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Abstract

BACKGROUND: Residual organochlorine pesticides
(OCPs) are chemical substances that persist in the
environment, bioaccumulate through the food web, and
pose arisk of causing adverse effect to human health and the
environment. They were designated as persistent organic
pollutants (POPs) by Stockholm Convention. Greenhouse
strawberry is economic crop in agriculture, and its
cultivation area and yield has been increased. Therefore, we
tried to investigate the POPs residue in greenhouse soil and
strawberry.

METHODS AND RESULTS: Extraction and clean-up
method for the quantitative analysis of OCPs was
developed and validated by gas chromatography (GC) with
electron capture detector (ECD). The clean-up method was
established using the modified quick, easy, cheap, effective,
rugged, and safe(QuUEChERS) method for OCPs in soil and
strawberry. Limit of quantitation (LOQ) and recovery rates
of OCPs in greenhouse soil and strawberry were 0.9-6.0 and
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0.6-0.9 ug/kg, 74.4-115.6 and 75.6-88.4%, respectively.
The precision was reliable sincerelative standard deviation
(RSD) percentage (0.5-3.7 and 2.9-5.2%) was below 20,
which was the normal percent value. The residue of OCPs in
greenhouse soil was analyzed by the developed method,
and dieldrin, (3-endosulfan and endosulfan sulfate were
detected at 1.6-23, 2.2-284 and 1.8-118.6 pngkeg,
respectively. Those in strawberry were not detected in all
samples.

CONCLUSION: Dieldrin, 3-endosulfan and endosulfan
sulfate in a part of investigated greenhouse soil were
detected. But those were not detected in investigated
greenhouse strawberry. These results showed that the
residue in greenhouse soil were lower level than
bioaccumulation occurring.

Key words: Greenhouse, Residual organochlorine pesticides,
Persistent organic pollutants, Strawberry
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of dAl AR LA=d AERlel o3 POPs =d& ¥
geta 3IthShin &, 2010). A4 POPsZ A4H 7 22
FO % o]& % polychlorinated dibenzodioxins (PCDDs),
polychlorinated dibenzofurans (PCDFs), polychlorinated
biphenyls (PCBs), hexachloro benzene (HCB), aldrin,
dieldrin, endrin, mirex, heptachlor, chlordane, dichloro
diphenyl trichloro ethane (DDT), toxaphene ‘s 12%©]
20041 g FA] POPsE A= S tHRodan et al, 1999).
oJ71o] A5k AEEE HoKHAYA Alwwl, 2009) FA
Z3]o|A  a-hexachloro cyclohexane (HCH), B-HCH,
hexabromo benzene (HBB), chlordecone, pentachloro
benzene (PeCB), lindane, tetra-brominated diphenyl ether
(BDE), penta-BDE, hexa-BDE, hepta-BDE, perfluorooctane
sulfonate (PFOS) % endosulfan 10%°] F71E 31
(Hwang et al, 2010), endosulfan<> 2011958 -2}
oM Az g ARgo] w3tk

°]% % HCH, aldrin, dieldrin, endrin, heptachlor %
DDT= 1950-1960dthol 734 oll 254l ko FH9
3} A CHNamiki ef al, 2013) 1970 thol] A% 2 A}
go] FAHNENE Eetal, o= E 40do] Ayt A
% @4 9 AEelM HEHR SltkJorgenson, 2001;
White, 2001; Hashimoto, 2005; Jurado ef al, 2005;
Seike et al, 2007). B3t SHFAEEAT YL 2014
FAME S oA A BuA(015)004 H vt
o/l AlZ 9 AME FX]¥ endosulfan®] 20143 FAFAG
shbE 47,8277 % 4553] HAEHN, oF AAK13]), AL
F(23)), ¥ol(13)), A3, vl (23]), F(13]), 4
72(13)), 733, AlEA23]), dERF(12]), FEF1E),
£ul43]), F(13]), Fa(13]), 2el(13]) B F(33])
1671 ZrEelld 273] FAo|lgo wargh vf gl

grlate] Hohs B7)e AAAA R Fa3 Aoat=e]
s AN 7l Fe 25 4B Awaa ol
(Park et al, 2012). FHFAMAEH-S] 20129 A AL &
A9 9 AnF AHIH(2013)] WEH =)= A A
7b Azestar Az S7kske] A4 6,435 ha (A4
6290 ha, =4 145 ha), A4 192,140 ton (A4 188,998
ton, =4 3,142 ton) 0.2 AT} Aakeel] glojA] Al
A7 A2 2] 97.77F 98.4%F AA8kAL Qlek. whebA] A
TolAE FeivEelM ARSET Al W AR SA4E AR
371927 "5k H(residual organochlorine pesticides,
ROCPs) 19l thgh &7] Az A2 @ G E dets
7] flato] w7] AP Bk 9 AHEe] g EAE &
Hotar, w7] AAiA 604149 B W A F ol59
AAeE gebstat wAlel fai S B7ketaat skalvk
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=
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2EZ

TAR71927] 5°F a-hexachloro cyclohexane (a-

T

=
ox M

HCH, purity 98.0%), B-HCH (purity 97.7%), v-HCH
(purity 99.0%), 6-HCH (purity 98.5%), hexachloro
benzene (purity 99.5%), heptachlor (purity 98.5%),
heptachlor epoxide (purity 98.5%), aldrin (purity
99.0%), dieldrin (purity 98.3%), endrin (purity 99.0%),
a-endosulfan (purity 97.0%), B-endosulfan (purity
99.5%), endosulfan sulfate (purity 98.5%), 2,4-dichloro
diphenyl dichloro ethylene (DDE, purity 97.0%),
4,4-DDE (purity 98.5%), 2,4-dichloro diphenyl dichloro
ethane (DDD, purity 99.5%), 4,4-DDD (purity 99%),
2,4-dichloro diphenyl trichloro ethane (DDT, purity
98.0%) ¥ 4,4-DDT (purity 98.0%)+% Dr. Ehrenstorfer
GmbH (Augsburg, Germany)=Z5E 738133, A5 A
AEE 3t activated carbon, magnesium sulfate,
sodium chloride %! sodium citrate:= Sigma-Aldrich
(Saint Louis, USA), Q-sep® QuEChERS dSPE Tube
(150 mg magnesium sulfate, 50 mg primary secondary
amine, 50 mg Cis, 2mL, Pennsylvania, USA)+= Restek

A& ARSI

MNERHF 2 =

Eow AuE Q= B7] AEAuA Y] B 9 A
Ag fEvEt B7) ARl debd s gk s
wrkrelM 22t 273 3342 AFSSIH B R BEY
AEAF71E o]838te] 10 em ZolE 107 A ™A 242}
100-200 g AF1sto] &3kt ths 500 g H=E Fskol 31
31, 2 mm A5 FIAA B4 ARE ARESIITE AHEA]
21071 A 3ellA 100200 g AF S T 1 kg ©A7]
Z 2Hste] 39 & EMAEE ARSI

F & AP 19% AR

719 Foke] ARF BAE $1% AA 2= QuEChERS
= ta Wgsto] F3elal, ol Fig. 10 YRl

(Park et al, 2014). £ 50 g& st A& etado
S magnesium sulfate 20 g, sodium chloride 5 g,
sodium citrate 5 g& H7F¥F Uy acetone®® 23]
(100450 mL) ¥ FZ33tE FE555 40CollA st =
%3 UF2 4 mL acetonitrile®Z A £33}, 1.5 mLE
QuEChERS dSPE Tube°] il 533 1&g ths 3000
rpm O E YH2|(Combi 514R, Hanil, Incheon, Korea)
Skoith A HE syringe filter (0.22 um)E {373k o
gas chromatography (GC, Agilent Technologies, Santa
Clara, USA)-micro electron capture detector (WECD)E- ©]
§3to] Table 19] 7]712310ll4 ZA8ITE 2] 5 R4
TG0 sk R AR B AlXT7E SAEH o] AR
A ¢k oAlol B mY) AlEAMYA] Bk BAT = A
9 Foks BAVIeR a9l 2] 34 10 g= HF

sto] AHFEERaAel| Y1, sodium chloride 1 g, sodium
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Soil (50 g) [ Strawberry (10 g) ]
Extraction (Shaking, 2 hr) Extraction (Shaking, 2 hr)
(Acetone 150 mL (100 + 50 ), MgSO, 20 g, chloride 5 g, Sodium citrate 5 g) (Acetone 150 mL (100 + 50 ), Sodium chloride 1 g, Sodium citrate 1 g, Activated carbon 1 g)
Filtering Filtering

4

4

Concentration

4

4

Re-dissolution
(Acetonitrile 4 mL)

Re-dissolution
(Acetonitrile 4 mL)

4

4

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)

3

nd

Filtering
(Syringe filter, 0.22 pm)

Filtering
(Syringe filter, 0.22 pm)

)
]
J
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Fig. 1. Flow chart for residual organochlorine pesticides in soil (left) and strawberry (right). QUEChERSASPE : quick, easy,
cheap, effective, rugged, and safe dispersive solid phase extraction, GC- #ECD : gas chromatography-micro electron

capture detector.

Table 1. Analytical conditions for residual organochlorine pesticides

Items Analytical conditions
Column RTX-5 (30 mx0.25 mm, 0.25 um, Restek, Pennsylvania, USA)
Injection vol. 1 uL
Inlet temp. 250C
Detector temp. 300C
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

citrate 1 g 9 activated carbon 1 g& F7F o
acetone® = 28|(100+50 mL) G FE3}t. FE2ES
40C oA 79t %3 U3 4 mL acetonitrile® % A £-3]
3}, 1.5 mLE QuEChERS dSPE Tubeo] Yl 583+ A
et ths 3000 rpm O Y4 (Combi 514R, Hanil,
Incheon, Korea) 8t3ltt. %455 syringe filter (0.22 um)
2 {73t v GC-UECDE ©]8-381o] Table 19] 7171541
oA Askolch. Bd GC-uECD 42 53 Sl =9
9 7] F ARAAR7I9AA el s GC-mass
spectrometry (MS) (Agilent Technologies, Santa Clara,
USA)E &8ato] sdAEUde AgRlaith

|
(=]

T

N

o
aT

19

o 0

foh
L0
o O

o |0

=
o

>0

ofX

7199244 %2k o-HCH, 3-HCH, v-

HCH, 6-HCH, hexachloro benzene, heptachlor, heptachlor
epoxide, aldrin, dieldrin, endrin, a-endosulfan, 3-
endosulfan, endosulfan sulfate, 2,4-DDE, 4,4-DDE,
2,4-DDD, 4,4-DDD, 2,4-DDT 4 44-DDT9] A=i4s
gk Al e fFaddS AR A4, AR (limits
of quantitation, LOQ), &5& 4 AuiFAx=
of AFsITE HFe AL a8l =
Me] Z15(Group I 10E, Group 11 9%)°.% 53t
SFolth(Fig. 2). 1952 FHAR7192)
mL acetone®l €-3l3t] 100 mg/L2] stock solutions #|
Z8tal, ZF 1Fe] dl9dshks stock solutions 235k
1-5000 pug/Le EnFas Axd vy A%ds st
%131, S/NH](signal to noise ratio)7} 10°] ¥ FEE &
Mpd 19% FF8771944 k2] LOQE skttt
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Fig. 2. The structure of residual organochlorine pesticides. DDE : diphenyl dichloro ethylene, DDD : dichloro diphenyl
dichloro ethane, DDT : dichloro diphenyl trichloro ethane
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i A YHCH Groupl Group Il
o0 { Hexachlorbenzene +— Heptachlor
+— BHCH Endosulfan sulfate
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Fig. 3. Chromatogram of residual organochlorine pesticides. DDE : diphenyl dichloro ethylene, DDD : dichloro diphenyl

dichloro ethane, DDT : dichloro diphenyl trichloro ethane.

& eIt SgE2 7 240 HeEade gigdste] 4
& BEg PR vE B Aach 484 o 4
“J(intermediate precision)<> 58H T3S 7S Ao s
ZHrelative standard deviation, RSD, %)% L}EFACE

M, 3leg 2 ’éi"‘é*?.*ﬁl

AU 19F ARAA7I90A Fok MEE AR o
-HCH 23.55, B-HCH 26.12, v-HCH 26.85, 6-HCH
30.07, hexachloro benzene 23.63, heptachlor 34.46,

heptachlor epoxide 43.26, aldrin 38.22, dieldrin 50.99,

endrin 52.06, a-endosulfan
endosulfan sulfate 58.05,

46.79, B-endosulfan 53.52,
24-DDE 46.53, 4,4-DDE

49.92, 2,4-DDD 50.45, 4,4-DDD 55.18, 2,4-DDT 55.25 4!
44-DDT 59.45% 0 2 UellthFig. 3). BAOPE 19 &5
AR7192A skl Ad AR AGAFR)E BF

& 3} THTable 2)
Y T 24U 19F A
ANEATE 74.4-115.6%, 73T
deviation, RSD) 0.5-3.7% ©]$}
kgolltHTable 3). 7] %
endosulfan sulfate®] 3|5&

TR aA 5ok srs
3 H 2K relative standard
Slom, FEAl= 0.9-6.0 ug/
dieldrin, B-endosulfan %

NEA = 75.6-88.4%, Al

T} 2.9-5.2% ol o, FFIAE 0.6-0.9 ng/kgol
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Table 2. Linearity and correlation coefficient of residual organochlorine pesticides

Pesticides Regression equation Correlation coefficients (R%)
a-HCH y = 9955.9x - 146.24 0.9998
3-HCH y = 3907.9x + 75.331 0.9998
v-HCH y = 11259x - 65.036 0.9999
6-HCH y = 12806x - 388.95 0.9996
Aldrin y = 13210x - 192.24 0.9999
Dieldrin y = 10054x - 152.01 0.9999
Endrin y = 9562x + 31.823 0.9999

a-Endosulfan y = 11616x + 113.39 0.9999
-Endosulfan y = 10439x + 120.51 0.9999
Endosulfansulfate y = 10386x + 70.861 0.9999

2,4-DDE y = 7813.1x + 23.787 0.9999
4,4-DDE y = 11909x - 138.19 0.9999
2,4-DDD y = 5878x + 167.81 0.9994
4,4-DDD y = 9090.5x - 102.05 0.9999
2,4-DDT y = 7217.1x + 10.077 0.9999
4,4-DDT y = 10959x - 381.51 0.9993

Hexachlorobenzene y = 14432x + 10.109 0.9999

Heptachlor y = 24860x - 209.83 0.9999

Heptachlor epoxide y = 12611x - 67.024 0.9999

DDE : diphenyl dichloro ethylene, DDD : dichloro diphenyl dichloro ethane, DDT : dichloro diphenyl trichloro ethane

Table 3. Recovery ofresidual organochlorine pesticides in soil

o Recovery (%) LOQ RSD (%)
Pesticides 1
4 ug/kg 20 ug/kg 40 pg/kg (ug kg') 4 ug/kg 20 png/kg 40 pg/kg
a-HCH 91.7£2.3 90.1+1.7 92.3+0.8 1.8 2.5 1.9 0.9
B-HCH 112.3+3.2 109.4+1.2 115.6+0.6 3.0 2.8 1.0 0.5
v-HCH 104.0+2.4 90.9+1.0 94.8+0.8 45 2.3 1.2 0.9
6-HCH 102.6+1.7 93.7+1.3 93.8+1.7 1.5 1.7 1.5 1.8
Aldrin 76.3+2.8 77.8+0.8 75.742.3 0.9 3.7 1.0 24
Dieldrin 79.4+2.6 83.4+0.7 80.3+3.2 3.0 3.3 1.0 3.4
Endrin 107.0+2.3 108.3+1.4 114.0+2.7 45 21 1.2 23
a-Endosulfan 112.4+3.0 108.4+1.1 109.9+1.7 21 2.7 0.9 1.6
3-Endosulfan 113.4+1.8 106.2+2.8 109.7+1.4 21 1.6 2.6 1.3
Endosulfan sulfate 110.3+2.8 106.4+1.9 106.6+2.1 3.0 25 1.7 1.9
2,4-DDE 94.6+2.0 87.4+1.2 86.3x1.4 3.0 21 14 1.6
4,4-DDE 78.8+2.2 89.7+0.8 87.8+1.2 1.8 2.8 1.2 1.6
2,4-DDD 101.4+2.6 101.3+3.6 102.3+1.8 4.8 2.6 35 2.0
4,4-DDD 78.8+2.0 84.7+1.5 84.3+1.2 6.0 2.5 1.7 14
24-DDT 110.3+3.2 98.0£1.5 103.2+1.1 3.6 29 1.7 1.1
44-DDT 93.4+2.7 80.7+2.0 74.4+1.1 1.5 1.2 22 14
Hexachloro benzene 84.4+2.8 76.8+0.8 75.6+2.1 0.9 3.3 1.1 2.3
Heptachlor 78.3+x1.4 76.3+0.6 76.2+1.8 1.2 1.8 0.9 1.7
Heptachlor epoxide 88.4+2.7 76.8+0.8 75.6+2.1 3.6 3.1 1.1 2.3

DDE : diphenyl dichloroethylene, DDD : dichloro diphenyl dichloro ethane, DDT : dichloro diphenyl trichloro ethane,
LOQ : limit of quantitation, RSD : relative standard deviation
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Table 4. Recovery of dieldrin, B-endosulfan, and endosulfan sulfate in strawberry

Recovery (%) LOQ RSD (%)
Pesticides
10 ug/kg 20 ug/kg (ug/kg) 10 ug/kg 20 ug/kg
Dieldrin 81.5+2.4 86.4+3.4 0.9 29 3.9
3-Endosulfan 75.6+3.2 80.2+4.2 0.6 42 5.2
Endosulfan sulfate 88.4+3.2 84.6+2.8 0.6 3.6 3.3

LOQ : limit of quantitation, RSD : relative standard deviation

Table 5. Residue of residual organochlorine pesticides in soil

Pesticides Detection range (ug/kg) Detection number (Ratio of detection, %)
a-HCH <LOQ -
B-HCH <LOQ -
v-HCH <LOQ -
6-HCH <LOQ -
Aldrin <LOQ -
Dieldrin 1.6-2.3 2 (3.3)
Endrin <LOQ -

a-Endosulfan <LOQ -
3-Endosulfan 2.2-284 21 (35.0)
Endosulfan sulfate 1.8-118.6 23 (38.3)

2,4-DDE <LOQ -

4,4-DDE <LOQ -

2,4-DDD <LOQ -
4,4-DDD <LOQ -
24-DDT <LOQ -
44-DDT <LOQ -

Hexachloro benzene <LOQ -

Heptachlor <LOQ -

Heptachlor epoxide <LOQ -

DDE : diphenyl dichloroethylene, DDD : dichloro diphenyl dichloro ethane, DDT : dichloro diphenyl trichloro ethane,
LOQ : limit of quantitation

& 70- 81, 82, B-endosulfan 195, 237, 241 % endosulfan
A7E sulfate 272, 274, 3872 Bhelato] EAXJEL sholail)
vt AR Bk 5 R4 sl

2ol el dieldrin (19991 £4) 5 A7

CKTable 4). o%4e] Aul= EU 7lo]=glele] 34
120%, RSD 20% oJste] tHrAH 71l #3st
LFERITHSANCO/10684/2009 document).

7| A X|] EF & OCPs ZtRsZE

vkl @715 270 Ao AAEIA] EeK604]
el oist AFAAF7IEA soRe ARTe AdE
Table 50 YeFTh AR B7] APA A B & 2
T80 5272 a2 Table 50014 K= vfel
20] dieldrin, B-endosulfan % endosulfan sulfateRFo|
77k 2, 21 9 8A - el|X] AEHN T, o 52 AFHAE 44
1623, 22284 % 1.8-118.6 ug/kgo| Tk GC-UECD
Mg B3l @] AANA Eokelld &S dieldrin, B
-endosulfan ¥ endosulfan sulfate Ad3f thsx GC-
MS AFAHAEZ ] 12 o|28A e (m/2) dieldrin 79,

AaAl sF T dH¥(Park and Ma, 1981; Suh et al,
1984)9} endosulfan (2011 #|Z= W ARE- FA|, Park,
2011)°] thel] AEHH oz By vl 9ok o]So wEH 2
AT APAAENA] EqkelA] AER ARAF7I90A sk
dieldrin, B-endosulfan % endosulfan sulfate®] ZHf<~
0] dieldrin<- 1980t ZFHtel 2409} 90 ug/kg T,
endosulfan (total)> 2008'd #Ht§ 155 ug/kg TolUtt
(Park and Ma, 1981; Suh et al, 1984; Park, 2011). & o1+
of| 5 2] AANA] EF 5 IRAR7IHAA E<F dieldrin
4 endosulfan o< 2.3 % 147.0 (B-endosulfan 28.4,
endosulfan sulfate 118.6 ug/kg) ug/kg ©Itt & A+
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Table 6. Residue of residual organochlorine pesticides in strawberry

Pesticides Detection range (ug/kg) Detection number (Ratio of detection, %)
Dieldrin <LOQ -
3-Endosulfan <LOQ -
Endosulfan sulfate <LOQ -

LOQ : limit of quantitation

oA a-endosulfan®] AZEEA| %2 512 a-endosulfan(Rt
271 12-39¢)0] Eko|A B-endosulfan (7] 108- 264
)3} endosulfan sulfate (7] 117-137)l B]3)| W=
A EaE7] izl Ao® IHETHNRA, 1998; GFEA,
2004). 74719 ATHAI= FUAL Y A AR o4
AHAs NSRS g om ap#] E9k7] wiite] dBAe} &
& Hlashks 2 ofHeu, AT At Ae 52
b AdApA) o] BRIl YR aAl weke]
F=olgbd  dieldrine 3219 1.0-2.6%, endosulfans
94.8% T YER SFAIRE Afol7} QliTh o]t oA
7V g Aol ZARA]7)(dieldrin 3099, endosulfan 7
el Az =D AMEEA Al7](dieldrin 19991, endosulfan
sulfate 2011'd)ol| wh2 xfo]ZHE 7|91k 71 o7 ke,

E7| A[EX{HiX] &= & OCPs ZtR+ZE

vkl @71FAA] 270 A 2] AP AR 27](607) o
gt A7 1A sekRel 2Hia<E H¥E Table 601
etk Al A 27 & ARA7I9aA sk AR
F2 Table 6914 Hi+= vl Zo] dieldrin, B-endosulfan
4 endosulfan sulfate= AEEA FSkch wepA] 2 A
TANE et 7] A A A EoFel A dieldrin,

B-endosulfan 2 endosulfan sulfate 359 74714

27| Foko] W FESFAIAAMA BESF F HulA|, ZH2t
2.3, 284 4 118.6 ug/kg) 0.2 HAEEHN O AVANIA] E
¥ T olF 3% tHrrelsls @719 AR FF ol

A b= A YERIT
Acknowledgment

This study was carried out with the support of
Research Program for Agricultural Science & Technology
Development (PJ010117, PJ010922, PJ0108962016 and
PJ011435) and Postdoctoral Fellowship Program of
Chemical Safety Division, National Academy of
Agricultural Science, Rural Development Administration,
Republic of Korea.

References

GFEA, German Federal Environment Agency, 2004.
Endosulfan-Draft dossier prepared in support of a
proposal of endosulfan to be considered as a candidate

for inclusion in the UN-ECE LRTAP protocol on
persistent organic pollutants. Umweltbundesanmt,
Berin.

Hashimoto, Y. (2005). Dieldrin residue in the soil and
cucumber from agricultural field in Tokyo. Journal of
Pesticide Science, 30(4), 397-402.

Hwang, S. M., Lee, S. H, Park, N. J., & Ok, G. (2010).
Characteristics of Persistent of Hexachlorocyclohexane
(HCH) in Ambient Air-Soil-Water-Sediment for a
Emerging Persistent Organic Pollutants (POPs). Journal
of Environmental Science International, 19(12), 1343-
1354.

Jorgenson, J. L. (2001). Aldrin and dieldrin: a review of
research on their production, environmental deposition
and fate, bioaccumulation, toxicology, and epidemiology
in the United States. Environmental Health Perspectives,
109(Suppl 1), 113-139.

Jurado, E., Jaward, F., Lohmann, R., Jones, K. C., Simé,
R, & Dachs, J. (2005). Wet deposition of persistent
organic pollutants to the global oceans. Environmental
Science & Technology, 39(8), 2426-2435.

Namiki, S., Otani, T., & Seike, N. (2013). Fate and plant
uptake of persistent organic pollutants in soil. Soil
Science and Plant Nutrition, 59(4), 669-679.

NRA, National Registration Authority for Agricultural
and Veterinary Chemicals, 1998. NRA ECRP Review
of endosulan, Commonwealth, Australia.

Park, B. J. (2011). Pesticide residue monitoring and
environmental exposure assessment in paddy field soil
and greenhouse soils. Korean Journal of Pesticide
Science, 15(15), 1-6.

Park, C. K, & Ma, Y. S. (1982). Organochlorine pesticide
residues in agricultural soils-1981. Korean Journal of
Environmental Agriculture, 1(1), 1-13.

Park, J. E.,, Kim, H. M., & Hwang, S. J. (2012). Effect of
harvest time, precooling, and storage temperature for
keeping the freshness of'Maehyang'strawberry for
export. Journal of Bio-Environment Control, 21(4),
404-410.

Park, J. W,, Kim, A. K, Kim, J. P., Lee, H. H.,, Park, D.
W., Moon, S. ], Ha, D. R, Kin, E. S, Seo, K. W, 2014.



14

Lim et al.

Multi-residue analysis of pesticides using GC-TOF/
MS, ECD, NPD with QuECHERS sample preparation.
Korean ]. Pestic. Sci. 18, 278295 (in Korean).

Rodan, B. D., Pennington, D. W., Eckley, N., & Boethling,
R S. (1999). Screening for persistent organic pollutants:
techniques to provide a scientific basis for POPs
criteria in international negotiations. Environmental
Science & Technology, 33(20), 3482-3488.

Seike, N., Eun, H., & Otani, T. (2007). Temporal change
in organochlorine pesticides contamination in Japanese
paddy soils. Organohalogen Compounds, 69, 28-31.

Shin, S. K, Park, J. S, Kang, Y. Y., Lee, S. Y., Chun, J.
W, Kim, D. H, & Yeon, J. M. (2010). Analytical
method of New POPs in environmental samples.
Analytical Science and Technology, 23(2), 128-137.

Suh, Y. T., Shim, J. H., & Park, R. D. (1984). Evaluation
of organochlorine pesticide residues in soil by steam
distillation. Korean Journal of Environmental Agriculture,
3(2), 23-29.

White, ]J. C. (2001). Plantfacilitated mobilization and
translocation of weathered 2, 2-bis (p-chlorophenyl)1,
1-dichloroethylene (p,p-DDE) from an agricultural soil.
Environmental Toxicology and Chemistry, 20(9), 2047-
2052.



