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Analysis of Pesticides in Herbal Medicine by QuEChERS and GC-MS/MS
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Abstract — The analysis method for qualitative analysis of the screening method that can be performed prior to the quantitative
analysis of individual pesticide was reviewed in order to meet the safety standards that are being strengthened in the field of
pesticide residue testing of herbal medicines. Among the residual pesticides presented in the Korean Pharmacopoeia, 56 pes-
ticides, excluding 15 pesticides that need to be individually analyzed, were selected for analysis using QUEChERS pre-
processing and GC-MS/MS, which are used in the existing agricultural products field. For each pesticide, the detection limit
level of 0.001-0.005 mg/kg and the quantitative limit level of 0.002-0.017 mg/kg were confirmed. In the recovery test in which
the standard was treated at a concentration of 0.02 mg/kg, it was confirmed that the proportion of pesticides satisfying the recov-
ery of 70-120% was 85.7-96.4% for each herbal medicine, so it was confirmed that it was a level that could be reviewed by

the screening method.
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=] ook zhx A2l Aokl tigh o
&3t 71 FAS AL oH, felEdRA R-soF
9] 3| g71ES AR AAE aldrin, a-bezenehexachloride
(BHC), B-BHC, y-BHC, 6-BHC, p,p-dichlorodiphenyldichl-
oroethane(DDD), p,p-dichlorodiphenyldichloroethylene(DDE),
o,p-dichlorodiphenyltrichloroethane(DDT), p,p-DDT, dieldrin,
endring E3sh= 115X FH B7A= 3157419 &<
Aol thsle] At AAsla ATk? oleist 5471%
of z} Aoke] A AR-E ERIst] 913 Al oEA

AT & oA el 2etEo] 3l

= Zk = o = 1% O° AJ'E‘%
Vo E sh= AR Ui 7iE 2 o E A4S 9
sk 24 16l T F 1719 ZseF AlEd el A=
AT Aoke] ZhaEoF Al 5 19 AEES] ot &
A2 5059 RS e R AAEE Al & dA}
¥3171%7](Electron captured detector, ECD)9} & 4:-91 7

< 7] (Nitrogen-phosphorus detector, NPDYS “-&}3k 7] =
EulET2)9](Gas chromatography, GC)& 4=
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= Hof 9lon, Fad we} 7A AR viE T 9] A 7HEA
7](Mass spectroscopy, MS)& &8st ZAJA1S Hekst
=2 AASlL Qg Ao Yok tho sk &
5o 49 o] He AES oBZAE Edsitet
T 7100 A5 9lom, ol AEH A 8IS &2
AR sfo] AokS Az B Arlsle 71He = A Aok
HE 587]E0] ARE e w9 R daiAwt A
g2 07 FEof AARE AL e Zlo] dAoltt

H 5o Aol dETt He B dig 55 woF
o] F7FE AL Aom, FARE SARES] Aufol] ARE-E = F
oFe] 8714 W3] dolvh= S 7tk tigl=
oFdol AAIEo] = FHFEL7EH o] mE WFEef
AR 2= Aoke] bAAS FHs|7F HA oY
A3 ek F7149 FoF AR i A Aoke] H
5-871F AR o] X7] Qs T s g
gk @] s ojof skt F7kete Aok 98 At
0] At FoF ARgell ti-gab7lolle AL A7 L
Al €.

sk, A Fo kAR A = FAEE oY AFe] 2HE
A ZFskE S8l 201695 E] oA o2 5oF 5| 8EE
2] A = (Positive list system, PLS)E =3t 283}
Ak PLSE 7t wateol 58 ko) ARl 871E
flow dEHOR 0.01 mgkgs d871EoE 483}
AEEA SEvet o] ohugt thrtolu} i
AA ZEsellA 8= 9o, oo o3t &<
ANNE 2 o 2710 71Eees 285 ok
gk PLSO] =91 2 A& flaliAe N wAE] 318
ol AR A k2 Fof M T FAl EAE &
Ue Tl Zask HW, A4 AFFH Sl HPLC
¢} GC, GC-MS/MS®} LC-MS/MS 59| #471715 &
z}zke] 717104 SAlol Al ~oldle] 7ER] 9] EoF A
S BAE 5 e AgHel ArEe] Ak 8 GC-MS/
MSéF LC-MSMSE &8 A9 745 mjdo) & A
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Triple quadrupole *Z& 7|RFO.E 3l= H-E2] GC-MS/
MS= 7158 GC-MSellA =382 5= = scan 2 selected
ion monitoring(SIM) mode #4] ¥ Tro] ojlz} &
precursor ion-ZH-E] A4 == product ionS AEH o7
F43le] 71 &3 multiple reaction monitoring(MRM)
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mode ¥-4]0] 7Fsd A#A] Az fAkEE Q) vt
A8H LC-MS/MS9| HJ3ll 7] =Y v 2 28 71=4
Ql WA {2lgk Ao] dntz ojt). trt Zhzke] Au] oA
A e AR Aol Ao AT EE GC-
MSMSeF LC-MS/MS E575 -85 At JFeF 4
AP SFEA N @l i skel= o] AAlE GC 714k
TR R AU JNAs] f18 e shuEA
GC-MS/MS®] 9471 &go] 1d + UL Zlo|th
o] fFgolu = FollA EFEHCE A e
QuEChERS(Quick, Easy, Cheap, Effective, Rugged and
SafeyHe] sk AAel= oAz oln] 2 E
FAE 5 AF oke] 2HREek A dAlel ARE-E o
S gy Aok dukAel AR tEA it
F7F AxES] FHo)7] diie] Yt 7IEoE HAEE
AN HH FEdo 1 Eo] D53] oA FoF
B Bl w7} HE 7397t WiAs] wAyskA #ck
o]} S Aooll= 5ol ofm % Af AR Tol HrH

=

rH

o
o Qo] BT AFEF AP THNZ 485 of
2% Zlo] FHoln), ol ¢Ish F9le] AeF F AT FF 2
4 AT DuEHQ) FAHRS] ) AES] AL

FE Fole HWetel AEHL 3t o]
771 Aokl tiate] 20159 soF AR 2S48
A7k selell KeE wprh Aot shfellx] Aol
SEA & Aol o TFEJUS B oyt i
ool HEEA e T 4 5
EFEA] ot =fje] Ao Aol Hgslole B
A

2 drolMe Y o=l AlAHo = AL
g 5F A 5 QUEChERS HA2|9} GC-MS/MSE &
&3 FAEAY O] #go] Thedh AR Adate] Aok Al
Bl EAske Fwete] 23ed Nde] £40] e
A AEs Bzl s

ME X W

MERE - 230) AER Aoke S AN 9 29
52 7ebele] R, 9, W, H)shg, A, s,

Aok, 13, P12 AT, 24 oke A skl o
Fhatol @ TG F FAWSEL EBY W5t B
o]

N
AccuStandard"(USA) A )8t on, 7t HoF T2
Al Aol £Fsto] AFEsIAA 2 34 &R
acetonitrileS AHE-3F3A T
HofFEolo| R Y FH - 7} AJokS 60 mesh ©]
3t7F E|l =5 blenderZ -3 5te] Sg¥ HHFS & SHF
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20mLE H7Ft 308 B9t 58 A2 T sk HA
2] @Al F=ZE81<l acetonitrile 20 mL9} MgSO, 4 g,
NaCl 1g, trisodium citrate dihydrate 1g, disodium
hydrogencitrate sesquihydrate 0.5 g& %3t 127 J&
FZ3IAT). 4,000 rpmollA 57 AAEEE AAIG F
ol 10 mLE #F3led 40°C ol3l 820 7jks5
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24 A7 & SF 10 mLE A7 30
8 Azl 3 acetonitrile 10 mL<} MgSO, 4 g,
lg, trisodium citrate dihydrate 1g, disodium
hydrogencitrate sesquihydrate 0.5 g& &3t 187F W&
F=3I9 Y YAREE 4,000 rpmollA SETF AASE & 3
A 1 mLE £331] MgSO, 150 mg, PSA 25 mga}t 30
QF WESAIA 10,000 rpmell A 37F LAl & AAlgh
29 0.5mLE 0.2 um syringe filter2 o] 3}3slo] £
A EE ARSI

GC-MS/MS 24 — Aok 5 zhsoke] #4185 918 GC-
MS/MS=  DB-5MS  column(30 m x 0.25 mm, 0.25 um
thickness, Agilent, USA)S 2Hst GCe A5 E TQ-
8040(Shimadzu, Japan)y2 AR8-31510H, 71712712 Table 1
3} o] ARt thaRlsobde] 7 AJohd =R 587]
o] ARE T AR F GC-MSMSOA #4¢] 7hsgt
TF AT 563 (T AL AL 2ol thE multiple
reaction monitoring(MRM) Z71& Table Il YERJATE.

7EY 4E - B4 tig 7134 /2 HES

H
HEFA AREF B ATAUAE Faslel AN

o ot o ol

Table I. The analytical conditions of GC-MS/MS for pesticides
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Ao, HZESHA (limit of detection, LOD)2} 7 %HA] (limit
of quantification, LOQ)E 0.001~0.2 mg/kg &% 5ol A
78 WH 249 A AN vgo R ofels) o] 8
Ak,

LOD=3.3 xo/S

LOQ=10x%o/S

o =The standard deviation of response

S =The slope of calibration curve

e NS T XE5F A weEA 4 w4
FAE TIsh= 0.02 mgkeS AFFANOH, B
&l F& Y Aol 24 Yo ARl AElste
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1

oot
i el

Mot o

= o lo
~

=

AT Chet A oh
A2Fole AFEde] 7Es HER
EX] A

5 Aok 15 22 5 o) 54 4

=9 M= - )

7150 AA o] Tt thre] A eFo] 7] E 115 (aldrin,
a-BHC, B-BHC, y-BHC, 6-BHC, p,p-DDD, p,p-DDE, o,p-
DDT, p,p-DDT, dieldrin, endrin)®] &<Fol| tisiAgt 51871
o] AA=]o] 3le™, endosulfan FE7F H| A B2 Aok

o F7tElo] 9= A8t} ? tiskl kA AA o] )

AT

E ARseF AEHe o dEAIE £l 50% 4ES o
o2 dhe FARAN Ui N B R EAE 9
gAY 167 5 5 177l oled e thd &
°F & 5 GC-MSMS 4% #80] 7Fedh 5o 4=

Table Iz} 7Z+o] AFA AEE E3)] A5}

Device Parameters Conditions
Instrument Shimadzu GC 2010
Column DB-5MS (30 m x 0.25 mm, 0.25 pm thickness)
Carrier gas He, 1 mL/min
GC Injection volume 1 pL
Injection mode Splitless
Inject port temperature 260°C
Oven temperature 80°C(1 min) — 10°C/min — 310°C(5 min)
Instrument Shimadzu TQ 8040
Collision gas Ar
MS/MS Interface temperature 250°C
Ion source temperature 200°C

Detection mode

Multiple reaction monitoring(MRM)
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Table II. Parameters for 56 pesticides residue analysis by GC-MS/MS

Peak Pesticides Minutes Quantifier Qualifier ion

No. Precursor ion Product ion CEV Precursor ion Product ion CE
1 Captan 10.06 151.1 80.1 10 151.1 123.1 5
2 Cadusafos 12.32 213.1 89.0 10 213.1 73.1 10
3 Pencycuron 12.35 209.1 180.1 10 209.1 125.1 20
4 a-BHC 12.49 180.9 144.9 14 180.9 182.9 8
5 y-BHC 13.05 180.9 1449 16 180.9 182.9 8
6 Quintozene 13.09 294.8 236.8 16 294.8 264.8 12
7 B-BHC 13.20 180.9 1449 16 180.9 182.9 8
8 Terbufos 13.30 231.1 174.9 14 231.1 128.9 26
9 Pyrimethanil 13.54 199.1 183.1 30 199.1 158.1 30
10 Chlorothalonil 13.57 266.1 169.9 30 266.1 133.0 30
11 8-BHC 13.82 180.9 144.9 16 180.9 182.9 10
12 Pentachloroanilline 14.13 265.1 193.1 25 265.1 229.1 15
13 Fenitrothion 15.04 277.1 260.1 6 277.1 109.1 14
14 Aldrin 15.13 262.9 193.0 28 262.9 191.0 34
15 Methyl pentachlorophenyl sulfide 15.13 296.1 263.1 15 296.1 246.1 25
16 Chlorpyrifos 15.35 314.1 285.9 10 314.1 257.9 10
17 Triadimefon 15.57 293.1 85.1 5 293.1 57.1 10
18 Fosthiazate 15.82 283.1 195.1 5 283.1 227.1 5
19 Pendimethalin 16.00 252.1 162.1 10 252.1 191.1 8
20 Cyprodinil 16.03 224.1 208.1 16 224.1 197.1 22
21 Tolyfluanid 16.19 346.1 181.1 10 346.1 137.1 20
22 Phenthoate 16.31 320.1 273.9 10 320.1 246.1 10
23 Procymidone 16.39 283.0 96.0 10 283.0 255.0 12
24 Triadimenol 16.40 168.1 70.0 12 168.1 112.1 10
25 Triflumizole 16.57 345.1 302.1 10 345.1 205.9 20
26 Methidathion 16.61 145.0 85.0 8 145.0 58.0 14
27 a-Endosulfan 16.92 195.0 125.0 25 195.0 160.0 8
28 Napropamide 17.05 271.0 128.3 10 271.0 72.2 10
29 Hexaconazole 17.14 214.0 152.0 30 214.0 145.0 30
30 Fludioxonil 17.16 248.1 182.1 10 248.1 154.1 10
31 Thifluzamide 17.33 166.0 125.0 15 166.0 125.0 20
32 p.p-DDE 17.32 246.0 176.0 30 246.0 211.0 22
33 Myclobutanil 17.39 288.0 179.1 10 288.0 152.1 10
34 Kresoxim-methyl 17.45 313.1 206.1 10 313.1 116.1 10
35 Dieldrin 17.44 279.0 242.0 10 279.0 241.0 12
36 Chlorfenapyr 17.61 247.1 227.0 16 247.1 200.0 24
37 Fluazifop-butyl 17.78 383.0 282.1 10 383.0 254.0 30
38 Endrin 17.84 262.9 191.0 25 262.9 193.0 25
39 B-Endosulfan 18.05 195.0 125.0 25 195.0 160.0 8
40 p,p-DDD 18.13 235.0 165.0 24 235.0 199.0 14
41 0,p-DDT 18.13 235.0 165.0 24 235.0 199.0 16
42 Triazophos 18.40 313.0 172.1 10 313.0 285.1 5
43 Endosulfan sulfate 18.77 271.8 236.9 18 271.8 2529 10
44 p.p-DDT 18.83 235.0 165.0 24 235.0 199.0 20
45 Tebuconazole 19.09 307.1 250.1 10 307.1 163.1 20
46 Bifenthrin 19.69 181.0 166.1 10 181.0 165.2 10
47 Methoxychlor 19.85 344.1 227.1 20 344.1 212.1 30
48 Fenpropathrin 19.88 265.1 210.1 12 265.1 172.1 14
49 Tebufenpyrad 19.99 333.0 171.2 20 333.0 276.1 10
50 Tetradifon 20.25 355.9 228.9 12 355.9 159.0 18
51 Acetamiprid 20.90 221.1 107.1 20 221.1 79.1 30
52 Fenarimol 20.91 330.0 139.1 20 330.0 250.9 20
53 Prochloraz 21.69 180.1 69.0 20 180.1 138.1 20

22.34
54 Cypermethrin 22.44 163.1 127.1 6 163.1 127.1 22

22.54

o 23.69
55 Difenoconazole 23.75 323.0 265.0 14 323.0 202.0 28
56 Azoxystrobin 24.12 388.0 345.0 20 388.0 300.1 30

DCE: collision energy.
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Table III. Pesticides of Korean pharmacopoeia to be analyzed using GC-MS/MS
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Method number of Korean

Number of specified herbal

Major detector

pharmacopoeia medicines

Aldrin, BHC(sum of o, B, y and 3-BHC), DDT(sum of

p,p-DDD, p,p-DDE, 0,p"-DDT and p,p-DDT), Dieldrin, 1 146 GC-ECD
Endrin

Acetamiprid 1 GC-NPD
Azoxystrobin 1 4 GC-ECD
Bifenthrin 1 1 GC-ECD
Cadusafos 1 1 GC-NPD
Captan 1 2 GC-ECD
Chlorfenapyr 1 1 GC-ECD
Chlorothalonil 1 2 GC-ECD
Chlorpyrifos 1 3 GC-NPD
Cypermethrin 1 1 GC-ECD
Cyprodinil 1 1 GC-NPD
it o . endsin | :
Fenarimol 1 2 GC-ECD
Fenpropathrin 1 1 GC-ECD
Fludioxonil 1 1 GC-NPD
Fosthiazate 1 2 GC-NPD
Hexaconazole 1 2 GC-NPD
Kresoxim-methyl 1 1 GC-ECD
Methoxychlor 1 7 GC-ECD
Myclobutanil 1 2 GC-NPD
Napropamide 1 3 GC-NPD
Pendimethalin 1 4 GC-NPD
Prochloraz 1 1 GC-ECD
Procymidone 1 2 GC-ECD
Pyrimethanil 1 1 GC-NPD
Qo o i, Pl | |
Tebuconazole 1 1 GC-NPD
Tebufenpyrad 1 1 GC-NPD
Terbufos 1 1 GC-NPD
Tetradifon 1 2 GC-ECD
Thifluzamide 1 1 GC-ECD
Tolylfluanid 1 1 GC-ECD
Triadimefon 1 1 GC-ECD
Triadimenol 1 1 GC-ECD
Triflumizole 1 3 GC-NPD
Difenoconazole 5 2 GC-NPD
Fluazifop-butyl 14 1 LC-UVD
Pencycuron 16 1 GC-NPD
Fenitrothion 17 2 GC-NPD
Methidathion 17 2 GC-NPD
Phenthoate 17 2 GC-NPD
Triazophos 17 2 GC-NPD
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M=ok BM x74o| MA - dixoks Arle] Y3t Table IV. Extraction yields in herbal medicine and agricultural
product

AE] FHL A E 9 AR BoF HES =Z35))

3l acetonitrilex} 72+ 7] 8|S AL&-E) o) .

FAo|= ok AR 9ox g Lo L8] & J= o} Category Samples yields
U

F3 JRE| WA FEH oA Hrl, AL FF %)

Extraction

Sepo] wa} ok AdRe] Bae) e 94 2esk] Hoh Glycyf’rhizae Badlx and Rhizoma  6.86

B ATo|x] ALLE AJOk A|Ze] O ZHo o]y PaéoTTlae I.{adlx 2.70
ol Tekala gl AR Ak 2 WA B Cnidii Rhizoma 167
4 F 25 2R T Table IV} o] AR = Comi Fructus 137
& FEUE 1 SISl 59 R ek g, 4 Herbal - Mont Radicis Cortex 0.71
Zro Eo il = sl o jEB gl L]—E]—HJ Angellc?e Glgantls Radix 0.63
0lo] 3-128] o]Afe] T TS sR|= Ao LI—E]—% As.tragah Radlx. 0.55
o] wa} Axz] FARo] ALLE= Aok x| Zo] kS A3 Eriobotryae Folium 0.45
4202 U2 Wav} 9lth. QUECHERS AAZ S GC-MS/ Elréolsls Tuber or Ophiopogonis 028
MSE ;ﬁ___rg.a‘:} Aoko] ok BA #E 7)1& J AT ube

_ Hot pepper (Leaf) 0.54

ojgigh s st NE ARSHS 2~4 g 0] Hi . .
2 Amsiglon & ol Al A8g Folo] A prine orlen (WRel?) o
29 o] AuQl 5akEe] ARk FAk] QUECHERS nseng. (Roo) :

N _ Lettuce (L 0.33
AAo] AHEEhE 10g9] 15 591 2002 A8 @ Agricutural o B

= Z)a)= Chicory (Leaf) 0.30
& &3 product .

A7} AN 8 Adepd g B4 98 AR ¢ Tomato (Fruif) 0.15

2 23 7} ok JRwE HAsE MRM 248 A4 Cucumber (Fruit) 0.15
8 B8 2A151990 MRM mode] ZaEAL AA)E 7 Pumpkin (Fruit) 0.06
- 54 precursor ion® ZFE] A== product ionTHS 7 Egg plant (Fruit) 0.05
Eoke 5= 3l AlE Foll EAlske T Wl dE
o] Fs HAasls  2dom, #HFE AlZH(retention time) ojo} 7he FAHS Agste] IRl 7t FoF el A
o] AAe Aol tsiMe ded o fejste] E4jo] 7t Z37E 0.001~0.005 mg/kg TEOF HEREoM, A7l
55 HER Fig. 13} o] BAlo] BAjo] 7158 Aol o] % 0.002~0.017 mg/kg HHULS RIS 5 AUt A
AREARl GCU LC 240l vl Adria o= golA|Al Hct. A2 WMo AEEE 0.001~0.005 mgkeS HA FEE

176 36,37, 38 39,40,41 43,44
31, 32, 33, 34, 35
47,48, 49
1.50-] 27, 28, 29, 30 50
9.10 25,26

8 21,22, 23, 24

18, 19, 20

1.00 7 -
15,16
5.6 Lls1 s2 s3
0.75+ 13,14
2.3 4
0.50 42
L “ M

0.25-
|4 53
: . m M L R NLSE

\
8.0 90 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250

Fig. 1. MRM chromatogram of 56 pesticides standard by GC-MS/MS. Peak 1-56: pesticide standards(see Table II).
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Table V. Validation parameters of analytical method
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Peak Pesticides Range of linearity Correlation of 7detetmination LOD" LOQZ)
No. (mg/kg) () (mg/kg) (mg/kg)
1 Captan 0.001~0.2 0.9989 0.001 0.004
2 Cadusafos 0.001~0.2 0.9932 0.002 0.006
3 Pencycuron 0.001~0.2 0.9993 0.001 0.002
4 BHC (alpha) 0.001~0.2 0.9998 0.001 0.003
5 BHC (gamma) 0.002~0.2 0.9996 0.003 0.008
6 Quintozene 0.002~0.2 0.9991 0.004 0.012
7 BHC (beta) 0.001~0.2 0.9997 0.002 0.006
8 Terbufos 0.001~0.2 0.9993 0.002 0.006
9 Pyrimethanil 0.001~0.2 0.9990 0.002 0.007
10 Chlorothalonil 0.002~0.2 0.9972 0.004 0.012
11 BHC (delta) 0.001~0.2 0.9995 0.002 0.005
12 Pentachloroanilline 0.001~0.2 0.9989 0.002 0.006
13 Fenitrothion 0.001~0.2 0.9973 0.001 0.003
14 Aldrin 0.001~0.2 0.9999 0.002 0.006
15 Methyl pentachlorophenyl sulfide 0.001~0.2 0.9991 0.002 0.007
16 Chlorpyrifos 0.001~0.2 0.9996 0.001 0.003
17 Triadimefon 0.002~0.2 0.9964 0.004 0.014
18 Fosthiazate 0.005~0.2 0.9941 0.005 0.017
19 Pendimethalin 0.002~0.2 0.9938 0.003 0.010
20 Cyprodinil 0.001~0.2 0.9996 0.002 0.006
21 Tolyfluanid 0.002~0.2 0.9959 0.004 0.012
22 Phenthoate 0.002~0.2 0.9963 0.004 0.014
23 Procymidone 0.002~0.2 0.9988 0.003 0.009
24 Triadimenol 0.001~0.2 0.9999 0.002 0.006
25 Triflumizole 0.005~0.2 0.9960 0.005 0.017
26 Methidathion 0.001~0.2 0.9954 0.001 0.003
27 Endosulfan-alpha 0.002~0.2 0.9996 0.004 0.012
28 Napropamide 0.001~0.2 0.9997 0.001 0.004
29 Hexaconazole 0.001~0.2 0.9990 0.002 0.006
30 Fludioxonil 0.001~0.2 0.9991 0.002 0.007
31 Thifluzamide 0.001~0.2 0.9981 0.001 0.002
32 p,p-DDE 0.001~0.2 0.9996 0.002 0.005
33 Myclobutanil 0.001~0.2 0.9987 0.002 0.006
34 Kresoxim-methyl 0.002~0.2 0.9969 0.004 0.013
35 Dieldrin 0.002~0.2 0.9993 0.003 0.009
36 Chlorfenapyr 0.002~0.2 0.9965 0.004 0.014
37 Fluazifop-butyl 0.001~0.2 0.9977 0.002 0.005
38 Endrin 0.002~0.2 0.9995 0.004 0.012
39 Endosulfan-beta 0.005~0.2 0.9958 0.005 0.017
40 p,p-DDD 0.001~0.2 0.9982 0.001 0.002
41 0,p-DDT 0.001~0.2 0.9986 0.002 0.005
42 Triazophos 0.002~0.2 0.9989 0.003 0.009
43 Endosulfan sulfate 0.002~0.2 0.9999 0.003 0.009
44 p,p-DDT 0.001~0.2 0.9934 0.001 0.004
45 Tebuconazole 0.002~0.2 0.9948 0.004 0.013
46 Bifenthrin 0.001~0.2 0.9961 0.002 0.007
47 Methoxychlor 0.002~0.2 0.9962 0.004 0.009
48 Fenpropathrin 0.002~0.2 0.9959 0.004 0.013
49 Tebufenpyrad 0.001~0.2 0.9993 0.001 0.003
50 Tetradifon 0.002~0.2 0.9979 0.003 0.011
51 Acetamiprid 0.001~0.2 0.9995 0.001 0.004
52 Fenarimol 0.001~0.2 0.9991 0.002 0.006
53 Prochloraz 0.001~0.2 0.9955 0.002 0.007
54 Cypermethrin 0.001~0.2 0.9978 0.002 0.007
55 Difenoconazole 0.001~0.2 0.9980 0.002 0.005
56 Azoxystrobin 0.002~0.2 0.9952 0.003 0.009

DLOD: Limit of detection. ’LOQ: Limit of quantification.
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Table VI. Average recovery of 56 pesticides spiked in herbal medicines

Recovery (%)

Pesticides BPY CG DG GC HG Y MMD SBP SSY
Captan 833124 935532  1088:84 997217  86.8:47 - 02811 951433 110355
Cadusafos 811412  89.6+69  1043+8.0 964434  83.1454  893+39  91.0+3.0 84365  104.0+5.0
Pencycuron 738427 354427  83.0464  93.0+5.1 94313 251429 957454  97.8+45 73356
BHC (alpha) 73.0£3.6  59.0:45 86767  92.5:1.1  82.6464 90349  86.6+47  84.5:25  88.946.8
BHC (gamma) 73.7£47  70.6:54  923+7.1 87537  80.046.1  99.0856  802+52 86567  93.9+7.2
Quintozene 649430 51740  84.846.5 874427 74858  97.2+25  79.6+3.1  81.5:63  83.7+6.4
BHC (beta) 739417 777460 811462  95.1453  78.646.0 844445 825423  80.1462  88.246.8
Terbufos 747£27 86667  922+7.1  983:2.6 859146  89.1+39 86356  87.9:68  91.8+5.1
Pyrimethanil 87232 88168 1200872 920431  943:23  89.0:68 94142  86.8+67  97.5:45
Chlorothalonil 392460  30.8+4.4 26640 382439 392430 938422 588445 420432 719455
BHC (delta) 728426 722456 481437 877467  T45+5.7  86.0+1.6  80.7:32  75.7:58  86.0:6.6
Pentachloroanilline 829414  86.8:67  926+7.1 935472  77.1459  96.0+0.8 88338 924451  84.046.5
Fenitrothion 716425 854466 883468  92.9+47.1  83.0464  83.6:24 712425  73.6£57 955423
Aldrin 715545 757458 921471  88.6:6.8  72.0455  86.5:47  86.143.6  87.9:+68  90.8+1.0
Methyl pz‘:fﬁc:;"“’phe“yl 64.1449 738457  90.947.0 872467  66.8+5.1  89.1459 859436  85.146.5  88.446.8
Chlorpyrifos 710425 942432 969444  85.0465  86.143.6  99.042.6  89.6449 932472 1184491
Triadimefon 1094484 1197492 1155489 113.648.7 98.844.6  95.0+13 849425  98.6:46  112.048.6
Fosthiazate 52.8+41  67.7+52 757458  702+54 821463  45.6%65  664+51  79.0:6.1  91.47.0
Pendimethalin 73.6£2.7 983426 1041380 872467 774459  843+45  792+11  91.0:7.0  99.1:4.6
Cyprodinil 93.042.1  85.7+6.6  101.0+7.8 937472 924431 93122 984436 872467  100.8+7.8
Tolyfluanid 83334  92.6+7.1  925+7.1  101.5:7.8  89.1469  98.7+4.6  81.8+23 977425  117.6£9.0
Phenthoate 1044480 872467  1123+86 111.7:86  91.7+5.1  102.3+7.9  87.4+47  101.9+48  110.8+6.5
Procymidone 1061452 90.0+49  112.7+87  99.8+7.7  94.1+42 910424 982436  913+1.0  110.0:8.5
Triadimenol 1125577 114388 117.5:9.0 1108465 87.7+67  90.5:3.0  853+2.6  106.0+82  115.0:4.8
Triflumizole 75.643.8  97.9425 977475 1388487 709455  96.6:1.4 607447 872467  118.743.1
Methidathion 654+50  812:62  913+7.0  702:54  89.9+69 68152  81.6+63 77359  90.8+7.0
Endosulfan-alpha 620448 600446 962474 863466 855466 703454 905450 929441  100.7+7.7
Napropamide 1133467 875461 1043420 1152489 858166 962444 851445  104.6:8.0 117.146.0
Hexaconazole 1121256 87.846.8  117.9:69.1  112.0486  90.6£7.0  101.6+5.8  932+42  108.1333  117.8+2.1
Fludioxonil 73.0£1.6  73.8:57  90.8+47.0 872467 769459  89.1£6.0 859436 851465  88.446.8
Thifluzamide 109.945.4 959434  111.5:8.6 1134487 897469 102349 88428 1072482 116.6£9.0
p.p-DDE 869447  87.9+58  114.6+88  97.041.5  73.5457 95333 95013 984476  94.7+73
Myclobutanil 997470  101.8+2.8 109.9:+8.5 1144388  91.0420 1017408 86.4+46 1110485 111.5:8.6
Kresoxim-methyl 858166  98.8+2.6  883+68  106.6+82  87.043.7  99.6+1.7  99.6+37  893+69 120272
Dieldrin 917431 794461  96.7+74 938422  89.4x49  018+3.1  97.7:0.5  98.9:7.6  99.7+7.7
Chlorfenapyr 89.042.8  94.8+73  119.0892 109.9+8.5 982426 968444 854426 100677 119.3£92
Fluazifop-butyl 88.0+48  87.8467 114088  98.642.6 971415 925431 974435 877467  105.0+4.1
Endrin 733416 846465  107.0483  88.644.8 848465 875457 887418  88.046.8  104.946.1
Endosulfan-beta 615447 727456  O48423  89.6439  86.142.6  99.041.6 932422  97.1475 949423
p,p-DDD 805439 940452 115389 110.8+85 997437  109.0+44 979445  1022+79  117.049.0
0,p-DDT 80.9+60 937432 114688 110.9+85 99.8+17 1097454  97.5%55  101.5278  116.38.9
Triazophos 784431  90.0+59  105.6+8.1  87.046.7 84565  825%63  91.9+2.1  987+7.6  107.2:32
Endosulfan sulfate 77.8:4.0  723+56 60747  97.4%55 889468  89.7+69 950443 841365  96.8+5.4
p.p-DDT 855526  90.9+1.0 984436  113.8+88 832424 98646 85265  1004+7.7  84.346.5
Tebuconazole 101.3£4.8 1353481 1582484 132172  97.1£55  100.6:3.7 92.9+7.1 1137487 125.6:9.7
Bifenthrin 97.042.5  1173+7.0 1325892  122.0:64 101.0:6.8 116.8+9.0 119.0892 1163+89  126.7:9.7
Methoxychlor 96.6+44  948:23  994:16 115589  99.6+47  97.0+55  89.0+28 1105485  110.9+4.5
Fenpropathrin 869437 972445 775560 977445  91.8+3.1 913420  99.143.6  94.8+73  112.948.7
Tebufenpyrad 110.6:8.5 1043440 1111485 111.948.6 86.6£5.7 974425  89.0428  102.6:7.9 117.148.0
Tetradifon 770440 788461  102.547.9 87.646.7  88.644.8  86.646.7 903459  98.747.6  99.8+1.7
Acetamiprid 109.146.4  92.4+1.1 1144468 1193492  91.8+3.1 839434  893+39  109.1484  112.646.7
Fenarimol 1064472 962434  117.6£9.0 1201492  92.6:2.1 907450  87.145.7 1044480 1132454
Prochloraz 200456 49558  20.7+7.6 572444  98.1+445 21346  97.8425 894469  71.745.5
Cypermethrin 967444 972475 978455  103.6:8.0 964454 963441 848445 083426 120473
Difenoconazole 1199472 1159489  103.9+8.0 1561391 1212493 121.749.4 103.8+8.0 124.5:9.6  153.0+8.8
Azoxystrobin 90.6+4.1 96174 991346 112687 123.849.5 1045480 98756 1343+103 1584492

The data are expressed as the meantstandard deviation(n=3). BPY; Eriobotryae Folium, CG; Cnidii Rhizoma, DG; Angelicae Gigantis Radix, GC;
Glycyrrhizae Radix and Rhizoma, HG; Astragali Radix, MMD; Liriopis Tuber or Ophiopogonis Tuber, JY; Paconiae Radix, SBP; Mori Radicis
Cortex, SSY; Corni Fructus.



Vol. 51, No. 3, 2020

ol

o] 02mgkgs HiL vE2 H4F 5 gdlon, A4y
() 0.9934~0.99992 HHEAo] 23tel =02 eyt

>;

o
T

o

]

S AS H
Y 38 24 -7

=
83 0002~0017mg/kg% 7ARrete] AopH=a
FTEO] FTFE EF 89S AHste] AAlg sl4g 54
Aol A Table VIgh 22 9] 35EE IR F A
ATt Fggo] 70% vITH] 9= v llA prochloraz
&Eo= 7]—7“' wWokar, 2ol chlorothalonil 5 75,
SFol| Al captan 5 5%, B prochloraz 5 4%, ﬂzoﬂ
A] chlorothalonil 5 2%, 37]o|A] chlorothalonil 5 2%, @
594 chlorothalonil & 255 =92 et} Ao
A chlorothalonil+ BHRIE| 0™, Afroll A 70% wgF
o] 3FE&S K= Aol fle o= I 3]
0] 120%E Z33l= AFZ= AHE9lA azoxystrobin
5 6207 7P wgkow, 7kx9) 3ol difenoconazole

5 5%, BFNA tebuconazole 5 2F, /3T A azoxy-

strobln T 2% o2 RIFA. Zekn Hgelae 22t
difenoconazole} tebuconazole Tto] 120%5 ZIsh= <

& Yeilon, vias Wiase 120%s 2348k 4
vr"\: H}\/\/\q—

3]7go] 50% MRl 735 Aipgto] oz}t 84
A 0] FEoM FFE & F WAl H=tl, ZrekelA

o =2

J
N

OH‘
o
™
2,

i

\_o :

o ¥

9o 2

captan, fosthiazate, pencycuron, prochloraz 5 4%, 3ol

2] chlorothalonil, pencycuron, prochloraz 5 3%, @4

215

£, Aol A azoxystrobin, difenoconazole 5 2%, 7+
%, Aol azoxystrobino] elE] STt

oj¢} Zre AAE 34E& WHEE ot AHEH
70~120%2] 35788 V3l 5oF ] vl go] Aokl
2 85.7-96.4% TUS AT & U 53] FoF 7t
7518 7150] ARE BE Aokl FE5Ho=E ALE= 7|
B 113 2% (aldrin, o-BHC, B-BHC, y-BHC, 8-BHC, p.p-
DDD, p,p-DDE, 0,p-DDT, p,p-DDT, dieldrin, endrin)ell 3
Gohs o RS H32] o-BHC 59.0%, BF2] §-BHC
48.1% 5 27HA] 795 A3 BE Aokl At 5

o) AxE epict.
7 =

/\go]:o] 0_]E'7]. _E]_‘:. }-:.}\]—% = )\1%—1%_
Foloj| A PLS(posmve list system)A|=2]

=9 9 280
o ek 187120 48590l 1A 2 ot ol

QH1F] ekl gl FA ¢
A % o G AR e A1 2
EOR RS falo 2 ZAAIIRE Z3aly Qi 7| BE
o @A) HHU) 5 9 AR Hu Y 52 vl
| A BA7Ee] dAel 59 9 Agele Felrt m
g Syl gk, mebd okl AFEIAL RobolE 7
shel3 Sl SPANIIES 5L As) B ok FoF

o] AT 5 e $APORA QUECKERS HA)sh

8-BHC, chlorothalonil, prochloraz 5 3%, W]} oA GC-MS/MSE &-g3lo] 7 Ao Aol ¢A] 43
chlorothalonil, prochloraz 5 2%, 7+, 871, Al 3] of A 2 £ ol 23 gy AAEHS A5 BHHe A
chlorothalonil ©] SjB== 0= Yepsth. L3t 3]5&0] Bk thghsepdel A= e 1719 AR-sF
150%5 3= 4ol o B2 g3k v 4= 3l AlEHe] td A5 5 azocyclotin, propineb 53 7o)
Table VII. Distribution of recovery range in each herbal medicine
Recovery range
Herbal
medicine 50% 50~70% 70~120% 120~150% 150% <
Case Percent Case Percent Case Percent Case Percent Case Percent
BPY 2 3.6 6 10.7 48 85.7 - - - -
CG 3 5.4 4 7.1 48 85.7 1 1.8 - -
DG 3 5.4 1 1.8 50 89.3 1 1.8 1 1.8
GC 1 1.8 1 1.8 49 87.5 4 7.1 1 1.8
HG 1 1.8 1 1.8 52 92.9 2 3.6 - -
Y 4 7.1 1 1.8 50 89.3 1 1.8 - -
MMD - - 2 3.6 54 96.4 - - - -
SBP 1 1.8 - - 53 94.6 2 3.6 - -
SSY - - - - 50 89.3 4 7.1 2 3.6

BPY; Eriobotryae Folium, CG; Cnidii Rhizoma, DG; Angelicae Gigantis Radix, GC; Glycyrrhizae Radix and Rhizoma, HG;
Astragali Radix, MMD; Liriopis Tuber or Ophiopogonis Tuber, JY; Paeoniae Radix, SBP; Mori Radicis Cortex, SSY; Corni

Fructus.
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