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Rapid analysis of 50 pesticide residues in traditional Chinese medicine using
QUEChERS method and gas chromatography-tandem mass spectrometry
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Abstract: Objective To develop a method of gas chromatography-tandem mass spectrometry (GC-MS/MS) to determine 50 pesticide
residues in Chinese medicinal materials (460 samples) and decoction pieces (43 samples). Methods A suitable pretreatment method of 50
pesticide residues in medicines was obtained by optimizing and comparing the pretreatment method with Chinese Pharmacopoeia (2020
edition). The pesticide residues in medicines were extracted with acetonitrile, the extraction was pretrested with QUEChERS, then, the target
pesticides were detected by GC-MS/MS and quantified by the internal standard method. Results A total of 66 pesticide residues were
detected in 460 samples, the total detection rate was 14.3%, the detection rate of banned pesticides was 1.3%. The detection rate of pesticide
residues in decoction pieces was 11.6%, no banned pesticides were detected. The detection of pesticide residues was concentrated in the 3rd
and 4th quarters with seasonal distribution, the detection rate of pesticide residues in farmers' markets and planting areas was significantly
higher than that in hospitals and pharmacies, and there were cases of excessive pesticide residues. The rhizomes and leaves were the most
seriously polluted, the pesticide residue rate of whole grass in Chinese medicinal materials was the highest (20.4%), followed by leaves
(18.3%) and rhizomes (16.30%). The highest pesticide residue rate of decoction pieces was leaves (15.4%), followed by whole grass
(11.1%) and rhizomes (6.2%), and many kinds of pesticide residues were detected in the samples of whole grass, rhizomes and leaves.
Conclusion The established method is simple, accurate and selective, and suitable for the rapid determination of multiple pesticide residues
in traditional Chinese medicine (TCM), which provides references for ensuring the quality of TCM.
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Tablel Sample information

HRAmHk S ik FEFR A KN ]
LQRE 20 b 2 Ak 2020-06
HEE L 16 ZM 2E RRKLE 2021-05
HEE 2 3 Wk AF Mg 2020-06
HE 1L 13 Zib 2k EHEKG 2021-08, 2020-06
HE2 3 A RE AERER 2021-07
WAK 16 M 2R LKA 202006, 2021-08
FAp 16 %t - &K% RE 2021-07
Eib 10 %M K BEIRKERE 2021-07, 2020-06
ai 8 %M It REEEZET 2020-06, 2021-09
Eapia 10 2k 48 bRk 2021-06, 2021-09
W 1 Ml MNERAR 2020-08, 2021-06
HL 1AM 4iMTi 2020-05, 2021-07
H2 3 WA M 3201 R 2020-06, 2021-08
G 10 AW BRHREREEE 2020-06, 2021-05
DA 15 AM M TR R REER 2020-05, 2021-09
B 4 Zikt W 1S BIRMKZ 2020-08, 2021-05
g2 3 WA M WAHHERARE 2020-08, 2021-07
A& 16 #iM R BB LERYE 2020-06
fiEs 3 MR ML EPEERARE 202105
=t 1 %R mEAMERAF 2020-06
JLH 20 Zk #WZE Bk 2021-08, 2020-06
Tl 6 UOR MRZE RE e R E 2021-07
K 19 Zk #HZ HEAHMER 2020-06, 2021-08
K 22 ik RZE EERIRZE 2021-06

1.2 #NEFR

o e AR S AL R AR 2 20 T, AALAER
245 5 1, FBRHAHEERAARZ) 9 I, —mMIs6 Wi,
fh A& 24 10 .
1.3 {35

GCMS-TQ8040 7 = & UK #F i i fx ( H A
Shimadzu A 7)); SH-RXi-5Sil MS i aiftk: (H A
Shimadzu 22 7] ); APLE-2000 7 Heid 375 77 2 B A (b
T RAEAPRAF]D; MS1003S AU T RF (Hi
+- MettlerToledo A &) ); H1750R %Y =3 25 0oL (38
FAACSERS AT KA RAFD; Milli-Q A4l
KA (3£ Millipore AF]); IKA-RV10 B H 75 ik 45
{3 (FEE 1IKA /A7) ); Scientz-20 BY5E /5 i HE B (7
B Z ARG RAF]D .

50 Ak Zibm kS A AR SR B AL CROET RS
PR BRI BB, 3 EIR 352 100 mg/mL), L3k
2; LG (thitk4li, 3£ Sigma-Aldrich Aw]); A7
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Table 2 Information of 50 pesticides and internal standard
Eic] 4 Fi CAS %5 K fits

1 R 62-73-7 MV LR R IS I B 2021-06-10

2 FH i Tl 10265-92-6 e AT 1528 KPS Ak R T ARl 2021-05-20

3 T R 30560-19-1 ANV LR B IS I B 2021-06-10

4 R 1113-02-6 MV IR LR B IS I B 2021-06-10

5 K LR 13194-48-4 e AT 1528 KPR Ak R T ARl 2021-06-10

6 SepR 298-02-2 ANV FBIAIE ORI RAIT 0 F 2021-06-10

7 V¢ 6923-22-4 ANV IR EE LRI R I I i 2021-05-20

8 ININTS 319-84-6 MV LR B IS I B 2021-06-10

9 SR 60-51-5 e AT 1528 KPS Ak R T ARl 2021-05-25
10 [lipebEe 122-34-9 BNV I LR R I I B 2021-06-10
11 75k 1912-24-9 A B FREE LR BT I B 2021-06-10
12 e B i 53112-28-0 oA 1528 R Ak R T AR 2021-06-10
13 SR 42509-80-8 oA 1528 Ko Ak R T AR 2021-06-10
14 FF S0 i Tl 298-00-0 BNV I LR R I I B 2021-06-10
15 R T 122-14-5 BNV I LR R I I B 2021-05-20
16 T hr i 121-75-5 BNV I LR R I I B 2021-05-20
17 B 2921-88-2 e AT 1528 R Ak R T AR 1 2021-06-10
18 FE R % 141-66-2 e AT 1528 Ko Ak R T AR 2021-06-10
19 o} i 56-38-2 e AT 1528 R Ak R T ARl 2021-06-10
20 HEAR (WD 1024-57-3 A FRER T LRI BT W A 2021-05-20
21 K Tt 1 24353-61-5 BNV I LR R I I B 2021-06-10
22 = 115-32-2 BNV IS LR R b I B 2021-06-10
23 el 99675-03-3 BNV IS LR R b I B 2021-06-10
24 THIRR 40487-42-1 BNV IS LRI R I I B 2021-06-10
25 IR 309-00-2 MV RIS AR R IS I By 2021-06-10
26 T P 947-02-4 MV RIS AR R IS I By 2021-06-10
27 JRER 32809-16-8 MV RIS AR R IS I By 2021-05-20
28 =M 55219-65-3 MV RIS AR R IS I By 2021-06-10
29 (N 950-37-8 BNV IS LRI R s I B 2021-05-20
30 PR 41198-8-7 BNV IS LRI R s I B 2021-05-20
31 T i 72-55-9 BNV IS LRI R s I B 2021-06-10
32 PR EGH 60-57-1 BNV IS LR R I I B 2021-06-10
33 i B 114369-43-6 MV RIS AR R IS I B 2021-06-10
34 =R 24017-47-8 MV FRIA S LR R IS I B 2021-06-10
35 AEZNES 60207-90-1 MV FRIA S LR R IS I B 2021-05-20
36 i 1 g 141517 MV FRIA S LR R IS I B 2021-05-25
37 TP T 80443-41-0 TNV I IZ LRI R s I B 2021-06-10
38 B 2R 4 T 82657-04-3 TNV I IZ LRI R s I B 2021-06-10
39 B 00 7 O 72-43-5 TNV I IZ LRI R s I B 2021-06-10
40 2L 153233-91-1 TNV I IZ LRI R s I B 2021-06-10
41 H 4T 39515-41-8 MV FRIA T LR R IS I B 2021-06-10
42 FURHANH 68085-85-8 AV B ER B AR FL T W T 2021-06-10
43 AH e 52645-53-1 MV FRIAEE LR B IS I B 2021-06-10
44 ik i R 96489-71-3 MV FRIAEE LR B IS I B 2021-06-10
45 B AR 114369-43-6 TNV I IZ LRI R s I B 2021-05-20
46 oL A I 68359-37-5 BNV RIS AR R s I By 2021-06-10
47 AFH N 52315-07-8 BNV RIS AR R s I By 2021-06-10
48 FEK AT 70124-77-5 AR B IR ST LA BT U BT 2021-06-10
49 KT 51630-58-1 ANV IR LR R IS DU B 2021-06-10
50 24Tk FF A e 119446-68-3 ANV FEIR IR LR B IS DU B 2021-05-20
51 IR AT 52918-63-5 ANV FEIR IR LR B IS DU B 2021-06-10
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it MWk, SRR OB (filkal, 22 Mreda A F]);
1E Ve AR (i ali, SE[E Fisher Scientific 2] ).
2 FHE
21 FREBERIIECH
211 RAPETAERMACH 2 H 50 ik
Zibr#Esy (100 mg/L) % 1 mL T 10 mL =i,
HREERZBZEE, Bk 10 mg/L KR AP ER
Wo BB ARAR TR A PR AL 8 I i)
JREWEE /%8 1. 10, 20, 50, 100. 800 pg/L ]
RINRA P E AR
2.1.2 EJFURESAE TR H 2 EEE RS
WRSKT, IO 40 pL WARERL N 1 mL A
IR LR A bt TR, i 0.22 pm A HLAH
TUFLIEMR, 75 A B IR BE 1R 5 VR A A v ARV
PRI BCH]: B 1 mL PR4-E% (100 mg/L)
T20 mL &, M ER 2R ZIE, Bl a5 mg/L
17 A BRI R o
2.2 FEAETRLIE
221 JRA/MEALEIERT 2% (hIEZGHL) 2020 4
R =AU R R R 2GR BV () .

MRV Ry AtiE, b0, FEEE 29, B
T 50 mL BRLES. A, i HEE-TI R (4 1 1) 30
mL, &7 15 min, 3, B ES FIREEIE 2 k)5,
HIUE, W4ERIET, FAATMESE MR E RS D
O EZ KOO TOKIREREA 2 g 302 BAE 1 4
O~ WERA4ER 1g. FAibd Lg. KRR 2 )
b, EFERT A RS- 28 (4 0 1) 20 mL FigEiR A
ANEE,  EREIE AR 20 (41 1) 90 mL A,
WAL, e AR T, AMEEs, LR
222 HEARBGERT 23 (rhEZ5HL) 2020 AR
SAIEAM KA GEZE A AR 252 5% B
T

H ARV Ry Wbt b0, A5 S g, B
T 50 mL RO T, &1 g, A, I
A 50mL 2., 213 2 min, ORISR, R
HE R 2 K)E, GHFREGH, RAEZRIET,
CIEERZE10mL, EFE.
223 [FEFEZERGERT 225 (th[EZ5) 2020 4
RS TR 2 Bk F EIIZ) 2R AR 25 2 5% T
M 5E %

(1) H “2.2.2”7 TUEEAEH0EH & 5
mL, BT 0E OKmRE: 1.2 g, N-INEEL
% 0.3g, T /\BrsErEbrit A RERE 0.0 g) 1, RiER

5], PRFGHEEL Smin, BEO, HUERIEWR, R

(2) HL “2.2.27 TUHE H B0 ) % 0 At
5mL, it HLB BAHZEEU:, $i)E, BUPLHR,
Gl

(3) HY “2.2.2”7 TUHFAEROES & 2
mL, B TAHSMKEAEL & RMEERE, o5
H2E (31D #uE, W4, G, 00,
2.2.4 fifk QUEChERS % HEWAFREN 3 g RIS
0.001 @) MBS ZMEEm =50 BT
50 mL ¥R O, I 10 mL K, TRBAT, R
30 min. JIA 15 mL 20, #hE 1 min, FEEHEE
20 min, JI\ QUEChERS ZH #:f0, (4 6 g MiFREE .
1.5 g ZFR#9), #iE 1 min, 5000 r/min &> 5 min.
WeHY 10 mL E3EWIN 4544 1000 mg BifRE:E. 300
mg & JE-N-PI s AR i« 300 mg Ciss 300 mg
AR B 15 mL 2K} QUEChERS B E
Hr, JRBE 1 min, 5000 r/min &0 5 min. WREL 2 mL
FALT 10 mL BEHRE Y, 40 CHRKREIAT,
TN 40 uL WFREHR, M L mL ZiER %, i 0.22
pm A HLIEMRE, f GC-MS-MS £l
23 {UB/EMH

SAEIESF: AR SH-RXi-5Sil MS (30
mX0.25 mmX0.25 um); AL IERE: 250 C; F+
R 50 CLEF 1 min, LL25 “C/min f3 T+
%125 °C, FLL10 ‘C/min 3% THZ 300 C, f#
£ 10 min; R0 AR MR 15
mL/min; #: mARA (A RT 99.999%);
R 1 L.

J i S T U (ED; BRI
70eV; B TURIRAE: 200 ‘C; $EOEE: 250 C;
WHIZEIRI A 4 min; fffE<:. &R (LiERT

99.999% ) ; FIH# 7 £ I N 7 M I A L
(MRM).
3 GR55%H

31 MY

AR PE 500 pg/L Y 50 Ptk 24505 4 i s 2
TR bR AT PRV AT B RS 24, R AR
B & 2 o0 AR 2 () OR BRI 1], sk A A A T
AR, ¥4 50 PrUlR A R AR 25 IR AR R 245 7E 33
min W TE 25 5. Fd IS Smart Database MRM
Mok T B o &2 5 e B8 115 B ARl R e i
BARZHNZR 3. FERAHI T 2644 T 50 Pk 247
bR B2 i 5 1 2L R DG BC AR AE IR (500 pg/L) 1
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Table 3 Fragment ion information and collision energy of
50 pesticides and internal standard

RE 4 te/min EEET(Mz) BT (i) MRV
1 S 6.228 109.00>79.00 184.90>93.00 5,10
2 Wl 6.313 141.00>>95.00 141.00>79.00 5,15
3 LB R 7.523 136.00>94.00 136.00>42.00 5,5
4 BIRR 9.444155.90>110,00109.90>79.00 10, 15
5 KLk 12.476 157.90>97.00 157.90>114.00 5,5
6 HHm 13.194 260.00>75.00 230.90>128.90 15, 25
T AR 14.281127.10>109.00127.10>95.00 5,1
CIVAVAVAY 14.922 218.90>183.00216.90>181.00 10,5
9 K& 15.483 86.90>46.00 142.90>111.00 5,10
10 7G¥LE 15.496 201.10>>173.10201.10>186.20 15,5
10 FHEE 15.523 214.90>58.10 201.10>186.20 15,5
12 WEE 16.410 198.00>>183.10214.90>>200.20 15,5
13 FM:pk 16.614 161.00>119.10198.00>118.00 10, 35

14 FEXHIBE
15 KRR
16 SHimink

16.786 262.90>109.00181.10>145.10 5,15
18.363 277.00>260.00232.90>109.00 5, 10
19.337 126.90>99.00 277.00>109.00 10, 20

17 FHu 19.665 196.90>169.00 254.90>220.00 5, 20
18 i 19.895 278.00>109.00198.90>171.00 35, 15
19 ¥Rk 20.317 352.80>253.00278.00>169.00 15, 15

20 FAEEH (HHF) 20.335352.80>253.00352.80>253.00 15,15
21 KEEhR 20.985135.90>>108.00138.90>109.00 15,5
22 ZFAMEE 21.138139.00>111.00172.90>99.00 10, 15
23 FE R 21.39 199.00>121.00254.90>220.00 5,20

24 ZHER 21.634 251.80>162.20198.90>171.00 35, 15
25 VKA 21.680262.90>192.90172.90>99.00 5,15
26 TRABE 21.723196.00>140.00138.90>109.00 15, 15
21 JEER 22.782 96.00>67.10 135.90>69.00 10,30
28 =M 22.157 168.00>70.00 250.90>138.90 15,15
29 Ak 22.436 144.90>85.00 241.10>199.10 15,10
30 TRk 22.375 207.90>63.00 250.90>138.90 10, 15
3L W 22.498246.10>176.20241.10>199.10 15, 10
32 KKK 23.467 262.90>193.00251.80>161.10 10, 15
33 FEmm 23.523179.00>125.10354.80>253.00 10, 18
34 =MEEk 23.752161.20>134.20128.00>65.00 10,25
35 RFmE 25.317 172.90>145.00168.00>140.00 10,5
36 M 25.772 116.00>>89.00 96.00>53.10 10,15
37 M 25.885 250.00>125.00338.80>268.70 5, 15

38 BRAATE
39 HEERH

26.479181.20>165.20315.80>246.00 30, 15
26.501227.10>121.10277.00>241.00 30,5

40 ZhEme 27.030 141.00>113.00179.00>90.00 35,30
41 WA 28.391207.90>181.00237.00>165.20 10, 20
42 FRAH 28.423197.00>141.00236.90>165.20 20, 20
43 FH 29.523183.10>168.10172.90>74.00 5,45
44 W R 29.791 147.20>117.10172.90>74.00 15,45
45 A 30.414128.90>102.10131.00>89.00 15,30

46 HAALHE
47 AEE
48 FAH e
49 FREE
50 ZRFEHIFRmE
51 WEH

31.257226.00>206.00237.00>165.20 15,20
31.607 163.00>91.00 141.00>63.10 10, 30
31.788 156.90>107.10183.10>153.00 10, 15
32.563167.00>125.10198.90>170.10 10,25
33.098 322.80>264.80198.90>170.10 10, 25
33.218 252.90>93.00 198.90>157.00 10, 10

SRS BB 1 R . 45 KB, GC-MS/IMS
AR B 50 AR 24 (1T ¥ B A 2 L GC-MS T4 1)
S5 AR i, SRR LR
32 ZMAHE. RHERMEER

PaRl=1E iy AR R 7 R N M e 9 S R S B Y
PC il B 7R 2R 1270, 208 “2.17 TR 4 R A 1 2
s B Y 1. 104 20, 50, 100. 800 pg/L 15
A7 AR TURAARE TARER, LASANRE S NFRI
WETHAR 2 LEAARER (YD, PARANKZE 5 A FR IR
Z AR (X ez, MR 4 v, &
FHRLIAR FETE R P, 50 i 24575 A 2] 4 JI s 1 o v 1)
LMD REL (r) KT 0.999, EILH R UFHIZEME
Ko LMEMEEL A 3C(SIN=3)HfE 171246 R (LOD),
PUEREEL N 10 (SIN=10) #isE e &R (LOQ),
GERLZR 4, R 4 AR, 50 PRk 2R SO LR )
LOD # 1.2~7.8 ug/kg, LOQ A 4.1~22.3 pg/kg.
33 RIIEBEMAMMLL

A E L, NGRS, EaMR. EY
2. AEVIRREEA ST, RRRI TR A
WFFTR T RIR i SRR AL R N
FRESSENG, 408 Bk “2.2.27 T EEARBUESREL,
B fE4E RER, 246 %, 50 PR ZTARIRIT 70,
HAON ikt 2, wmiEs R BUE, HERIGE
TEAFERE TR AR T DR, K2 Hh 2
AL R “2.2.07 TUR A /IMEACEVEIHT AT A EE,
TV R & 2 i RE IR A/ MR K, 32
FEIGEE R IR, 50 Pl 25 HUERCRANGT, HIRICRAK.
IR 2 FRRTACEE VAL IE TR R R R,
WA ERZ RS, Tk kRERAE, &
BRI AR —, X A% T e e
HARERIN b FIR T 2R i LRS00 FE IR
“2.2.37 T AFERE RS0 fG 15 B AR B 5L
%, BEAREBRARA, (H B RE A I AR
K, MR ARG S, JEREAR, FF
mdEIR “2.2.47 TUGHR S EEENR, WRYE SR
B, BeEBREFRA, &SR R 2 TR
i, SERCHESR, HATAEfE g, PuE.
34 MHEEWER. ESHMAHEZE

B “2.17 TR bRV E L I AR,
BT INECRIRLS . %0 1 e ER. 2 e E
PR 10 £ PR EAT A I FRES, &K P 6
(BN =e oMl =i e S S A E
FEARCTHET 6 CTATERER, LA H 2=/ RSD #E/T
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31
20 2L,g25 6/ 35 9 41 4647 g
1
17 2? 38
7 ‘ 33
10
6 1 13 | » ‘34
|14 16[18 A 40
| 7| 36
15 ! |
2 1 I 3 3 I
‘ 3 4 Bﬁ “ il | | ‘
‘ 9 p ! ‘
*wf‘k"?‘\.‘.‘)'é%‘”y‘.-‘,,‘.‘ — ‘,“&}.M‘.‘, ‘J.‘“.
75 10.0 12.5 15.0 175 20.0 22.5 25.0 275
t/min

- 2-H R 3-ZMi WK 4-%URR 5-KEBE 6-WREBE  7-AMUE 8NN 9K 10-THFEE 113 R 12-BEK
13-G M 14-FEEH R 15-RIEGERE  16-DRiGnmE  17-FSEM  18-fEENBE  19-0HREE 20-MAE LA (WER)  21-KREEIBE  22-=4&
AMWEE 23-HILSNIBE 24-—HRR  25-3IRA 26-BEAEE 27-MEEA 28-=MEE 20-5%4hBE 30-PNIRBE  31-WWEES  327kKIKG  33-
HEME 34 =MEEE 35-TEAME 36-F5EEE  37-SMEE  38-HKIRAGHR  39-FHAAUEIEEE  40-ZMME  41-FHAEHEE  42-SUREAEE  43-5%
g A4-mER  45-FERME 46-RSHAEEE  A7-SHAENE 48-REURSGNE  49-FURSGEE  50-TKEEFHIAME  S1-RFAIEE.

1-dichlorvos 2-methamidophos 3-acephate 4-omethoate 5-ethoprophos 6-phorate 7-monocrotophos 8-hch 9-dimethoate 10-simazine 11-atrazine
12-pyrimethanil 13-isazofos 14-parathion-methyl 15-fenitrothion 16-malathion 17-chlorpyrifos 18-fenthion 19-parathion 20-heptachlor epoxide (internal
standard) 21-isocarbophos 22-dicofol 23-isofenphos-methyl 24-pendimethalin 25-aldrin 26-phosfolan 27-procymidone 28-triadimenol 29-methidathion
30-profenofos 31-ddt 32-dieldrin 33-myclobutanil 34-triazophos 35-propiconazole 36-trifloxystrobin 37-tebuconazole 38-bifenthrin 39-methoxychlor
40-etoxazole 41-fenpropathrin 42-cyhalothrin  43-permethrin  44-pyridaben 45-fenbuconazole 46-cyfluthrin  47-cypermethrin  48-flucythrinate
49-fenvalerate 50-difenoconazole 51-deltamethrin.

1 50 FRZGEIEE
Fig. 1 Total ion-flow chromatograms of 50 pesticides
F4 50 FRIZMLZMSERE. 2. LOD #1 LOQ
Table 4 Linear range, correlation coefficient (r?), LOD and LOQ of 50 kinds of pesticide residues

s 2 AMEVEH /(g L) Ly e r2 LOD/(ug kg™  LOQ/(ug kg™
1 EEE 2~800 Y=93.091 0 X+0.049 4 0.999 6 3.8 12.6
2 HREwE 10~800 Y=5509.634 X—356.25 0.999 4 7.7 22.2
3 L e 2~800 Y=38.796 7 X+0.001 7 0.999 8 33 10.9
4 HEHR 1~800 Y=161.029 X—0.011 9 0.999 9 1.2 4.1
5 KLk 2~800 Y=78634.51 X—1560.588 0.999 8 34 115
6 FREE 1~800 Y=371.046 5 X+10.475 0.999 9 2.2 75
7 KA 2~800 Y=65.0753 X+0.219 4 0.999 4 6.9 22.0
8 NS 2~800 Y=515 155 X—12 861 0.999 6 38 12.7
9 K 2~800 Y=161.747 1 X+0.335 0.999 7 32 10.6
10 PHITE 2~800 Y=51714.8 X—1 636.42 0.995 7 5.3 17.5
11 FHEi 1~800 Y=28380.95 X—651.62 0.999 8 2.2 6.7
12 WEEHE 1~800 Y=10.037 18 X+0.15 0.997 5 2.2 7.2
13 Sk 1~800 Y=44994.01 X—1141.77 0.999 9 2.7 8.9
14 RO 1~800 Y=16 262.89 X—507.707 0.999 8 2.4 6.5
15 JRUERR 1~800 Y=25587.21 X—796.32 0.999 8 2.2 7.2
16 il 1~800 Y=173.833 6 X+0.483 0.999 6 2.1 7.0
17 LK) 2~800 Y=25304.93 X—384.74 0.999 7 36 12.1
18 FALM 2~800 Y=68 605.09 X—1 632.583 0.999 9 36 10.0
19 fEmiik 10~800 Y=12.594 X—0.014 55 0.999 4 75 21.8
20 Xifnmk 2~800 Y=44.19 X—0.061 14 0.999 9 1.9 6.3
21 KR 1~800 Y=1328.503 X—49.369 0.9997 1.4 46
22 Z=EARNERE 2~800 Y=257 721.2 X—10 078.16 0.992 3 3.2 10.7
23 HRRIBE 1~800 Y=159 444.1 X—4 251.59 0.9999 1.6 5.3
24 —HRR 2~800 Y=45.95 X—0.098 345 0.999 9 6.4 21.2
25 R 2~800 Y=1901.503 X-+66.99 0.999 3 2.2 6.5
26 JEEF] 2~800 Y=198.685 9 X-+4.000 0.995 3 38 12.7
27 =M 2~800 Y=111.117 8 X+0.575 8 0.999 2 5.8 19.3
28 RN 1~800 Y=284.978 8 X+0.513 3 0.999 2 2.4 6.5
29 IR 1~800 Y=13775.77 X—510.41 0.999 7 1.8 6.1
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i E4 2RV (ug L7Y) 2R 7 r2 LOD/(ngkg?)  LOQ/(ug kg™

30 iR 1~800 Y=759 433 X—19 590 0.999 7 2.4 7.9
31 B 1~800 Y=8.358 008 X+0.012 2 0.999 3 2.3 7.7
32 fiFTE M 1~800 Y=142.095 1 X+0.287 649 0.999 3 3.2 10.7
33 =R 1~800 Y=67.207 55 X+0.094 4 0.999 0 1.9 6.3
34 AR 1~800 Y=105.182 7 X+0.078 8 0.999 6 2.2 73
35 J5HH e 2~800 Y=170.773 6 X+0.155 0.999 9 2.9 9.7
36 M 2~800 Y=92.884 84 X+0.102 3 0.999 7 5.3 38
37 BORZNE 10~800 Y=633095.1 X—17 627.68 0.998 4 4.2 12,5
38 FEIHE I 2~800 Y=0.586 2 X—0.0100 0.994 9 15 45
39 Zugm: 1~800 Y=2590.38 X—35.783 9 0.998 9 16 5.2
40  HERANS 2~800 Y=85715.3 X—2 392.561 0.9931 2.9 8.7
41  FHEE AN 1~800 Y=82 505 X—2 335.7 0.999 3 2.4 6.2
42 HHils 2~800 Y=91 356 X—2 466.7 0.999 4 7.8 22.3
43 WEIER 2~800 Y=281804.9 X—9 055.93 0.999 4 2.4 6.7
44 fEZRME 2~800 Y=223.988 1 X+0.431 0.999 5 4.2 12.1
45 FHAFRHENE 2~800 Y=36 882 X —868.65 0.9981 6.6 20.2
46  HE AN 1~800 Y=44 044 X—1273.9 0.998 7 15 4.6
47 FAERIKHENE 1~800 Y=193.052 X+0.127 66 0.999 5 15 46
48  FUKHNE 1~800 Y=32 357 X—790.75 0.999 1 2.8 12.6
49 KT A 1~800 Y=76230 X—2874.2 0.999 7 1.8 4.6
50 RS 1~800 Y=14235.71 X—380.51 0.999 7 3.2 6.6

RGN, DL 2 5 R IRACERE SRS RE 6 4T
DA (1) RSD R FERE % B o 75 3 MR IZKF
T, 50 MR 2 HSF 3 Rl EE N 70.7%~106.3%, H
SV HERERS S5 RSD $/8 T 7.2%, H WK%
BINT 3.1%, JRiEMIUERAE . EAEVE KR
JETE R HTER
35 EFRMM

SLIGHEL [N F NI 20 RS AL AR 24 1) 3k
JRSKSE,  FE SRR TRAI AN 5] 32 SR S B s IR AR
Eb A H bR 5 7E Al AN SE B b (045 S g AR,
13 FIHELR A S AR T (ME) £ TR Ankt 5k 7
PRRERIE AR 2 L, S5 IR, TERCNE BRI
W, WnhZg. MUk, Z4E. SHAEH 50 Rl 23k
JRBANTE 80%~120%, FEFTN AR . fEHBER
AR, WS, S R, EEURAG 10 Fi
RGIEE R RN <80%, RIATEFH AR E O RS E
o PR SO X AR R — s s . 7R KB
RAMAEZR P, WHE B RAE. BT,
K, JotAS, A 18 Pl 24 B8 8V 7E <80%,
RIPATES R AR B v 1A 338 0 xof 368 S 0 1) 2%
B —EW, AL, SR M. QRERR
LT K NLAE >120%, 6 A5 2 D3 S5 G 55
AR SIZY A 9. ARSI a0k F 56 5 VT AC IR ViR
R UM, CRIFA S 25 SR vk

36 fREM

B “2.17 OUR bR AR R I 2 A 5,
TR E MRS . I WG I PERE, % L e =
B 2 f5 e PR 10 £ € sEFRIR B KFasm, %R
“2.2.47 TURFiERI SRS VA W, 7E 0y 24 4. 6. 8.
10+ 12. 24 h 43 5)EHE, o3 FY, 1H5 RSD 7
0.4%~1.0%, FHMMAE 24 h WIEEAFRE .
3.7 2020—2021 FXHHHRAPRAKEBENE
KIFR

2020—2021 A H T IR AR 460 47 Hh 25 FF
WM 50 FhARZIFRER, 460 25 M FE S R AS HY 66 1
REZGHREE, WK RN 14.3%., 2020 4F 220 1734124
FES A 40 AR Z55%EE, K HI %N 18.2%, Fih
A 4 AR FRAEFR; 2021 4F 240 £ b 2k 5 P A HY 26
R ZAHR R, KN 10.8%, Hoa 1 4 R&kE
Pro WK 5. MITHZERE, FLjdR 2k ok
RN Ay, AR TRARKT, (HRR AR
R R, AT RE-S R o 2 R A R B A AR
BEA 2335 JAR o0, 75 BEAH SGER 1T N5 A 25 AR R
REGR R IR 2R, Ui A AN E AR
I A A AR 2], RH GAP Kt A==
MUK, AR AR E T RAFEES],
{2 T 5 PR A1 Y PR AR 24 47 Bk B A HE R A 2475 7
RS DU R R (17 ] AN S 2R, o
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Table 5 Detection of pesticide residues in traditional Chinese medicines in Hanzhong

i AR 2 5 ARGk B A RS
FEAEK Kt bt Rk it FREFREL

2020 220 40 (D 4 (1 11 000 48 (7) 4
2021 240 26 (1 1 12 000 36 (3) 1
“it 460 66 (5) 5 23 000 84 (10) 4

55 W25 AR 2 A ) b

Comparison of pesticides detected in decoction pieces of traditional Chinese medicine in brackets

3.8 AEFIERAZEBNNIFR

) FH A 5256 78 ST FR) 7 V% 2020—2021 41 460
Uy 24 R 25 R JEAT 50 FhiAe 2% B A o 45
ST, 7E 460 ATl A it A Y 66 1 A 2k R
BT RN 14.3%, I HEEHARZ 6 4, RN
1.3%, 43 frrh 25 hatAs th 5 (AR 255k B, At
HA 11.6%, RAETHEEFARZ . 460 17251
250 3t 13 R 25k B o A LB R AR 24
7R, SRR RAEEESE 4 Bl CH 1 FPR IO AR ),
HAnZE 1R, HHESS LM, KA H =MWk 2y,
ot 28 s i (P AR 2 R B TR AE DL R 2 IR, A
29 5.6%, A H AR AR 25500 5 1y, A NLEER
RAEIRR . KW, 5 AR R 2R 2 1 .
5 548 (7 256 R0 R 2508 7 A B AR 2 A7 TR A
HELG, Wnrh 2584 b G 4 1. KZRBE 140 /N
AN Ly, HEEWARBTRIRARRER, WE

6. MEHZE BE, 2020—2021 4FKAEM 460
i 55 T K ZHCE W 257 0, A B AR,
43 By 23R AR 2R R A R R, T RES R A
BUNG R, AR R ARE A AR, TR
il Ab B R R A A 2k B B BRYR e AT HE . R
AT B R AEFH AR 246 L5, i) o H i
REGWERN/S/N7N, SRR AT RE S T3 EAKSRAE e
B AL, T BRI o 2 4 P A% A B A
iy, 3G AR S B AS AR 2T SR TT e
ARG F HAZAE LR S 22 A 2% BRI
WL, R R R ZRAR, SRR 5L
HBR AT AR D FH (0 B A e s K 1A 25, B
T it 5 72 1ZAE WA [R) A K B Bt A [ 1 AR 245 i
o s R A R A RR A RS, AR R
AHBERANE R AN BRS, BA8. &,
K&, IKERE . 50 MSERe s, TEFME i RIE

6 20202021 FNPHARMERAGEH AT IERBRNESR

Table 6 Detection of residues of different pesticides in traditional Chinese medicines in Hanzhong from 2020 to 2021

S LES FEARK K AL A BT EES FEAH KA B IS LES PRSI bRk

ABEE e 460 0 0 [AhmEE FEE AT 460 0 0 [=ME RmE 460 0 0
et 460 4 0 g 460 0 0 PR 40 0 0
LEETERE 460 5 0 PR 460 0 0 L 460 0 0
HRR 460 8 (2) 1 |[MFRHUREER BEEgmg 460 12 (1) 3 B 40 0 0
KLk 460 2 1 FE i 460 5(1 0 KREEIME 460 0 0
H B 460 7 0 AREKm 460 0 0 PRI 40 0 0
Y8t 460 0 0 i 460 7 0 [Hft mEK 460 0 0
SRR 460 4(1) 0 A RKE 460 0 0 WA R 460 0 0
i 460 0 0 ARHG 460 0 0 KA 460 0 0
HEXTE 460 0 0 RSl 460 0 0 LN 40 0 0
AIETRE 460 0 0 Al 460 0 0 = 460 0 0
BE: 460 0 0 R 460 3 0 [ 460 0 0
a0 460 8 0 AR AVAVAY 460 1 0 [LiEEYE 460 0 0
T B 460 0 0 TR 460 0 0 HEE 40 0 0
N 460 0 0 LI 460 0 0 ZHRER 460 0 0
il 460 0 0 SR 460 0 0 IR 40 0 0
KRR 460 0 0 R 460 0 0

85 A PR T AR 2 ) AR

comparison of pesticides detected in decoction pieces of traditional Chinese medicine in brackets.
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W, BT HAARE R S A R R T
BEERIEF, 0 T LR U T 2k 24 % B AR ) X
B o DRTEAE Hh 24 Fffd o 2450 B 2 ) TERf IR 24 5% BE
HR, PR R Ek L A 5 24 1 KU
3.9 ARIANGIHFHHRAKEBRMER
2020—2021 F KA R LM i 8 2K 460 17,
HHZ M AR 2R e e, KRN 20.4%,
HkoNM25, BHEN 18.3%, WEXLEERN
16.30%, ARZ5% AR 2 RO R
2 AFE AR AR RIS L RE O IR R
PRI, KRN 15.4%, EHEKHERN

11.1%. MRZEBKH RN 6.2%, 4FH . RZEAEAM
I 2RAFAERE R tH 2 PR 255 B IS, el
ERRPAM BN SR IR 7. SR
2R 2R B RIS RN, RZGFR A H SR iR
MONAEFLRRI R, ARRGAERKN, FRES
LM b, SEEGREA R R, B E
I [A)RE, AR 2 AR P A 30 22 A R R B A A v |-
SRR AGBARIL R . A 255% 55 Wl
SE I RRAE R 2 A AR 2 B AR R AR 2528,
JiF DRI AT e bR s PR B AR 2 B g g, R 2B
FR T 0, E A3 K B B AR | R AR AR AR XU

R"T7 20202021 FXHHPARBANGBLRAGZHEB B
Table 7 Detection of pesticide residues in different medicinal parts of Chinese herbal medicines in Hanzhong from 2020 to 2021

5 PSR 25 5% AR 2% TR A R

FEAHL K R R % R H A ik T
R 89 (12) 1 0 4450 13 0
iESS 98 (9) 16 (1) 2 4900 17 (2 2
&S 47 (8) 3 0 2350 3 0
LB 88 (7) 18 (2) 2 (D 4400 20 (2) 2 (D
M 71 (D 13 (2) 1 3550 13 (2 1
1k 36 5 0 1800 5 0
R T2 31 0 0 1550 0 0
it 460 66 (5) 5 (1) 23000 71 (6) 5 (1)

155 2SO AR 2 A LR

Comparison of pesticides detected in decoction pieces of traditional Chinese medicine in brackets.

310 HARPHRFPREENER

H17% 8 I ML, A2k B A HH 28 a5 K 1) A2 TE I
M TEABELM . mEE Y. HER . K
MO O, RS R8 40%. 37.5%.
33.3%. 33.3%. 33.3%. 33.3%, ABIRAIE LML
M. WA REMZM. UM, K4
M m BRI, KN 5%, 6.2%- 9.1%.
5%- 5.3%. 33.3%. KA IR H R R AR R ] R
HRISFEADA I, FE A 3 B A AR 24
M. SR AT e AR 25 M T 3 KR 2 AS At
R AER IR B B D IS I 254 . B/VEIT . THATE
WL, HEL, KFM. UM, GRE. WA
A 2GR H R R, U B I e 2 A BRI 2%
Gy 5% BB, 29 RAE R R EOR R SRR
ZILMRRR =, fE R A S WA E AR 2, A
T3 B A BRI 2 i 2 PR 2R B S B
311 AFEBHFTLHMP AP RAKREIENR

2020—2021 4EHL H PR T L X BE B L 24 0

LGP T 3 S5 Y B A T AR AR S 3R 1T 460 i 2
B L A 500 Fr r 50 Tt A 245 5 B BRI 0 o A 4

IR, AR R AR A A SR AR 2
W3, K 30 25.7%, MBI 1A H 3RO 10.5%,
B= Bt 24 h5 Aot %60 7.0%, 2 EROR RE R HH A8
PR M T, K ROy 23.5%, Fif
TSI A 3O 10%. W3R 9. AFIFTH
PRGN AE EREARN R EES
HZGRE R BRIEA O, BT RIER 2%, #8S
kA MRS AL, B R H 2R H P E
HT T PR A/ L HICEE 0 A, 3 3 A7 A 24 Tt P
WP PR SARGERPFEAGHILG, B 1
2y A AR AR R, R BE AN 24 BRI T
AR SR, AR, R A B,
ZAVERRE . BT 2 TR 2GR A AR L 5
SRERRIEE YIS, Bk, BRI R,
MR B AN AL A5 I g g 3 A A, PRBE R 2y
% 4.
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=8 2020—2021 FEX AR PR P REENIFR

Table 8 Detection of pesticide residues in Chinese medicinal materials and decoction pieces in Hanzhong from 2020 to 2021

B 5 REAS SR B0 3219 B bR 28 /% JFUR K/ (mg kg ™)

i 20 4 20.0 5  0.0220~0.0650
WHF 1 16 4 25.0 0  0.0056~0.0620
B2 3 1 33.3 33.3  0.0030~0.026 0
HE 1 13 2 15.3 0  0.0510~0.0700
HE 2 3 1 333 0  0.0055~0.009 8
PN/ 16 6 375 6.2 0.0220~0.058 0
FAf 16 2 125 0  0.056 0~0.069 0
JE AN 1 1 9.1 0  0.0019~0.0600
a1 8 1 12.5 0  0.0510~0.1100
1 10 2 20.0 0  0.0210~0.1700
SARTE 11 2 18.2 0  0.0530~0.0640
KEH1L 1 3 27.3 9.1 0.0018~0.0550
KEH2 3 1 333 0  0.0042~0.059 0
EEME U 10 4 40.0 0  0.0550~0.790 0
BAIM 15 3 20.0 0  0.0032~0.0600
w1 14 3 21.4 0  0.0042~0.0810
2 3 1 33.3 0  0.0250~0.094 0
NS 16 5 31.2 0  0.0017~0.0730
FiES 31 4 12.9 0  0.0046~0.0680
=t 1 2 18.2 0  0.0140~0.0530
JLH 20 5 25.0 5  0.0280~0.1800
JLH 6 1 16.7 0 0.0510~0.0700
K 19 5 26.3 5.3  0.0021~0.0650
Kk 22 6 27.3 0 0.0510~0.0770

BEEAHE (2). EURE (). HERE (1. /S7A7s (D
BERZEE (2). AL (2)

KR (1. ZBEF IR (D

REZEE (1. AREE (D

LR (DD FRR (D

HGRE (L. &% (2. F#EsE (D
FHlE (L. #ERE (D, FxEm (2
R (2). FHEEEEE (D

AR (D, BEHEE (D

HAmE (D, FURE (D

HE&HNE (L

SHlE (D, B (D

CEER R (D). PEHEE (D
R (L. WEHE (L. BRI (D
IO (2). BERAEE (2

R R (1), HEEEEE (D

FARR (D

ZI R (L

WREHEE (D

FALHE (2). BEIEAGHEE (D

HRE®E (1. BORZRE (LD e (2
FAlE (D

FAZHE (1), K&, (L FEEE (D
AHlE (L. BERAEE (2

RO 2020—2021 FEXFHARFTREN P HRAGZBRVLER
Table 9 Detection of pesticide residues of traditional Chinese medicines collected from different links in Hanzhong from 2020

to 2021
51 A — ﬁuﬂm’é@“ﬁ%?@ — : ”Z@@“%%ﬁéﬂzﬁmﬂ —
FEASL or Hi %L 0 vy R )L /4 for 3 et v
R R )5 128 9 0 6400 11 0
ZiM i 175 45 3 8750 49 3
ARG IR 114 12 2 5700 12 2
PR A 2k 16 0 0 1300 0 0
ZiM i 17 4 1 850 6 1
PR U M ER T 10 1 0 0 0 0
&t 460 (43) 66 (5) 5 (D) 23 000 73 (5) 5 (D
4 g B (41 1) <PHEH. ot H 5 RPiIxT 50 k2

Hh 24 Hp R 25 5% BE R I HR RS FE IR AR B A 2
.. BERR . IE Ok, AR, Oy
T AR RISRIUAT, ARSEI R . T
fil . BEPER CWE IECkE. AilEE-TAER (41 1) 5 Ff
TR FIREAT SO 08 2 A 5 AR [R50 Fiuk 24
FIA N 0.1 molkg. ISR 25, ik 2545
HHZI R, BT RS AE S ERE 24 h DL b
SRR, ANFEETS BRI R AN, H
R ENRS B IE Ot < 2 <BSER 2.8 <Aq it lk- 14

BURR . S5 RERH, AR ZHERFTfS mkeE s
ARSI FR, XF 50 Pk 245 FIHE Rt HoA 3
PRI FELE, (B HNEEFRIGHMCE R )G, 15
BIWRERZ . 25 LT, ARSI AR OIETE
RFERCE T

A28 QUEChERS B2 (2 1ih- £ BT
AP T A 2020—2021 AFREN T HEXE
Bt 2405 2504 T 3 S U A 15 AR AR O AT 460
Uy R 2pt R 23R R 50 R R B L. 5
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2019—2020 4F H#5%, 2020—2021 4E3 P i i 24 rh
RZGFREE IR R AT R, (2 E R BRGI3
AR G AFAE R B R HH RAR 24 5% BR AR R v 11 Il JAS 2%
AR BEVCE RERT NSRRI RE S, R
HARFHRIBRFHACZG, IR AR 2548 F AR i S 4% 7
B, $REAR R A EiN, B2, S,
B R 24 & I B RRR B R e 4.
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