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ABSTRACT - This study investigated the levels of 345 pesticide residues in 50 herbal medicines sold in Incheon met-
ropolitan city to determine their safety. Pesticide residues are harmful substances that can cause serious health problems owing
to their toxicity and carcinogenicity. The analysis of pesticide residues in the samples was conducted using the quick, easy,
cheap, effective, rugged, and safe (QUEChERS) method, known for its high analysis efficiency, to analyze a wide range of
pesticides for which no standards have been set. The analysis was cross-validated with the pretreatment method outlined in
the Korea Pharmacopoeia. Among the 50 samples encompassing 24 different herbs, 22 pesticide residues were detected in 24
samples, covering 7 distinct herbs, resulting in a detection rate of 48%. It is noteworthy that, except for two cases, all detected
pesticides were those for which no standards were set. However, after conducting a risk evaluation considering the daily dos-
age of herb, it was determined that the levels of pesticide residues were within safe limits. Pesticides with high frequency
within the same category of herbs were detected, indicating the necessity for continuous monitoring and regulation. In addi-
tion, comparative analysis using the pretreatment method outlined in the Korean Pharmacopoeia, yielded similar results, sug-
gesting the possibility of analyzing pesticide residues in herbs using the QUEChERS method. The study emphasizes the
importance of continuous monitoring of pesticide residues in herbs and the development of high-efficiency reliability analysis

methods should continue to ensure consumer safety.
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Table 1. The number of samples used for analysis

Type Number of samples
Cnidium Rhizome (¥ &) 7
Atractylodes Rhizome White (¥ &)
Platycodon Root (Z 73)
Alisma Rhizome (2] A1)
Angelica Gigas Root ()
Angelica Dahurica Root (% A])

Ostericum Root (7 &)

Saposhnikovia Root (%3)
Cinnamon Bark (% 7)
Cyperus Rhizome (&4}
Others

Total 50

[ S S R S S L V)

—_
~

o
T BFELS AccuStandard (New Haven, CT, USA) A|
F& AHEsla, &8l dichloromethane (DCM), n-
hexane, acetonitrile, acetone, water, ethyl acetate=
Honeywell AH(Charlotte, NC, USA)®] HPLC gradeZ,
sodium chloride (Junsei, Tokyo, Japan), sodium sulfate
(Junsei, Tokyo, Japan)& A3t Th Al&2] AA= florisil
catridge (lg, 6mL, Bekolut, Bruchmiihlbach-Miesau,
Germany)E AF&-3112™, QUEChERSH | a3t A5 =
QuEChERS Extract Kit, QUEChERS dSPE clean-up Kkits
(Chromatific, Heidenrod, Germany)E 7+ 3F] ARE-3I3ATH.

_E_lﬂ-IHI-EH
ARe AHAE AFEFA AR ADE-A2Y

(QUEChERS®) (Fig. 1)@ thgtil=obd JdWAJa Aok
A& (Fig. 2)°l wet 2-2F AA18F T QUEChERS 4]
e A4 Aok At FAEY tgE2A AxEe] )
24 IFE o] Eof 22 AFHI F F&35] 4
HalAth GC £42 GC-MS/MS (Agilent Technologies,
Santa Clara, CA, USA)E, LC #4& LC-MS/MS
(Thermofisher Scientific, Waltham, MA, USA)E A}&-3}%)
ok ARk A4 9 AHENS 98 ARES gl &

A z71& Table 2, 33 2t}
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Homogenized sample 2 g

1. DW 5 mL, 30 min, ACN 10 mL,
Shaking for 1 min

2. Magnesium sulfate 4 g, Sodium
chloride 1 g, Sodium citrate
dibasic sesquihydrate 0.5 g
Sodium citrate tribasic dihydrate 1 g

. Shaking for 1 min

4. Centrifuge 4°C, 4,000 G 10 min

Extraction

8]

1. Supernatant 1 mL

+ Magnesium sulfate 0.5 g

+ Primary-secondary amine 25 mg
2. Shaking for 30 sec
3. Centrifuge

— Filtration with PTFE(0.2 pum)

Purification

Fig. 1. Pretreatment method of pesticides by QUEChERS.

Homogenized sample 5 g

1. DW 50 mL, 4 hr

2. Acetone 90 mL, Homogenized for 5 min

3. Shaked with saturated NaCl 50 mL
DW 100 mL, DCM 70 mL

Extraction 4. Take DCM layer, Shaked with
DCM 70 mL, Take DCM layer

5. Dry for sodium sulfate
— Vacuum evaporation

6. Hexane 4 mL

1. Florisil cartridge
— Elute hexane 6 mL,
Hexane:acetone (4:1) 6 mL

2. Load sample solution,

Hexane:DCM:Acetone (100:97:3) 5 mL

. Vacuum evaporation

4. Mass up 2 mL with Hexane:
acetone (4:1)

Purification

W

Fig. 2. Pretreatment method of pesticides by Korean Pharmacopoeia.

) =5
02 mgL F5= Alxste] HAZFd A4 T AFZAF
(coefficient of determination, R)E BISIH L, 3|4-& A]
o x}elﬂ*o] AEHA G2 R FAE Alge] #
0.5 mgkg TFLE f‘*ﬂa T Al
s} 3Q HHE 23ttt 3s Hgow A
—,E%, %’B}EHE—EJJ] Z}(percent relative standard deviation)

Z AU=E g1, A& (limit of detection, LOD),

Table 2. Analytical conditions of GC-MS/MS

Instrument GC-MS/MS
Column Agilent DB-5MS (250 um x 30.0 m, 0.25 um)
Injection volume 1 pL
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
Oven 60°C (0 min) — 180°C (6 min)
temperature — 300°C (30 min)— 300°C (32 min)
Ion source 250°C
temperature

Table 3. Analytical conditions of LC-MS/MS

Instrument LC-MS/MS
Column Thermofisher Scientific Hypersil GOLD
(2.1 mmx100 mm, 1.9 pm)
Injection volume 2 pL
Flow rate 0.3 mL/min
Column oven 40°C
A: 0.1% formic acid and
Mobile phase 5 mM ammonium acetate in methanol
p B: 0.1% formic acid and
5 mM ammonium acetate in water
Gradient 90 — 90(1 min) — 40(2.5 min) — 5(9 min)
condition (%B) — 5(12 min) — 90(12.1 min) — 90(15 min)

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

50-1650 m/z

Ion source type

Scan type

A &S (limit of quantification, LOQ)= 3|HZA A2l y&
Aol TFAAE g 718712 v gl 242 3.3, 10

4 Zﬂ% -°r]'3H 897} '6‘%7‘]’:‘:”\‘]01]15) upe} ek
ot ZHRseF Wt HdETel aT erAle] dYHHEE
TS ek Bg =Rl HFAT 66.55 kg'O0 2 Lo
U U #F #F(estimated daily intake, EDI, mg/kg b.w./
day)ys ottt ALAHFHAFHFHEDDS L8
(ADI, mg/kg b.w./day)2Z i 3 1002 F3l] $Jl=
(hazard index, ADI%)E H7}sIt} Zt soke] ddAHH
5] 2 ZF(ADI)9} FokA|e] Do FE e FlokA) oF)]
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Table 4. Linearity, recovery rate, limit of detection (LOD), and limit of quantification (LOQ) of pesticides detected

Pesticides Correlation coefficient (R?) Concentration (mg/kg) Recovery+RSD (%) LOD (mg/kg) LOQ (mg/kg)
0.05 109.93+2.13
Tebuconazole 0.9999 0.1 106.50+0.31 0.008 0.026
0.5 107.01+0.70
0.05 111.33+4.71
Linuron 0.9995 0.1 105.67+0.45 0.020 0.062
0.5 102.40+1.55
0.05 104.67+5.02
Azoxystrobin 0.9977 0.1 108.67+3.04 0.001 0.004
0.5 109.80+6.09
0.05 106.33+3.98
Paclobutrazol 0.9960 0.1 113.37+1.46 0.030 0.090
0.5 106.72+0.81
0.05 108.47+1.02
Prometryn 0.9987 0.1 109.30+0.71 0.017 0.051
0.5 106.03+1.05
0.05 92.67+2.03
Pyraclostrobin 0.9999 0.1 88.33+2.33 0.001 0.004
0.5 84.20+1.01
0.05 105.53£1.79
Isoprothiolane 0.9999 0.1 104.10+1.11 0.006 0.018
0.5 102.95+0.41
0.05 107.27£1.29
Propiconazole 0.9999 0.1 99.50+2.87 0.003 0.010
0.5 104.73+£2.95
0.05 114.53+3.13
Pendimethalin 0.9981 0.1 107.33+£5.37 0.020 0.062
0.5 103.27+1.20
0.05 108.33+4.84
Diphenylamine 0.9986 0.1 110.97+0.96 0.018 0.054
0.5 98.35+4.13
0.05 102.07+0.61
Epoxiconazole 0.9981 0.1 105.60+1.68 0.004 0.012
0.5 106.79+0.47
0.05 112.93+4.05
Tetraconazole 0.9997 0.1 100.80+1.91 0.008 0.025
0.5 107.62+0.47
0.05 103.33+6.03
Metaflumizone 0.9993 0.1 109.00+3.43 0.025 0.075
0.5 108.67+0.22
0.05 102.40+0.86
Chlorfenapyr 0.9999 0.1 109.90+2.59 0.005 0.016
0.5 109.41£6.56
0.05 103.87+2.16
Iprobenfos 0.9997 0.1 105.97+1.18 0.017 0.053
0.5 107.43+0.53
0.05 90.53+1.22
Procymidone 0.9999 0.1 95.70+0.99 0.008 0.023
0.5 99.88+1.05
0.05 97.33+2.49
Etofenprox 0.9999 0.1 93.33+0.47 0.005 0.015
0.5 91.53+2.45
0.05 86.67 £2.45
Dimethoate 0.9995 0.1 89.67+1.24 0.011 0.033
0.5 96.20+1.30
0.05 96.87+2.15
Metalaxyl 0.9999 0.1 102.87 £1.53 0.005 0.015
0.5 106.45 +1.34
0.05 109.3+6.06
Thiobencarb 0.9992 0.1 107.0+4.96 0.014 0.042
0.5 99.7+£2.71
0.05 97.33+£2.92
Thifluzamide 0.9970 0.1 103.90+1.08 0.026 0.079
0.5 107.95+0.84
0.05 93.67+2.81
Chlorpyrifos 0.9983 0.1 100.97+2.25 0.019 0.058

0.5 106.63+1.88
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Results and Discussion
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Table 5. The result of the detection of pesticide residues in herb medicines

Herbal medicine Plant parts Pesticide No. (.)f Meap conc. of residue ManiI.num residue
detection (Min.-Max.;mg/kg) limit (mg/kg)
Tebuconazole 6 0.29 (0.08-0.51) 2.0
Paclobutrazol 5 0.27 (0.18-0.38) 1.0
Prometryn 5 0.11 (0.09-0.15) 2.0
Pyraclostrobin 4 0.21 (0.08-0.31) 2.0
o ) Propiconazole 3 0.150.07-0.19 4.0
Cmd‘“‘; Rhizome Rhizome Azoxystrobin 2 0.02 (0.01-0.02) 12.0
(=) Linuron 2 0.37 (0.26-0.47) 0.5
Epoxiconazole 1 0.06 04
Tetraconazole 1 0.17 0.2
Metaflumizone 1 0.19 6.0
Chlorfenapyr 1 0.15 2.0
Isoprothiolane 4 3.45 (0.45-5.91) 6.0
] ) Tebuconazole 3 0.86 (0.10-1.98) 2.0
Ahsr‘z;[f;‘)mme Tuber Azoxystrobin 3 0.11 (0.05-0.17) 12.0
Iprobenfos 1 0.34 2.0
Pyraclostrobin 1 0.16 2.0
Linuron 4 0.16 (0.10-0.27) 0.4
Procymidone 1 0.10 0.1V
Angelica Gigas Root Roots Tebuconazole 1 0.09 1.0"
Gl Etofenprox 1 0.04 2.0
Dimethoate 1 0.05 0.1
Metalaxyl 1 0.05 4.0
Pendimethalin 2 0.09 (0.07-0.10) 0.1?
Angelica Dahurica Root Roots Diphenylamine 1 0.07 5.0
(A Thiobencarb 1 0.42 0.5
Linuron 1 0.03 0.5
Tebuconazole 1 0.07 2.0
Atractylodesml;( :izome White Rhizome Azoxystrobin 1 0.01 10.0
=) Thifluzamide 1 0.03 0.7
Saposhnikovia Root Roots Chlorpyrifos 1 0.02 0.6
F¥)

Oster(l;:;g;]’)Root Ri?zo(:;e Diphenylamine 1 0.02 3.0

! Standards by Korean Pharmacopoeia.
? Standards by European Pharmacopoeia.
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Table 6. Type and number of pesticides detected in herb medicines
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A<l tebuconazole (715 1.0 ppm ©]3HS A&t =
T 7 AR soke R, gigRiseord g e w
fraofde] 7S mEAY, T8 7ol fle

"ekehel 71 P il AR ol

ol

MRS Ho Tk ot

) 1l
, A2 tebuconazole,
paclobutrazol, B]A}2] isoprothiolane, B¢ linuron3} 7+
o] EX ZHo|X EF Foko] ulE AZ= AL 3}
sttt DAY linurong A3t E
Fo] =2 ¥ %Ciuk%i FT tdATE S8 7o 2

ol
g F2ol AME 5

 waas 9101 o Rl a7

71% maAg wofol AEE dA T A, I, WS
= 2021 Fefav]de) By o] mEY e, of

% FolM A WA b ol Anls Ao 49
1591 ol BF Egso} 9om?, YA M Bol &
Mg sk 1912, oF 40%2 AT A we A}
ol sk tham) SekalelA Z1E v efo] 7
ZE9710) Qraere] Basol A7

T HA=EHY
o HEASS gAst A3 F 22F9] Fefo| A
Helom, A& HIEE tebuconazole (1173), linuron (773),

aclobutrazol (571), prometryn (571),
pyraclostrobin (571) ol ATt AHE 40 W& FoF &
F2+ tebuconazole 5 ’;‘;L?Xﬂ 13%, linuron 5 A|ZA| 3
%, chlorfenapyr 5 24| 5%, paclobutrazol 732
1502, AdA Fo] 718 ‘%9&‘:}.

HE 5 22% 5 tebuconazole, azoxystrobin, pendimethalin
5 8%2 A3} linuron, paclobutrazol 5 145S thdhy

azoxystrobin (671),

]

Type Pesticide No. of detection Type Pesticide No. of detection

Tebuconazole 11 o Thiobencarb 1

Azoxystrobin 6 Fungicide Thifluzamide 1

Pyraclostrobin 5 Linuron 7

Isoprothiolane 4 Herbicide Prometryn 5

Propiconazole 3 Pendimethalin 2

Fungicide Diphenylamine 2 Metaflumizone 1
Epoxiconazole 1 Chlorfenapyr 1

Tetraconazole 1 Insecticide Etofenprox 1

Iprobenfos 1 Dimethoate 1

Procymidone 1 Chlorpyrifos 1

Metalaxyl 1 Plant growth regulator Paclobutrazol 5
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S IFF A AAEHA Fe FHEZE, 4
#AG7F HA & FE0] ¢ Bl HAEHUAY ol F
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WZ9] thifluzamide> 773148 FA45A 15+, B39
chlorpyrifos2 734 48548 255 9 9A= <l
Al flaligh A7t 71l A% Aol Fo& 71&ooF

g Ao,

2 Ao} v)s=gt A E AW HETA, Choi 522 A&X4
o fre T 156570004 10059 FEeke AN
Aol A, cypermethrin chlorpyrifos 5 23%9] #F&<F
ol AEHALH, oA F5E AEE %] TRE A
17} 4ot glAl 7)oM) isoprothiolane®] 0.15-5.38 mg/
kgo® HlwF =7 HEFHAFS WIS, Park 5
o] XX H& dokA] 13244 113F Hoe XA}3H
A A= BlALol| A isoprothiolane®] 3.3 mg/kg AET o
AT A BRE EE

[*]

oA isoprothiolane®] H&% 2
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Table 7. Exposure assessment of residual pesticides in herbal medicines

Herbal .. Average concentration Daily intake EDI ) ADI» %ADI 3
medicine pesticides (mg/kg) (¢/day)  (mgkg b.w/day) (mg/kg b.w/day) (Hazard index)

Tebuconazole 0.29 10 0.000044 0.03 0.1453

Paclobutrazol 0.27 10 0.000041 0.022 0.1844

Prometryn 0.11 10 0.000017 0.04 0.0413

Pyraclostrobin 0.21 10 0.000032 0.03 0.1052

Propiconazole 0.15 10 0.000023 0.07 0.0322

Cnidi“‘; R%hizome Azoxystrobin 0.02 10 0.000003 02 0.0015

=) Linuron 0.37 10 0.000056 0.0077 0.7220

Epoxiconazole 0.06 10 0.000009 0.007 0.1288

Tetraconazole 0.17 10 0.000026 0.004 0.6386

Metaflumizone 0.19 10 0.000029 0.1 0.0285

Chlorfenapyr 0.15 10 0.000023 0.026 0.0867

Isoprothiolane 3.45 10 0.000518 0.1 0.5184

. . Tebuconazole 0.86 10 0.000129 0.03 0.4308

Ahs“(l;li}r)mme Azoxystrobin 0.11 10 0.000017 02 0.0083

Iprobenfos 0.34 10 0.000051 0.035 0.1460

Pyraclostrobin 0.16 10 0.000024 0.03 0.0801

Linuron 0.16 12 0.000029 0.0077 0.3747

Procymidone 0.10 12 0.000018 0.1 0.0180

A”ge’lii)‘z) tG"gaS Tebuconazole 0.09 12 0.000016 0.03 0.0541

27 Etofenprox 0.04 12 0.000007 0.03 0.0240

Dimethoate 0.05 12 0.000009 0.002 0.4508

Metalaxyl 0.05 12 0.000009 0.08 0.0113
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Table 7. (Continued) Exposure assessment of residual pesticides in herbal medicines

Herbal esticides Average concentration Daily intake EDI vy ADI?> %ADI 3
medicine p (mg/kg) (g/day) (mg/kg b.w/day) (mg/kg b.w/day) (Hazard index)

Pendimethalin 0.09 10 0.000014 0.13 0.0104

A”ge”"g Dahurica  piphenylamine 0.07 10 0.000011 0.08 0.0131

oot

(1) Thiobencarb 0.42 10 0.000063 0.009 0.7012
Linuron 0.03 10 0.000005 0.0077 0.0585

Atractylodes Tebuconazole 0.07 12 0.000013 0.03 0.0421
Rhizome White Azoxystrobin 0.01 12 0.000002 0.2 0.0009
(M=) Thifluzamide 0.03 12 0.000005 0.014 0.0386
Saposhnikovia Chlorpyrifos 0.02 10 0.000003 0.01 0.0301

Root (4%)

Ostericum Root Diphenylamine 0.02 19 0.000006 0.08 0.0071

(32

! ADI: acceptable daily intake (mg/kg b.w./day).
? EDI: estimated daily intake (mg/kg b.w./day).
9 %ADI(hazard index) = (EDI/ADI)x100.
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