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According to Korea’s fresh leafy vegetable export data for the 2015 —2019 period, the export
turnover for Kimchi cabbage (Brassica rapa subsp. pekinensis) and cabbage (B. oleracea var.
capitata) to the Taiwanese market accounted for 79.5 —97.2 % (out of seven countries) and 36.0 —
96.2 % (out of nine countries), respectively. To export Korean leafy vegetable products to Taiwan,
the Taiwanese Plant Protection Organization requires proof that the products are free from
Frankliniella occidentalis and Ditylenchus dipsaci infection as an annex to the Phytosanitary
Certification before clearance. In addition, data acquired from the National Institute of
Agricultural Sciences of the Rural Development Administration revealed that the misapplication
of flonicamid, etofenprox, tebufenozide, flufenoxuron, pymetrozine, methoxyfenozide, and
flupyradifurone (as insecticides); diniconazole, metconazole, tebuconazole, and famoxadone (as
fungicides); fosthiazate (as a nematicide); and dimethoate (as an acaricide) pose challenges. The
application rates of such pesticides exceeded the maximum residue limits based on the quarantine
requirements for exporting Kimchi cabbage and cabbage to Taiwan. Residual analysis results
revealed that procymidone, a fungicide that is not registered for application on Kimchi cabbage, is
still being used by farmers and its detection level surpassed the domestic limit of quantitation.
Therefore, farmers who intend to export fresh leafy vegetables should monitor pests to facilitate
early detection and use registered pesticides while adhering to safe use practices.
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(Phytosanitary certification, PC) 2] 7 |AF}-0 2 uljet QR 30| 3.9 2\ =208\ Frankliniella occidentalis)
et uEE7 143 Ditylenchus dipsaci)©ll tioto] T8 8= 751 JTHQIA, 2020).

AFE A THGOA kT A A B0 2 AFSElo] 5AME ] B 9 ALY I,
sl =], 5 @_Q%_g@@ 7 = 9Joto] WA © 2 AREEl = Ao AT (Lee et al., 2009; Ahn et al.
2013), 150l 27211 Sl 571 wiZoll AEoleEePaA oM = A& 218712 21817t 19881 o] %
2016356 2018 371x] 7H82HAS Za¥sto] 498%-20] “sotol] TRt 7| uhdstGlnt. ool Fsl87e<
A gt TP AA skl 9lom, 2019 9] F4tEol ZHRS1-871Ee | AR EA] 92 ool HEE A5
0.01 mg/kg 7|52 L& A-851= PLS(Positive List System) Al=E HH A|g¥slo] ZHr-52F 5|87 7slskal
QJtHPark et al., 2019).
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etal., 2012), 7IA| ZZll Holl 2= I 0] o] ‘FoF ARE- A FatEl= o] gol ik f-5 5= shlk=ol 52|
ZERS 7154 0] 7] wl2ol] BAA] E 715Ao] 2=ThSong et al., 2019). B33 A3 s dulohlol w2 H, vl
o} HilFE difte 2 4=Zol= IPgollA] s R8I 22 AAIR= diniconazole, metconazole, tebu-

conazole, famoxadone, %A Z+=flonicamid, etofenprox, tebufenozide, flufenoxuron, pymetrozine, methoxyfenozide,
flupyradifurone, 2415A| 2= fosthiazate, A-aolAH 2= dimethoate” | A7 = ITHKim, 2020a, 2020b).

whbA et 58 AR 2 i) ol TRt siie BelehS nhedshy] 919t Jigte] deto s &4
o ¥gollA HEF= shs= mefsle hE, st HEiE uletshr] ffsl suiAPdol E5kl= 2020 HilS B
2021'd Jfj5of| tsto] HUEE AvE B skl 2} jhc.
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AP Q2 E W[5 HA]AE](Pest Information System, PIS/QIA) 2] A2 A9 H S 8o}
2015951 20199714] GAIF i B o] a3 Hiite g eEte dAES e shs
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Hi50] 7920201 109 F<eoll 2L 137] A7} 102 sigeo] A 370 A2 2 1671 A7 AfAg
2 o gukEo A FIst A, o] 49202119 59 Sleoll AUk 67 Al A 171 A2, 69 Aol 7152

At S 170 A, S5 270 A1, 68 dheell 715 470 Al 2 B8 on 228 167] A =S A 2
fgntE o]l Folste] =Tkt K18 s AAIE o TR s FALE: o)=]sle] BAsl AT,

AT AR s AAE oA AR RFR-soF AARE thah 2t °“iﬂiiﬂﬁla1£-x‘a%ﬂﬁ7](LC—MS/MS)
9 7| A2 tE T Z-HFE A7) (GC-MS/MS)E ARgsto] wHAslet AlmE E5I5te] H= &3t Acetonitrile/
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AV SFEEE ol85to] FE/AAISL AT Al wiAe] FFe Faslelr] flste] miEEAHE
(matrix matched calibration) F+= F+=2 3 7FH(standard addition method)2 -850 EA5HATH

Aok HoF BEE4, Acetonitrile(ACN), methanol, Magnesium Sulfate anhydrous, Sodium Chloride, Sodium
citrate dihydrate, disodium hydrogencitrate sesquihydrate, primary secondary amine(PSA), Sorbitol, shikimic acid,
D-(+)-gluconic acid- 6 -lactone, 3-ethoxy-1,2-propanediol, triphenylphosphate(TPP) ¥ & 52 7H-7-5oF B4 of &
St Z-& AFESlAL, AR Aate] s o618 7% a0 A2 AR O] oREQ P A (MFDS, 2020) 0|4 E8get <5

AHEO| PRSI Mgl

LC-MS/MS ¥ GC-MS/MSE ©]-83F tHJE-5 A 0 = Th5F 3207) g2 41513l Al=E 5] got
| Y37, }HEFE72(0.1 mg/L triphenylphosphate)S 873t Acetonitrile 10 mLE 22 % 1 -
257 Aeskal P42 2]l Magnesium Sulfate anhydrous 4.0 (£ 0.2) g, Sodium Chloride 1.0 (£ 0.05) g, Sodium
citrate dihydrate 1.0 (£ 0.05) g, disodium hydrogencitrate sesquihydrate 0.5 (+ 0.03) g= 21! 1 27 o2 &
So] £3T-F, YALL)3.000 rpm, 5 min)3le] P U E F(Acctonitrile) 57+ B8 BeIAIZ] F o ELEY
(Acetonitrile)3= LC-MS/MS Alm5&H 0 2 ARESIATE GC-MS/MS 2] 74-$- PSA 25 mg} Magnesium Sulfate
anhydrous 150 mg= 20| & BEAVA 5 FEO| AN 1 mL2 Y37 187 2" 5 24122](10,000 rpm, 2
min) 3t TH, membrane filter(0.2 pm) =2 A}s}to] A|ZH ] GC-MS/MS A& &0 0 7 AL85}ct, o|uf B A
NS H7lsto] vio| o Hi=t}. A5 FEH-S o|-§-5to] nfd =Y H ek H (matrix matched calibration)©f] 2J2t
7 Aipglo 2 S SRIShI(HF A (y = ax + by Mokl A (ng/ke) = A& (ug/L) x 10 mL/10
g x 1 mL/0.1 mL), FHFEAE 2247 (standard addition method)ol] T2 s FFEZLT} Al GRS

Table 17 25 Zar5te] FHE3ITE LC-MS/MS ¥ GC-MS/MSE #A15150S o A8 & B4 MEE Al

AN ol

Table 1. Preparation of the matrix matched calibration solution for liquid chromatography-tandem mass spectrometry
(LC-MS/MS)

Standard materials for calibration curve

Division
1 2 3 4 Sample
Target solution
. 1 L L 2 L L
concentration ue/ > Hg/ 0 ug/ 30 ug/
Buffer solution Buffer solution Buffer solution Buffer solution
600 uL + 600 uL + 600 uL + 600 uL + )
Acetonitrile Acetonitrile Acetonitrile Acetonitrile Buffer solution
200 uL 200 uL 200 uL. 200 uL. 600 pL+
Acetonitrile
STD STD STD STD 300 uL.
Preparation 10 pg/L 50 pg/L 200 pg/L 500 pg/L
x 100 uL x 100 uL x 100 uL x 100 uL
Pesticide-free Pesticide-free Pesticide-free Pesticide-free .
. . . . Sample extracting
sample extracting sample extracting sample extracting sample extracting solution
solution solution solution solution ) 08 L
100 puL 100 puL 100 puL 100 puL K

X Buffer solution: water with 100 mM ammonium formate (adjusted to pH 4 — 4.5using formic acid solution).
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Table 2. Preparation of the matrix matched calibration solution for gas chromatography coupled to tandem mass
spectrometry (GC-MS/MS)

Standard materials for calibration curve

Division
1 2 3 4 Sample
Target solution
concentration 10 pg/L 50 pg/L 200 pg/L 500 pg/L
AP 20 pL AP 20 pL AP 20 uL AP 20 pL AP 20 uL
Internal standard Internal standard Internal standard Internal standard
1,000 pg/L 1,000 pg/L 1,000 pg/L 1,000 ug/L
x 50 uL x 50 uL x 50 pLL x50 uLL Acetonitrile
STD STD STD STD 75 uL
Preparation 200 pg/L 1,000 pg/L 4,000 ng/L 10,000 pg/L
x 25 uL x 25 uL x 25 uL x 25 uL
Pesticide-free Pesticide-free Pesticide-free Pesticide-free .
. . . . Sample extracting
sample extracting ~ sample extracting ~ sample extracting ~ sample extracting lution
solution solution solution solution TOlSJ L
405 pL 405 puL 405 pL 405 pL B

X AP: analyte protectant mixture solution.

S (/22 B8N T BE22 0| v AR 0.28) B S AT m/z) 3 LA|stofoF it et

ARl L Qi) 22 U 24 oM e dliE

22015876 20198714] 513 E1t 770 2 EH 1AL, 23220158 HiB] 2019139 160% 2 53]
7kl o™, 11 5 79.5-97.2%7t tiRte s $E=|qlth tivte g fEohs viso] SR (2015 -
2019)°l4 205-2] 2250] 843] HEE| UL, vIF-E Aulfoh= oA F-a7t et el(Frankliniella
intonsa)?} 183), WIS A (Phyllotreta striolata)7} 163], B-5O XS E(Myzus persicae)®| 133], viFZL)
(Plutella xylostella)©] 92] HE%]0] 0|5 siiFo] HE1 2] thF(562])= AFA|SISITE §H, -Vd =<l tivt =
A A BiEE 4= A A= 95T A (Phytosanitary certification, PC) A 48 S8 Q- ol= Zie 352
B\(F. occidentalis) SN 33] A== tHTable 3).

FlF= 2015 EHE] 2019 5'A FF 97RO 2 SEEQT, $ET22015d tH] 20199 150% == Z
7kt o, 11 % 2018'd-2 A 9]5kaL 83.8 —96.2%7F HITEO & $-EH et thRte 2 Eshe o] 21
(2015 -2019)°14 5] sfE0] 178] AEEI L, G5 Alishe ol = F-a3t sha<l viF-E5H .
xylostella)©] 8], A BEN(F. intonsa)7} 42| = LFEPTE HH, A=l et SollA 414 g 44
Al AE2HGSHA(PC) & T 582 85k sl AES2 Ut Table 4).

A=} Higt Sl A FGAFE A Al A=A 9584 (Phytosanitary certification) 2] F71AFFo =
Hj5=2] - 2-oll= 22| (F. occidentalis) 2} TFEE71415(D. dipsaci)©ll tioted, o] A-9ofl= Ziest
FAEH(F. occidentalis)2} OFEE71/1%5(D. dipsaci), 218N Rhizoglyphus echinopus)ll tiote] £ S8
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Table 3. Volume (M/T) of Kimchi cabbage exported from South Korea to Taiwan and pests detected by export
inspection (QIA/PIS, 2020)

Kimchi Pests detected by export inspection for exporting to

cabbag Talwan Japan Canada Guam Vietnam Saipan Singapore Total Taiwan (Arabic numerals are no. of detection)
16,708 Frankliniella intonsa (18), Phyllotreta striolata
2015 (94.8%) 189 54l 129 37 17,624 26 (16), Myzus persicae (13), Plutella xylostella
9), Thrips tabaci (3), Tetranychus urticae (3),
2016 13,937 19 111 47 54 14,335 19 Frankliniella occidentalis (3), Incilaria bilineata
(97.2%) (3), Lipaphis pseudobrassicae (3), Aphis
23,475 gossypii (2), Aphelenchoides parietinus (1),
2017 (96.0%) 743 17 76 50 24461 14 Bradysia pauper (1), Spodoptera exigua (1),
18,765 Phaedon brassicae (1), Riptortus clavatus (1),
2018 (79.5%) 3,683 980 122 61 23,611 10 Cyrotopeltis tenuis (1), Halyomorpha halys
26.050 (1), Amomoneura mori (1), Amblyseius sp. (2),

2019 (92’.0%) 1,418 121 676 65 28330 15 Diptera gen. et sp. (1)

Table 4. Volume (M/T) of cabbage exported from South Korea to Taiwan and pests detected by export inspection
(QIA/PIS, 2020)

Pests detected by export
Cabbage Taiwan Japan Canada Guam Vietnam Saipan Marshall Malaysia Russia Total 1r}spect10n fo.r exporting to
Is. Taiwan (Arabic numerals are
no. of detection)
9,855
2015 (83.8%) 1,868 33 2 7 11,765 7
9,949
2016 (90.8%) 886 107 2 18 10,962 6 Plutella xylostella (8),
8623 Frankliniella intonsa (4),
2017 (9é 2%) 295 24 19 4 8,965 2 Incilaria bilineata (3),
e Aulacorthum solani (1),
3,090 Helicover, ]
'pa armigera (1)
2018 (36.0%) 5416 24 45 8 8583 0
17,231
2019 (95.8%) 612 40 72 23 17978 2

Q511 QoW 1 5 B HE(F. occidentalis) 0] 338 AEE AL, 5 Fote] E2H oA HE
&= 22501 22F 101 2] 2 ERIE o] & A] AHo] At & o] Fo 2] 2] eh=thH A=t 4= Aol A S ==
Ayl NP 25 9lch, web A1 AR E S8k s el Al
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Table 5. Fortification levels and LOQs (Limits of Quantitation) of pesticides from Kimchi cabbages

(f;gzlgl; Location sampled Ingredient Forti?;ag/ﬁs;level LOQ for]:lgigvan
CA-01 Cheolwon, GW* not detected
CA-02 Yangyang, GW not detected
CA-03 Inje, GW not detected
Benthiavalicarb-isopropyl 0.032 2.0
CA-04 Pyeongchang, GW
Indoxacarb 0.039 0.7 2
CA-05 Hongcheon, GW not detected
CA-06 Hwacheon, GW Procymidone 0.028 0.01
CAOT Wongju, GW Cyhalothrin 0.012 0.2 0.5
Indoxacarb 0.072 0.7 2
CA-08 Yanggu, GW not detected
CA-09 Chuncheon, GW Sulfoxaflor 0.038 0.2 3
Dinotefuran 0.052 1.0 2
Flonicamid 0.050 0.7
CAL10 Sokcho, GW Indoxacarb 0.094 0.7 2
Novaluron 0.016 0.7 0.7
Pyraclostrobin 0.024 2.0 2
Sulfoxaflor 0.015 0.2 3
Bifenthrin 0.044 0.7 1
Dimethomorph 0.163 2.0 25
Dinotefuran 0.074 1.0 2
CALL Donghae, GW Flonicamid 0.196 0.7
Fluopicolide 0.033 0.3 3
Imidacloprid 0.079 0.3 1
Indoxacarb 0.120 0.7 2
Propamocarb 0.405 1.0 5
CA-12 Jeongseon, GW not detected
CA-13 Heongseong, GW Flonicamid 0.027 0.7
Cyhalothrin 0.036 0.2 0.5
Dimethomorph 0.181 2.0 2.5
CAL14 Sunchoon, JN Diniconazole 0.010 0.1
Flonicamid 0.046 0.7
Indoxacarb 0.039 0.7 2
Sulfoxaflor 0.018 0.2 3
CA-15 Haenam, JN not detected
CA-16 Hwasun, JN Indoxacarb 0.011 0.7 2

* Abbreviation GW: Gangwon-do sampled from Oct. 15 to Oct, 16, 2020; JN: Jellanam-do from Oct. 20, 2020.
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Table 6. Fortification levels and LOQs (Limits of Quantitation) of pesticides from cabbages

Cabbage Location sampled Ingredient Fortl?:lag/nli);l)level LOQ forl}gi?van
CA-01 Hwacheon, GW* not detected
CA-02 Yangyang, GW not detected
CA-03 Wonju, GW not detected
CA-04 Inje, GW not detected
CA-05 Hongcheon, GW not detected
CA-06 Yanggu, GW not detected
CA-07 Gwangyang, JN not detected
CA-08 Jeonju, JB not detected
CA-09 Wanju, JB not detected
CA-10 Yesan, CN not detected
CA-11 Eumseong, CB not detected
CA-12 Chungju, CB not detected
CA-13 Pocheon, GG not detected
CA-14 Gapyeong, GG not detected
CA-15 Yangpyeong, GG not detected
CA-16 Gwangju Metropolitan City not detected

* Abbreviation GW: Gangwon-do sampled from May 27 to May 28, 2021; JN: Jellanam-do on May 29, 2021; JB: Jellabuk-do
on Jun. 2, 2021; CN: Chungcheongnam-do on Jun. 1, 2021; CB: Chungcheongbuk-do on Jun. 1, 2021; GG: Gyeonggi-do on Jun.
14, 2021; Gwangju Metropolitan City on Jun. 15, 2021.
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