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Comparison of Pesticide Resideus in Fruits by Part
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ABSTRACT - In this study, we tested for pesticide residues in 114 samples representing 20 different types of fruit
circulating in Gyeonggido. A total of 341 pesticides were identified via a multi-residue method using GC-NPD, GC-
ECD, GC-MSMS, and LC-MSMS. In whole fruit, pesticides were detected in 48 cases, with a concentration range of
0.0025-0.1663 mg/kg. In the peels, pesticides were detected in 85 cases, with a concentration range of 0.0026-4.7185
mg/kg and a higher average concentration than was found in whole fruit. In the pulp, pesticides were detected in 8
cases, with a concentration range of 0.0021-0.0993 mg/kg. In most of the peels, pesticides were detected below MRL.
In the kiwi peel, deltamethrin (with an MRL of 0.05 mg/kg) was detected at 0.1020 mg/kg. Since MRLs are applied
to whole fruit, these levels are not unsuitable for ingestion. However, washing is recommended before ingestion to
promote healthier and safer inclusion of the peel in the diet. Continuous monitoring of the peel and pulp is indicated.

Key words: Pesticide residues, Fruits, Peel, Pulp
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Table 1. The list of samples for the monitoring of pesticides residues
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=5 XY

EAUE e F 3415S = 3 GC (Gas
Chromatography) 251, LC (Liquid Chromatography) 90
5 wAs 93151 FF 2T EZ LS Kemidas (B4}, Gunpo,
Korea) A& ARESIATE E40 AL&3F A|2R& acetonitrile
(Burdick & Jacson), dichloromethane (Burdick & Jacson),
acetone (Wako, Osaka, Japan), methanol (Wako, Oksaca,
Japan) 55 ARESIATH L 919 AES BT WFEeF
48 3 GRES ARSI A1 58] GAl7g oA SPE
(Solid Phase Extraction)= florisil cartridge (1000 mg,
6mL, Agilent, Santa clara, CA, USA), amino-propyl

cartridge (1000 mg, 6 mL, Agilent)E AF8-3}1

XI=c0F HAJHHRH
TLTTO—1 ™10
NEE AEFA(7122)0) BHEEet ChIEEA Mult

Class Pesticide Multiresidue Methods)-#|2%¥ ol we} -2
SHATE?. et A5-S #E g - tP27](Robot coupe,
Vincennes, France)@ #3ste] <F 50g2 FHSF3Ath
Acetonitrile 100 mLS 7}3}3 & 7](OMNI, Kennesaw,
GA, USA)E ©]&3}4] 3,000 rppme2 3E-7F 31&mps ot
—fF oAttt gt M2 sodium chloride 15 go] &

LAz 7o) gof 127 A £ F BAst S
ﬂ—é— A ZA Y. AcetonitrileZ-2 anhydrous sodium sulfate
of BIAA EFst acetonltrlleE A7Fske] 100 mLE
% 3tk Acetonitrile®S GC 4183 LC #4802
20 mLE F 8t 40°C olsl FEAIA 1 T35}

HE“

1_40_1_4_4

Al GC £43% LC #42 el Adsiidt. GC
<2 2] hexane 5 mL¥} 20% acetone/hexane 5 mL =
g3}l Sk florisil cartridged] FE A|EHE 20%
acetone/hexane 4 mLol| =91 & cartridgedl] 2o &EA1A
AlgFol wkQkt) 20% acetone/hexane S mLE Al 58-S
g3l 3 5 cartridgeol] Wol 7+ Al ol BEE 3 40°C
o|l FEAFA 22} FF3EATH &ui7E s AAR
% 20% acetone/hexane 4 mLE =3 0.2 um PTFE filter

32 N
2o _1\'

o o

Type Group

Commodity

Pome fruits

Citrus fruits

Apple (23), Pear (11), Persimmon (2)
Mandarin (13), Orange (13), Grapefruit (2), Lime (1)

Fruits Stone fruits Peach (6), Plum (2), Apricot (1)
Berry fruits Grape (5)
Tropical fruits Banana (12), Kiwi (7), Mango (2), Dragon fruit (2), Pineapple (1), Passion fruit (1), Avocado (1)
Vegetable Fruiting vegetables Oriental melon (6), Melon (3)

Total

114

() Number of sample
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(Whatman, Maidstone, England) 2 o]3}3 &
Z ARSI T LC 412 vE] dichloromethane 5 mL 2
T=H ARYS 1%

AR gee

243} 3 amino-propyl cartridgeol]
methanol/dichloromethane 4 mLel| =91 & cartridge®l] %
o] &= AA A FH Wt 1%  methanol/
dichloromethane 7 mL & A|2NE 2|83 & cartridge®ll
Lﬂ‘ﬂ 2 Alge] vk 3 40°C °] st 83l 23k
=3tk &7t &4 A AHE T methanol 2 mL &
01 =3 0.2 um PTFE filter2 33 & A|g&qo
2 ARgstain
77 BY =
AF5oF A 2 FGAHEAL 93] GC-MSMS (Thermo
fisher scientific, TSQ9000, Waltham, MA, USA)3} LC-
MSMS (AB sciex, US/QTRAP4500, Framingham, MA,
USA)S ARSI 4] §F & f71947= GC-ECD
(Agilent, 7890A), 5719171 GC-NPD (Agilent, 7890A)=

Table 2. Analytical condition of GC-ECD, GC-NPD and GC-MSMS

74]% o2l 0]'91@29 . 7d de] AHde AR ﬁ]?(coefﬁcient
=z 174] (Limit of

0
< ICH (Intematlonal Co
AAEE ot ] Ak W

LOD = 3.3 x§/S
LOQ = 10 x §/S

d: The standard deviation of the response
S: The slope of the calibration curve

Instrument GC-ECD GC-NPD GC-MSMS
Inlets Split, 270°C, 1 pL Injection Splitless, 270°C, 1 pL Injection Splitless, 270°C, 1 pL Injection
DB-5 DB-5 TG-5
Column (30 mx0.25 mm, 0.25 pm) (30 mx0.25 mm, 0.25 pum) (30 mx0.25 mm, 0.25 pm)
Flow rate 1.0 mL/min Flow rate 1.0 mL/min Flow rate 1.0 mL/min
°C/min next hold °C/min next hold °C/min next hold
initial 170 1 initial 130 1 initial 7 3
Oven temp. 4.7 240 4 8 180 1 15 160
13 279 1 4 210 3 5 300 3
30 295 12 10 300 5
Temp.: 300°C Temp.: 320°C MRM mode

Detector temp. N.: 60 mL/min

Air: 60 mL/min, N,: 60 mL/min

Transfer line: 280°C

H,: 3.0 mL/min Ion source: 280°C

Table 3. Analytical condition of LC-MSMS

Instrument LC-MSMS
2uL Injection
Inlets A: 0.1% Formic acid, 5SmM Ammonium formate in DW
B: 0.1% Formic acid, 5mM Ammonium formate in MeOH
Column CAPCELL CORE C18 (2.1x150 mm, 2.7 pum)
min A (%) B (%)
Initial 95 5
1.5 50 50
Mobile phase 12.0 2 98
16.0 98
16.1 95 5
20.0 95 5
Detector MRM
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GC-NPDZE 540l sl F3stanem 2 A= Table
49} ok, Aol AL 0.0125-2.0 mgkg HElelA
0.9898-1.0000. 2 X%F R>0.98°|%3, AZ3A=
0.0006-0.00032 mg/kg, A FeH7A= 0.0019-0.0096 mg/kg
02 Yeh nFFe] R E HE] 7hse 2o W
e AT

Table 4. Limit of detection (LOD), limit of quantitation (LOQ) and linearity of detected pesticides

No. Pesticide LOD (mg/kg) LOQ (mg/kg) Coefficient of determination (R?)
1 Azoxystrobin 0.0013 0.0039 0.9918
2 Bifenthrin 0.0006 0.0020 0.9997
3 Boscalid 0.0014 0.0043 0.9931
4 Carbaryl 0.0025 0.0075 0.9901
5 Chlorantraniliprole 0.0013 0.0039 0.9912
6 Chlorfenapyr 0.0023 0.0068 0.9999
7 Chlorothalonil 0.0008 0.0024 0.9998
8 Chlorpropham 0.0023 0.0070 0.9999
9 Chlorpyrifos 0.0013 0.0040 0.9997
10 Chromafenozide 0.0015 0.0044 0.9928
11 Cyazofamid 0.0006 0.0019 0.9954
12 Cyhalothrin 0.0021 0.0064 0.9994
13 Cypermethrin 0.0029 0.0088 0.9988
14 Deltamethrin 0.0029 0.0089 0.9989
15 Etofenprox 0.0020 0.0061 0.9998
16 Fenitrothion 0.0014 0.0041 0.9999
17 Fenpropathrin 0.0026 0.0079 0.9999
18 Fenpyroximate 0.0009 0.0026 0.9924
19 Fluazinam 0.0024 0.0073 0.9942

20 Flubendiamide 0.0024 0.0072 0.9941
21 Fludioxonil 0.0013 0.0038 0.9984
22 Flufenoxuron 0.0016 0.0048 0.9980
23 Flutriafol 0.0025 0.0076 0.9969
24 Hexaconazole 0.0021 0.0065 0.9991
25 Imidacloprid 0.0016 0.0047 0.9971
26 Indoxacarb 0.0017 0.0051 0.9996
27 Iprodione 0.0011 0.0034 0.9993
28 Lufenuron 0.0015 0.0046 0.9969
29 Malathion 0.0012 0.0035 0.9913
30 Metconazole 0.0031 0.0093 0.9999
31 Methomyl 0.0030 0.0092 0.9943
32 Methoxyfenozide 0.0018 0.0054 0.9898
33 Novaluron 0.0024 0.0072 0.9964
34 Phenthoate 0.0008 0.0025 0.9998
35 Prochloraz 0.0013 0.0040 0.9946
36 Procymidone 0.0021 0.0064 0.9972
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Table 4. (Continued) Limit of detection (LOD), limit of quantitation (LOQ) and linearity of detected pesticides

No. Pesticide LOD (mg/kg) LOQ (mg/kg) Coefficient of determination (R?)
36 Procymidone 0.0021 0.0064 0.9972
37 Pyraclostribin 0.0008 0.0024 0.9915
38 Pyridaben 0.0023 0.0071 0.9991
39 Pyridalyl 0.0020 0.0060 0.9983
40 Pyrimethanil 0.0024 0.0071 0.9943
41 Spirodiclofen 0.0022 0.0067 0.9945
42 Tebufenozide 0.0010 0.0029 0.9967
43 Teflubenzuron 0.0019 0.0059 0.9909
44 Thiamethoxam 0.0022 0.0066 0.9977
45 Thiodicarb 0.0011 0.0033 0.9975
46 Trifloxystrobin 0.0017 0.0052 0.9912
47 Triflumuron 0.0032 0.0096 1.0000
Table 5. Number of residual pesticides from peel and pulp
No. of sample detected
Group Commodity
Whole (peel+pulp) Peel Pulp
Apple (23) 23 23 5
Pome fruits Pear (11) 1 7 0
Persimmon (2) 2 2 0
Mandarin (13) 13 13 1
Orange (13) 13 7 1
Citrus fruits
Grapefruit (2) 2 1 0
Lime (1) 1 1 0
Peach (6) 6 5 1
Stone fruits Plum (2) 2 2 0
Apricot (1) 1 1 0
Berry fruits Grape (5) 1 3 0
Banana (12) 2 11 0
Kiwi (7) 2 2 0
Mango (2) 1 2 0
Tropical fruits Dragon fruit (2) 0 0 0
Pineapple (1) 0 0 0
Passion fruit (1) 0 0 0
Avocado (1) 0 0 0
Oriental melon (6) 0 4 0
Fruiting vegetables
Melon (3) 0 1 0
Total 48 85 8
() Number of sample
2HE IREd 24 21 A3 A= Table 590 AAISIATE T 11470 5 48%719]
A= W $E0E 2 LTl S5 FAR 18 ASHe] %] ASEL YT FARLS YA )
FE5I AT 2F5S 9o FHo R BEste] £ 9 &S BEste] 249 23, AudMe 8571¢] A
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Table 6. Concentration of residual pesticides from peel and pulp of poem fruits

= A& 0.0026-0.9822 mg/kg ©loH FEolHE 3F] F
ZE°] oFo] 53] HE= o] HEHS= 0.0021-0.0262 mg/kg 191
et ok A3F FY A AEFl Bls] A= 1.1-858)
Koz 7t AZHUL AEFE F 294004 9%0] 193] HEH
Ao AL HAEEYE 0.0079-0.1663 mg/kg ©l ATk F ol
sl - 21F°] 623] HEEHAL AEHS= 0.0072-4.7185 mg/kg
] ojlem FHHoME 2F9] FoFo| 23] HAEH AEH

21 0.0090-0.0993 mg/kg & WERSTH 7HEF A A

Commodity Pesticides Detection range (mg/kg) (No. of detection)
(No. of samples) Whole (peel+pulp) Peel Pulp
Bifenthrin 0.0062-0.0126 (4) 0.0069-0.1661 (19) -
Boscalid - 0.0103-0.0718 (4) -
Chlorantraniliprole 0.0117 0.0169-0.0689 (7) -

Chlorothalonil
Chlorpyrifos
Chromafenozide
Cyhalothrin
Deltamethrin
Etofenprox
Fenitrothion
Fluazinam
Flubendiamide
Flufenoxuron

Apple (23) Flutriafol
Hexaconazole
Iprodione
Lufenuron
Metconazole
Methomyl
Methoxyfenozide
Novaluron
Pyraclostrobin
Pyridalyl
Pyrimethanil
Spirodiclofen
Tebufenozide

Teflubenzuron

0.0025-0.0778 (9)

0.0041-0.0117 (2)
0.0101-0.1156 (22)

0.0367

0.0090-0.0100 (2)
0.0071-0.0792 (7)
0.0134
0.0165-0.1188 (2)
0.0292-0.0305 (2)
0.0081-0.0382 (6)
0.0092-0.0220 (6)

0.0353-0.0632 (2)

0.0028-0.2635 (19)
0.0026-0.0808 (3)
0.0092
0.0153
0.0164-0.0689 (3)
0.0261-0.9822 (23)
0.0176
0.0087-0.0384 (2)
0.0213-0.2775 (2)
0.0147-0.0740 (5)
0.0155-0.0167 (2)
0.0322
0.0178-0.3520 (13)
0.0131-0.1673 (6)
0.0497-0.1883 (3)
0.0179-0.2311 (3)
0.0119-0.4120 (8)
0.0140-0.3361 (15)
0.0152-0.1712 (18)
0.0083
0.0193
0.0094-0.3277 (5)
0.0330
0.0085-0.1271 (9)

0.0021-0.0058 (2)

0.0187-0.0262 (2)
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Table 6. (Continued) Concentration of residual pesticides from peel and pulp of poem fruits

Commodity

Detection range (mg/kg) (No. of detection)

Pesticides
(No. of samples) Whole (peel+pulp) Peel Pulp
Thiamethoxam - 0.0144 -
Apple (23) Trifloxystrobin 0.0089-0.0145 (6) 0.0103-0.2340 (16) -
Triflumuron - 0.0222 -
Boscalid - 0.0149 -
Carbaryl 0.016 0.1326 -
Chlorpyrifos - 0.0128-0.0393 (4) -
Etofenprox - 0.0081-0.0112 (2) -
Pear (11) Fenitrothion - 0.1114 -
Hexaconazole - 0.0117 -
Novaluron - 0.0088 -
Phenthoate - 0.0127 -
Spirodiclofen - 0.019 -
. Etofenprox - 0.0083-0.0451 (2) -
Persimmon (2) .
Thiamethoxam - 0.0099 -
Table 7. Concentration of residual pesticides from peel and pulp of citrus fruits
Commodity . Detection range (mg/kg) (No. of detection)
(No. of samples) Pesticides Whole (peel+pulp) Peel Pulp
Azoxystrobin 0.0351 0.3469 -
Boscalid 0.0095 0.0080-0.0621 (3) -
Chlorfenapyr - 0.1231-0.4467 (2) -
Chlorpyrifos 0.0234 0.0368-0.2499 (2) -
Etofenprox - 0.0137 -
Fludioxonil - 0.6458 -
Flufenoxuron - 0.0259 -
Imidacloprid 0.0079 0.0123-0.0334 (3) -
. Iprodione - 0.0549 -
Mandarin (13)
Lufenuron 0.0154-0.0459 (2) 0.0096-0.2137 (9) -
Malathion - 0.0072 -
Methoxyfenozide 0.0142 0.0135-0.0358 (2) -
Novaluron 0.0093-0.0294 (3) 0.0242-0.2362 (4) -
Prochloraz - 0.0313-0.1646 (2) -
Pyraclostrobin - 0.0133-0.0284 (2) -
Pyridaben - 0.0097 -
Spirodiclofen 0.0080-0.0740 (5) 0.0113-0.4533 (9) 0.009
Tebufenozide - 0.0165-0.1606 (2) -
Azoxystrobin 0.1663 4.7185 0.0993
Chlorpropham - 0.0336 -
Fenpyroximate - 0.0084-0.0184 (4) -
Orange (13) Fludioxonil - 0.641 -
Imidacloprid - 0.0576 -
Methoxyfenozide 0.0195 0.0359 -
Thiamethoxam - 0.0393 -
Grapefruit (2) Pyraclostrobin - 0.0222 -
. Azoxystrobin 0.0772 0.3928 -
Lime (1) . .
Fludioxonil 0.0948 0.4324 -
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Table 8. Concentration of residual pesticides from peel and pulp of stone fruits

Commodity

Detection range (mg/kg) (No. of detection)

(No. of samples) Pesticides Whole (peel+pulp) Peel Pulp
Bifenthrin 0.0072 0.0091-0.0303 (2) -
Boscalid 0.0112-0.0349 (2) 0.0298-0.2233 (2) -
Chlorantraniliprole 0.0103 0.0113-0.0587 (3) -
Chlorothalonil 0.0099 0.0555 0.0063
Cyhalothrin 0.0035-0.0118 (2) 0.0121-0.0411 (2) -
Cypermethrin - 0.5395 -
Deltamethrin - 0.1083 -
Etofenprox 0.0402 0.0264-0.1926 (2) -
Peach (6) Flubendiamide 0.0094 0.0217 -
Hexaconazole - 0.0084 -
Indoxacarb - 0.0914 -
Lufenuron 0.0103 0.0091-0.0947 (2) -
Methomyl 0.0101 0.1064 -
Methoxyfenozide - 0.0091 -
Novaluron - 0.0464-0.0522 (2) -
Pyraclostrobin 0.0577 0.0129-0.3941 (4) -
Trifloxystrobin 0.0081 0.0125-0.0348 (2) -
Etofenprox 0.0209 0.0506-0.1043 (2) -
Plum (2) .
Pyraclostrobin - 0.0099 -
Deltamethrin - 0.0832 -
Etofenprox 0.1065 0.8935 -
Apricot (1) Lufenuron - 0.0221 -
Methoxyfenozide 0.0131 0.0286 -
Pyraclostrobin 0.0395 0.1065 -
Trifloxystrobin 0.0186 0.0488 -
Table 9. Concentration of residual pesticides from peel and pulp of berry fruits
Commodity .. Detection range (mg/kg) (No. of detection)
Pesticides
(No. of samples) Whole(peel+pulp) Peel Pulp
Bifenthrin - 0.0212 -
Fludioxonil 0.0494 0.1478 -
Grape (5) Procymidone - 0.0144 -
Pyraclostrobin - 0.0120-0.0286 (2) -
Trifloxystrobin 0.0665 0.2212 -
Table 10. Concentration of residual pesticides from peel and pulp of tropical fruits
Commodity .. Detection range (mg/kg) (No. of detection)
Pesticides
(No. of samples) Whole (peel+pulp) Peel Pulp
Azoxystrobin 0.0244 0.0367 -
Bifenthrin - 0.0107-0.0251 (6) -
Banana (12) Chlorothalonil - 0.0078 -
Chlorpyrifos 0.0088 0.0213-0.0628 (6) -
Prochloraz - 0.1145-0.4069 (3) -
Azoxystrobin 0.0227 0.0658 -
Boscalid 0.0268 0.1293 -
Kiwi (7) Chlorantraniliprole 0.0125 0.047 -
Deltamethrin 0.0188 0.102 -
Iprodione 0.1077 0.3147-0.4160 (2) -
Methomyl 0.069 0.2702 -
Mango (2) Azoxystrobin 0.0176 0.0208-0.5394 (2) -
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Table 11. Concentration of residual pesticides from peel and pulp of fruiting vegetables

Commodity o Detection range (mg/kg) (No. of detection)
(No. of samples) Pesticides Whole (peel+pulp) Peel Pulp
Bifenthrin - 0.0073 -
Oriental melon (6) Fenpropathrin - 0.006 -
Pyridaben - 0.0117-0.0331 (4) -
Melon (3) Cyazofamid - 0.0276 -
Table 12. Concentration of residual pesticides from samples detected in the pulp
Commodity Pesticides Concentration (mg/kg)
Whole(peel+pulp) Peel Pulp
Apple Etofenprox 0.0564 0.5690 0.0145
Apple Chlorothalonil 0.0335 0.0366 0.0058
Apple Chlorothalonil 0.0116 0.1440 0.0021
Apple Iprodione 0.0690 0.1705 0.0187
Apple Iprodione 0.0499 0.2739 0.0262
Peach Chlorothalonil 0.0099 0.0555 0.0063
Mandarin Spirodiclofen 0.0628 0.4533 0.0090
Orange Azoxystrobin 0.1663 4.7185 0.0993
Atk AshfE 97oIM 120 183 ABUAT AW FE 2B 02 PP uP. = FURARE
$1%& 0.0035-0.1065 mg/kg OISATt. A¥]oA = 17*«1 T OeR A Aes TEAY & Al ofstd o
oFo] 383] HEF UL HEH = 0.0084-0.8935 mg/kg ©] o] zhFsoke HElAd A v Es o dA] F
Ao Ao 159 Fefol 13] AEHAT ALH JFed, AFoe LAA AN HEFA rvte R
A AEwgol vl HulolM 2-100) FE] Fol AEH  chlorpyrifos 2710] AN oW Yox] L2 HEHA] &9k
Aot FHFE F 5 T 2%l 23] AEH AEWS U BASIITEY. MeA] AEAYGNA frEEHe ALl
= 0.0494-0.0665 mg/kg ©|A3L A= 550 63 A Hooh 55 B dddAolM e Ad AA Aol
Z5o] A&+ 0.0120-0.2212 mg/kg ©loH &0 Hlgl] FojollA] 2-158] B Fo2 AZHUL, 21 F 7

A AEL it #Y ;ﬂxﬂé AL wol wjs)
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of sl E 78] 93] % EEM HEHAE 0.0088-
0.1077 mg/kg °lA3L HAI A= 10F°] 263 HE5
A& 2= 0.0078-0.5394 mg/kg ol ow FHFore] 7
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