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Abstract: Chinese herbal medicines (CHMs) play important roles in protecting human health. As an important part of
traditional Chinese medicine, its quality and safety have attracted much attention. The factors affecting the quality and safety
of CHMs mainly include pesticide residues, heavy metal pollution and mycotoxin residues according to their sources. The pa-
per reviewed new research progress of these three factors affecting the quality and safety, limit standards and detection meth-

ods in CHMs. Moreover, the differences in limit standards and detection methods of these factors at home and abroad were

comprehensively analyzed, and reasonable improvement

e B #3:2021-09-24 measures were proposed. These results can provide guidance
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risks of CHMs, and provide a useful reference for the estab-

lishment and improvement of the quality and safety control
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24 DUHURRIR (TR0 70 A IR s 2 A
VEHIAEAR R FEOR AP N A B 5 T B A 26 AR E 1Y)
VER ik Z 345 e, RPEHE S D A48
(WHO) FYHEM] | 4Bk K2 75% 9 N 10 EEAREEAL 5
e 2l H rp SR A3l FH b 24 b i B A AT 0
Gy 2k e Bl b R 2 Sl S Rl K
JR IR IANTT W, PR 2 256 BT O B
90% ", 2G4 S G o 2 A4 T SR A A A R
B 2017 4RI, R AR R AR 3R 0 2 6 i
300 Ff, H A H2.00x10° hm?, L 40 50 4E A EE &5
T 30 243, RN RN R EA 8 2 s TR AT B A K

FEP 2SR 25 E R T A B 24 453k RIS 8 1
FEARPIEAE A B K At B SR A R A
AL AS R RE BE A R D) A2 2k
FEIPRT 37 R AE RS, WHO I T 3755 R85 DA 24
Rl 19 6.20x 10" 35 7T ¥ £ 2050 4F 19 5.00x 10" 3%
J6' ABRK L 70% B R 25 RHR A EREDEE , 3=
S AT A R SEE InE R MORAE | H A
FUH NI AE MR 4 A T  adE v P PR AE |
BRPGRFRIED B PE ST R E 2 EE L
MR A e A T I PR B &, 2017 AF 3
F 52 5 % oh4.63x10° 2250, Horfr i 113.40% 10° 357,
HEO1.23x10°E 56
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g H R AR 22 B T A A K R R IO R BR
fR AN RO b E R A T 25 M A BT R
Z BRI T M B AR AR ENIR D, £
Hh L 24 45 B AT R 2021 4F 9 L SE AR Z
B ik A NS ( Panax ginseng) KL ( Lycii

Fructus ) %5 20 Fp'" 0 25 B IEMIR RS
I TS B A 7 ) 5 5K A — R Y 2200, T kb R 58 3%

Midg L% F WA ML ( Organochlorine pesti-
cides, OCPs) . A ML %% ( Organophosphate pesticides,,
OPPs) . #1 Br H 2§ BE 25 ( Pyrethroid pesticidess,
PYPs) &3 H R RS ( Carbamate pesticides, CMPs)
REGIE 278 R 7 il F b Bl 2 sl b Mg A,
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SENILEY , & 757578 (BHC) %R B3 (DDT) |
TUARHEAR (PCNB) M1 FT AT A5, B A 5 1, 20
HAE IR =& OPPs Ry B BR AR sL i A i
MREERAL S, AR R HEGR  FEENR | 47 A
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A= FU R (Mycotoxin) Y HFHZh LK 5 & BLRY
HFHTGRA TR (Aflatoxin , AF) I ERHE
( Ochratoxin, OT) K &8 % ( Fumonisin, F) Ji A%
S5 T T M ( Deoxynivalenol, DON) | & KR B
fifl ( Zearalenone , ZEN ) Fl & ¥ %5 & ( Patulin, PAT)
S R EEA R AT
e 1 R,

AF JE 8 [ %F (Aspergillus flavus ) 5 274 8 (A.
parasiticus ) WU HACH ™, # WA 205 40 AFB, |
AFB, (AFG, . AFG, . AFM, fil AFM, %, 5 AFB, Rl
7, HEEE R AR FE 1Y 68 £F, M AEAE &0 T vl EA
FET-10 0 OT F 2 #% th & (A. ochraceus ) . 7% S i
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sum) fC T 72 4 A0 45 OTA . OTB Al OTC %, L)
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Fig.1 Names and structures of common mycotoxins in Chinese herbal medicines
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T2l b A 2 B K B% P BR & ( Maximum  residue
limit, MRL) FR#E B 6l MARAS L PR BE T 22 4 4 7=
AR, e T b 250 [ PR fe R B
& HSERBEZGE T ™M MRL b, (BR
V2L (EP9.0) F125 [ 25 ML ( USP41-NF36 ) il &
T 76 Wi =T OCPs . OPPs 5 PYPs [ MRL Frife>* |

s A1 R

CHAZJ7 JR) (JP17) #LE BHC #1 DDT 75 rh 25 44
B MRL 4 0. 2 mg/kg' ™', (HhEZ58L) (KP10)
il 7€ T3 200 Fhh gt 42 MRL #rifE, Hor BHC
J90.2 mg/kg, DDT 4 0. 1 mg/kg ™,

HE TR 2 AR 25 MRL FRUfER ST TACHE , £ 2 A
e N R LA 2 i) | (R B (b 2 ) )
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(Panax quiquefolium) 1% ( Talinum paniculatum ) .
T 1€ (Astragali radix) FIH 5 ( Glyeyrrhiza uralensis)
HOCPs RYFRE AR fE, I W # T BHC A1 DDT 4§
33 R4 LY MRL 92K (ShE SR ATl
v ) 2 v [ 245 AR ) 0T Joe [ B 52 5 f) 2 Ae b i 2
— HUE T2 YT 4 T OCPs ) MRL™

*1 SEHBMENFNESXRAKERE

Table 1 Residue limits of organochlorine pesticides in pharmacopoeias

(T EZ458)2020 fRHELE T 22 1 OCPs 1) MRL,
AR P R AE AT 5 DK 6 5 A ik [ SRR A
FUAR (1) JHRA EiR 5 Fep 2l T FRE SR
TR 3 | H i 24 L0 SR AT v 24 64 A1 B0 fE R 24
MRL FBUE, AT, 5 E A 2 A2 MRL A L,
FPE AR DGR E TAEIR TRt — 24Tt

i RBR B A (mg/kg)
(2020 #£J0) (WM/T 2—2(504) E’K?J‘ITI%JE(EPQ.O) (JP17) (KP10)

7N75/N (a-BHC B-BHC y-BHC 8-BHC 2 Ail) 0.10 0.10 0.30 0.20 0.20
i 3 (PP’-DDE, OP'-DDT, PP'-DDD, PP'-DDT Z Fll) 0.10 0.10 0.60 0.20 0.10
FARRE AR 0.10 0.10 1.00 - -
IR 0.05 0.02 0.05 - 0.01
K G 0.05 - 0.05 - 0.01
SR IR - - 0.05 - 0.01
NEE 0.10 - 0.10 - -
LRCLE WAL R AL A 0.05 - 0.05 - -
AP ONUEP R P E L 2 ) 0.10 - 0.05 -

Bt (B Ft B-BRFHFIGRFHER ) Rk 2 0.05 - 3.00 -

22 HEHMESBRERE

H T B 4 R Xk A A R ELA TR TE R R, DRIt
ZRE R EHLTE D 2581 E e T ARG ™A% 1 H 4
JEBREARIE (3R 2) o BRLSE L HAFEZH WHO 2]
SE T 2 A I R e B AR P A A S
T R (A28 BR 2 A7 Ml B 1 ) %o vy 24 4 o 4 i IR 4
AR, 2020 AR( 25 0) ST 43
AZ L ( Crataegus pinnatifida ) | FIAC ., 4 4R 4K
( Lonicera japonica ) . ¥ 1€, = £ ( Panax notogin-

x2 ARERMNALTEMELBRERAELE

seng) FTE (Angelica dahurica) \%5H3 ( Pueraria loba-
ta) Fll =] (Angelica sinensis) 218 Fhrh 25kt HRIIT T
ELEEREAE P A 5 mg/kg . Cd A 1 mg/kg. As
12 mg/kg Hg M 0.2 mg/kg Ml Cu & 20 mg/kg( 3
3) . MEMAT R BR EEFRHER T, b [ b 2 4 B 4 )
FRAEEARUESIRE HAFEAE Y, HER 6 H 2GR
MR E L I H AR E T 100 F 28
4w FR A BR v T AR X 28 Bl AT T
B R

Table 2 Comparison of residue limits of heavy metals in different countries and organizations

BRI (me/kg)
PR hEZ AEREBEFERE RS I 24 F A2 WHO Friff
(2020 4ERR) (WM/T 2-2004) (USP41-NF36) (EP9.0) (JP17) (2007)
Pb 5.00 5.00 5.00 5.00 - 10.00
Cd 1.00 0.30 0.30 1.00 - 0.30
As 2.00 2.00 2.00 - 5.00 5.00
Hg 0.20 0.20 0.20 0.10 - 2.00
Cu 20.00 20.00 - - - -
Js8an - 20.00 20.00 - 10.00 -
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23 HHHMEESRERENE

F T L P 7 R R DG B R R A 1
Wi, 224> B S8 T A B A R ARDRL Hh i PR AR
WELS BRI, 45 FE e P 2 b A B s o 1) B PR 7R R
HAGAL A AF H1 OTA, AFB, {4 [ 5 Bl B2~ 6
pe/kg, M AF H4~20 pe/kg, M OTA N k15~ 80
pg/kg(£3),

N (EU Regulation 1881/2006) Xf 5 Fift ifr 24 44
AFB, BREBEN 5.00 pwg/kg, B AF 4 10.0 pg/kg
(F3)1 iR 25 L) (EP9.0) B ™4, AFB,
H2.00 wg/kg, B AF H 4,00 pne/kg ™ (ZEEZY
HiL) (USP41-NF36) HL5E h 25 44 AFB, 9 BR &

®3 ARERAEHERSEREITE

5.00 pg/kg, A AF N 20.0 wg/kg ™, H A2y i
(JP17) BLZE T W 25 0 f 0 AF B9 FR 29 10.0
ne/kg' o BRIARILAE 2 ( Zingiber offcinale) FH #
OTA RYBRHE }15~80 we/kg*'' . (HEZEHLY (2020
HERR) B E Bk K2 ( Citrus reticulata ) 3% - ( Nelumbo
nucifera) HRB ¥ ( Cassia obtusifolia) AL ( Ziziphus
jujuba) 55 24 Firh 25 kF i AFB, BREH 5. 00 pe/ke,
MOAF 7 10.0 pe/ke (£ 3) . UMERG AT
FRUEY HLE 250 o AFB, BIBR A 5. 00 pe/kg, &
AF 7 20.0 pe/keg™ , B 3 HS% B R PR E
PRAESEHAC T (AL A R 25 B AT BR | B AR i
RREZ WG 5 IETEM S 1

Table 3 Maximum recommended levels of mycotoxins in Chinese herbal medicines in some countries

IRRFRE (ng/kg)
SR iz AR g mon oz R
(2020 4FHiR) (WM/T 2-2004) USP41-NF36)  (EP9.0) (IP17) (2006)
AFB, 5.00 5.00 5.00 2.00 - 5.00( PYSE 32 Z2H L) ,6.00( TEAERT)
AFB, +AFB,+AFG, +AFG, 10.0 20.0 20.0 4.00 10.0 10.0( RZ5E 22 228 ML JCIERT)

OTA - - -

15.0(3£) ,20.0( HHAR) ,80.0( HHHEHUR )

AFB, AFB, AFG, AFG, . N[RIFIEAY B I RE 3 OTA M A2 RE R

3 HEM R L A R MR A R T vk

3.1 HHHRAKRBRNTE

HZlibt FER AR H 2 R IR R I
TP AN 5 % 1 e s I R R R
P, B RGN 7 A (0 i A (0 - TR L (it
V5 AL UM A1 5 (GC) | i SO (5 vk
(HPLC) 8 /= S0AH (3% v (UPLC) AR i Ak
Tk (SFC) 5, AAH G2 A I ERp B XA ] 28 74
(AR 2 BRI AN TR ORI 25 , 75 10 28 A AR 2 ] T P4l
A EF (ECD) |, 2 2 B 1 A 25 2R FH U A I 4%
(NPD) , i WA 25 R XA G BE RN 2% (FPD) .
HPLC 3 T PR EFE & 8 v o i T 55 43
FEAS 2 AR FE ARG Y AL AR — P (MS) 5 2%
JFis (MS/MS) 2 B, (o 3% B i 6 A T i 14 20 2
fiE 790 5 R B S R S AR A 5 5 P TR
PE BRI 2RI R Y ARk 2k L
L ARG 1y 32 B T 1 8RR AR 25 R I3 4, 45
TR AR 2 22 R 2% IRV RIR TR 7], GC-MS/MS I
UPLC-MS/MS B4t F v] DA B A4S H B0 e 24,

Pt 11 REAY v PAEATL 3 A4 G AR E S E A< 5 NS
32 HAMELERNAE

S P20 i Y alll e s A DY N s T
F AR T FOLEIE 2 (AFS) T OL I 2%
(AAS) | HLJEHE 5 55 8 A BT 2k (1CP-MS) il H, 2%
A SRR RIPEIEE (1CP-0ES) 414

K AFS X112 ( Salvia miltiorrhiza) 25 B ]
FYIE = A As FIUEL As & s UEA TR i 2 XA
TEARHERE Sk (GBW82301 ) FIFE L (SRM 1568a)
AT I UE T R v X 2t rh As &
TR PR TR B TR R kT ST AAS
W5 I =% 45 M5 B A9 3457 ( Mentha canadensis) il
TEH % (Anthodium chamomillae) " Cd . Cr Ni il Pb
o B RBIEA IR 2 Fhh 256 b iy & 1y
KT WHO bR | ICP 3L REELEN E ZFhE 48
HAG YL/ o th 2508 v i i i T G Y 5 12
R JH ICP-MS %) 2x R Y 883 1L 10 FiR=ES
ikt Ph A1 As fY5R B m EA TR DN 25 R I s L
K ( Morinda officinalis ) H' Pb OO B E AR
K ICP-MS x4k 7736 h 25 R R v Cd
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Pb As Hg Fl Cu & #4742, 25 58 R 30.51%
PIRES R 2 1 P 4w o P E 2 )
MRL #27EY ) ICP-OES HA7 4 H FRAW A 2 B v
AAEJO R S | AT [ B A0 22 o o0 2R SRR A AR T
F4 NEHREERBEBRNFE

AFS TS 75 5 AAS A fE R i A 22 Fl ot R 1Y
AR R ICP-OES ¥ [a] st b 346 1 12 75 4% H
10 Fhrp2§#t b As .Cd ,Cr.Cu . Mn Ni . Pb Fl Zn 095
L, AR E O IR R

Table 4 Detection methods of pesticide residues in Chinese herbal medicines

LAESTY) K 7y vk BRI AL NS S 30k
SHRAE GC-ECD SRR AEEE AR A R SUR SR SR A R AR BE il (53]
Jok TRPIER R R
Wi iz GC-FPD CiE- =10 (FRE R PRANCE A R 7 el QN 2 N S S TR N L [54]
S GC-ECD (GC-NPD \GC-FPD £ R fRARSREE A& OB R B DRIk [55]
WA HPLC SEPIRE B R SRER RHUIR PR R | - SR A TR [56]
Mt GC-MS/MS TESLIE T R T [57]
735 GC-MS/MS RESLIE K BEBR W AN PO | R U3 TR [58]
SARAE HPLC-MS/MS LR ERIR R FEIEM B bk [59]
i HPLC-MS/MS EA DN 7 X Y T A [60].[61]
EL UPLC-MS/MS SR | 22 A [45]
£33 GC-MS/MS, UPLC-MS/MS AR R4 BE | =Bl AW B+ [62]
1771 LR P 2584 GC-MS/MS UPLC-MS/MS  BXREER | A | ST BER \DDT WK F) K [63]
JE Nt CLEIA FH LR AUl | bt ok [64]

GC-ECD . S At B F I A 2512 ; GC-FPD . S M €0 33 U I BE A DU 25 5  GC-NPD - S M £ 3% 0l AG: 0 4 125 s HPLC . 13 350 H € % 95 5 GC-
MS/MS : A (T - HR I T 1% 3% s HPLC-MS/MS ;1o R AR €673 - FR I T 1% 75 s UPLC-MS/MS .« 88 1o 350 AH (233 - A3 I B3 % 5 CLEIA . {22 2 6

PETTHTIE o

3.3 HHMERSERBRNAE

TR BE 2R ORI 5125 T 43 Ay PRS0 36 1 o
BRUE I 2 R, DR G kA I IR A 9 Tk
(ELISA) ARG G52 )2 Mk ( GICA ) &5 5 2 s Ik
TR ISR S (TLC) | GC L HPLC DL K&
HPLC-MS 17

ELISA #1 GICA )& T 5 it i i, BA R
SR D (o A A, 3 FH T R i 1) R
A1 TLC W PRAAR HLJGRT 57 B A, IR kAT A
SR MG R MRS R RPN EEER,
GC HPLC 1 HPLC-MS % 77 ik #E H B 5 Z A -
FREIE . 4N, BT AF FI OTA A5 &5,
I AT T E #5926 A 4% (FLD ) (9 HPLC S A I,
HPLC-FLD & I 0 sh 2568 AF #0005, B
Ye 2 F 25 M . HPLC-MS/MS J2 i 4F 3K fifi i
BEZMWn—E ik, BRrhais EEEE
FREIN 773 Bk 1) 75 3 L3R 5, & 8 HPLC-FLD
F1 HPLC-MS/MS J& v HE Z (1 B 7 i

4 B4

2GR A DA o e R Y R 2 BT R DR RN IR

PEARAE At e Al k22 0 R TR 26 7 T 28 G B
BEE NATTRS 2 B )2 0, o6 22 4 )l A
KEVEREREN, BWh 2R e RER T
LR R T Y LR T 2 A B AL A
AR IR B Y A e
SR GG, BARHREET MR LN T
4 R A A ARSI 7 0 W S A T — 2 p 20 (2
SR A —EEAN T AL ) ELAH R RS 5 A fo5 fif
B,

G, A H AT E 2 R AR 2 C R
> MRL # 5 A4, I HACZ G B TS Qe H )
A R IR P A A2 5k B R BOR B
ARGEAC A BT BR A BR AR R 2 T B o
B TIAN, 2kt PR LA HAE U B
2%, T ] BRLDR L g 2R A 22 T A 245 5 P ARG ¢
ARA TP A2 5% B A I A8 KPRk, 2t
T B RE R A B AR 2R, AR A KRR K
AT ARV EER A B A TR $E 0 , ISk b4 7 R
(7 A TR R ) e s (22 e i) R A R HR
AR DA AT e 2 ol L 7 3R B P v SO M 65
A YT ERGHEBE NS [F) B G I 22 P 2 3 38 17 A
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%, HHT HPLC-MS/MS S5 J7 12 AR wT L[]
K JURR TS 2+ LA LR 5 R H R R S AR
JTIRBE T B 2R A T, 5 =, TP E 4
J& V5 Y 5y 5% B A 7= 3 B v PR B R W) A O R v
o A5 B A LR BT RN A A R B, A S ol

BT SRR A VS, X e i 2 b B
G R AN A e A S 1 Y B AN
R A A B B4 A5 IO IR AR [H 1Y
St U AR I AR RS A i L B AR
J3t e 2 4 ) DR BR A B v IS DU AR R 1

TRk S R AR, S ARG SeikiE ST T 2GR B A AR AR pE R A
*ﬁiﬂﬂﬁ B ZBPYRERIIRIL XSt E I ORI,
SERZIR AR AR AN PR SRR AR A A
®5 THVERSERBEARNEAR
Table 5 Detection of mycotoxin residues in Chinese herbal medicines
L) LRlIWIRER ot R S 3CHk

68 Lk h 2t TLC AFB, .AFB, ., AFG, ,AFG, .CIT ST [72]
30 Ffrep 244 TLC AFB, .AFB, . AFG, AFG, OTA [73]
89 Al rf1 2444 GC-ECD T-2 HT-2 [74]
58 bk H 2 b1 GC-ECD ,GC-MS DON [75]
FAERT HPLC-FLD AFB, \AFB, AFG, AFG, [76]
Fibed~ HPLC-FLD AFB, AFB, AFG, AFG, [77]
% HPLC-FLD OTA [78]
107 LXK P2t HPLC-FLD ZEN [79]
174 #HLk P 2541 HPLC-MS/MS AFB, \AFB, (AFG, AFG, [80]
HH HPLC-MS/MS AFB, (AFB,, AFG, AFG, OTA [81]
79 #Lk h 2kt HPLC-MS/MS OTA .PAT [82]
Ak ET HPLC-MS/MS AFB, AFB, AFG, AFG, FB, FB, T-2,DON [83]
HE S HPLC-MS/MS AFB, AFG2 FB1.FB, OTA OTB HT-2 T-2 [84]
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