pISSN 1229-1153 /elSSN 2465-9223 J. Food Hyg. Saf.

Vol. 36, No. 1, pp. 60~67 (2021) and Safety

Journal of Food Hygiene

https://doi.org/10.13103/JFHS.2021.36.1.60

QI X|ojo] 9F T WINS Y GUBIIFE T} Oy XA

-

2™ - WHOR - I WL - UpER - o
PR MER - ARY - UTY - FHY - o
1NAFANLARAATY FEFFHED AL
QAN RATAATF A AL

Monitoring of Pesticide Residues on Herbs and Spices
in the Incheon Metropolitan Area

Eun-young Yeo'*, Seung-Hye Jung? Jin-Seob Jang', Sung-Hee Kwon?, Byung-Kyu Park? Soo-Yeon Lee',
Jeong-Eun Park', Soon-Jae Seo?, Jung-Im Kim', Meyong-Hee Kim', Kwang-Sig Joo?, Myung-Je Hur'
!Division of Namchon Agri-fishery Products Inspection, Incheon Metropolitan City Institute
of Public Health and Environment, Incheon, Korea
’Division of Samsan Agricultural Products Inspection, Incheon Metropolitan City Institute
of Public Health and Environment, Incheon, Korea

(Received July 24, 2020/Revised September 24, 2020/Accepted December 31, 2020)

ABSTRACT - In this study we investigated pesticide residues on herbs and spices disrtibuted in the Incheon Met-
ropolitan area. A total of 112 samples were purchased from off-line and on-line markets from January to October
2020. In accordance with the implementation of the Positive List System (PLS), the proper usage of pesticides is now
being enforced. It is assumed that unregistered pesticides are being used on herbs and spices due to the low number of
registered pesticides in the agricultural industry. Pesticide residue levels were not detected in 99 samples but 11 kinds
of pesticides in 6 samples (13 times) exceeded the MRLs. The pesticides that were used in accordance with the PLS
were Diazinon, Diethofencarb and Pyridalyl. However, unregistered pesticides were on the herbs and spices. There-
fore, it is necessary to educate producers of herbs and spices on the appropriate use of pesticides. It is also necessary
to establish MRLs on herbs and spices.
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PAAME 7|y 02 ZREeks #estal vk vehviet
T2 71FE2 oA Ao EAIE o1 & dojA
7t = x}%gl FAENAAY FRE ffE 7]Ee] AR
A e ool 0.01 mgkg o4 AFE HAHEC] v
Postive list, Z]-%Oﬂ 58 7)F0] AA o]

UAA & sl thalA €74 < YF o2 3h= Zero
tolerance %—% olste] EALE c{} AX R =3}
AL AEPO. eyt = 2019»1 14 147 2E F4t

2 3 &EHAEE
Algstal Ao,
FAEL S F7lel 553 gy ¥71E Hst
71 913 AeiE e H=olH, A F o FFtdA e woF &
Fol871E &S Brh HesiA ds] H‘GH &4

Z2] A =(PLS, Positive List System)S

R . =
FTES FAG HE w9 AR LIE 23 FYY
A E ZABI ZF3 8718 A9 7z ARE &8
& A} g,
Materials and Methods
MEx=

2020 1€7E 1097FA] QIH3EAl W] E4HE A
2, dFeE 9 28l nRllolA A E 9 FAET}
TF 11278 o m Fesof 248 Mdsslon, ¢
18k A=) F5S SEFARA) 577, SEF(EIX)
24, f‘fo Mul 117, A 671, e 271, 71EFEFA]
2= 4710 TH(Table 1).
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Table 1. The list of agricultural products collected as samples

Each

Group Sample names

Type Number of samples

Coriander 11
Mint
Basil

Dill

—_
[«]

Rosemary
Fresh Time
herbs Lemonbarm
Oregano
Lemongrass
Korean mint
Lavender

Flower

Rosemary
Bay leaf
Time
Oregano

Basil
Herbs and Dried

spices herbs

Moringa leaf
Flower
Lavender
Lemongrass
Rooibos
Savoury
Mint

Black pepper
Fruit

spices Chinese pepper(fruits)

Star anis

Cumin seed
Seed Cardamom

spices Coriander seed

_ = W NN N R = = = = DD WW NN = = = NN W W

Nutmeg

Root and
rhizome
spices

Turmeric 2

Cinnamon 2

Clove 2

Other herbs
and spices

oFS ARREIITE GC, HPLC 2412 el AAle] Aol
A28+ SPE (solid phase extraction)= florisil cartridge (1 g,
6 mL, Bekolut, Haupststuhl, Germany), aminopropyl (NH,)
cartridge (1 g, 6 mL, Bekolut)S A-&-3}53Th.
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=]
st MYy

159 AdAE= AFEad diEHE tEsofrd &
AW Aoy wel A . A
A2 T oHEYUER FZEHE AcetonitrileZ 5= - florisil
9 amino-propyl 2287%o] SXE FHERA|E o]&dlo] A
A g o, 7|AFZvFE 22 Z(GC, gas chromatograph) %
DA ZZwFE T2 Z(LC, liquid chromatograph)Z =74 3l=
Al@oltt, AAl oF 50 g(Axe 10gS AYs] SEstaL,
DW 20 mL& o] 2A)7F ¥x))2 AU3s] €oF ACN 100 mL
< 7hete] EFE VIR 3R 4SS the 9A(GE
Healthcare Life Science, Chicago, IL, USA)’} Z# A& F&
vz 71 = 7F Attt 2 & oS sodium chloride
15g0]l E91 Y= SHZu 7)o FHslod AetA J"e o
8] F g7t olFold w7kA] FAEAAL, ACN F5
GC9} LC #4802 717} 20 mLS Fste] 40°C 7574

Al 2 EEskiTh

GC A48 AF9 FFEN= acetone/n-hexane (20/80,
viv) 9 mLS 718k &3%k & n

>

rlo

-hexane 5 mL 2} acetone/

Table 2. Analytical conditions of GC-MS/MS
Part 7890B (GC)-7000D (MS/MS)

Column Agilent DB-5MS (250 pm x 30.0 m, 0.25 pm)
Injection volume 1 mL
Carrier gas : He, 0.8 mL/min
Flow rate Collision flow : N,, 1 mL/min
Quench flow : He, 4 mL/min
Injection 250°C
temperature
Split mode splitless

70°C — 70°C (2 min) — 180°C (8.5 min)

Oven temperature . 300°C (39.5 min)

lon source
temperature

250°C

Table 3. Analytical conditions of LC-MS/MS

Part Vanquish (UHPLC)-TSQ Altis (MS/MS)

n-hexane (20/80, v/v) 5 mLZ 1|g] 443} A17] florisil 7}
EZA(1g, 6mL)el FHatqd 2T 1282 22 &
AlA Al ] okt e 82 HE thA] 40°C "—9—’\1-
oA AYsEFsaL FHRES acetone/n-hexane (20/80, v/
v) 2mLel &3listd A|@FgAow 3Tt

LC #48 289 7=l methanol/DCM (1/99,v/v)
11 mLg 7h3te] €313t &, DCM S mLZ w]g] E43} Al
Z1 amino-propyl 7FEZA|(1g, 6 mL)°l FHst] %9 1-2
g SR EEAA A WUokth e gEaS
40°C ’\9—)\1—01]/\1 el =S ACN 2mLE &
3|k & 0.2 pm syringe filter (Advantec, Tokyo, Japan)Z
o st A PGHO R 313

AAE AH S Fote] 42 AP EAES B 4 @Eku
Ae] 2eAlo] AA 71718 skadth GC B LCeF 4
AZFEX7|(MS/MS)E 400%F2] S HAAEA G 0471
A AZEE T 4w AEEHNA ALAIgE vlell Wt ECD
NPD (nitrogen phosphorus
29 T 4%

>

(electron capture detector),

detector), UVD (ultraviolet detector) & 73
2 B4 FPsd 4571 F@stel Bs
GC-MS/MS (Agilent Technologies, Santa Clara, CA, USA)

Table 4. Analytical conditions of GC-ECD and GC-NPD
Part 6890N (ECD) 6890N (NPD)

Column Agilent DB-5 (250 um x 30.0 m, 0.25 pm)
Injection
volume hL

Carrier gas flow N,, 1.2 mL/min

Injection 250°C 270°C
temperature
Detector 280°C 300°C
temperature
Split mode split (42.2:1) splitless
150°C — 150°C (1 min) | 20.C — 120°C (I min)
Oven . 240°C/min (10.5 min) — 240°C/min (13 min)
temperature ) — 280°C (27 min)

— 280°C (28 min) — 300°C (30 min)

Thermofisher Scientific Accucore aQ

Column (2.1 mm x 100 mm, 2.6 pm)
Injection volume 2 uL
Mobile phase A:5mM Ammor.lium formate.in water
B : 5 mM Ammonium formate in MeOH
Gradient 20 — 20(0.5 min) — 70(2.5 min) — 95(9 min)

condition (%B) — 95(12 min) — 20(12.1 min) — 20(15 min)
Flow rate 0.3 mL/min
Oven temperature 40°C

ESI (Electrospray ionization),
Positive ion spray mode (3000 V)

50-1650

Ion source type

Scan range

Table 5. Analytical conditions of HPLC (UVD)
Part Ultimate 3000 (UHPLC)

Detector UV-VWD (Variable Wavelength Detector)
Column Shiseido Capcell Core C,,
(4.6 mm x 100 mm, 2.7 pm)

Injection volume 10 L

Flow rate 0.8 mL/min

. A : 5% acetonitrile
Mobile phase B : acetonitrile/methanol (8/2, v/v)

Gradient 10 — 80(13 min) — 80(16 min)

condition (%B) — 10(16.1 min) — 10(20 min)
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= 7890Bel|l 7000DE AT AE ARESIAIL, LC-MS/
MS (Thermofisher Scientific, Waltham, MA, USA)&=
Vanquish UHPLCS} TSQ AltisE AH&-3}39t). GC (Agilent)
£ 6890N =49, LC (Dionex, Sunnyvale, CA, USA)E
Ultimate 3000 UHPLCZS A}&-3}1

BAA 59 4005 F 29152 GC-MS/MS, 1095
LC-MS/MSZE #4383l on F98 &4 %71 Table 2, 3
I 2ot AFEA7E o835 FAEA A sl A=

=™ Table 4, 59 ZA02 A BAste] Felsurt.

tH

g
AR AR o fste] TAFS] A1E % A,
o wet WY ES FF 1FS AL WED BFS
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Table 6. Recovery rate, LOD and LOQ of pesticides detected

EFENE 02, 1.0mgkg FToZ AT F AFHY 5L
stAl 33] ®bE Al@ete] SA AT AESA(limit of
detection, LOD) 2 2 &%HA|(limit of quantification, LOQ)&
<A o] oF = 1A Z 3191 Y 3] (International
Harmonisation of technical requirements for pharmaceuticals
for human use, ICH)A A|AJSH olglje] A= whwo we}
ToFAth EFHAKE)S A 71E71(9F ot the
2le]] efaste] ALkt

Council for

LOD = 3.3x§/S,
LOQ = 100x3/S
& =The standard deviation of response

S§'=The slope of the calibration curve

Result and Discussion

A
o o

A E 9 FANETEE 12719 FRE dARIA A
12

T FFS U oR GCECDE 4% w9

Pesticides Correlation coefficient (R?) Concentration (mg/kg) RecoveryxRSD (%) LOD" (mg/kg) LOQ? (mg/kg)
0.2 85.9+4.6
Chlorfenapyr 1.0000 0.022 0.066
1.0 86.1+4.1
0.2 115.8+0.2
Chlorpyrifos 0.9998 0.001 0.005
1.0 114.4+0.8
0.2 98.5+£2.8
Cypermethrin 0.9975 0.004 0.013
1.0 97.1+£2.5
0.2 108.8+0.9
Diazinon 0.9999 0.006 0.019
1.0 106.4+0.8
0.2 94.6£1.0
Diethofencarb 0.9998 0.005 0.014
1.0 102.1+£0.3
0.2 89.3+1.2
Ethoprophos 0.9994 0.005 0.017
1.0 95.6+£0.8
0.2 93.8+1.1
Hexaconazole 0.9952 0.023 0.070
1.0 92.1+£0.9
0.2 92.3+0.7
Lufenuron 0.9989 0.005 0.014
1.0 93.4+4.3
0.2 90.6+2.3
Paclobutrazole 0.9964 0.018 0.055
1.0 91.5+1.3
0.2 102.5+0.3
Permenthrin 0.9991 0.002 0.006
1.0 107.9+0.7
0.2 88.5+1.7
Pyridalyl 0.9996 0.008 0.018
1.0 91.8+3.1

DLimit of detection.
JLimit of quantification.
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(cypermethrin, ethoprophos, permethrin, pyridalyl), GC-NPD=
4%2] &< (chlorfenapyr, chlorpyrifos, diazinon, diethofencarb),
LC-UVDE 159 %% (lufenuron), I 9] 2%9 FoF
(hexaconazole, paclobutrazole)> GC-MS/MSZ ©]&9] 3|48
2 AZIA, A e e 2 A= Table
63} 2tk 2 1159 A= 0.9952-1.00000F 45
gk 214488 Bk 4 9] LODE 0.001-0.023 mg/kg,
LOQE 0.006-0.070 mg/kg 552 2 YEPHT) oA 2
=2 7% 005 mgkg olste] HEFAZE Q7E L 3]
AE3 BAgos A3 Ao At dixesd
ZHRelative Standard Deviation, RSD%)= 0.2-4.6%, 2} “&F
of gt 3482 02mgkg FEolA 859-115.8% M=
YERG S ™ 1.0 mgke FEoN4 86.1-1144%Z YERSTE.

12

8 S8 2%
FAEEAE, ErE 9 221 vpRloA] Y st
11279 F5EH BE¥= JEFAA) 574, dEFHX)

3274, FAGuf 114, FAHA 64, 716}%*1*‘ 47, A
wa) 2o, S HEF(AAA)(50.9%) L 3 HF(71X)(28.6%)
2 B2 HFE A AtHFig. 1). $4E d8E 7E
o2 A 5571(49.1%), FUAE 57A(50.9%)°1R e 4=
Yr Bl 127102 7P Bk, HEY 117, olFJE
77, 1% 67, BEA 57, AxdAoF 471, = 37, Bl
37, 299 27, IR 14, W7ol 17, Folzely

Other herbsand_
spices 4, 3%

Rootandrhizome__
spices 2, 2%

7

Seed spices, 6, 5’% ik

Fruitspices, 11,
10%

Fig. 1. The each group distribution of samples collected for moni-
toring of pesticide residues on herbs and spices products in
Incheon metropolitan area.

sh= 14, kol 12 =olfinh At 571 FolM= ¢
HRAZ) 27, ERER) 317, L0 117, FAIH
74, ZIeR A= 47, AR 24 ol

nEES 2N Zut
2020 1€olA 109704 Q1394 ] Ak d&Eat

= ZujAE, dEutE 2 27l upAloA AlSe 55
T JE FAAE 2 FAEIFE 11270 Hgte] dRE

Table 7. Kinds of residual pesticide detected on herbs and spices products

Types Number of samples iis?gislfpi?‘sz;zg ?zttieoc(toi/f)))n Sample names Detected pesticide names
Hexaconazole
Basil Lufenuron
Paclobutrazole
Diazinon
Coriander Diazinon
Ethoprophos
Pyridalyl
Chlorfenapyr
Fresh herbs 57 11 28.1 Dill Diazinon
Diethofencarb
Lemonbarm Lufenuron
Lemongrass Chlorpyrifos
Diazinon
Mint Permethrin
Lufenuron
Time Chlorfenapyr
Rosemary Diazinon
Seed spices 6 1 16.7 Cardamom Cypermethrin
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kS AR A, JFEefel AEd 5L SEFAHA)
5771 = 1674(28 1%), AR 671 = 17 (1 %)o] ) THTable
< 27T
a} 171, FAHL 174)01134 %141 lﬂ 152101914

FEHEE S HFAZR)S vk 37, A 471, E 37,
Y =9k 174, ek~ 174, 9E 274, 8¢ 17, EZU}ﬂ
17, FRE 7 17100 2hR-sefo] ZAEHJATH(Table 8).

Azwore ARNA 480 B pRAN LA
chlorpyrifos, chlorfenapyr, cypermethrin, diazinon, ethoprophos,
diethofencarb,
hexaconazole 2%, 2| A Z"gA| paclobutrazole 1]}
th. Park 79 Aohe thEA AFATE AR B
o] A=HAUct.
A E B NE7HEEA AEE
Table 8] YEFTE 40052 A h
ok 11£9] 183 AZFHAUL} &
lufenurone benzylphenylurea A€ 2 Z%2] chitin
Aslshe A=A AFAelL?, FAM Tt
cypermethrin |25, A7, THAF AIH,
Aol BE Azl Aol o] LA A
5 E2 FFOE A 7Pz°ﬂ e 4=
SARE o 540] ek Foko R A AQdME
FAE = 5 9ol E-Tl M

= A

lufenuron, permethrin, pyridalyl 8%, A<Al=
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W §E BAE 2= 2ok A 2AN} Jang S190] A%

TTO6 1
o f5 MaFe] HrEeF A Aol W=H cypermethrin

350F ZHRATH, Lee 590] B3 2009

o] RUE N thx A% Fokolgly Byd A Az}
of Hlal B AFAe= ke H e HEES BT

nF68 1= £
Table 83} Zro] =] #F3& 7]—v‘(MRL)% 5:45& =
A

715(MRL, Maximum Remdue Levels)ol é é
oF2 gFol o Y Fak=ol s 2HRs
I

W=7} 53]91 diazinone =

7L 500E o] *gi}ﬂl U HEAHA /K71
o= W, vjF, At o Al A ASAE AR
3 o, HZol= THME EFAY] FEE 2 AL
&l 7okl ATH?. Park F'Woll WMEW Thololx|=
< Ao @3] AFFA A S5 At HAHGH S
2 Wg37E AYES gRIsk e, thololx]z=e YA
A wE:=2 Qe WY kst 9 e FHeFshA o 23}
Ao 2% 7FsAdol At Bt Kwon 59

Table 8. Concentration of pesticide residues detected on herbs and spices products

Type Sample names ].)e.tected Concentration MRL" Origin Result
pesticide names (mg/kg) (mg/kg)

Basil Hexaconazole 0.67 0.05 Korea Unsuitable
Basil Lufenuron 0.32 0.05 Korea Unsuitable
Basil Paclobutrazole 0.46 0.05 Korea Unsuitable
Coriander Diazinon 0.04 0.01 Korea Unsuitable
Coriander Diazinon 0.04 0.01 Korea Unsuitable
Coriander Ethoprophos 0.30 0.05 Korea Unsuitable
Coriander Pyridalyl 0.07 0.01 Korea Unsuitable
Dill Chlorfenapyr 0.65 0.05 Korea Unsuitable
Fresh herbs Dill Diazinon 0.08 0.01 Korea Unsuitable
Dill Diethofencarb 0.18 0.01 Korea Unsuitable

Lemonbarm Lufenuron 0.02 0.05 Korea Suitable
Lemongrass Chlorpyrifos 0.22 0.04 Thailand Unsuitable
Mint P]zrlrilzé?lfr ?n gz: 88; Korea Unsuitable

Mint Lufenuron 0.03 0.05 Korea Suitable

Time Chlorfenapyr 0.03 0.05 Korea Suitable
Rosemary Diazinon 0.14 0.01 Korea Unsuitable

Seed spices Cardamom Cypermethrin 0.02 0.05 Guatemala Suitable

D MRL: Maximum Residue Level.
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