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Abstract

We investigated pesticide residues in green coffee beans. Toward this, we collected 80 samples of green coffee
beans and analyzed the presence of 41 different pesticides using a combination of the QUEChERS method and
GC-MS/MS and LC-MS/MS. In the validation study, the values of limit of detection and limit of quantitation were
in the range of 0.0003-0.0031 mg/kg and 0.0009-0.0093 mg/kg, respectively. The coefficient of determination (R?)
was > 0.99. The recovery rate was satisfied except for 2 pesticides at the concentration level of 0.01 mg/kg, and
except for 5 pesticides at the concentration level of 0.1, 0.5 mg/kg. The pesticide residue detection rate in the green
coffee beans was 18.8% (15 of 80 samples). Pesticide residues were detected in 11 samples from Brazil, 2 samples
from Colombia, 1 sample from Kenya, and 1 sample from India, all of which were Coffea arabica. Five kinds
of residual pesticides were detected. Chlorpyrifos is an organophosphorus insecticide, triadimenol is a triazol fungicide,
imidacloprid, thiamethoxam, and clothianidin are neonicotinoid insecticides. All 15 green coffee beans in which
detected pesticide residues were evaluated at a safe level below the Maximum Residual Limits (MRLs), but since

coffee consumption is increasing day by day, the levels of pesticide residues in green coffee beans should be monitored
continuously.
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2 (AA] A|2019-892)9] BAME BKERG1E7]E0lA A
A5o] 7|20] AR 5% B 5] B 7Kst 4150R,
e AH Anyang, Korea)2] stock solution 1,000 mg/L X 100
mgL2 Al Amel Axle] HHNAE acetonitrile
(Honeywell, Charlotte, NC, USA), acetic acid(99.9%)(Wako
Pure Chemical, Osaka, Japan), QuEChERS(Quick, Easy,
Cheap, Effective, Rugged and Safe) kit(Agilent, Santa Clara,
CA, USAE ARSIt & ©AolA= QuEChERS
Extraction kit(magnesium sulfate(MgSO4) 98.5-101.5%,
sodium acetate(NaOAc); 99.8%)5 ARSI, AA| THA ol

Table 1. The list of samples used in this study

Country of origin sle\llr(;pl(z: fs Species of coffee plants

Brazil 11 Arabica” (11)
Vietnam 8 Robusta® (8)
Colombia 9 Arabica (9)
Ethiopia 9 Arabica (9)

Peru 5 Arabica (5)
Honduras 7 Arabica (7)
Guatemala 8 Arabica (7), Robusta (1)

Kenya 8 Arabica (8)

India 7 Arabica (4), Robusta (3)
Indonesia 8 Arabica (5), Robusta (3)

Total 80 Arabica (65), Robusta (15)

VCoffea arabica.
ICoffea canephora.
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A+ QuEChERS dispersive solid phase extraction(dSPE) kit
(MgSO;, primary secondary amine(PSA), octadecysilane(C18),
graphitized carbon black(GCB))E A2}, Syringe filter
+= polytetrafluoroethylene(PTFE) A& 2] 13 mm, 0.2 pm F
Z(Whatman, Dassel, Germany)2 ARESIch  Liquid
chromatography(LC) ©]'5*~2 methanol(Wako Pure Chemical,
Osaka, Japan), formic acid(98.0%)(Wako Pure Chemical,
Osaka, Japan), Ammonium formate(99.995%)(Sigma-Aldrich,
Steinheim, Germany)E ARSI, S55= ZETAIRY]
(Milli-Q Direct 8, Merck KGaA, Darmstadt, Germany)=Z %
Alstod(BIAR 18.2 MQ) ARESIIH:. 015/d<Z 0.2 um nylon
membrane filter(Whatman, Dassel, Germany)= o3} & &
715to] ARESIRAH:

NERLD

A9 & 9 A= APATE arste] QuEChERS
FEAHE A5t Mekonen 5, 2015; Oliveira -, 2016;
Reichert 5, 2018). QUEChERS EA4"H-2 Anastassia 5{2003)
o oJsf 7fdtE HpHo = mt ZQIEA5)E}S](Association
of Official Analytical Chemists, AOAC)°J|A]= 2007d 1Y
HE AR 2AHoRE I HRo|thLehotay 5,
2007). 71& &°F AT gy EARRo] 1idekar
ChgRE miER Ao 283 4= Slths Aol St

HA #2431 A& 5 g2 50 mL centrifuge tube©] ATF
T F5F5 10 mLE o] 3087t SR3IFTh o719
1% acetic acid”} 3 acetonitrile -2 15 mLE 93! 1-2
E7F AEsE & MgSO, 6.0 gif NaOAc 1.5 g& Yl 187¢
NE9E Z4spl £50] SRt o] TAAL 4,000
pmold 537 QAR 5 459 8 mLg 9

o] AF59MS gas chromatography-tandem mass spectrometry
(GC-MS/MS) A]38910] AO0 PSA 400 mg, MgSO;
1,200 mg, Cj3 400 mg, GCB 400 mge| ©71 15 mL centrifuge
tubeo]] YA, liquid chromatography-tandem mass spectrometry
(LC-MS/MS) A]3-8010] 9o PSA 400 mg, MgSO.
1,200 mg, C;g 400 mgo] F7l 15 mL centrifuge tube®]] ¥}
o}, ZFZY9] tubeE 147t 745HA| €50 & F 4,000 rpmOf|A]
5ELE RS s LEE FI5l 40T ot 8- Aol
A AL FF6ItE 55 AES DT acetonitrile®
A-&-2l5al, PTFE syringe filter2 oj¥}slo] Algg oz <t
%, 77} GC-MS/MS, LC-MSMSZ E-A51ickFig. 1),

717124
GC-MS/MS+= Thermofisher scientificA{ Waltham, MA,
USA)S] TSQ 9000 GC-MS/MS 71715 Ar&stHal, A

[ Weight 5 g of sample ]
Add 10 mL of water

_[ 15 mL of 1% acetic acid in ]
acetonitrile

— MgS04 6 ¢, NaOAC 1.5¢ |

[ Centrifuge (4000 rpm, 5 min) ]

[ ]
PSA 400 mg, C18 400 mg, PSA 400 mg, C18 400 mg,
MgS0O4 1200 mg, GCB 400 mg MgSO4 1200 mg

Vortex mix for 1 min and
centrifuge (4000 rpm, 5 min)
| |

[ Transfer supernatant to a clean test tube and ]

dry under nitrogen

Reconstitute with acetonitrile and
filter with PTFE syringe filter

|
[ GC-MS/MS ] [ LC-MS/MS ]

Fig. 1. Flow chart of QUEChERS method for pesticide residue
analysis.

TG-5(30 mx0.25 mm, 0.25 pm, Thermofisher scientific)ES
ARE513TE LC-MS/MS= Thermofisher scientificAFe] Q
exactive focus LC-MS/MS 7|78 AREs519ia, AHL
CAPCELL CORE C18(2.1 mmx150 mm, 2.7 um, OSAKA
SODA, Osaka, Japan)E ARE-5}3LT.

GC-MS/MS EA A 59k0. 233(258=)0]1, LC-MS/MS
BAOK BORS 1SF(SYOR F 4159 B BE
multiple reaction monitoring(MRM) methodZ HA5}L}.
tlo]e] X2)= Trace finder A Eo}(Thermofisher scientific)
E ARESISY, R S8 (matrix matched
standard) O 2 ZMJet HE HFAZ ol&sto] ALkelutt 7t
71719] B4 2742 Table 2, 30 UERYQLT, BT 52F
4150l tiek MRM 27 Z}ZF Table 4, 50 YERAITE

o o
2] o] That SEA ABE ABOORErAN AE
OJREQAEALUY] AIE 5 AR vkl EEAA] Bt
A

7} E&= acetonitrile2 343t & 53] BRESIo] S5t
HFAY AAL A (coefficient of determination,
RHE 3151911, AE5HA(limit of detection, LOD) ¥ 3
FSHA|(limit of quantitation, LOQ)= o}29] A& HiHo] uh
o el
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Table 2. Analytical conditions of GC-MS/MS for pesticide residues
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Parameters Conditions
Column TG-5 30 mx0.25 mm, 0.25 pm)
Flow rate 1.0 mL/min (Helium 99.999%)

Injection volume & mode

1 uL, splitless

Inlet temperature 280TC
GC
Temperature (C) Rate (C/min) Hold (min) Total (min)
70 3 3
Column oven
160 15 0 9
300 5 3 40
Ionization mode Electron ionization (EI)
MS/MS Transfer line temperature 280C
Ion source temperature 280C
Table 3. Analytical conditions of LC-MS/MS for pesticide residues
Parameters Conditions
Column CAPCELL CORE C18
(2.1 mmx150 mmx2.7 pm)
Column oven 40T
Injection volume 2 pL
Flow rate 0.3 mL/min
Mobile phase A: 0.1% formic acid, 5 mM ammonium formate in water
p B: 0.1% formic acid, 5 mM ammonium formate in methanol
Time (min) A (%) B (%)
LC
0 95 5
1.0 95 5
1.5 70 30
Gradient program
12.0 2 98
16.0 2 98
16.1 95 5
20.0 95 5
Ionization mode Electrospray ionization (ESI)
Ion source HESI
Spray voltage 3.20 kV
Capillary temperature 320C
MS/MS .
Aux gas heater temperature 350C
Sheath gas flow (N,) 40 L/min
Aux gas flow (Ny) 15 L/min
Sweep gas flow (N,) 1 L/min
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Table 4. Parameters for pesticide residue analysis by GC-MS/MS

ARSI AsA AsE (2021)

Compound Classification Retention time Molecular Precussorion Fragmention Collision
(min) weight (m/z) (m/z) energy (eV)

151.1 79.1 20
Captan Fungicide 11.09 300.6 151.1 80.1 10
151.1 122 10
196.7 107 36
Chlorpyrifos Insecticide 18.43 350.6 196.7 168.9 12
3139 257.9 12
180.9 152 22
Cyhalothrin Insecticide 28.09, 28.43 449.9 197.1 141.1 10
207.9 180.9 8
163 65.1 26
Cypermethrin Insecticide 331159% oy 4163 163 91.1 12
163 127.1 6
222 82.1 10
Cyproconazole Fungicide 22.63 291.8 222 89.3 38
222 125 20
160 124.1 8
Dicloran Fungicide 14.37 207.0 176 148 12
206 176 10
168.1 139 38
Diphenylamine Fungicide 1291 169.2 168.1 167.1 14
169.2 167.1 22
142 81 12
Disulfoton Insecticide 15.72 2744 142 109 6
186 97 17
194.7 125 22
Endosulafan-@ Insecticide 21.10 406.9 194.7 159.4 8
240.6 205.9 14
158.9 123 12
Endosulafan-3 Insecticide 23.12 406.9 194.7 159 8
240.6 205.8 12
238.7 203.9 12
Endosulafan-sulfate Insecticide 24.47 4229 271.7 2349 12
271.7 236.8 12
165 138 8
Epoxiconazole Fungicide 25.68 329.8 192 111 22
192 138 12
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(continued)
Compound Classification Retention time Molecular Precussorion Fragmention Collision
(min) weight (m/z) (m/z) energy (eV)
260.1 243 5
Fenamiphos Insecticide 21.41 303.4 303.1 195.2 5
303.1 260.1 10
141.1 95.1 10
Fenpropathrin Insecticide 27.32 349.4 181.1 152.1 20
265.1 210.1 10
252 146 30
Oxyfluorfen Herbicide 22.17 316.7 252 169.8 28
252 224 10
166.1 55 18
Pirimicarb Insecticide 16.11 238.3 166.1 96 12
238.1 166.1 10
95.9 53 16
Procymidone Fungicide 20.23 284.1 95.9 67.1 8
283 96.1 8
296.7 268.9 10
Profenofos Insecticide 21.75 373.6 336.9 266.9 12
336.9 308.9 8
173 145 15
Propiconazole Fungicide 24.47, 24.68 3422 259 69 10
259 191 8
125 89 16
Tebuconazole Fungicide 25.22 307.8 125 99 16
250 125 20
231 128.9 20
Terbufos Insecticide 15.15 288.4 231 174.9 10
231 203 10
208 111 20
Triadimefon Fungicide 18.79 293.8 208 126.7 12
208 180.8 8
112 57.6 8
Triadimenol Fungicide 20.24 295.8 128 65 18
168.2 70 10
161 106.1 12
Triazophos Miticide 2391 3133 161 134.1 8
162.1 119.1 12
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Table S. Parameters for pesticide residue analysis by LC-MS/MS

ARSI AsA AsE (2021)

Compound Classification Retention time Molecular Precussorion Fragmention  Collision energy
P (min) weight (m/z) (m/z2) (eV)

89.0 10

Aldicarb Insecticide 5.15 190.3 191.0
70.1 10
372.1 25

Azoxystrobin Fungicide 7.74 403.4 404.1
344.1 25
342.0 20

Benzovindiflupyr Fungicide 9.79 398.2 398.1
378.0 20
307.1 15

Boscalid Fungicide 8.14 343.2 343.0
140.0 15
160 25

Carbendazim Fungicide 3.70 191.2 192.0
132 40
123.0 20

Carbofuran Insecticide 5.81 221.3 222.1
165.1 20
283.9 35

Chlorantraniliprole Insecticide 7.44 483.1 482.0
194.0 35
169.1 25

Clothianidin Insecticide 4.25 249.7 250.0
132.1 19
112.0 20

Cyantraniliprole Insecticide 6.21 473.7 473.0
177.0 20
228.0 21

Hexythiazox Miticide 11.96 3529 353.1
168.1 35
175.1 25

Imidacloprid Insecticide 421 255.7 256.1
209.1 25
178.1 20

Metaflumizone Insecticide 11.00 506.4 524.2
287.1 20
163.1 30

Pyraclostrobin Fungicide 10.29 387.8 388.1
149.0 30
96.0 10

Pyriproxyfen Insecticide 12.15 3214 322.1
227.1 10
198.0 20

Saflufenacil Herbicide 7.48 500.9 501.1
349.0 20
71.1 10

Spirodiclofen Miticide 12.57 4113 411.1
313.0 10
132.0 25

Thiamethoxam Insecticide 3.94 291.7 292.0
181.1 25
186.1 42

Trifloxystrobin Fungicide 10.90 408.4 409.1
145.0 42
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Table 6. Linearity, limit of detection (LOD), limit of quantitation (LOQ) and matrix effect of pesticide residues

A2 e Aness A
AA0.01 mgke),
FAC) 509105 meke) -2

ol e 351 0 A

}74]4 10

1 AZSHA|, A=FSHA|, matrix effect ZF}= Table
AL 0.01-0.5 mg/kg Hol
SHA1= 0.0003-0.0031 mg/kg,
A= 0.0009-0.0093 mgkgl & JER} A2 Zo] &
H&o] 7Fs3 Ao= wE Q.
AcetonitrileZ 5]4]8F 58U 3} matrix-matched E5-8

Pesticides Linear range Correlation 2coefﬁcient LOD LOQ Matrix effect
(mg/kg) R (mg/kg) (mg/kg) (%)
Aldicarb 0.0100-0.5024 0.9997 0.0019 0.0058 -12
Azoxystrobin 0.0100-0.5008 0.9997 0.0007 0.0021 -11
Benzovindiflupyr 0.0100-0.5000 0.9998 0.0029 0.0087 -26
Boscalid 0.0100-0.5007 0.9989 0.0008 0.0024 1
Captan 0.0100-0.5020 0.9995 0.0028 0.0084 46
Carbendazim 0.0100-0.5020 0.9999 0.0011 0.0035 -15
Carbofuran 0.0100-0.5005 0.9984 0.0008 0.0023 1
Chlorantraniliprole 0.0100-0.5015 0.9999 0.0013 0.0040 8
Chlorpyrifos 0.0101-0.5030 0.9998 0.0014 0.0042 153
Clothianidin 0.0100-0.5001 0.9999 0.0024 0.0074 -60
Cyantraniliprole 0.0100-0.5001 0.9998 0.0017 0.0051 -11
Cyhalothrin 0.0200-1.0030 0.9989 0.0023 0.0069 518
Cypermethrin 0.0100-0.5010 0.9978 0.0014 0.0043 318
Cyproconazole 0.0100-0.5015 0.9996 0.0026 0.0078 227
Dicloran 0.0100-0.5020 0.9999 0.0016 0.0048 144
Diphenylamine 0.0101-0.5045 0.9999 0.0013 0.0040 25
Disulfoton 0.0100-0.5001 0.9998 0.0013 0.0040 83
Endosulafan-sulfate 0.0100-0.5005 0.9978 0.0031 0.0093 -40
Endosulafan-a 0.0100-0.5010 0.9991 0.0014 0.0041 2
Endosulafan-B 0.0100-0.5007 0.9995 0.0022 0.0066 98
Epoxiconazole 0.0100-0.5010 0.9998 0.0012 0.0036 443
Fenamiphos 0.0100-0.5001 0.9966 0.0003 0.0009 507

DO
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ARSI AsA AsE (2021)

(continued)

Pesticides Linear range Correlation 2coefﬁcient LOD LOQ Matrix effect
(mg/kg) (R (mg/kg) (mg/kg) (o)
Fenpropathrin 0.0100-0.5005 0.9995 0.0003 0.0010 54
Hexythiazox 0.0100-0.5015 0.9999 0.0014 0.0042 -5
Imidacloprid 0.0100-0.5004 0.9998 0.0026 0.0079 -9
Metaflumizone 0.0100-0.5003 0.9999 0.0027 0.0082 10
Oxyfluorfen 0.0100-0.5005 0.9996 0.0023 0.0071 365
Phorate 0.0100-0.5002 0.9997 0.0003 0.0009 187
Pirimicarb 0.0100-0.5010 0.9998 0.0012 0.0036 44
Procymidone 0.0100-0.5015 0.9998 0.0019 0.0059 86
Profenofos 0.0100-0.5024 0.9995 0.0017 0.0051 613
Propiconazole 0.0100-0.5015 0.9981 0.0013 0.0038 98
Pyraclostrobin 0.0101-0.5025 0.9988 0.0019 0.0058 -4
Pyriproxyfen 0.0101-0.5040 0.9975 0.0003 0.0009 -11
Saflufenacil 0.0100-0.5001 0.9999 0.0024 0.0072 0
Spirodiclofen 0.0100-0.5015 0.9989 0.0031 0.0093 -5
Tebuconazole 0.0100-0.5015 0.9989 0.0004 0.0012 181
Terbufos 0.0101-0.5033 0.9999 0.0004 0.0012 78
Thiamethoxam 0.0100-0.5010 0.9980 0.0012 0.0037 30
Triadimefon 0.0100-0.5010 0.9998 0.0016 0.0049 96
Triadimenol 0.0100-0.5015 0.9997 0.0028 0.0084 216
Triazophos 0.0100-0.5020 0.9987 0.0022 0.0068 641
Trifloxystrobin 0.0100-0.5003 0.9995 0.0007 0.0022 -18

Mol A 7127] Z}olZ B3| matrix effectS EA15HTY. mgkg B& 430l 4 = disulfoton, terbufos 5 ouu oF

Kmelldr 5(2008) matrix effectE 0+20% mild, +20-50%
medium, +£50% OJA} strong 0 2 715} E=0|, 2 HFLoflA
L |55 9] &9Fo] £50% ©]A}FC & matrix effect’} & AL
2 UER} matrix matched standard 2 ZHAJSF 3 AFPAO
2 FFEAslith
Sla& A= Table 7, 83 Atk AF 5 Al™ }‘ﬂ

ZAato| Hst 7tolrae (NIFDS 2016)9] ﬂ 71&2
10 pgke ol3te] BT 48 60-120%, AF|EZHI}
(relative standard deviation, RSD) 32% ©J3}, 10 pgkg 23}
100 pgkg 051e] BEL 5128 70-120%, AFHFEZHA} 22%
olal, 100 pgkg 23+ 1,000 pgkg °l5te] Hr= 4+
70-110%, AHEZHAL 18% o5tz AAISkL °1E} LC-
MS/MS EATAF ok BEO] Aol 3]4~89 n ukxE
5}t Table 8). GC-MS/MS EATjA} %%“éE‘é © 0.01

= Alefstar 9—]—/1\‘%2 TSI, 0.1, 0.5 mgkg 5% $5
of| A= disulfoton, terbufos, dicloran, diphenylamine, phorate
T 5T=Y & At e WSSt Table 7).
342 TEESHR] kL 53E9] 7S screening €= H
o] 7ksalelal Mo, 1 Whge A7) et Ao
B
P Qo2 BT ol hEdsg 7
1 UTHPizzutti 5, 2012). £ Ao A LC-MS/MS 24T
AF l"—%‘é—‘?‘—%_/] matrix effect= )¥3E0] 0+20%= e
11, GC-MS/MS AJE-E9] matrix effect= TjF-E0] 50% ©JA}
O 2 YERTE Matirx effect 242 9519 matrix- matched
standard2 FHE 5O, GC-MS/MS EAA] YHESE
2 A7t analyte protectants(APs) AR& 5-O & matrix effect
£ 29 & U= QA A9 28T A oE HAlh
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Table 7. Average recovery and RSD" of pesticides spiked in green
coffee bean at three different concentrations with GC-MS/MS

Table 8. Average recovery and RSD" of pesticides spiked in green
coffee bean at three different concentrations with LC-MS/MS

Concentration (mg/kg)

Concentration (mg/kg)

Pesticides Pesticides
0.01 0.1 0.5 0.01 0.1 0.5
Captan 1157 (5.8Y 1069 (2.1)  93.7 (4.9) Aldicarb 76.6 4.1Y 721 (1.2)  77.6 (1.6)
Chlorpyrifos 86.3 (6.4) 71.7 (2.6) 72.0 (3.8) Azoxystrobin 103.8 (4.5) 102.5 (1.1) 88.6 (4.2)
Cyhalothrin 119.8 (4.1) 953 (1.8) 90.2 (4.0) Benzovindiflupyr ~ 116.8 (6.1) 99.0 (7.9)  102.3 (12.0)
Cypermethrin 98.7 (4.1) 902 (2.4) 87.1 3.7) Boscalid 107.9 (5.5) 98.6 (1.9) 88.9 (1.7)
Cyproconazole 108.3 (0.5) 101.9 (1.2) 86.9 (4.9) Carbendazim 119.9 (0.7) 91.1 (0.8) 84.0 (4.4)
Dicloran 79.3 (5.2) 63.6 (0.3) 49.2 (5.5) Carbofuran 105.7 (1.3) 88.0 (0.7) 83.7 (3.0
Diphenylamine 66.3 (9.1) 52.5 (8.1) 39.5 (9.8) Chlorantraniliprole ~ 99.0 (6.9) 96.3 (4.5) 86.4 (9.1)
Disulfoton 44.0 (5.8) 482 (2.1) 559 (4.9) Clothianidin 80.8 (11.9) 107.3 (3.4) 98.0 3.7)
Endosulafan-sulfate ~ 74.3 (7.4) 78.5 (5.4) 74.3 (3.8) Cyantraniliprole 97.8 (8.2) 97.5 (6.4) 96.3 (1.5)
Endosulafan-a 118.7 (4.6) 80.3 (1.7) 70.1 (9.2) Hexythiazox 1044 (3.3) 92.9 (0.8) 94.3 (0.3)
Endosulafan-f 777 (13.5)  97.8 (2.8) 79.6 (4.9) Imidacloprid 97.8 (2.7) 89.7 (2.0) 934 (2.4)
Epoxiconazole 1053 (2.2) 107.2 (2.3) 87.1 (4.3) Metaflumizone 118.1 (144) 98.7 (3.1) 96.0 (1.7)
Fenamiphos 60.3 (5.8) 103.0 (2.1) 912 (4.9) Pyraclostrobin 106.5 (6.2) 95.0 (0.8) 91.6 (3.1)
Fenpropathrin 76.9 (3.0) 100.0 (2.5) 95.0 (4.2) Pyriproxyfen 88.3 (0.2) 95.0 (3.5) 91.9 (2.2)
Oxyfluorfen 93.7 2.2) 101.6 (4.8) 79.7 (3.8) Saflufenacil 116.3 (1.9) 84.2 (2.1) 82.3 (1.7)
Phorate 60.7 (5.8) 469 (2.1) 50.2 (4.9) Spirodiclofen 104.6 (2.7) 94.9 (0.9) 753 (4.1)
Pirimicarb 90.3 (3.4) 78.7 (1.9) 824 (1.8) Thiamethoxam 103.6 (5.9) 99.8 (1.4) 73.7 (2.7)
Procymidone 110.0 (9.0) 97.3 (2.0) 78.5 (5.7) Trifloxystrobin 114.9 (2.6) 95.5 (6.3) 86.5 (4.6)
Profenofos 823 (3.5) 825 (1.8) 874 (1.9 YRSD, relative standard deviation.
PRecovery, % (RSD, %).
Propiconazole 118.0 (5.8) 103.3 (2.1) 96.0 (4.9)
Tebuconazole 68.3 (5.8) 975 (2.1) 84.5 (4.9) 5 A2 117 BEojA] soko] AZE 9. thEso] ek}
Terbufos 413 (5.8) 479 (2.1) 54.0 (4.9) AR AnsAoA ANIES MAGKs vhE, Byl
Triadimefon 114.0 (5.3) 1034 (1.9) 82.7 (3.8) AFEROEA Q] Tt AL Zh=1 Q)11 Al =7} Yo}
Triadimenol 993 (2.9) 1099 (1.8)  86.7 (5.2) A 71A14] FEel 7FsEol wEE L3S =E7] et Hl=
Triazophos 1117 (58) 914 21) 757 (49) U soF FUFo] B2 AR HiEA itk Chmiclewska

YRSD, relative standard deviation.
JRecovery, % (RSD, %).

Ao AT RSt 2N Z1

22ZRIoIA -5 $2 AMYFe] IRst £4 2HE
Table 99 YEFH ALY & 807 F 1571(18.8%)°fIA] 52fo]
AEEGT RAERE ArEd Bl 117, F-H[of 2
2, A 17, = 1004 Aisefe] HEHUL, 558
2 AWEY of2H71E 657 F 157104 B0l AEE3L

3, BRAESS B 2%t Hebde] A9 57

@} Souza, 2011; Lewin 5, 2004; Pignati 5, 2017). ©}2kA]
o2 =71 s Bebait AveRe] MRset AEE0]
7] et Ro= e

FSHEE olHIZRSoIAT A= U=, ol= ofeH]
7o) maarkEuct 7ol geto] Wil Aol Foket
E5olzt Ao 59F ARGl W] wiEel Ae=
Tt

AZEE 592 chlorpyrifos, triadimenol, thiamethoxam,
imidacloprid, clothianidin § & 5592 triadimenol A<
Alo]x, U] 452 AFAleltt. HEA R 5 Bepdikz
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Table 9. Detected pesticide residue in green coffee beans

Country of No. of No. of Species of Pesticides Concentration MRLY
origin samples detected coffee plants (mg/kg) (mg/kg)
Imidacloprid (10)” 0.0053-0.0342% 0.7
Thiamethoxam (6) 0.0065-0.0241 0.1
Brazil 11 11 Arabica®
Clothianidin (5) 0.0087-0.0215 0.05
Triadimenol (4) 0.0051-0.0082 0.15
Colombia 9 2 Arabica Chlorpyrifos 0.0066-0.0086 0.05
Kenya 8 1 Arabica Chlorpyrifos 0.0079 0.05
India 7 1 Arabica Chlorpyrifos 0.0063 0.05

Y)MRL, maximum residue limit.
ICoffea arabica.
YFrequency of detection.
Minimum concentration-maximum concentration.

ALt SFZHoMt 274, AV 14, QIEAF 1of|A= B
chlorpyrifos?t A&°] FHA1, HEELE 0.0063-0.0086
m/kgoliE). BRI AMATIAE F 4%2] o] 7
Z%|=1, imidacloprid(10), thiamethoxam(6), clothianidin(5),
triadimenol(4) =02 AESHIE7}F £9kth A0 kA
FAE9] 71 9 4 (32A] A|2019-897)0 4 AAJEH
59F5]-&7]5(maximum residues limits, MRLs)S 233t A|
= fUelth

Au] ol thet XFset HUEHS oY 33 EA
A o]fojZ|= AL7t tiFEel. AuUFO ARsto
et A tiEE AR SOl Bt e A+
AH9] Zp-soF HUEY Al S Aotk Bl= Food
and Drug Administration(FDA) HUEH AREE Sof AT
YF9| XFsek AEolg S AmE ZIHFDA, 2020), 2017
ol ZZn]olAkollA] chlorpyrifos7} AZE|S, 201619
= BEgAlofA clothianidin, imidacloprid, thiamethoxam,
flutriafol § 45, |04 piperonyl butoxide, ZH|oFAH]|
Al azoxystrobin®] AEEQTE 2015W0= HebAoA
clothianidin, thiamethoxam, triadimenol, chlorpyrifos,
cyproconazole 5 550°] A& 11, HWA|ZAJA] piperonyl
butoxide, A4 pyraclostrobine] AZEE It dES
A5 Folol Aol FRsoF RAY AR Bk
S, Y4B S YA T2 FAEo] 9] e
Z:Qlo gt Ao} itk 2014ERE 20189719 A=
5 AmE 27}, 2,4-D, endosulfan, chlorpyrifos, triadimenol,
pyraclostrobin, flutriafol cyproconazole, deltamethrin &
tralomethrin, propoxur 59 543} o]2lo] QIATHMHLW,
2000). U1} YA HE 2 FA ofo] e 5oF 4
£ % piperonyl butoxide, 2,4-D, flutriafol, deltamethrin &

tralomethrin, propoxur 5= JY F-52F5]87|F0] A%
7

2 Holth

Chlopyrifosi= #7114 ASA= ABAGEER] otAld
FH9] Eofjas S4S Asfetozy A45EE Uit
ZAdolet 259 Aol gA Tk, AEe FHe=w
HH 5749 =2 JEEA, A5 ASA, AsAER 2
2S5 HKim 5, 2014; Kim 5, 2020a). Triadimenol-- triazoleZ|
AR AT} /3821 ergosterol 2] AP AJsoto] At
282 e, Folgd/de] &= Chu 5, 2016; Kim 5,
2020b). Thiamethoxam, imidacloprid, clothianidine< X5
neonicotinoid AE2] AFAR HFo|g/ o] &1, di5e] Y
TR o EEH F-8A0f A&l A== TrshA 9
O =2H SFS ATl AoE LA Stk Matsuda 5,
2001; Zhang 3, 2000). 7]&o] @o] ARSEI Q= F7IQ
A, 7FEHH|o|EA, §4d pyrethroidA] A5A|2k= 11 712o]
golste] olF ASAll Ade Hetdl= sisel Histo
Ao RE =2 A% S Hol= E40] ltkJang 5,
1998; Kim -5, 2020c). A&H 59 L5 IFAg0] =2
o AEA WRE &5 olsEo] JAZF A =A] &
< FE7HA] fa/dwo] oo s okart =4 yeht
1, oFR A& 7|7to] 4A Y= 4] Sith

AW AT ARst AEE 2 AT W2 o=
AW L] 8t & o]FojA|= 7hg Tl A Al & HE
59 342 Sl AW, TS, WE7kA] AAEHEA AR
o] AAsiol7| WlEolet AT B3t AYdTe o8
el EAF(roasting)C]2H= 71y #Hgo] W a35Hd], Mekonen
5(2015)7} Sakamoto 5{(2012)9] AT+ Arjo] w2 ZA
Y ¥ 2850 AEEEE U8 Wokd Zow o,

o



A safety survey on pesticide residues in green coffee beans 609

£ A7 55 2Rl 95 39 ANURY AR5
oF QNS SIS ANUF 154N A2 SRS
BE AR5OF871EMRLs) ofshe] QHIRH SEelglo.
ok, 5] A7k G Solukal A sk A%l et %
7¥19l 712 94 W A0l Bulelo] Wag sow At
=25}

fo
2

AL YT HFsF AgRARE Yol 22RIA 75
21 AW YT 807 7159 QUEChERS HO = HA T
31 T GC-MS/MS, LC-MS/MSE 0|84 BAsteltt. &a
3 A% A3, AEIAE 0.0003-0.0031 mg/kg, HHTHAE=
0.0009-0.0093 mg/kg© @ LFERFO M, ARARRY) RE
0.99 o}goqitt. 2l5&-2 0.01 mgkg T oA &F
2Z5 A9Jska BEESII, 0.1, 0.5 mgkg & oA
5oF 558 AOIBIL WSS, & 4159] TF BB
of thsf ARt Ay}, AT 807 5 1571(18.8%)°11A4 5
39| ZF-5ko] A&t YARER AmEH Hepdit
1171, SFHoME 274, AV 174, I&AF 171019141, E82
L5 olgh|7IEol k. AE RS ATA 45, AdAl 1F
O chlorpyrifost= 37|14 A5A], triadimenol-2 triazol 4|
AFAA), imidacloprid, thiamethoxam, clothianidin® X%
neonicotinoid#| AEAolt}. AW YF 15734 HEH &<
2 HF 59587 olsky QP ol o, A
1 487 92 F7Fg) wat X441 BUE|Eo] Bash
Zo=g HQlt},
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