2.4 909+ 1.0 0.11 23 1.2
8-HCH 102.6 £1.7 937113 0.13 1.7 1.5
a-Endosulfan 1124 +3.0 1084 +1.1 0.08 2.7 0.9
B-Endosulfan 1134+ 1.8 1062 £2.8 0.07 1.6 2.6
Endosulfan sulfate 110.3+2.8 1064+1.9 0.08 2.5 1.7
Endrin 107.0£2.3 108.3+1.4 0.09 2.1 1.2
2,4-DDD” 101.4+26 101.3+£3.6 0.07 2.6 3.5
2,4-DDT? 1103+3.2 98.0+1.5 0.13 2.9 1.7
Group II

Aldrin 102.6 £ 1.7 93.7+13 0.08 3.7 1.0
Dieldrin 79.4+2.6 83.4+0.7 0.10 33 1.0
Hexachloro benzene 84.4+2.8 76.8+0.8 0.06 33 1.1
Heptachlor 783+ 14 76.3+0.6 0.03 1.8 0.9
Heptachlor epoxide 88.4+2.7 76.8+0.8 0.08 3.1 1.1
2,4-DDE? 94.6+2.0 874+12 0.10 2.1 1.4
4,4-DDE 78.8+2.2 89.7+0.8 0.10 2.8 1.2
4,4-DDD 78.8+2.0 84.7+1.5 0.24 2.5 1.7
4,4-DDT 93.4+2.7 80.7+2.0 0.09 1.2 22

JLimit of quantitation. "Relative standard deviation. “Dichloro diphenyl dichloro ethane. Dichloro diphenyl trichloro ethane. ®Diphenyl

dichloro ethylene.
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Table 3. Recovery of dieldrin and endosulfan sulfate in green perilla leaves
» Recovery (%) LOQ® RSD (%)
Pesticides
10 ug/kg 20 ug/kg (ng/kg) 10 ug/kg 20 ug/kg
Dieldrin 107.3+4.3 79.4£2.6 0.50 4.0 33
Endosulfan sulfate 832+23 80.4+2.8 0.33 2.8 3.5

YLimit of quantification. b)Relative standard deviation.

Table 4. Residues of residual organochlorine pesticides in soil

Detectionrange  Detection number

Pesticides (ug/kg) (Ratio of detection, %)
o-HCH <LOQY -
B-HCH <LOQ -
y-HCH <LOQ -
8-HCH <LOQ -
Aldrin <LOQ _
Dieldrin 1.6-9.2 9(21.4)
Endrin <LOQ -
a-Endosulfan <LOQ -
-Endosulfan <LOQ -
Endosulfan sulfate 22.0-87.8 5(11.9)
2,4-DDEY <LOQ -
4,4-DDE <LOQ -
2,4-DDDY <LOQ -
4,4-DDD <LOQ -
2,4-DDT <LOQ -
4,4-DDT <LOQ -
Hexachloro benzene <LOQ -
Heptachlor <LOQ -
Heptachlor epoxide <LOQ -

JLimit of quantitation. ”Diphenyl dichloro ethylene.
“Dichloro diphenyl dichloro ethane. “Dichloro diphenyl trichloro
ethane.

$&37 RSDE 77t 79.4-107.33 80.4-83.2%, 3.3-4.0%}
2.8-3.5% WHelRe™, LOQE 0.503 0.33 ugkgel At
(Table 3). E4 40X 9] 34& 2 RSDY A=
3|48 70-120%, RSD 10% oW &) 244

|[EEfX] ESAMe HREFIIHLA

AN FAA FAEGE FARES AT QYA A
o AAEA EkA2AA IS FFES dieldrind
endosulfan sulfate?te] Z+zh o7l A&z 71 A HoA A&
HAL, A& 1.6-9.29} 22.0-87.8 ng/kgolAth
(Table 4). A A AAMA] EFlX HAEH dieldrint
endosulfan sulfate /4§l 3= ©o]5<] GC-MS Az~
HEeH] thxZ o] L& 22K(m/z) dieldrin 79, 81, 82, endo-

L
= 2

sulfan sulfate 272, 274, 387 ¢l&lo] FAA RS )3}
o1kt

AR GLA 5%
e}

| 5<F endosulfan®] AR @ A|Z7} F
A1 2011 o] % vkt AEAA] EY F AR
oA sk ARFEe AgHos Hig bf
et al., 2016). o] Hizo] oJ&a =r] AR uiA| oA H A

=
=
5

T E70 AAANIA] BN AEE ARAAR7IEEA
5 dieldrin?} endosulfan sulfate Z-F3e] o] dieldrin

2.3, endosulfan sulfate 118.6 ughkg o2, ¥ A4
@ 774 dieldrin 9.2, endosulfan 87.8 pg/kg)et T4
gk zpol7h ATk I IR BN RN FokAEel
of3)) ws=gt Al7]e] ARE-o] SAH aldrin (1969 FXA]),
DDT (19694 24]), dieldrin (19704 2A]), endrin (1969
d FA]), heptachlor (19794 FA)) 5 ZFAF7I920A &
°F 5 dieldrinre] 10 pg/kg V¥ T2 HAEH S E
F FoA o5 ¥717t aldrin 365%, DDT 2000,
dieldrin 10009, endrin 4300%, heptachlor 250% (Augustijn-
Beckers et al., 1994)2A] dieldrin®] heptachlore} aldrinX.
ok ¥7174 B A5, DDTS} endrindl Wl ¥H71= o &
Ak A =ZH aldrin®  dieldrin® 2 %3} (ATSDR,
2002)= 22 AMEE aldrin} WE B F dieldrin®] 2
Fo| S/, AE Bl Ul 2= aldrin =& dieldrin
o] Abg-gFo] Wol7] W#o = wtET)

Mol HRERIIGLA s BRTE

2 F o] ek oA A (Korea Food Additives Code, 2016)&
ZAR7I A T ARHETIES FAE
AAste] Astal Utk Aldiring dieldrin®] 7H7-3]
o]5¢] gro g 7 TollA 10-100, endim (endrin
3} §-ketoendrin®] 3§ IAF SollAl 10-50, endosulfan
(a-endosulfan, B-endosuflan 3 endosulfan sulfate®] 3}y
I3 oA 50-200, heptachlor (heptachlor®} heptachlor
epoxide®] FHE T SolA 10-20 ugkel 2 At Ut}
AR EAL T ARERIIEA sFRe T
7 AAAEA] Bl dieldrin?}t endosulfan sulfate”}
77y Hof 9.2¢} 87.8 pgkg TR AEHASNE B
Slal o]E2 BE EAY ABX HEHA ol 2 Eof
FA L RS Er]E Bk 110 ofst £l A3
(0.505} 0.33 pg/kg) PITH|ATK(Table 5).



226 YT Q- LTIE - YN

Table 5. Residues of residual organochlorine pesticides in
green perilla leaves

Pesticides Detection range D@tection nur_nber
(ng/kg) (Ratio of detection, %)

Dieldrin <LOQ? -

Endosulfan sulfate <LOQ -

YLimit of quantitation.

olde] Ail= Ut E7 AANIA] BEgllA A
AG719407 525 dieldrin 2 endosulfan sulfate 20]
e soE HE Q"i—ur EAUOZ F JE] FF - 9]
TTO2 EAY AR Efo] whHE QF

e 1T il
A4e AT Y2 ARAFIGAA SR e o

B A7E $203Y TEATAY 2 FPEAA
(PJO10117, PJ010896, PJ010922 & PJ011435)2] Aol <]
8 ol FolAutt.
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