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ABSTRACT - This study was conducted to research the status of pesticide residues in a total of 114 herbs and
spices obtained from January to October 2020. 341 pesticide residues were analyzed by the multi class pesticide mul-
tiresidue methods using GC-MSMS, GC-ECD, GC-NPD, LC-MSMS, LC-PDA, and LC-CAS. As a result of analysis,
36 pesticide residues were found, and detection rate was 31.6%. Of them, seven samples were detected over Maxi-
mum Residue Limits (MRLs) and the unsuitable level in pesticide was 6.1%. The herbs and spices exceeding MRLs
include coriander (2 times), mint (2 times), basil (once), rosemary (once), and boraye (once). According to an analysis
of 341 pesticide residues, 22 pesticides were detected 52 times and 8 pesticides were found to exceed the MRLs. The
pesticides exceeding MRLs were ingredients such as etofenprox, flufenoxuron, fluquinconazole, iprodione,

lufenuron, paclobutrazol, phenthoate, and spiromesifen.
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Table 1. Classification of agricultural commodities

Type Group

Commodity

Soursop, Coriander leaves, Five-leaf ginseng leaf (Poor man's ginseng leaf), Ben moringa leaves,
Lavender, Lemongrass, Lemon myrtle, Balm leaves, Rosemary, Rooibos, Matari, Maté, Mints

Herbs

(Pepper mint, Spear mint, Apple mint etc), Milk thistle (leaves), Basil, Anise hyssop, Thyme, Dill,
Stevia, Edible flowers (Indian chrysanthemum, Marigold, Rose, Chamomile, Hibiscus etc),

Ironwort, Oregano, Olive leaves, Laurel leaves, Jasmine, Japanese pepper leaves, Culantro,

Herbs

Thyme, Honey bush, Fenugreek leaves, Fennel leaves etc

and Juniper berry, Vanilla, beans, Allspice, Pepper, Sichuan, Cardamom (pods and seeds), Star anise,

spice Spices, fruit or berry

Caper berries, Pepper (black, white) etc

Spices, seeds

Mustard seed, Coriander (seed), Milk thistle (seed), Basil (seed), Dill (seed), Celery seed,
Anise seed, Nutmeg, Shiso (seed), Caraway seed, Cumin seed, Fenugreek, seed, Fennel (seed) etc

Spices, root or rhizome

Turmeric root etc

Other spice

Cassia bark, Myrrh, Saffron, Cloves (buds) et
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Table 2. The number of samples collected for the monitoring of
pesticides residues

Commodity Fresh Dried Total

Coriander leaves 25 - 25
Mints 14
Basil 13
10

—_—
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Rosemary
Thyme
Oregano

Lemongrass
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Balm leaves
Dill
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Soursop -
Lavender -
Mate -

Ben Moringa leaves -
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Laurel leaves -
Total 72 42
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Jacson, Charlotte, NC, USA), dichloromethane (Burdick &
Jacson, Charlotte, NC, USA), acetone(Wako, Osaka, Japan),
hexane (Wako, Osaka, Japan), methanol (Wako, Osaka,
Japan) & ARSSIAAL, 1 9]¢
A8 9 GRES ARE-aISlth A5 9] A #G oA SPE
(solid phase extraction)= florisil cartridge (1000 mg,
6mL, Agilent, Santa Clara, CA, USA), amino-propyl
cartridge (1000 mg, 6 mL, Agilent, Santa Clara, CA, USA)
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Table 3. Analytical condition of GC-ECD, GC-NPD and GC-MS/MS
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hexane 5 mLZ &4 3}5}59th 20% acetone/hexane 4 mL
of =2l AENE cartridge Aol Wil &EAIAH AlEH
of Wktt} thA] cartridgeo] 20% acetone/hexane 5 mLE
Eoto] 72 Alg el Wol 40°C o3t FEFellA] 23}
FE3IA. |7t 8] AlA" AlFdel 20% acetone/
hexane 2mLE ¥¢] =°|3L 0.2 um PTFE filter (Whatman,
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Instrument GC-ECD GC-NPD GC-MS/MS
Column DB-5 DB-5 TG-5
(30 m x 0.25 mm, 0.25 um) (30 m x 0.25 mm, 0.25 pm) (30 m x 0.25 mm, 0.25 um)
Gas flow 1.0 mL/min 1.0 mL/min 1.0 mL/min
o split(1:5), Inj. Vol. : 1.0 uL splitless, Inj. Vol. : 1.0 uL. splitless, Inj. Vol. : 1.0 uL.
Injection mode
heater 270°C heater 270°C heater 280°C
°C/min next hold °C/min next hold °C/min next hold
initial 170 1 initial 130 1 initial 70 3
Oven temp. 4.7 240 4 8 180 1 15 160 0
13 279 1 4 210 3 5 300 3
30 295 9 10 300 5
Transfer line : 280°C
Detector temp. 300°C 310°C
Source temp. : 300°C
Table 4. Analytical condition of UPLC/PDA, HPLC/FLD, and LC-MS/MS
Instrument LC-CAS LC-PDA LC-MS/MS
Column BEH C18 Carbamate CAPCELL CORE C18
(2.1 x 100 mm, 1.7 um) (3.9 x 150 mm, 5.0 pm) (2.1 x 150 mm, 2.7 pm)
Detector 254 nm XX\ :340 nm, EA : 455 nm MSD (MRM)
Flow rate 0.4 mL/min 1.0 mL/min 0.3 mL/min
Injection vol. 2 uL 5uL 2 ulL
Time 5% ACN  100% ACN Time A (%) B (%) Time A (%) B (%)
80.5 19.5 20 80 95 5
1 80.5 19.5 3 50 50 1 95 5
76.1 23.9 12 70 30 1.5 10 90
4 62.6 374 12.1 20 80 12 90 10
Mobile 6.5 492 50.8 10.5 70 30 16 90 10
phase
8 358 64.2 13 20 80 16.1 95 5
10 17.9 82.1 60 20 95 5
— 01 S B
11 8.9 91.1 A=20%Water-40%MeOH-40%ACN A=0.1% formic ac1d,‘ 5 mM Ammonium
115 B 100 formate in DW
B=0.1% formic acid, 5 mM Ammonium
=1 0, ]
13.5 80.5 19.5 B=12%ACN formate in MeOH
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Table 5. Pesticides detected in agricultural products

Results and Discussion
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MRL Concentration R

NO Sample name Pesticide detected PLS Suitabilit;
P (mg/ke) (mg/ke) Y
1 Balm leaves Permethrin 0.05 0.0062 Suitable
2 Balm leaves Thiamethoxam 1.5 0.0234 Suitable
3 Balm leaves Cyhalothrin 10 0.0172 Suitable
4 Basil Chlorpyrifos 0.04 0.0069 .
Lufenuron 0.05 0.7008 Unsuitable
5 Basil Imidacloprid 2.0 0.0249
Azoxystrobin 70 0.0150 Suitable
Chlorantraniliprole 0.02 0.0105
6 Basil Etofenprox 0.01 0.0121 O Suitable
7 Basil Azoxystrobin 70 0.0089 Suitable
8 Basil Thiamethoxam 1.5 0.0101 Suitable
9 Ben moringa leaves Permethrin 0.5 0.2621 Suitable
10 Coriander leaves Etofenprox 0.05 0.1043 Unsuitabl
Chlorantraniliprole 0.02 0.0103 suttable
11 Coriander leaves Ethoprophos 0.05 0.0047 O
Etofenprox 0.05 0.0395 Unsuitable
Fluquinconazole 0.01 0.0342
12 Coriander leaves Chlorothalonil 0.01 0.0042 O Suitable
13 Coriander leaves Pendimethalin 0.05 0.0064 Suitable
14 Coriander leaves Ethoprophos 0.05 0.0473 Suitable
15 Coriander leaves Tebupirimfos 0.01 0.0052 O Suitable
Imidacloprid 2.0 0.0961
16 Coriander leaves Thiamethoxam 1.5 0.0095 Suitable
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Table 5. (Continued) Pesticides detected in agricultural products

.. MRL Concentration . s
NO Sample name Pesticide detected PLS Suitabilit;
P (mg/kg) (mg/kg) Y
17 Coriander leaves Pendimethalin 0.05 0.0075 Suitable
18 Coriander leaves Diazinon 0.01 0.0062 O
Trifluralin 0.05 0.0043 Suitable
Thiamethoxam 1.5 0.0135
19 Coriander leaves Diazinon 0.01 0.0127 O
Pendimethalin 0.05 0.0247 Suitable
Phenthoate 0.05 0.0231 ‘“
Etofenprox 0.05 0.0130
20 Coriander leaves Thiamethoxam 1.5 0.0578 Suitable
21 Coriander leaves Thiamethoxam 1.5 0.0252 Suitable
22 Dill Paclobutrazol 0.05 0.4909 O
Phenthoate 0.01 0.2051 Unsuitable
Pyrimethanil 0.05 0.0106
23 Dill Imidacloprid 2.0 0.0089 Suitable
24 Mints Spiromesifen 0.01 3.2214 O Unsuitable
25 Mints Iprodione 0.01 0.5818 O
Flufenoxuron 0.01 0.0638 O Unsuitable
Imidacloprid 2.0 0.0423
26 Mints Permethrin 0.05 0.0054 Suitable
27 Mints Imidacloprid 2.0 0.0424 Suitable
28 Mints Permethrin 0.05 0.0033 Suitable
29 Oregano Permethrin 0.05 0.0107 Suitable
30 Rosemary Etofenprox 0.05 5.5378 Unsuitable
31 Rosemary Imidacloprid 2.0 0.0169 Suitable
32 Rosemary Imidacloprid 2.0 0.0103 Suitable
33 Rosemary Tebupirimfos 0.01 0.0092 O Suitable
34 Thyme Imidacloprid 2.0 0.2915 Suitable
35 Thyme Imidacloprid 2.0 0.0741 Suitable
36 Thyme Chlorpyrifos 0.04 0.0150 Suitable
* PLS (Positive List System) : [f MRL is not established, default MRL of 0.01 mg/kg will be adapted.
Table 6. Agricultural products exceeding MRLs
MRL Concentration " .
Sample name Pesticide detected PLS Collection place
P (mg/kg) (mg/kg) P
Basil Lufenuron 0.1 0.7008 internet
Coriander leaves Etofenprox 0.05 0.1043 wholesale market
Coriander leaves Fluquinconazole 0.01 0.0342 O wholesale market
Dill Paclobutrazol 0.05 0.4909 wholesale market
Phenthoate 0.01 0.2051 O
Mints Spiromesifen 0.01 3.2214 O internet
Mints Iprodione 0.01 0.5818 O internet
Flufenoxuron 0.01 0.0638 O
Rosemary Etofenprox 0.05 5.5378 internet

* PLS (Positive List System) : [f MRL is not established, default MRL of 0.01 mg/kg will be adapted.



397 Ho-Jeong Bae et al.

S W FokE 53R HA| FAT A 8 Y] 55.6%
oliTh A FAT AR F At o] o] PLS 7|EL =
T AR LINEE 2T AS & 5 AL

FAg A A T8 Avnd wof 273587
9] 2.1-322 WiZHA] 23ek AL & AT FAF
ANge A Fihe 289 44, 7= W Zuja] el A
FAT F5 3710t

TAAEC E5YE M Ant

FEEZ AA UGS AEEH F 14 FE F 9
FE5oA AZ olge] AU

14 257 F 127(48%), W E 1474 F 574(35.7%), vt

—_—
OLA)

571(38.5%), 2=ulkg] 104 F 471(40%), EF
37(30%), d=Y 7 F 37(42.9%), A SR
27(50%), EA2E 37 = 174(333%), 2.8
A F 17(12.5%)°] AEHAJ. 222k, 7HA
e, v, AT = AEEA It

LTE 257AS FAS 2% 1279 AZ48%)°l 2
Aok 127 5 270 ¢ 7‘}71'01%7]—r7—5 Z 3L —t:’—
AAES 8%olth HAEE FoF BE2 11522 193]
A Z = . Fluquinconazole 0.0342 mg/kg 715 : 0.01
mg/kg)e} etofenprox 0.1043 mg/kg (715 : 0.05 mg/kg)s
FoF AFHE7IES 23383t Fluquinconazole2 At
A2 B 2HRAdol 71 5oF Aol A &A= PLS
s A8y,

FEvEA = tEES dFeR Agske AU B
o} fluquinconazole?} 732 ZFAdol 71 AES AT =
A15& 7180k 3t} Tebupirimfos, diazinon, chlorothalonil,
0.0l mghkg 2831
fluquinconazole2- ©]& %31 th A5 2 vtEY &
ZRlolA EHGA +& 7 de FAANERE FAFEC] =
of At TAlCA #el7t Do Flolt

H-e 1371 FAS 571(38.5%)°] HEEHU ] F
1710] & 27/38187|FS 2Hst] FHIAES 7.7%°]
t}. Lufenurone & ZF3] 875 0.05 mgkes 73
0.7008 mgkgel HEE o] 31871F9] 1405 ZH3HAT
Thiamethoxam, imidacloprid, chlorantraniliprole, azoxystrobin,
lufenuron 5¢F 7351871 o3t AZHJUT

HEE 1470 FAs 57(35.7%) HEe]l ANL 1%
27A(143%)°] FH Gt spiromesifen,
flufenoxuron, permethrin, HAEFHAL
spiromesifen, iprodione, flufenoxurons & ZHF3&7]5%
< Z2H3IH RES] AESES 357%% 3L(48%), vHE
(38.5%)°l Hlal Sttt 22t WIES] RAFELS 143%=
IF(8%), BHA(7.7 Yo Rt =9kt FAS AR BT TE
o A& F gle Foolth WEY g 7lE HE 4
L] 818 7k skl tig WS $1R7F H Qg Aot

AL

4

ST A, A )
B~
oo m

ﬁkr

fluquinconazole> PLS 7]l

Iprodione,
imidacloprid 7}

2zutg]E 10749 AA F 4700 HAZ40%)=H AT 2
ZF 140] ¥ AFsL7ES 2HsNL FHFES
10%°1 At} 715 233 /-2 etofenprox 5.5378 mg/kg
(0.05mgkg) o2 7IF thH] HZo] 1108 vy w3ttt
Etofenprox= 25 Al S 2 pyrethroid Al F ol &3t
Pyrethroid AGLe xo JEF Ao Aeixyoz z8
sl oAl FFS PIAAR ZhHF] g 54
o BAg oA 9,

5 239%%
e Aot #lZutol|A] cyhalothrin®] 71 10 mg/
kg°ﬂ 0.0172 mg/kg % %Qc’it} =Yg permethrin®] 7]
= 0.5mgkgel 02621 mgkg AEEATE F F5 2F
TYMOE 747t o] ESL AN FYHIATE =7

2EE 20199 FUFAE FAT A4S 107 EEO £
Sty FEo|n, FUA HEYRe] AS FUAEH A

YRS _] JL-I_E_HE=| 2 zia}
zt

3 A% EJ 111 a5 937t FoF AR 8IIES 2HS)
Atk

A% B T AFAE 14F 41371 AEHUL AH3A
5% 63), AlxA 2% 43, AEAA 1% 1390 A

Plant growth
Herbicide regulator
8% _2%
Fungicide
11%

Insecticide
79%

Fig. 1. Classification of the use of pesticides.
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