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Abstract

BACKGROUND: Residual organochlorine pesticides
(OCPs) are designated as persistent organic pollutants
(POPs) by Stockholm Convention because they bioaccumulate
through the food web, and pose a risk of causing adverse
effect to human health and the environment. Apple and pear
is economic crop in agriculture, and its cultivation area and
yield has been increased. Therefore, we tried to investigate
the OCPs residue in apple and pear orchard soils and fruits.
METHODS AND RESULTS: Extraction and clean-up
method were developed using the modified QUEChERS
method for residual organochlorine pesticides (ROCPs) in
apple and pear orchard soil and fruits. Recovery and limit of
quantitation (LOQ) of ROCPs in soil and fruits were 75.4-101.4
and 76.993.4%, 0.03-0.21 and 0.6-1.2 ug/kg, respectively.
Detected ROCPs in apple and pear orchard soil was 2,4~
DDT, 4,4-DDD, 4,4-DDE, 4,4-DDT, and endosulfan sulfate,
the residues were 2.2, 1.9-48.0, 1.3-84.1, 90.6-863.1, and
11.3-239.0 ug/kg, respectively. But five pesticides in all fruit
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samples were not detected.

CONCLUSION: These results showed that ROCPs
residues in apple and pear orchard soil had no effect on
safety of agricultural products.

Key words: Apple, Pear, Persistent organic pollutants,
Residual organochlorine pesticides
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71927 59K (residual organochlorine pesticides,
ROCPs)= @2(C)E Edoh= AA171 295 (persistent
organic pollutants, POPs) & &°ko® ARG JiEo=,
Sl = aldrin 5 1159) AEo] AFAZ 5550
ARE-E v} QItHLim ef al, 2016a; Lim et al, 2017a). &
vl s93E 5 AAANIA] BEY sEAGE, ) EY
4 FYE54 ROCPsQ! dieldin ¥ endosulfan (a-
endosulfan, B-endosulfan, endosulfan sulfate)+2] 7=
o] X&A o7 HaEl SItiLee ef al, 2015; Lim et al,
2016a, 2016b, 2016¢c; Lim et al, 2017a, 2017b).

A Malus pumila)v w78V A5 |t
v A BRAER s, d3 A 95 vE ol
a7t Q= FEAL AME, S 9 vlER] C 59 s
3 4] o] Qla, IAEAENE opet 4 A 5
theFst Ao o]8¥ il ItkYun et al, 2007; Yang and
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Ryu, 2010; Bang et al, 2015). S-guztolA Al 7]
o] gty A7} Thsst FEAARATL Hot AN, A
5, T¥EE, ARk SolA 33,234 hat AMiE I 9l
al, o= AT AuHE A (156,435 ha)] 21.2%% xFA|8}
1 JtHKorean Statistical Information Service, KOSIS,
2018).

W(Pyrus pyrifolia)= YWHr-4(Pyrus)oll &= 994
A WEOR, Aaeh XA AujEr QlE HAE,
OFLFPYAEL, FEAN, HE frilo] YR A T
g2l dl(Pyrus pyrifolia N.)o} E18<Q1l Z=1l(Pyrus
ussuriensis M.) 2 §HAQ! A%l(Pyrus communis L.)
ol 3, FEuetelr= i TP FES RO T EH
TYfsto] 7%, SRS, A, SR Fellk 10,303
ha7b A= a1 Qla, ol A2 A 2](156,435 ha) ]
6.6%= A3+ QItHFeron et al, 1996; RDA, 2010; Ro
et al, 2015; KOSIS, 2018). = 7H]& 80-82%, T3
80-85%, ©dkE 7-10%, A 0.3% Wel, AA 0.2%,
Ara 0.5%, 714 YEE, 24, vtadle &%l 75%
5 2k Qlof Zsh e AFo® A7 AR AE
o® dHA i, FEREZAYL Y of=RY Fo] ZejuE
e ek Qo ¥y, FudY, dF A4 oA
A, A G F3 9 s 3 AL, WY 4
A 5 thekst AREdS BAskal Qe o' HaEI
AUTHChoi et al, 2004; An et al, 2004; Hwang and Pyo,
2005; Yun et al, 2006; Zhang et al, 2008; Lee et al,
2012; Min et al, 2013).

Eueell ] ARgETE Alx 9 ARE- 54 ROCPs &
dieldrin % endosulfan7} AAA8#], 744 W 5L
FollA 8] HAEHI Sleel® Eeta, dad Eok 9
o] tist ROCPs LA ElE ZAMHA] 3ttt wheba &2
AellM e TheFdh JFdw 71sdEdol FrEY Qo]

[¢}
algo] Be At % W) FEAS thgoR ROCPse]
FHE ZARORA, o5 3 e LGAES st}
A S,
M2 U wy
et o BEE
BooQpe by ARG B o

hexachlorocyclohexane (a-HCH, 98.0%), 3-HCH (97.7%),
v-HCH (purity 99.0%), 6HCH (98.5%), hexachlorobenzene
(99.5%), heptachlor (98.5%), heptachlor epoxide (98.5%),
aldrin (99.0%), dieldrin (98.3%), endrin (99.0%), a-
endosulfan (97.0%), B-endosulfan (99.5%), endosulfan
sulfate (98.5%), 2,4-dichlorodiphenyldichloroethylene
(DDE, 97.0%), 44DDE (98.5%), 2,4-dichlorodiphenyl
dichloroethane (DDD, 99.5%), 4,4-DDD (99%), 2,4-
dichlorodiphenyltrichloroethane (DDT, 98.0%) % 4,4-
DDT (98.0%)+ Dr. Ehrenstorfer GmbH (Augsburg,

Germany)°llA 4] - AR3ISICE Arg(Alat, ) EF 2
W AR F AR sk 7= 2 GAE Sle
acetone ¥ acetonitrile> Merck (Darmstadt, Germany),
syringe filter (0.2 pm), activated carbon, magnesium
sulfate, sodium chloride ¥ sodium citrate= Sigma-
Aldrich (Saint Louis, USA), Q-sep® quick, easy, cheap,
effective, rugged, and safe (QuEChERS) dispersive
solid phase extraction (dSPE) tube (150 mg magnesium
sulfate, 50 mg primary secondary amine (PSA), 50 mg
Cis, 2 mL)+= Restek (Pennsylvania, USA) A& 74 -
AHE-aFITh

INE=S B

 ATelMs S d(rb w) BEF 9 3RS e ®
A7 FFR] RS 2ARRLAR ShSith A
1w I B EE 20179 582 AAEE T A
8/MEellA 217t 62 9l 5672 AF 8
. B ERRAFTE ol8-3te] 107 #1341 10 em
Z1o] % 100200 g& AFHsto] E3}sk vk S8k, o] F 2
mm A5 FIANA ARZ ARSI 3 AR 9109
o Hd Bk A & ARAARTIGAA Feo] 50
g/kg oVdo® AEH 4 EdolA] Aple ke o
o= 570w ) 107] AFlelM 242t Al E At ol
= 7R Bl AsE ARSISICHLIm et al, 2016a,
2016b, 2016, 2017a).
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TEN QIIEA SOt BA

A u) A B A AR F
°F 19F9] A A4S 91 WAE= QUEChERS W<
e WS WS AERLT, olF Fig 19 uehic
(Lim et al, 2016a, 2016b, 2016c, 2017a, 2017b). 33t
e B 50 g2 STl A8l magnesium
sulfate 20 g, sodium chloride 5 g, sodium citrate 5 g
< 7}t § acetone 150 mL (100+50 mL)& 23]] 2 2
- FEslth FE05 40C X Ae5E v 4 mL
acetonitrile© & A £3l3}1, ©]% 1.5 mLE QuEChERS
dSPE Tube®l Y1l 577 X183k ¥ 3,000 rpm] £E%
Y452 (Combi 514R, Hanil, Incheon, Korea) 3}5ith
Syringe filter (0.22 um)& A3l A5t o3k, gas
chromatography (GC 7890, Agilent Technologies, Santa
Clara, USA)-micro electron capture detector (WECD)E
o] g-sto] A3 tHTable 1). Ab} 9 vl 2 F 4773
71927 o] AR AN wke AR AE =
12 | ol ARSEA Wiz ool BR e BEE
A ¥ AFE dRerte ARSI At B 3k 10
ge ko] s AAEekade] ¥ U sodium
chloride 1 g, sodium citrate 1 g ¥ activated carbon 1
g< 78k, acetone . 23](100+50 mL) H& FE3H3]
th FEHS 40C ol 29t 55519 acetonitrile 4 mLE

N

e
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Fig. 1. Flow chart for residual organochlorine pesticides in soil (left) and fruit (right).

Table 1. Analytical conditions (GC-nECD) for residual organochlorine pesticides

Items Analytical conditions
Column DB-5 MS (30 mx0.25 mm, 0.25 um, Agilent Technologies, Santa Clara, 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

A £33k, ©1F 1.5 mLE QUEChERS dSPE Tube®] ¥
o} 587+ &3k vy 3000 rpm 2] SE2 U4%E](Combi
514R, Hanil, Incheon, Korea) s}3itt. Syringe filter (0.22
um)E ARgsto] Asdle o3t v o]F GCUECDE ©|
f3lo] E483ItHTable 1). 3 GCuECD w44 A&
AR89 skl tisiM = GC-quadrupole time
of flight (QTOF)-mass spectrometry (MS) (Pegasus
HT, LECO, Michigan, USA)E £4%-91% Ajstelslsict
(Table 2).

SauHo| 54 AB
el EoF o

ZHrelative standard deviation, RSD)Z 7153} THLIim
et al, 2016c, 2017a, 2017b). HFAF7194A s 2+ A
o &Rl S sk 2719 1E(Group I «-HCH,
3-HCH, v-HCH, §-HCH, a-endosulfan, [3-endosulfan,
endosulfan sulfate, endrin, 4,4-DDE 4 2,4-DDT, Group
II: Aldrin, dieldrin, HCB, heptachlor, heptachlorepoxide,
2,4-DDD, 2,4DDE, 4,4DDD % 4,4DDT) %% #5735t &
QISFITHLIm et al, 2016a, 2016b, 2016c, 2017a, 2017b).
371920 w2k 47+ A2 100 mL acetone®l] &
3ll3ke] 100 mg/L2) stock solutione A2 Tk 7} 15
o sidsh= A9 stock solutions 3|4 4 Z3sfo] 1-
5000 ug/Le EFTFENE AZ3}7, o table 19] 7]
7123904 GCUECDE AHg-st] B3 v Adds 2
A8l 3, A AW A (relative coefficient, R?)E 2t
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Table 2. Analytical conditions (GC-QTOF-MS) for residual organochlorine pesticides

Items Analytical conditions

Column RTX-5MS (30 mx0.25 mm, 0.25 um, Restek, Pennsylvania, USA)

Carrier gas N2 (1.0 mL/min) Injection vol. 1 uL

Injection mode Splitless Inlet temp. 250C

Transfer line temp. 230C Detector temp. 300C
Stage Rate (C /min) Temp. (C) Hold time (min)
Initial - 80 5

Oven temp. Ramp 1 5 150 2
Ramp 2 10 240 3
Ramp 3 20 280 2
Scan range 50-500

Mass spectrometry Voltage 1600 V
Ion source temp. 300C

A Bof| sk A4S glEATHLIm ef al, 2016a, 2016b,
2016c, 2017a, 2017b). *HFAF71940A &8 LOQE
S/NH](signal to noise ratio)”} 10°] ¥ FE% sfo] of
g2 A& o] g3t AEsISIt

A S ZEMEHY
LOQ (mg/kg) = ! gx (ng) x E| EMENE (mL)
INFEHE W x AEE (g
gl B A5E AN AN FoEoR 29y
A Fdss s E9F 50 goll Group I 2 1T EFEFE
9% 7174 3 20 ug/kg FEOE AT O Bl F
w8 AR 5 S 24A13F Sk kel WAlst, Fig.

18] WhHo 2 33] WHE - S35 TtHLIim et al, 2016a). ¥

A& Eofof|A HE49 endosulfan sulfate,
2,4-DDT, 4,4-DDT, 4,4DDD % 44DDE A% ks iy
o TN, A E H) 10 goll EkellA HEE 5 AR
S 10 ¥ 50 ug/kg Fo® A2d the Fig. 12 Wil
wel 33] WHE - FEESITE s 7F Adwe HRdel
igisto] A=t w=s) H7be e v ZRE el A
7171¢] A4 U gd/d(intermediate precision) AlH- 5
3] HHEElo] A U RSD (%)E 18I THSANCO/
10684, 2009).

Zot Y o
Sauro| 95y
AN RFAR71947) 5ok vIRE AR table 19]

N

A 2794 «-HCH 28.97, 3-HCH 31.88, v-HCH 32.49, §
-HCH 35.18, hexachloro benzene 29.71, heptachlor
40.51, heptachlor epoxide 49.05, aldrin 44.32, dieldrin
56.06, endrin 58.38, a-endosulfan 56.69, (3-endosulfan
59.50, endosulfan sulfate 64.66, 2,4-DDE 52.92, 4,4-DDE

57.49, 2,4-DDD 57.49, 4,4-DDD 61.38, 2,4DDT 61.67 %
4,4DDT 66.01% ©]31a1, 7t 9] AZA AL 57
FB(R, = 0.9991)8 A= veRthFig. 2).

W B T IFR719407 5ok 398 49 RSD
= 27} 75.4-101.4%$F 1.05.2%, LOQ+= 0.03-0.21 ug/kg
910l tHTable 3). Ab} 3w & 737192 &k
o] Fad e Bl HE¥ 2,4DDT, 4,4DDD,
4,4DDE, 44DDT Y edosulfan sulfate?-S thA}oZ 4=
Faplar, A T AFAF7I98A sk B3 RSD
= 47 76.993.4%9F 1.44.3%, LOQ+= 0.61.2 pg/kg ™
S0 THTable 4). o] AFAF71H20A skl gt
Tl Eof Bl wpde] Sl Bl RSD Avk EU 7fol=eh
Q9] 858 70-120%, RSD 20% ol3te] ZFeA 715&
THESIITHSANCO/ 10684 /2009 document).

I EY F MRHRIIGAA s TR

AFEE AL A= 8715 AFH62415]) 2 w5641 7)
W Bl HeER AFARTIQ8A o AN
19F 3% 5 Abt 98] 79 2,4DDT, 4,4DDD 4,4
DDE Y endosulfan sulfate 47} A&, ¥ =g 3¢
44-DDD 4,4-DDE, 4,4DDT 4 endosulfan sulfate 47}
AHnto] 7ZH Ut Table 5). |5 4 AJ#-2] HEH9 9 7
SWEE AR} e Eoko A9 7474 22, 1.9, 1.3-649 Y
11.3 ug/kg¥ 1.6, 1.6, 3.2 2 1.6% ©1303, vl =g &}
M= 27t 90.6:863.1, 48.0, 8.0-84.1 % 239.0 pg/kg?
7.1, 1.8, 10.7 U 1.8% ©|tHTable 5).

Ab gl ul el EokellA 7159 2,4-DDT, 4,4,DDD,
4,4DDE, 4,4DDT % endosulfan sulfate A%-] tjalir=
GCMS AFAHAER ] 34 o] WA m/z) 2,4DDT
165, 235, 246, 4,4-DDD 165, 235, 237, 4,4-DDE 176, 246,
318, 4,4-DDT 165, 199, 235 W endosulfan sulfate 272,
274, 3875 ERlste] FUEAS AERISIITHFig. 3).
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Fig. 2. Representative standard (A), recovery in soil (B), recovery in apple and pear (C), and soil and fruit sample
chromatograms (D) of residual organochlorine pesticides (Group I, 1: ¢-HCH, 2: 8 -HCH, 3: y-HCH, 4: §-HCH, 5:
a-endosulfan, 6: 4,4-DDE, 7: endrin, 8: 5 -endosulfan, 9: 2,4-DDT, 10: endosulfan sulfate, Group II, 1: hexachlor benzene,
2: heptachlor, 3: aldrin, 4: heptachlor epoxide, 5: 2,4-DDE, 6: dieldrin, 7: 2,4DDD, 8: 44-DDD, 9: 4,4DDT).

2011334l POPs® A% endosulfang st 7724
7194A FFF7F FuldlA Az 2 Aol SAIEHS R
FHEANA ] HEH I YUk o] Hae] = A
AefA] EokollA dieldrin, B-endosulfan ¥ endosulfan
sulfate”} 717} 1.4-72.5, 0.1-78.7 2 0.0-214.1 ug/kg (Lim
et al, 2016a, 2016b, 2016c), += ¥ 544 EFIA o
endosulfan, (-endosulfan ¥ endosulfan sulfate’} Z+2t
2.0-12.0, 1.2-53.1 % 2.2-329.8 ng/kg =HLim et al,, 2017a),
804 a-endosulfan, B-endosulfan ¥ endosulfan
sulfate”} Z}7F 0.04-0.44, 0.01-0.55 % 0.11-1.13 pg/L 45
(Lee et al, 2015; Lim et al, 2017b)°]3]ck. T3 %1%

8(2017)> 73S ARl A AR e AR
2 9 100 m §78A] EodelA 19716 5k 7 HA
¥ DDT7} 0.046:0.539 mg/kg FFO% HEHIo 54
£ AEA 9 AlEeAE HEEA oS Hard vt 9l
ok & A7 Al 9 oAl 7 okl A& W endosulfan
sulfate$} DDT % DDT thARA] 273 247} 11.3-239.0
7} 1.9863.1 ug/kg Fo 2 o] AV AR, AteA W
AP W EAA Bk AR EAS Aol Gl v
, o] APIANA] W 5 A] EgelAE DDT Aol
AZHA dskort 2 A7 A B AR AR <
= FAA e AEEAL B 9 gAY Al s
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Table 3. Recovery of residual organochlorine pesticides in orchard soil

o Recovery (%) LOQ RSD (%)
Pesticides
4 ug/kg 20 ug/kg (ug/kg) 4 ug/kg 20 ug/kg
a-HCH 84.3+2.2 90.4+2.6 0.15 2.6 29
3-HCH 88.4+2.0 95.4+1.6 0.21 2.3 1.7
v-HCH 85.7+1.7 83.8+2.8 0.12 2.0 3.3
6-HCH 86.4+2.4 86.8+3.2 0.12 2.8 3.7
a-Endosulfan 90.2+1.7 91.2+2.4 0.09 1.9 2.6
Group 1
[3-Endosulfan 86.2+2.7 93.2+1.2 0.06 3.1 1.3
Endosulfan sulfate 101.4+2.4 86.243.7 0.09 24 43
Endrin 79.44+2.2 93.6+3.0 0.09 2.8 32
4,4-DDE 92.4+2.6 84.8+1.4 0.09 2.8 1.7
2,4-DDT 93.4+2.0 84.5+3.4 0.12 2.1 4.0
Aldrin 93.842.8 90.4+2.3 0.09 3.0 25
Dieldrin 80.5+2.6 79.8+2.5 0.09 32 31
Hexachlorobenzene 91.743.3 87.4+1.8 0.06 3.6 2.1
Heptachlor 84.6+2.8 84.5+3.1 0.03 3.3 3.7
Group II Heptachlorepoxide 82.6+2.4 90.443.6 0.09 29 4.0
2,4-DDD 84.2+1.3 75.4+3.2 0.09 1.5 42
2,4-DDE 91.4+0.9 87.2+2.4 0.09 1.0 2.8
4,4-DDD 83.5+2.2 92.5+3.2 0.24 2.6 35
4,4-DDT 88.3+1.8 80.6+4.2 0.09 2.0 52

Table 4. Recovery of endosulfan sulfate, 2,4-DDT, 4,4-DDD, 4,4-DDE, and 4,4DDT in apple and pear

. . Recovery (%) LOQ RSD (%)
Fruits Pesticides
10 pg/kg 50 ug/kg (ug/kg) 10 pg/kg 50 ug/kg
2,4-DDT 83.5+2.2 80.6+3.4 0.9 2.6 4.2
4,4-DDD 88.2+1.9 82.4+2.7 0.9 2.2 3.3
Apple
4 4-DDE 90.443.2 86.5+2.4 0.9 35 2.8
Endosulfan sulfate 84.5+2.8 93.4+4.0 0.6 33 4.3
4,4-DDT 82.6+2.4 79.3+3.3 1.2 29 42
P 4,4-DDD 87.8+1.8 80.2+2.4 0.9 2.1 3.0
ear
4,4-DDE 76.942.2 83.4+1.2 0.9 29 1.4
Endosulfan sulfate 92.842.4 82.74+2.2 0.6 2.6 2.7

Table 5. Residue of residual organochlorine pesticides in orchard soil

Pesticides Detection range (ug/kg) Detection number (Ratio of detection, %)
2,4-DDT 22 1 (1.6)
4,4-DDD 19 1 (1.6)
Apple
4,4-DDE 1.3-64.9 2 (3.2
Endosulfan sulfate 11.3 1 (1.6)
4,4-DDT 90.6-863.1 4 (7.1)
4,4-DDD 48.0 1 (1.8)
Pear
4,4-DDE 8.0-84.1 6 (10.7)
Endosulfan sulfate 239.0 1 (1.8)
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Table 6. Residue of residual organochlorine pesticides in apple and pear samples

Pesticides Detection range (ug/kg) Detection number (Ratio of detection, %)
2,4DDT <LOQ -
4,4-DDD <LOQ -
Apple
4,4-DDE <LOQ -
Endosulfan sulfate <LOQ -
4,4-DDT <LOQ -
4,4-DDD <LOQ -
Pear
4,4-DDE <LOQ -
Endosulfan sulfate <LOQ -
o]l ol Sto] AAESla, FH 100 m E73A level, MRL)= 475t} #fstal ItHLim et al, 2016a,
2 olo] = =

= dAellE Hedos #EH
el ARt DDT

ol AxpAoz I4=¢
o] A& Aolgt & 4 9t} o)yt
A= DDTY ARgo] AgEE 197213704 A AA =
ofellA] AZ¥ dieldrine 109 AHEE oY DDTE 209
ol AMEEG A, B 57127014 dieldrin % DDT HHF
717¢ 242} 1,4009 96,2009 % DDT ZH7713t] dieldrin
W 44u) A3, AFAHG8A FE = L, A 5

-

A e W AR ek FAAES flou ARge] Alg
2 w7k DDTw F2 Jedef] ARH] Wil 2oz

It Park and Ma, 1982; PAN Pesticide Database,

www.pesticideinfo.org).

At 2 H & MREARIIGLAA S TR
L2y} 2 ekEerd | (Korea Food Additives Code,

2018)+= FEHE Feke] FF3EE7]F(maximum residue

2016¢, 2017a). A7) T BN HE
¥ DDTS] MRL2 73}, =, @<, Efr7a] & 1274 2
ol tisle] 2,4-DDT, 4,4DDT, 44DDE % 4,4-DDD2]
o= 0.01-5.0 mg/kg, endosulfan®] MRL-> 1, 78], <
A, @7), 8, vk 5 3071 2%l tisle] a-endosulfan,
B-endosuflan ¥ endosulfan sulfate®] %% 0.05-0.2
mg/kgﬂi H;ﬁﬂo} oh:]_

A} 2wl 39 B9kl DDT % endosulfanol zzy
#v) 863.1 4 239.0 ug/kg 752 AFHYSIE E5)
3, B AR 2 o) AlselAE olF Aol HEEA
¥kt Table 6). & Ao ¥} < DDTH+ ¥ endosulfan
o Ao R ARl 1.2 9 0.6 ug/kgE A8st
o sieets, o)F 7 Aol sk MRLo| 7P v 212
715 0.01 9 0.05 mg/kg Bt 747} 8.3 4 8331 e 5
Fo]%tTable 6).
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olde] Axp= Akt 9wl Fg BN R84
A 2 A7 A48(2,4DDT, 44DDE, 4,4DDD, 4,4DDT
4 endosulfan sulfate) ©] U[&o 3 AZE S oL}, (Al
g )R 5 - oA s FEoR, AL RS
Ade v vk Al 9o B Eoko] ARV 2t
FAR7IE90A) Feko 2 99HA] s YERLL
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