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Abstract This study was designed to use the safety management
data for residual pesticides in imported banana based on the
investigation of pesticide residue detection of agricultural products
with different origins in the Republic of Korea. From the USA,
EU, UK, Japan and Korea from 2007 to 2018, the results of
banana residue pesticides were summarized into detected pesticides,
number of inspections, number of pesticide detection cases, and
the amount of detected pesticide residue. A total of 109 pesticides
were detected for the pesticide residue and pesticide detection rate
was 4.58% in 206,894 cases. The detection rate was ranged within
10.62-24.62% for chlorpyrifos, imazalil, methyl-bromide, azoxystrobin,
carbendazim, pretilachlor and thiabendazole. Among them,
chlorpyrifos was detected most often followed by imazalil,
azoxystrobin, thiabendazole, bifenthrin and carbendazim. According
to the results of monitoring data for bananas in EU, Japan, USA,
UK and Korea, the kinds of detected pesticides were 85, 57, 23,
18 and 8, respectively. Azoxystrobin, bifenthrin and chloropyrifos
were found in monitoring data of all countries. Fourteen and
twelve pesticides were detected in bananas from Costa Rica and
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Ecuador, respectively. Imazalil and thiabendazole were detected in
16 and 11 origins, respectively. Myclobutanil and iprodione were
detected in four and two countries, respectively. In bananas from
Costa Rica, azoxystrobin and bifenthrin were detected 11.8 and
9.8%, respectively, and the detection rate of azoxystrobin was
19% in bananas from Colombia. Chlorpyrifos was detected 22.7,
13.3 and 10.8% in bananas from Belize, Colombia and Costa Rica
respectively. Myclobutanil was detected in bananas from Colombia
and Costa Rica with the rate of 17.9 and 10.4%, respectively.
Keywords Banana -
residues
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Table 1 Trends of the detection of residual pesticide in bananas among global residual pesticide monitoring results from 2007 to 2018

- o
No. Detected Pesticide Nox;i?ya;ggles Noisgtii?(?rie]:g:t‘% od ConR:eS:tlrlal::ion MRLs" (mgke)
(Max, mg/kg) Korea Codex

1 2-Phenylphenol 2,311 6 (0.26) 0.07

2 Acetamiprid 2,469 6 (0.24) 0.04 0.4

3 Acibenzolar-S-methyl 229 1(0.44) 0.07% 0.06
4 Acrinathrin 2,315 74 (3.2) 3.39 0.01

5 Atrazine 327 1(0.31) 0.04

6 Azinphos-methyl 1 1(-) 0.0177 1.0

7 Azoxystrobin 8,718 1,202 (13.79) 2.049 2.0 2

8 Bifenthrin 8,073 640 (7.93) 0.29 0.1 0.1
9 Biphenyl 36 2 (5.56) 0.01

10 Bitertanol 3,743 72 (1.92) 1.29 0.5 0.5
11 Boscalid 4,669 50 (1.07) 0.5 0.6 0.6
12 Bromophos-methyl 110 1(0.91) 0.01

13 Bromopropylate 1,659 2(0.12) 0.02 5.0

14 Bupirimate 1,324 2(0.15) 0.02

15 Buprofezin 5,100 185 (3.63) 0.979 0.2 0.3
16 Captan 51 3(5.88) 0.019

17 Carbaryl 655 5(0.76) 0.02

18 Carbendazim 4212 579 (13.75) 0.299 0.2 0.2
19 Chlorfenapyr 3,838 131 (3.41) 0.08 0.1

20 Chlorothalonil 1,444 10 (0.69) 0.1 3.0 15
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Table 1 Continued

- i d)
No. Detected Pesticide No.A(:ltalSyanggles NO&Sitii?féeﬁigt%ed ConR:eS:tlrlal::ion MRLs" (mgke)
(Max, mg/kg) Korea Codex
21 Chlorpropham 2 2(-) 0.013 0.05
22 Chlorpyrifos 9,520 2,344 (24.62) 1.88 2.0 2
23 Chlorpyrifos-methyl 2,631 7(0.27) 0.08
24 Clofentezine 1,110 2(0.18) 0.03 1.0
25 Clothianidin 854 29 (3.4) 0.079 0.02 0.02
26 Cyfluthrin 2 2(-) 0.0142
27 Cyhalothrin 5,514 45 (0.82) 0.26 0.5
28 Cypermethrin 5,080 21 (0.41) 0.18 2.0
29 Cyproconazole 326 1(0.31) 0.02
30 Cyprodinil 2,544 7(0.28) 0.02
31 DDAC 9 9(-) 0.292
32 DDT 1 1(-) 0.0161
33 Deltamethrin 4,415 78 (1.77) 0.05
34 Diazinon 262 1(0.38) 0.01
35 Dichlorvos 17 1(5.88) 0.154
36 Dicloran 1 1(-) 0.0155
37 Difenoconazole 5,146 10 (0.19) 0.06 0.1 0.1
38 Diflubenzuron 1,201 1 (0.08)
39 Dimethoate 4 4(-) 0.05 1.0
40 Dimethomorph 2 2(-) 0.03
41 Dinotefuran 172 2 (1.16) 0.07 0.5
42 Diphenylamine 25 2(8) 0.0139
43 Dithiocarbamates 3,666 66 (1.8) 0.4 2.0 2
44 Dodine 1,109 1 (0.09) 0.01
45 Endosulfan 1,201 1 (0.08) 0.19% 0.1
46 Epoxiconazole 2,312 10 (0.48) 0.02 0.5
47 Ethion 1,323 1 (0.08) 0.007
48 Ethoprophos 51 2(3.92) 0.014 0.02 0.02
49 Etofenprox 551 30 (5.44) 0.06
50 Famoxadone 236 1(0.42) 0.01
51 Fenarimol 1,323 1 (0.08) 0.1 0.5 0.2
52 Fenazaquin 1,111 4(0.36) 0.05
53 Fenbutatin oxide 2 2(-) 0.03 5.0 10
54 Fenhexamid 1,326 4(0.3) 0.05
55 Fenobucarb 871 3(0.34) 0.04
56 Fenpropathrin 257 2(0.78) 0.03 0.5
57 Fenpropidin 1,237 7(0.57) 0.07
58 Fenpropimorph 3,849 200 (5.2) 1.005 2.0 2
59 Fenuron 50 1(2) 0.01
60 Fenvalerate 481 1(0.21) 0.04 1.0
61 Fipronil 1,440 36 (2.5) 0.07 0.005
62 Flucythrinate 181 1 (0.55) 0.02
63 Fludioxonil 1,220 5(041) 0.0147
64 Fluopyram 1,202 2(0.17) 0.009 0.8
65 Flusilazole 424 1(0.24) 0.01 0.03

66 Flutriafol 1,201 4(0.33) 0.3
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Table 1 Continued

- P
No. Detected Pesticide NO'A(;lilsya;:gles Noiggtza?féelzg:t%ed Cor}j:esrll(tirl:t:ion MRLs™ (me/ke)
(Max, mg/kg) Korea Codex

67 Folpet 1,323 1 (0.08) 0.02

68 Fosetyl-aluminium 1 1(-) 5

69 Fosthiazate 2,311 3(0.13) 0.02 0.04

70 Hexythiazox 3,651 8(0.22) 0.13

71 Imazalil 8,309 1,848 (22.24) 2.49 2.0 2

72 Imidacloprid 6,780 37 (0.55) 1.0139 0.01 0.05

73 Indoxacarb 3,635 12 (0.33) 0.21

74 Iprodione 3,850 158 (4.1) 2.3839 0.02

75 Kresoxim-methyl 3,857 17 (0.44) 0.19

76 Malathion 387 2(0.52) 0.05

77 Metalaxyl 180 2(1.11) 0.0176

78 Methidathion 1,323 1 (0.08) 0.01

79 Methiocarb 1,201 1 (0.08)

80 Methomy! 528 5(0.95) 0.09

81 Methyl bromide 118 26 (22.03) 4 20

82 Monocrotophos 1,100 1(0.09) 0.03

83 Myclobutanil 5,913 232 (3.92) 0.49 4.0

84 Oxamyl 4 4(-) 0.028 0.2

85 Paclobutrazol 1,323 1 (0.08) 0.242

86 Penconazole 2 2(-) 0.0131

87 Permethrin 291 2 (0.69) 0.01 5.0

88 Phosalone 2,433 3(0.12) 0.03

89 Phosmet 11 1(9.09) 0.01

90 Pretilachlor 97 12 (12.37) 0.72

91 Prochloraz 1,282 11 (0.86) 0.25 5.0 7

92 Procymidone 472 1(0.21) 0.01

93 Propamocarb 1,110 2(0.18) 0.03

94 Propiconazole 1,447 4(0.28) 0.02 0.1 0.1

95 Pyraclostrobin 1 1(-) 0.009 0.02 0.02

96 Pyridaben 1 1(-) 0.0132

97 Pyrimethanil 6,037 34 (0.56) 0.1 0.1 0.1

98 Pyriproxyfen 2,538 4 (0.16) 0.03

99 Spinosad 2,780 12 (0.43) 0.033

100 Spiromesifen 1,297 5(0.39) 0.01

101 Spiroxamine 3,671 9(0.25) 0.0138 3.0

102 Tebuconazole 4,835 12 (0.25) 0.06 0.05 1.5

103 Thiabendazole 9,197 977 (10.62) 3.59 3.0 5

104  Thiamethoxam 4,229 78 (1.84) 0.06° 0.02 0.02

105 Tolylfluanid 1 1(-) 0.0188

106  Triadimenol 2,367 14 (0.59) 0.09 1

107 Tribufos 59 1(1.69) 0.01

108  Tridemorph 194 3 (1.55) 0.017 1.0

109  Trifloxystrobin 1 1(-) 0.0719 0.05 0.05
206,894 9,483 (4.58)

“Residues exceeding Korean MRLs, PResidues exceeding Codex MRLs, “Residues exceeding Korean & Codex MRLs, YAs of February 2019



14

J Appl Biol Chem (2020) 63(1), 9-22

H PLS7F A=A 2lonz ) o g g FoFSALETE IT
A 84 E Wol A% ST e AAelth

7} AR vpelA AEE 5ok /= Table 291
2k EUlA 71 B2 85% Fofo] HEHIL, 48, v+,
a2 vl Z7F 57, 23, 18 B 8% wokol AEH
T}, Azoxystrobin, bifenthrin 3 chlorpyrifos= 2& =f7ke] &
UE oA A&t Boscalid, buprofezin, fenpropimorph,
imazalil, iprodione, myclobutanil & thiabendazole &5 ZH=+
BUE A RIS AEHe Aol gu ¢ o] 7]
T AGelM AjEs vhhdes Z=elld F2 Y-S S8l
TEHe AEolnE AR B fed T WHaElsS WAk
$8  post-harvest TS A zZISAl ®TE  Azoxystrobin,
chlorpyrifos, imazalil ¥ thiabendazole 5] post-harvest 5<F
o7 ARGHI glong B AT AN HAE HETF 52
AR AGETh f T AF 45 WA B oA
post-harvest 5<FQl imazalil ¥ chlorpyrifos®] HAZES &1
t34]. & T= 7Y Aol xR 58 T X7 T A
A& ®sto| A chlompyrifos= X2 A% 2 dAodA 04-
2.2 mg/kg, #5914 ND-0.32 mghkgl 2 A} B, 45 S0
E FY AAA 0.3-0.9 mgkg, FEolA ND-0.02 mg/kge =
24} ek BAETH5],

ZHRFF RUHY AEe Y543 F(Estimated Daily
Intake, EDI) H7}o] &85 dom &gt A A-AA FoF
o] A=¥ ABE sl UvH26]. =] 20158 HYEH
ol whht AHES mEd Rk AxRE A sl 2
A¥, AAE AAT T T AEES 23.8%= AAR A%
HAEE 57.1%E0 24 SHJvH26). A 5= 9] AA D5
w2 7RO diste] B 91.6%2] FF-seF AlA T3
Tl BISIITh36]. WEgh, & Foll os] 7FAE Bl H|ZA R

5

R

of thgh 7] Aol AA AL, I Tl el &+
e BASIATH37]. vhbe A4EE AAS & HFHEHA
ez aHEstel A AA AlG(Peeling Factor)s 2 &
Q% gt FeEc)
Zh=ro] ZHREel U delM HEE Foks AR
ArE 7ol tisk A= AR HAISH] Table 30 JERASIT
2007378 2018d7FA] vhuel] gk ko] HEES 3.36-
7.58% HLAReH, & 1297 AEE WS 4.58%At). 2016-
201839] AEES 6.33-7.58%2 12497 B AESEHT =
eRtE], o] dde FAE A5 2 EUEY HIME T
E3 ¥ F71e] AE AERe] FHEN] dwo R wE
ol AAIg vhue] Rsek RUBRAN HEE T
109% 5°F ZF 2007-20189 5+ A= HAEH 5o %= 9-
55% 01Utk 9/l W= ol HEH FFS azoxystrobin,
bifenthrin, buprofezin, carbendazim, chlorfenapyr, chlorpyrifos,
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Table 2 List of residual pesticides detected in bananas by country among global residual pesticide monitoring results from 2007 to 2018

Country (No.)

Detected Pesticides

2-Phenylphenol, Acetamiprid, Acrinathrin, Azinphos-methyl, Azoxystrobin, Bifenthrin, Biphenyl, Bitertanol, Boscalid,
Bromopropylate, Bupirimate, Buprofezin, Carbaryl, Carbendazim, Chlorothalonil, Chlorpropham, Chlorpyrifos, Chlorpyrifos-methyl,
Clofentezine, Cyfluthrin, Cyhalothrin, Cypermethrin, Cyprodinil, DDAC, DDT, Deltamethrin, Dicloran, Difenoconazole,

EU
(85)

Diflubenzuron, Dimethoate, Dimethomorph, Diphenylamine, Dithiocarbamates, Dodine, Endosulfan, Epoxiconazole, Ethion,
Ethoprophos, Fenarimol, Fenazaquin, Fenbutatin oxide, Fenhexamid, Fenpropidin, Fenpropimorph, Fipronil, Fludioxonil, Fluopyram,
Flutriafol, Folpet, Fosetyl-aluminium, Fosthiazate, Hexythiazox, Imazalil, Imidacloprid, Indoxacarb, Iprodione, Kresoxim-methy],

Malathion, Metalaxyl, Methidathion, Methiocarb, Methomyl, Monocrotophos, Myclobutanil, Oxamyl, Paclobutrazol, Penconazole,
Phosalone, Prochloraz, Propamocarb, Propiconazole, Pyraclostrobin, Pyridaben, Pyrimethanil, Pyriproxyfen, Spinosad, Spiromesifen,
Spiroxamine, Tebuconazole, Thiabendazole, Thiamethoxam, Tolylfluanid, Triadimenol, Tridemorph, Trifloxystrobin.

Acetamiprid, Acibenzolar-S-methyl, Atrazine, Azoxystrobin, Bifenthrin, Bitertanol, Boscalid, Bromophos-methyl, Bromopropylate,
Buprofezin, Carbaryl, Carbendazim, Chlorfenapyr, Chlorothalonil, Chlorpyrifos, Chlorpyrifos-methyl, Clothianidin, Cyhalothrin,

Japan
(57)

Cypermethrin, Cyproconazole, Deltamethrin, Diazinon, Difenoconazole, Dinotefuran, Etofenprox, Famoxadone, Fenobucarb,
Fenpropathrin, Fenpropimorph, Fenvalerate, Fipronil, Flucythrinate, Flusilazole, Imazalil, Imidacloprid, Iprodione, Kresoxim-methyl,
Malathion, Metalaxyl, Methomyl, Methyl bromide, Myclobutanil, Permethrin, Pretilachlor, Prochloraz, Procymidone, Propiconazole,

Pyrimethanil, Spinosad, Spiromesifen, Spiroxamine, Tebuconazole, Thiabendazole, Thiamethoxam, Triadimenol, Tribufos,

Tridemorph.

USA

23) Iprodione, Phosmet, Thiabendazole.

Azoxystrobin, Bifenthrin, Biphenyl, Boscalid, Buprofezin, Captan, Carbendazim, Chlorothalonil, Chlorpyrifos, Cyhalothrin,
Cyprodinil, Dichlorvos, Diphenylamine, Ethoprophos, Fenpropathrin, Fenpropimorph, Fenuron, Fludioxonil, Hexythiazox, Imazalil,

UK Azoxystrobin, Bifenthrin, Bitertanol, Boscalid, Buprofezin, Chlorpyrifos, DDAC, Dithiocarbamates, Fenpropidin, Fenpropimorph,
(18) Imazalil, Imidacloprid, Myclobutanil, Permethrin, Pyrimethanil, Pyriproxyfen, Spinosad, Thiabendazole.

Korea

®

Azoxystrobin, Bifenthrin, Chlorpyrifos, Etofenprox, Iprodione, Myclobutanil, Prochloraz, Thiamethoxam.

“Numbers of pesticides detected
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&1

o2 B & =4 [38]. XIGE, &, =3, shi,
EsplEEuy, sl 2 Qe 58 WAs] f1%)

Fuk, At e, AlEA], 20, 2 B 3l Tl AREsE
E5 bifenthrine F-2luetel] SEE 0] ATH40].

EFEZAE apoA 4EF endosulfand 20159 EU &
UE AT B uEr}, EYo] Z-7H endosulfan®] ZE=
Fgoldl wHo] et Ax2 HE) Endosulfans A B
< FRIAAME gt AFES yERfo] Sofeh wEivpE w
Aol &3] ARHAA F7190A] AFAROY =2 AE5F
A B4, a28la A olsdLeE Qe IFARTILHER
(Persistent Organic Pollutants, POPs)Z g5 o] =A|8o =2
AR 9 ARgo] FAEATHAL42). 23y %, T 2 o
NEEASellA o8] AN Qo ES, EZ%, FE, 3
F, W7 T oSS A H27A AEEHT JTh43]. F-
U= 201199 endosulfan?] &< 552 FHASHAA, 2015
dol] POPsC 2 5=3}] endosulfanol] th3t #2E 7335t
[44].

2 AolA HEst AHE ¥ F de

g}

FF 798l s AE 4,16971, g BUEF 2}
8% FoFl tigh 3971 B & BUEH A8
% YAA7F FAIE chlorfenapyr, chlorpyrifos, cypermethrin,
fipronile} imidacloprid®] A& AEE A Q)3 578 Uist A&
3,135 RS & flofA ALkt o, AlelE 100
T T 7 3952 AE & F de % F5HAT

5
T kol AEEE whhte Qe szER)dl, o5t

w2, 2890 ¥ Aunz deksth 22eke el A
azoxystrobin, bifenthrin, boscalid, buprofezin, chlorpyrifos,

dithiocarbamates, ethoprophos, fenpropimorph, imazalil, myclobutanil,
oxamyl, pyrimethanil, pyriproxyfen ¥ thiabendazole 14% &
ofo] AZHAAL, ol|F=E24)4 bifenthrin, biphenyl, carbaryl,
carbendazim, chlorpyrifos, DDAC, diphenylamine, fenpropimorph,
fosetyl-aluminium, imazalil, thiabendazole, 2 tridemorph 12%
Fopo] AEHAh FHoLE AR s vhhtel
azoxystrobin, boscalid % trifloxystrobin 5 11% &<] HE
S99} ATzl 48R e duE 289 £ 3
A AFE VISl Avrls Fdsh HAEE FoF vl 10
zo] AZHAT <lvol, HE ¥ Feldelde 27}
carbendazim, fipronil ¥ iprodione 1% &A% AZFH A}
AEE T T imazalit> Wel=, Hepd, JlE, 2FYI0},

sl ZEDYolE, BolUsteetE, e, Zg,
Table 3 Tendency to detect residual pesticide in bananas per year among global residual pesticide monitoring results from 2007 to 2018
Pesticide Year
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
2-Phenylphenol - - - - - 2/1109% 1/1 - 3/1201 - - -
Acetamiprid - - 1/306 - 1/327 - 1/304 1331 2/1201 - - -
Acibenzolar-S-methyl - - 1/229 - - - - - - - - -
Acrinathrin - - - 111 11 37/1111 171 - 34/1201 - - -
Atrazine - - - - - - 1/327 - - - - -
Azinphos-methyl - - - 1/1 - - - - - - - -
Azoxystrobin 20/269  29/267 115/1713 28/370  16/206 355/1664 60/434  55/341 480/2758 16/250 13/176  15/270
Bifenthrin 7/333  4/350 89/1803 22/427  28/286 135/1528 30/436  32/347 271/2227 11/148  2/26 9/162
Biphenyl - - - - - 1/35 1/1 - - - - -
Bitertanol - 2/210  2/378  5/196  5/185 52/1524  3/353 2/318 1/579 - - -
Boscalid - - 1/1323 11 - 3/1355 1/1 2/221  32/1592  3/50 - 7126
Bromophos-methyl - - - - - - - - 1/110 - - -
Bromopropylate - - 2/1659 - - - - - - - - -
Bupirimate - - 1/1323 - - - n - - - - -
Buprofezin - - 2/1615 11 11 2/1109 1/1 5/402  157/1734  6/67 2/26 8/144
Captan - - - - - - - 3/51 - - - -
Carbaryl - - - 2/348 - 1/305 1/1 - 11 - - -
Carbendazim 5/24 922 524/2662  8/24 3/11 9/120 7/43 9/48 5/1258 - - -
Chlorfenapyr 15/368  14/356  17/507 11/464 12/452  13/418 17/378 18/472  14/423 - - -
Chlorothalonil 2/51 129 2/1343 1 111 1/1 n 117 - - - -
Chlorpropham - - - - 1/1 - 1/1 - - - - -
Chlorpyrifos 115/452  150/447 344/1925 168/617 226/634 447/1884 218/779 242/582 426/2082  4/46 - 4/72
Chlorpyrifos-methyl 1/321 - - - - 1/1109 - - 5/1201 - - -
Clofentezine - - - 11 - 1/1109 - - - - - -
Clothianidin 2/94 71187 3/59 5/88 3/77 2/76 3/100 2/82 2/91 - - -
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Table 3 Continued

Pesticide Year

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Cyfluthrin - - - 1/1 1/1 - - - - - - -
Cyhalothrin - 5/387  4/1852  6/480 1/1 5/1532  4/376  16/481  4/405 - - -
Cypermethrin 4/400 - 1/572 1/1 2/472  2/1551 2/2 4/463  4/1618 1/1 - -
Cyproconazole - - 1/326 - - - - - - - - -
Cyprodinil - - 1/1323 1/1 - 1/1 1/1 1/17 2/1201 - - -
DDAC - - - - - 9/9 - - - - - -
DDT - - - - 1/1 - - - - - - -
Deltamethrin 4/363 5/329 5/417 6/364 9/365  6/1450  14/308 17/430  12/389 - - -
Diazinon - - - 1/262 - - - - - - - -
Dichlorvos - - - - - - - 117 - - - -
Dicloran - - - 1/1 - - - - - - - -
Difenoconazole 1/320 17329  3/1778 - 11 3/1517 - - 1/1201 - - -
Diflubenzuron - - - - - - - - 1/1201 - - -
Dimethoate - - - 1/1 1/1 - 1/1 1/1 - - - -
Dimethomorph - - - 1/1 - - - - 1/1 - - -
Dinotefuran - - 2/172 - - - - - - - - -
Diphenylamine - - - 124 1/1 - - - - - - -
Dithiocarbamates - - 1/1323 n n 36/1109 1 - 24/1201 117 1/13 -
Dodine - - - - - 1/1109 - - - - - -
Endosulfan - - - - - - - - 1/1201 - - -
Epoxiconazole - - - 1/1 1/1 7/1109 171 - 1/1201 - - -
Ethion - - 1/1323 - - - - - - - - -
Ethoprophos - - - - - - 1/1 - 1/50 - - -
Etofenprox - - - - - - - 19/223  11/328 - - -
Famoxadone - - 1/236 - - - - - - - - -
Fenarimol - - 1/1323 - - - - - - - - -
Fenazaquin - - - 1/1 1/1 2/1109 - - - - - -
Fenbutatin oxide - - - - 1/1 1/1 - - - - - -
Fenhexamid - - 1/1323 - 1/1 1/1 1/1 - - - - -
Fenobucarb - 1/295 1/250 1/326 - - - - - - - -
Fenpropathrin - - - - 1/240 - - 1/17 - - - -
Fenpropidin - - - - - - - - 5/1201 - - 2/36
Fenpropimorph - 1/146 17316 1/1 1/1 55/1319  2/249 1/17  123/1585 12/171 2/26 1/18
Fenuron - - - - - - - - 1/50 - - -
Fenvalerate - - - - - - - 1/481 - - - -
Fipronil - 1/147 2/319 - n 17185  11/310  6/243 2/223 - - 12/12
Flucythrinate - - - 1/181 - - - - - - - -
Fludioxonil - - - 111 - 1/1 - 1/17 2/1201 - - -
Fluopyram - - - - - - 1/1 - 1/1201 - - -
Flusilazole - - - - 1/424 - - - - - - -
Flutriafol - - - - - - - - 4/1201 - - -
Folpet - - 1/1323 - - - - - - - - -
Fosetyl-aluminium - - - - - - - 1/1 - - - -
Fosthiazate - - - - - 1/1109 1/1 - 1/1201 - - -
Hexythiazox - - 1/1323 - 1/1 3/1109 - 1/17 2/1201 - - -

Imazalil - 1/138  593/1478 9/219 5/146 572/1773 10/502  16/444 590/2829 23/333  17/231 12/216
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Table 3 Continued

Pesticide Year
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Imidacloprid 4/243 4/238  2/1713  2/398 5/359  5/1484  5/296 3/360  6/1688 - 111 -
Indoxacarb - - 1/1323 111 111 4/1109 - - 5/1201 - - -
Iprodione 41/280 49/283 37/1620  2/81 5/83 6/123 12/99 4/47 2/1234 - - -
Kresoxim-methyl 1/339 1/349  1/1323  5/388 2/281 3/422 3/391 1/364 - - - -
Malathion - - - - - 111 - 1/386 - - - -
Metalaxyl 1/179 - - 1/1 - - - - - - - -
Methidathion - - 1/1323 - - - - - - - - -
Methiocarb - - - - - - - - 1/1201 - - -
Methomy] - - - 2/222 1/113 - - 11 1/192 - - -
Methyl bromide 2/13 - 2/24 2/11 3/10 2/10 2/9 6/17 724 - - -
Monocrotophos - - 1/1100 - - - - - - - - -
Myclobutanil - - 1/1323 11 11 73/1565  3/421 5/501  134/1890 7/109 5/66 2/36
Oxamyl - - - - 11 - 11 - - 2/2 - -
Paclobutrazol - - 1/1323 - - - - - - - - -
Penconazole - - - 111 n - - - - - - -
Permethrin - - - - 1/273 - - - - - - 1/18
Phosalone - - 1/1323 - 1/1 1/1109 - - - - - -
Phosmet - - - - - - - - - /11 - -
Pretilachlor - 4/23 6/34 2/40 - - - - - - - -
Prochloraz - - - - 4/37 5/1182 1/44 1/19 - - - -
Procymidone - - - 1/472 - - - - - - - -
Propamocarb - - - 1/1 - 1/1109 - - - - - -
Propiconazole - 1/337 - 1/1 - 2/1109 - - - - - -
Pyraclostrobin - - - - - - 1/1 - - - - -
Pyridaben - - - 1/1 - - - - - - - -
Pyrimethanil - - 2/1774  2/555 2/637  7/1524  2/338 - 19/1209 - - -
Pyriproxyfen - - 1/1323 11 - - - - 2/1214 - - -
Spinosad - 2/93 - 1/152 - 3/1110  1/189 - 4/1218 - - 1/18
Spiromesifen - 1/35 2/27 1/34 - - - - 1/1201 - - -
Spiroxamine - - 1/1323 - 111 3/1145 11 - 3/1201 - - -
Tebuconazole 1/375 3/382 1/544 1/477 1/479  2/454 1/433 - 2/1691 - - -
Thiabendazole - 5270  2/1727 11/454  8/430 303/1915 7/447  13/376 580/2851 20264  9/121  19/342
Thiamethoxam 10/252  10/248  15/372  12/381  17/336 8/358 5/284 3/345  7/1641 1/12 - -
Tolylfluanid - - - - 1/1 - - - - - - -
Triadimenol 1231 - 17339 3/175 3/189  1/1109  5/324 - - - - -
Tribufos - - - - - - - - 1/59 - - -
Tridemorph - - - - - 1/192 - - 2/2 - - -
Trifloxystrobin - - - - - - - - 1/1 - - -
No. of Detected Pesticides 19 25 51 54 50 53 47 37 55 14 9 13
No. of Detected Samples/ 237/ 311/ 1804/ 346/ 379/ 2200/ 450/ 497/ 3006/ 108/ 52/ 93/
No. of Samples 4907 5897 53680 8255 7077 47481 8196 8497 59267 1481 686 1470
(Detection Rate %)” (483) (527) (336) (4190 (536) (4.63) (549 (585 (5.07) (729 (7.58) (6.33)
Japan Japan Japan Japan
Reporting Count Japan Japan Japan J?E%n J%pgn I?Slj% EU Ja]::pSn I}ES[j% I}ES[j% J%PSH Japan
porting Y p P EU USA UK
USA USA UK USA UK UK UK
Korea Korea Korea  Korea

“No. of Detected Samples/No. of Samples, ¥ Total No. of Detected Samples per Year /Total No. of Samples per Year
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Table 4 Continued

EHEAEL vl HEE 0] TP B2 diRellM A= Origin of Detected No.of No.of  Residue
%It Chlorpyrifoss= 137l], azoxystrobin % thiabendazole Bananas esticides Samples Samples Concentration
17 QAR eA AZE T} Analyzed Detected  (mg/kg)
Azoxystrobin 663 78 0.01-0.6
Bifenthrin 561 55 0.01-0.05
Table 4 Major d.etected pf:sFicides ip bgnanas by Ehe country of origin Boscalid 18 | 0.03
among global residual pesticide monitoring results from 2007 to 2018
Buprofezin 583 49 0.01-0.97
Origin of Detected Mo. of - No.of - | Residue Chlorpyrifos 157 17 00101
Bananas esticides Samples Samples Concentration Py . .
Analyzed Detected  (mg/kg) Dithiocarbamates 13 1 0.05
Azoxystrobin 132 14 0.07-0.7 . Ethoprophos 50 1 0.014
Costa Rica .
Chlorpyrifos 22 5 0.01-0.1 Fenpropimorph 351 41 0.01-0.7
Belize Imazalil 113 12 0.02-1.2 Imazalil 785 53 0.04-1.3
Myclobutanil 18 1 0.02 Myclobutanil 182 19 0.02-0.3
Thiabendazole 18 1 0.2 Oxamy] 2 2 0.022-0.028
5 303 33 Pyrimethanil 8 8 0.01-0.03
Bifenthrin 18 1 0.01-0.01 Pyriproxyfen 13 1 0.02
Brazil Imazalil 19 2 0.09-0.3 Thiabendazole 1179 102 0.01-1.1
Thiabendazole 19 2 0.07-0.2 14 4565 428
3 56 5 Azoxystrobin 212 15 0.03-1.5
Azoxystrobin 93 5 0.07-0.5 Bifenthrin 33 2 0.01-0.02
Bitertanol 3 3 0.2-0.5 Bitertanol 3 3 0.07-1

Cameroon  Chlorpyrifos 1 1 0.02 Boscalid 73 4 0.01-0.5
Fenpropimorph 1 1 0.02 Cote D’Ivoire DDAC 1 1 0.01
Imazalil 61 13 0.03-0.52 Dithiocarbamates 17 1 0.06

5 159 23 Fenpropimorph 34 3 0.01-0.03
Bifenthrin 17 1 0.124 Imazalil 1397 519 0.1-2.3
Captan 34 2 0.011 Myclobutanil 16 1 0.2
Carbendazim 34 2 0.012-0.013 9 1786 549
Chlorothalonil 17 1 0.01 Azoxystrobin 10 10 0.02-0.4
Cyprodinil 17 1 0.012 Chlorpyrifos 10 2 0.01

Canada .
Dichlorvos 17 1 0.154 Dominican DDAC 7 7 0.073-0.292
Fenpropathrin 17 1 0.01 Republic  [mazalil 49 3 0.07-0.3
Fludioxonil 17 1 0.01 Imidacloprid 22 2 0.01-0.04
Hexythiazox 17 1 0.033 Spinosad 35 2 0.01-0.02
Thiabendazole 17 1 0.024 6 133 26

10 204 12 Bifenthrin 75 5 0.008-0.01
Azoxystrobin 262 50 0.02-0.6 Biphenyl 35 1 0.01
Boscalid 18 1 0.01 Carbaryl 1 1 0.02
Buprofezin 18 1 0.01 Carbendazim 35 1 0.01
Chlorpyrifos 15 2 0.02-0.03 Chlorpyrifos 105 9 0.01-0.03
Dimethomorph 1 1 0.03 DDAC 1 1 0.011

Ecuador .

Colombia  Fenpropimorph 17 1 0.005-1.005 Diphenylamine 24 1 0.01
Imazalil 609 51 0.03-1.27 Fenpropimorph 51 2 0.01-0.04
Myclobutanil 184 33 0.01-0.4 Fosetyl-aluminium 1 1 5
Thiabendazole 615 40 0.03-0.4 Imazalil 1768 619 0.011-2.4
Tridemorph 1 1 0.013 Thiabendazole 593 32 0.01-0.823
Trifloxystrobin 1 1 0.071 Tridemorph 1 1 0.017

11 1741 182 12 2690 674
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Table 4 Continued

Table 4 Continued

TS No. of  No. of Residue .. No. of  No. of Residue
Origin of Detected . Origin of Detected .
Bananas esticides Samples Samples Concentration Bananas esticides Samples Samples Concentration

Analyzed Detected  (mg/kg) Analyzed Detected  (mg/kg)
Azoxystrobin 1 1 2.04 Cypermethrin 1 1 0.05
Boscalid 17 1 0.01 Fenuron 50 1 0.01
France Captan 17 1 0.019 Philippines  Fipronil 12 12 0.006-0.015
(Guadelpupe) Fludioxonil 1201 2 0.011 Imidacloprid 1 1 0.05
Imazalil 17 1 0.041 Phosmet 11 1 0.01
Iprodione 17 1 0.01 5 75 16
6 1270 7 Acrinathrin 1112 38 0.029-3.3
Azoxystrobin 207 13 0.02-0.8 Dimethoate 1 1 0.05
Boscalid 143 7 0.07-0.2 Endosulfan 1201 1 0.19
Ghana . Portugal
Imazalil 63 4 0.07-1 Methomy]l 1 1 0.077
Permethrin 18 1 0.01 Spinosad 1109 2 0.01-0.028
4 431 25 Thiabendazole 1 1 0.0959
Azoxystrobin 166 5 0.063-0.262 6 3425 44
Carbendazim 70 2 0.011-0.111 Buprofezin 1109 2 0.014-0.91
Guatemala  Chlorpyrifos 532 17 0.016-0.256 Spain Chlorpyrifos-methyl 1201 5 0.08
Imazalil 382 12 0.029-0.7 Imidacloprid 1109 2 0.012-0.06
Thiabendazole 90 3 0.04-0.262 3 3419 9
5 1240 39 . Chlorpyrifos 1 1 0.05
- St Lucia :
Azoxystrobin 50 1 0.026 Imazalil 44 3 0.5-1.5
Chlorpyrifos 50 1 0.01 2 45 4
Honduras : - -
Imazalil 24 1 0.461 Suriname Iprodione 1 1 0.032
Thiabendazole 24 1 0.558 1 1 1
4 148 4 Bifenthrin 50 1 0.01
India Carbendazim 32 1 0.005 . Buprofezin 150 3 0.005-0.025
United States .
1 32 1 Chlorpyrifos 35 1 0.086

. Chlorfenapyr 1 1 0.04 Fenpropimorph 150 3 0.011

apan

P Chlorpyrifos 10 4 0.004-0.057 4 385 8

2 11 5 ] Chlorpyrifos 18 1 0.04
Bifenthrin 61 2 0.026-0.049 Wllsrllglmird Fenpropimorph 18 1 0.01
Boscalid 18 1 0.05 Imazalil 85 5 0.8-1.4
Carbendazim 50 1 0.27 3 121 7
. Chlorpyrifos 88 4 0.01-0.016
Mexico .
Cyhalothrin 17 1 0.01
Fenpropidin 36 2 0.02-0.07 2016dFE Ejvete] vhhte] #jle] Frtelar e #HlF
Imazalil 141 6 0.029-0.38 2 FAoM AEE F2 cypermethrin, fenuron, fipronil,
Thiabendazole 362 11 0.038-1.1 imidacloprid ¥ phosmet3iT}. ©] Z cypermethrin 2 imidacloprid
8 773 28 = = 71l 22 71 olsk ¥ 2] AR Bloen
Azoxystrobin 38 2 0.04-0.1 e Fok 7ol @A sl AAelth
Bifenthrin 18 1 0.03 Cypermethrin® WEF Qo] 7Hdste] A17A o 2Hg-3sl=
anama 123
Imazalil 59 2 04740605 1O @5}[4;5];_} ! o o
IR S 5] 7)1 2Re- 7} = Ao 7 e A
Monocrotophos 1100 1 0.03 ﬁ?ﬂ’g’“}f g A7z 7R AIZA ]i’ ﬁp?m(l; o
% Z _ami ; ; v
Thiabendazole 62 3 0.05-0.305 cX&="2 (gamma-aminobutyric acid, GABA) el R
: e Y o) ARl 9 A AROR THe ARH =%
o] o] A=L UI-E Fl= 7|7L 7HA A
Peru  Fipronil 2 2 002007 ;] #9 A3E W=S S 7142 7KL phenylpyrazoleA]
. 3 3 A oTTH46].

Imidacloprid= neonicotinoiddl FFA AEAZE EfoM R
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Table 5 List of the country of origin of bananas with 8 pesticides detected among global residual pesticide monitoring results from 2007 to 2018

Detected Pesticides®

Origin of Bananas (No. of Country)

Azoxystrobin Honduras, Panama (11)

Bifenthrin
Chlorpyrifos

Etofenprox
Iprodione France, Suriname (2)

Myclobutanil
Prochloraz

Thiamethoxam

Belize, Cameroon, Colombia, Costa Rica, Cote D’Ivoire, Dominican Republic, France, Ghana, Guatemala,
Brazil, Canada, Costa Rica, Cote D’lvoire, Ecuador, Mexico, Panama, United States (8)

Belize, Cameroon, Colombia, Costa Rica, Dominican Republic, Ecuador, Guatemala, Honduras, Japan, Mexico, St
Lucia, United States, Windward Islands (13)

Belize, Colombia, Costa Rica, Cote D’lvoire (4)

98 types of pesticide detected in the monitoring of residual pesticides on imported bananas in Korea

B 2o BE 2ZOE ofFo] folslal FF Y AES F
st 250 AR Sol7bH FLIsHl AREEAL .
I AT 2Fe] YRR opEEY FEA et Adste
2 AR AT AES Apdste] 259 v B AbES x
=3

Phosmet= o2 &7 o|AHZE HEo| Ashs a49
&4 FHE Adete] otMEEY Bl EAhE JATeEZH o}
AEEe] 7HEE Weleke 7138 7

SevEte] sl HUEEA AEE 52 azoxystrobin,
bifenthrin, chlorpyrifos, etofenprox, iprodione, myclobutanil,
prochloraz 2 thiamethoxam®|1 21}, o] ko] HEH vt
o] (A FAL glen® tE vete] RUEE A F ol
8% Tl HEH vhhte]l XA E Table 591 UERAATH
[48]. USA, UK, EU ¥ U& EYUEH 2|5l azoxystrobin
< gz, JHE, FEblol, Z2ERL, FET T, ErY
7h I3k, 2Rk, 7R e, 5k 8 giueRilelA
AZHREY ZFP2ke Hy AFT] 2,04 mgkgl®E -
et 3 Codex MRLZ Z77E 0] 21tH21,27,28]. Chlorpyrifos
© dEl=, 7HE, 590k, IAxE7t, E=ry7kest, ol
=2, Jede}, &5k, dE, AR, ARIEFA|o}, vl= gl
V= =A=L vl HEEE) Bifenthrin H2H, 7
Y}, Fxel)g), ZERZ, of|FwE, WA, shjnl 9
u]=ak Bluuell A AEEITE Iprodione $-2lUEtllA FH 3
5 2383 mghkelE HEEHIOH, FA] 71FS 5.0mgkg
olojd sl ot AA7IFES 0.02 mgkge® %2l MRL
S Z2HE FFEOITH26,27]. W= 2 EU EUEH A
iprodione ZH7t ek gl FEjEilela HEHJE Zegs
AR &% A AY AlFeIATH18,22]. Iprodione AFFS 4l
A vEA &8l @l F (mitogen activated protein,
MAP) s|=HY 845 Adlste] 80| ZApe] ol gl A}
Aol A4S AAshs HE AtAloth38]. Myclobutanil> 2
2=, FFHlol, IXERTE 9 ZEH o2 HEE AT
Etofenprox, prochloraz % thiamethoxame Y&, $-2vg}l 2
EU 2UE A AEEHANoH, A7 B2 o] A 232
o g2 Y] ZYE A azoxystrobin ¥ bifenthrin TF
o YA T IAERTRE vhoelld 4zt 78 9 557
7P Be A& AFES B, azoxystrobing] AEWEEE F

SHlopbl Al 19% 2 7 mokth W= vigy F
chlorpyrifos= 22.7%°] &2 AT A¥E HIS, FEH[o}k
2F vt % chlorpyrifos 2 myclobutanike Z}2F 133 2 17.9%
o] AEFNEE Bt IAzERRZME vhug F chlorpyrifose}
myclobutanil®] &% AEVEE 10.8 E 10.4%3ATh

ZA 2 B dATe 20189k A F o FEekAA e Ay
(17162MFDS029)=Z T3 =101 o]of] ZAL=j ).

-

o] ATeE FAES YA e AE TS ALl digh
=] 9 vy T e ok e AEE E8slaat
STk ml=, 4, EU, 9= 3 tiRRI=e] 2007904 2018
7 vy F st A A9E E88l HE T, A
A A, B AE AT 2 HAEHORE e ol vt
o] s AAllx HAEE s F 109%019leH, A
A AAE AFE 206,894710130 0 ©] T 9483714 tHF-EeF
o] AEHNoH, T AFES 458%Ath. AEE T
chlorpyrifos, imazalil, methyl-bromide, azoxystrobin, carbendazim,
pretilachlor 2 thiabendazole & ©]oH, o] FFE2] HEE
L 10.62-24.62% HANRT}. Chlorpyrifos’}t A% AgollM 713
ol A=EYer, T2 F imazalil, azoxystrobin, thiabendazole,
bifenthrin & carbendazim <=°]%t}. EU, €&, n|=k g 2
el =o] sk HAalelx 247} 85, 57, 23, 18 & 8% &
¢fo] AZESTE. Azoxystrobin, bifenthrin 2 chlorpyrifoss= &
€ =7k BUE A AEEAY. 2T 2 oF=E4t
vhuella ZHz 14 B 12 ko] AEHATE Imazalil R
thiabendazole S ztz} 16 2 1170 QAR A A& A}
Myclobutanil 2 iprodione Z}7 4 H 274l A AEE S
o}, Azoxystrobin ¥ bifenthrin® F2E}2]7MEF vlhutellA] 7z}
ZF 11.8 2 9.8% AE A4S B, azoxystrobin®] AEES
FEHoMtA 19%AT). "E| =4, FEvloMt 9 12 e 7
Ab vt & chlorpyrifose 242+ 22.7, 133 B 10.8%°] AE
S HEAX, FEHoE ¥ IR dhvg F
myclobutanil®] HEE2 27 17.9 B 10.4%31h.
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