5515 % 45 8 ] FE I e ol o Ll i Vol. 15 No. 8
2024 4 4 A Journal of Food Safety and Quality Apr. , 2024

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20240207001

Hiwrp 20 FhoehLT e B EoT 2
{AEERFE RLS: PF-fil

Faa ", Fow ', BBE Y, DR, LeAS, g

(1. BB EEREERE, 22N 730000; 2. HifiHEZGRFLFEE, 22H 730000,
3. BEPE PRI 2L A BRI T H], P 743000)

W OE: BRY e HErhRHOCER S u, IR SR XA FEIOCR I T U BT SRR KA . AR R
JH R B 55 B TR B KO I s TR e i JEHLOC 2 & B SR i o B TS A P
Cd. As. Hg fil Cu 5 R &8 Mo & JCR I 5 ) 15 Jed8 BOMZR 5 1 e d8 SOV AT 2 M, it
H % K AT i} 52 45 A & (maximum tolerable daily intake, EDI), $EbRfGE 3 £ %l (target hazard quotients, THQ)MIEUH
XU (carcinogenic risk, CR), X H % H 5 Fl 85 4 JF o0 K 1A T o0 R A TAERE KU P-4, R H R P S B4R
FOHESF 5 4 )R PR {5 (maximum residue limit, MRL), &R 1SRN LHITEES HIGHENL X R BITF
(0.9969<R*<0.9996), FEihFREYE, BAE M br bkt S (UG %% RL4F; Cr. Mn, Ni, Cu. Rb. Sr #i
Ba JUR & AR, I HARE G & TR S HAA B2 bk, ERUr o 22 MHERTRE] 5 A ERU,
B3y 2 vUilk %Ik 84.308%, M Ga. V. Cs. Se. Co. As, U, Ni, Cd fl Hg 2 HFWFAELHIICE;
KM AT A5 R AT ATl SRS A — 2 (B JRUSS: A7k 285 SR S s H A T 38 0 2 5 A\ JC B B AR A 3,
HEBUR A T 2 AT, S8R AR T L 0 5 R A SGHA T FICHLC R B9 KORIEF B, T AT
B AR XU PEAb S AL 1 Rb 24 Al

KEEAE: T BRSSPI, IR FoOtiE:; (XU AL

Determination of 20 kinds of inorganic elements in Glycyrrhizae radix et
rhizoma and their health risk assessment

LI Hai-Yan'?, YIN Pan-Pan'?, PENG Teng-Teng'*, MA Qu-Huan'?,
MA Zhong-Sen®, SHI Xiao-Feng'*

(1. Gansu Academy of Medical Sciences, Lanzhou 730000, China; 2. Gansu University of Traditional Chinese Medicine,
Lanzhou 730000, China; 3. Longxi Baohetang Pharmaceutical Co., Ltd., Dingxi 743000, China)

EEWHE: 2023 4 H M B E KL JT(23ZDFA013-1) . H 4 B K B8 By 01 H (23CXGA0038) . 2021 4 H 7 4 B £ F K 5 H
(21ZD4FA013), Hifi4 H = 25 8 LR 51 H (202203010)

Fund: Supported by the 2023 Major Science and Technology Project of Gansu Province (23ZDFA013-1), the Science and Technology Plan of Gansu
Province (23CXGAO0038), the Key Science and Technology Project of Gansu Province in 2021 (21ZD4FA013), and the Project of Gansu Province
Administration of Traditional Chinese Medicine (202203010)

HEIEEE: Qe TAEZ90N, LA, ERMFEIr O P2 Y B K B WESE . B-mail: shixiaofeng2005@sina.com
*Corresponding author: SHI Xiao-Feng, Chief Pharmacist, Gansu University of Traditional Chinese Medicine & Gansu Academy of Medical

Sciences & Lanzhou Institute of Food and Drug Control, 2 Xiaoxihu East Street, Qilihe District, Lanzhou 730000, China. E-mail:
shixiaofeng2005@sina.com



282 B L4 T AR I 2 R 615 %

ABSTRACT: Objective To determine the content of inorganic elements in Glycyrrhizae radix et rhizoma, and carry
out pollution analysis and health risk assessment on heavy metals and harmful elements. Methods The content of
inorganic elements in Glycyrrhizae radix et rhizoma was determined by inductively coupled plasma-mass spectrometry
and atomic fluorescence spectrometry. The safety was evaluated by calculating the one-way pollution index and
comprehensive pollution index of Pb, Cd, As, Hg and Cu of 5 kinds of heavy metals and harmful elements in the
samples. By calculating the maximum tolerable daily intake (EDI), target hazard quotients (THQ) and carcinogenic risk
(CR), the health risks of 5 kinds of heavy metal elements and harmful elements in Glycyrrhizae radix et rhizoma were
assessed, and the recommended maximum residue limit (MRL) of each heavy metal in Glycyrrhizae radix et rhizoma
was calculated. Results The obtained inorganic elements had good linearity in their respective ranges (0.9969 <R'<
0.9996), sample stability, repeatability, spiked recovery and instrument precision were good. The content of Cr, Mn, Ni,
Cu, Rb, Sr and Ba elements was high, and the content of each element was consistent and different among the samples.
In the principal component analysis, 5 principal components were obtained from 22 samples, and the cumulative
variance contribution rate was 84.308%. It was determined that Ga, V, Cs, Se, Co, As, U, Ni, Cd and Hg were the
characteristic inorganic elements of Glycyrrhizae radix et rhizoma. The results of correlation analysis were consistent
with those of principal component analysis. The results of health risk assessment showed that Glycyrrhizae radix et
rhizoma samples had no obvious health hazard to the exposed population, and the cancer risk was negligible.
Conclusion The method can effectively determine the inorganic elements and identify the source of Glycyrrhizae
radix et rhizoma, and provide a scientific basis for the health risk assessment of Glycyrrhizae radix et rhizoma.

KEY WORDS: Glycyrrhizae radix et rhizoma; inductively coupled plasma-mass spectroscopy; atomic fluorescence

spectrometry; health risk assessment
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Table 1 Sample information

RS FEHLYT R EilR=
GC-1(ZhL/RHHL) FRFH /
GC-2(Z /R HH) B /

GC-30LRTTH) B 5 J5 3 58 /
GC-4(Jil A1 E) L9255 Fayn /
GC-5 B P4 45 1E 24544 A PR 7 201904003
GC-6 Bl P 23 (E 25 A4 A7 B A ) 201803001
GC-7 BEFT= F =2l 20181025-01
HBR LA F]
GC-8 B RK 24 BR2A ] s181201
GC-9 Hﬂih?;éi%ﬂkﬂﬁ 20181004
GC-10 H 25,0 4 20180901
FBRZA
M 247N
GC-11 ﬁﬁ%ﬁﬁ;:;jﬁﬂ 1901012
GC-12 HAFRAL IR 180935
HBR LA F]
GC-13 H 2= 250 A BRAA ] 181201
GC-14 Hﬁgﬁi;@ﬂﬁ 190115
GC-15 ERZRRTERA 17022106
HBRAT
GC-16 25 PR AT BRA H] 181018
GC-17 RAFHERAR AT 20180901
kR
. RIRTT AR PR A A/ 1
FRITAT AT
GC-19 B 2 BN 20181001
FBRZA v
2
GC-20 Eg&giﬁi’ﬁﬂ 150829-1
- R
GC-21 ﬁﬁﬁiﬁﬁﬂﬁ@ 180304
Geon LT R 2] By 181001
HBRA T

e R AL

1.2 ¢ 2F

Agilent 8900 ICP-MS JiTi{X (3£ H Agilent A F]); UL
traCLAVELV i Vi A (B ORIIE /R Hri ); MS105DU HL
RN T 53 Z—) [ Mg 5 8 -G A 2 A () A7 FRZA D );
Milli-Q 1Q7000 8 4l /K % ¢ [ % L (vh ) A BR 2w 1;
AFS-230E JF T/ BT F ORI R KR A RH A FR A H)

1.3 i 7

65% T IR (12 = B Fefb THARABRAH); 19 FooE
(Li. Be, V. Cr, Mn, Co. Ni, Cu, Ga, As. Se. Rb,
Sr. Ag. Cd., Cs, Ba, Pb. U)Xf M LK (10 pg/mL), M

PRAT(Bi. Ge. In, Rh. Sc) (100 pg/mL)(E[E Agilent 7%
wl); Hg JLEST IR ALAEB(1000 pg/mL, FEZRA OGS E
F IR HIIR L), KA
14 7 &%
1.4.1 ICP-MS TAE4&A+
JHVETSBOMALAS TAESMF (TR SN  ZrHe . RBUE
WA ATk, (ARSI E: HA-EA, 6
EAR-AA, FEFREBIIE-1.3 kW, FE TR0
3 15.0 L/min, ZSAFFE 1.17 L/imin, FILEIRE 2°C,
KAETREE 8.0 mm, HfFEAL A Ui 5.0 mL/min, 5530
RFHCH 30 v/min, AHTETE 0.1 s, TR 3 K.
142 AFS TAE&4F
SUTHIE 30 mA, JEHEERE 300 V, JRFihds
JEBE 10 mm, 2R R 400 mL/min, FRil & 1000 mL/min,
BB 20 s,
143 TR R iE &5 &
A2 19 PR AT BT T, FH 2% R e ol Bl
% Li. Be. V. Cr. Mn. Co. Ni, Cu., Ga. As. Se. Rb,
Sr. Ag. Cd. Cs. Ba, Pb, U R4 HI4:0. 10, 20,
40, 50, 100, 200 pg/L HYVRAXTRESNAW . A& He
JLEN IR A GE T, FH 5% HNO; W B E %, I
Tl R F VMY Heg ST X IRAL A0, 0.2, 0.4, 0.8, 1.6,
2.0 ng/L)o
1.4.4 RARERSH &
155 W BUR G AR BB 0.5 mL & 100 mL &,
FH 2% R Bl A Bi. Ge. Rh, Sc. In, REWE N
500 pg/L FIRA NPT
1.4.5 BHX SRk 6 5 &
R w22 #UH RFESRR 0.3 gCR§H1 % 0.0001 g)
% 30, BETRWUIKHEHEARHES, 53A 3.0 mL
65% HNO;, FHCH: T AR 7 UEA T U5 A o Y820 )5 TCHE T A,
B R 50 mL AT, JFH > RBaK R &k
WIHMRRE 3 R, AIFURIR, MM ERELE, #5,
R IR R T LA .
1.4.6 #¥a 3
K Origin 2022 AL HIRE R TTHCR S =B
RO R u R A . R SPSS 25.0 #F47 321
Gt B RS HT o
147 bt
L) BAIR5 GL 45 % (individual pollution index, P)FIZEE
154438 % (combined pollution index, P47 H FAE L E 4
J& %A, AKX A (DAQR):
P;=Cn/Sn (1)
Pe= (e + Pra ) /2 2)

B, PEBOR, BEHIZ B TS Jul™ 5 Cn N E -G8 LA
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FEILRMWEME; Sn AELRE KA F R BERMEE, 1%
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G )8 KA FEICR PR AR PSS A S STRE T4 SR
W21, Py R4S BTG YEFE R Py HEA (I Prya A4S BT
TFYAR BRI KA . 456 MG SCHR A 45 SR ),
1.4.8  f& BRI+ 46
(1)ifif 32 5 PFAl
4 H 5% K 7] it 3 $ A & (maximum tolerable daily
intake, EDI)I T AR L (3):
EDI=(CxIRD)/BW €)
o, C M E 4R 5 it (mg/kg); BW (B A A2 f4
B, PCAb 0 E Bl A AR, B 55.9 kg, JLIE 32.7 kg;
IRD My HEEAZIM &, 4G 2020 i (hEZ80) HEFEH
TR 2~10 g, [, FHEE A 10g, JLE 6 g,
24 EDI<# % 4 H i 3% $ A 4t (provisional tolerated daily
intake, PTDDAY, A WE 4R KA FICEXT A MR IO i
SUIA[Pb-0.00357 mg/(kg-d) . Cd-0.0083 mg/(kg-d).As-0.00214
mg/(kg-d). Hg-0.000573 mg/(kg-d). Cu-0.5 mg/(kg-d)]>%,
Q)b A F T AL
HUFR 1T F R B (target hazard quotients, THQ)IT&E A=
WK (4):
THQ=(CXEFXEDxIRD)/(BWXATXRFD)  (4)
K, EF $8—4F it #:4) B (thab s H Horb 8 4
AEICE)WNKEL, 24 30 d; ED F83EfbA 24 5 1) 4B
(W HER S HEEE LA FEOR)NAER, &0 304,
AT VI AR BOE S Y BT e, 2 S 3 A F b 70
4 x365 d, RFD i &% ik, = M3 7+ R U.S.
Environmental Protection Agency, USEPA){&AL[Y Pb. Cd.
As. Hg. Cu MZZF&E470 0.0015, 0.001. 0.0003,
0.0003. 0.04 mg/keg®”, 4 THQ>1 B}, W HEhE4IE
B FEICR N AR HA T BEEAED, g4
B 1.5 kg, JL# 0.8 k) LA, 24 THQ<0.0067
H1 THQ<0.0075 B ] 73 1) ) 5 rp 8 4 Jg S A3 5 e 4F
AL TG 8 A i e s 5
(3) B A B P4l
209 KUK (carcinogenic risk, CR)TTHEA =LA (5):
CR=[(CXIRDXEFxCSF)/(BWxAT)]x10°  (5)
o, CFS EUERIRN T, USEPA HIE Pb. Cd fil As HA
HoEEE, HEUERREERE T 25120 0.0085.6.1, 1.5 mg/(kg-d).
HES IR LR EE
fE4é4s THQ BUEMEN F(THQ=1), HEHhESIE
PR - (maximum residue limit, MRL), 182320 0= (6):
MRL=THQx(FIR/WF)x[(WABxATxRFDx1000)/
(EFXEDXFIR)] (6)
s, WF A HBASYEEGA 1.5 kg, JLE 0.8 kg),
FIR/WF R IRAZ G A B9 S i Ll

2 FER5HH

21 FHEFERLER
211 &KHEXZR. BER

F 5 W B £ 1 19 45 ZR 90 ke B TR 5 R TR VA TR
e WAL AR 2 S5 PR RE, SilAndE 4 . & oo R brifEh
LML HR, HXRE. WHRILE 2, fm3E 275, 20
Fh TCHLIC R AEAS B LMk Bl N L 56 R R 47 (0.9969 <
R?<0.9996).

*2 HEHRPRTREMXR. KUHR
Table 2 Linear relationship and limit of detection of each
element in Glycyrrhizae radix et rhizoma samples

— e ZTE T
SEF I 15 7 il ¥ e

Li  Y=4.683x107*X+1.169x10°  0.9990  0~200 3.3230
Be  Y=6.526x107*X+1.642x10° 0.9991  0~200 0.1307
Vo Y=8.834x107X+6.498x10°  0.9990  0~200 0.1045
Cr  Y=1.906x107X+1.559x1072  0.9994  0~200 1.1840
Mn  Y=8.326x10*X+2.364x10"  0.9979  0~200 5.1960
Co  Y=2.301x107'X+5.413x10°  0.9992  0~200 0.0317
Ni Y=6.139x107X+1.053x10"  0.9977  0~200 1.2460
Cu  Y=1.564x10"X+1.477<x10"  0.9987  0~200 0.8932
Ga  Y=5.152x102X+7.471x10*  0.9990  0~200 0.0111
As  Y=2.223x1072X+1.676x10°  0.9992  0~200 0.0115
Se  Y=4.914x107*X+6.396x10°  0.9996  0~200 0.3934
Rb  Y=9.706x102X+1.173x102  0.9990  0~200 0.2958
Sr Y=1.209x107'X+2.963x10"  0.9988  0~200 5.2680
Ag  Y=1351x1072X+1.686x10* 0.9992  0~200 0.0071
Cd  Y=2.550x107X+2.453x10°  0.9993  0~200 0.0069
Cs  Y=1.646x1072X+2.282x10* 0.9992  0~200 0.0160
Ba  Y=2.929x107°X+1.598x102 0.9990  0~200  12.3500
Pb  Y=2.276x107X+3.722x10°  0.9992  0~200 0.0590
U Y=3.475x107°X+1.088x10* 0.9996  0~200 0.0043
Hg  Y=4.323x10°%-3.597x10*>  0.9969  0~2.00 0.0064

212 #HE. TAMEHRETHK

FE WL 19 Fhoa 2 TRA X B 5LV T (50 pe/L) K He ot
EX RS (0.2 ng/L)A R aE 1.4.1, 1.4.2 {UER005%E 2%
PRifERE, 0 TCE B R R B AR S, RS A X
FUER 22 (relative standard deviation, RSD). 15! RSD )/
F 3.0%, TG RIT.

FEWEU 5 GC-1 BIAESL 0.3 g(FE#fi 2 0.0001 g),
PR 1.4.5 BUN ik, Hilas it 6 0, Heldses ik
HEREASIN, 10 AR S 4% T R A B MR B A 5 e g,
T H RSD, 155 6 (3FEM 1) RSD ¥/NF 4.0%, FKHIH
W EE R

IURE SR g 5o GC-1 IR SS, He IR 1.4.5 T R J7 il 4%
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BEA A, A BI7E 0. 2. 4. 8. 12, 24 h, IHEBEKIT
LR 5 S mNEA RSD, BI/NT 6.0%, FRBIH
R AREIRTE 24 h N HFASE
213 JmArE R L

KEBRIL 6 13450 GC-1 MIFESE4S 0.3 gl =
0.0001 g), 2> HIIMAIE S/ 19 FOCZIRA T RATR, 5
B GC-1 B R 6 6345 0.3 gCR§HA & 0.0001 g), il Hg %
PRV OIS ik, F SO0 SR PR HEATAG I, 31 S SRR o O
FFE AL % L 25 50 R 20 RhCZR A IAR DI R 35 B N
87.74%~104.55%, RSD ¥J/NTF 4.0%, Uit BI A g7 (1 4y
PR B AT
22 HRENMTRSENERBELELER
22,1 A

FE PR 22 HE T BEFE 5 45 0.3 (RS 2 0.0001 g), T
1730y, # M 1.4.5 50 N kil s Bl S, SRR 2 (L
Hlk Heg JUEM AFS HllESS, HAy 19 MonEHh
ICP-MS il 5E) . Z5 R LI 1, R 20 FhGHLIGELE 22 HEk
BFEAR TR P& EAFEZS, H Cr. Mn, Ni. Cu, Rb,
Sr. Ba LR S HRE, Be, Ag, Cd, Cs, Hg LXMW &
BAK, JLTARKH

100, I.———.—.——-*--—*-.———- EHg
U
P
80} icil
= -gd
il 98
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= Se
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K1 HERLTCHDDR & ESH
Fig.1 Overlay of inorganic element contents in Glycyrrhizae radix et
rhizoma samples
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PATCER R A AR, AR X 35 2k O L A AR 22 1 14
i, T 22 U E R 20 R OCHLCER & R ECRE GO ELR,
HOKs FOR R 2 R — B 20 (Li, Be. V. Co. Ga. As, Se.
Ag. Cd. Cs, Pb, U Ml Hg MICH &t BUEF K 100
) AR 2, KB, ML, AT RN
R A AR & RAFEA R R 22 5, (HoURIEIE
AR, BEEAY) &, Ao R Saem0E, K
P2 spalFE LA LiL V., Niy St Pb #l U TR & B 225 %
VSLZETAS

A, S5 TR 20 FhOICHLICER AU E S AT T TR A fH KU Al 285
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Fig.2 = Fingerprint of each element in Glycyrrhizae radix et rhizoma

223 ERSOMER

SR SPSS 25.0 X 22 HEARIFES . AFF=H ., A
AT RN R RAR AT B AT, SRR 3,
1330 5 AR, FHEFERKIK N 9.955.2.604.1.847.1.312,
1.143, BREUFZTTHRFIET] 84.308%. [RIATHEST F o2k
AT, W34, M4 FTHIE — EMAFICE Ga V.,
Cs. Se. Co I As [ IEAHIeMERE; 55 — FMAFILE U f
ARSEPERE, 55 = WA FIOCE Ni IEAHSCHERE, 55 00 3 & 4
FOGHE Cd IEMER; 5 1 FMAROCE He A
MR IR A LIAEILE Ga, V. Cs. Se. Co. As., U,
Ni. Cd fl Hg N HERRHETHLITE
224 AARMESH

PIJCER & hF6Hr, R Origin 2022 X 22 HEAS[A] 3
JE L AN AN ROH R AR TR S A
Br, BRI HEFE Spearman, e P{E %4 0.05 #10.01,
45 ULE 3, R Li. Ga, As. Se. Cs, Pb Z[HH N B
EARSE, hRIERISR; Be 5 V., As AR EFFEMEM; V5
Cr. Mn, Co. Ga, As. Se. Sr. Cs, Ba, Pb 53 IEH
M Mn 5 Co. Ga. As. Se. Rb. Cs, Ba, Pb i3 1F

®3 IR STHEER DA EHR
Table 3 Eigenvalue and population variance description of
principal component analysis

WU RFIEE T 22

EWSr R S RBTIRAE/%
1 9.955 49.774 49.774
2 2.604 13.022 62.797
3 1.847 9.237 72.034
4 1.312 6.559 78.592
5 1.143 5.716 84.308
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R4 ERPHEIEME HZEPE; Co Fll Ga, As. Se. Rb, Cs. Ba. Pb A @ FIEAH
_ Table 4 Rotated factor matrix 3‘@%; Rb 5 Cs. Ba. Pb ﬁﬁ%f*ﬁ?@ﬁ; Sr il Ag e

L F 1 * 2 F 3 0E 4 F 5 N e N .

GFE BT EMA2 EMA3 B4 LS EARGYE; Ag A U AT TEAIGHE He, UL Ni, Cu. Cd
Ga 0979 0.094 0002 0016 -0.048 SHA TR AR . RIS, TR MG, X
% 0.972 0.102 0.033 0.109 0.068 5 R A S A B
Cs 0.956 0.091 0.001  —0.157  —0.048 225 Bk
Se 0942  —0.141  -0.014  —0.044 0.022 E SPSS 25.0 BN [ AR 18 i
Co 0.927 0.165  -0.127 0.143 0.092 ER R AT RGBT B (A IR | B bR
As 0.903 0.075 0203  —0.136 0.097 CEDRREHEB), 2550 LA 40 FTATREARTT 20 Nmids, Hi—
Ba 0.828 0.208 -0.351 0.019 0.026 2%: GC-5. GC-6. GC-7. GC-8. GC-9, GC-10, GC-11.
Rb 0.820 0.357 -0.114 -0.265 —0.085 GC-12, GC-14, GC-16, GC-18, GC-19., GC-20, GC-22;
Mn  0.805 0398  —0.122 0.187 0.104 55 2% GC-13. GC-15. GC-17. GC21. Hili ks %
Li 0794  —0.420 0120 -0.230 0.065 PR AT RO —3, KPR GC-5 Fl GC-6 723k A BEPE 1
Pb 0.731 0.405 0.362 0.010 0231 [Rl—]" KA FEHEK, Wk B[] Xk s i) — ) R 0 H Bk
Ag 0.685  —0.549 0.151  —-0.105 0.102 FOLR e HA MU, kA ZMART EK GC-15 F
Be 0.560 ~0.379 0.453 ~0.146 0.055 GC-16 %ﬁ%ﬂ‘]?%%, ﬂéﬁfhﬁ@leﬁlr%ﬂ’ﬂ GC-17 #0
0] 0.196  —0.778 0.446 0.024  —0.025 AR AR & BB 22 574
St 0358 0654  —0.146 0.457 0.045 23 HEFESZEREETEZNREMHITENER
Ni 0.082 0.389 0.642 0.101 -0.510 ZEIR LR 5, PAITS Y SE E R B BEREA GC-19 7T
Cu 0369  0.241 0.574 0.297 0.124 % Cu BT y5 Jedg B K (0.75-F R 24, HARREAR Pb,
Cd 0080 0286 0372 0.563 0.529 Cd. As. Hg. Cu [ I075 QA8 BAEI/INT 0.70(75 YL i
Hg 0123 0.259 0.097  -0.383 0.673 fER), B H SRR A TE PR EGER N 0.18~0.55, ¥

Li

Li |@ Be O
Be . \Y4

\% ®@® 0.8
Cr £ . Mn

0.6

Mn ® 9 c
Co Ni
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Table 5 Safety evaluation results of Glycyrrhizae radix et rhizoma samples
LREE Eich e P -
R o o " e o LRGSR T AR
GC-1 0.10 0.02 0.22 0.08 0.32 0.25 ey
GC-2 0.04 0.02 0.06 0.09 0.43 0.32 ey
GC-3 0.05 0.01 010 0.10 0.37 0.18 s
GC-4 0.05 0.01 0.11 0.10 0.47 0.35 s
GC-5 0.02 0.02 0.06 0.08 0.50 0.37 &
GC-6 0.04 0.02 0.06 0.11 0.43 0.32 Ah
GC-7 0.02 0.01 0.04 0.08 0.39 0.29 ey
GC-8 0.05 0.02 0.08 0.13 0.35 0.26 ey
GC-9 0.02 0.02 0.04 0.09 0.53 0.39 s
GC-10 0.02 0.02 0.06 0.09 0.58 0.42 s
GC-11 0.04 0.02 0.13 0.09 0.47 0.35 S
GC-12 0.02 0.01 0.04 0.09 0.53 0.39 s
GC-13 0.10 0.03 0.09 0.08 0.61 0.45 s
GC-14 0.01 0.01 0.06 0.10 0.45 0.33 s
GC-15 0.04 0.03 0.08 0.08 0.38 0.28 s
GC-16 0.01 0.01 0.03 0.08 0.43 0.31 s
GC-17 0.12 0.03 0.11 0.09 0.64 0.47 iy
GC-18 0.03 0.03 0.08 0.23 0.56 0.39 Yl
GC-19 0.02 0.05 0.06 0.09 0.75 0.55 YA
GC-20 0.02 0.03 0.04 0.09 0.47 0.34 Ya
GC-21 0.05 0.06 0.12 0.10 0.44 0.33 s

GC-22 0.02 0.02 0.05 0.09 0.54 0.40 s




288 B il 2 A BT A I 2 AR 8154
%6 HEFELEREETEN EDIIFELE R [mg/(kg-d)x107]
Table 6 EDI assessment results of heavy metals and harmful elements in Glycyrrhizae radix et rhizoma [mg/(kg-d)x107]
FE LN L
H5 Pb cd As Hg Cu Pb cd As Hg Cu
GC-1 2.20 0.11 9.05 0.34 1.01 2.26 0.12 9.29 0.34 1.04
GC-2 0.83 0.11 2.50 0.36 1.36 0.85 0.12 2.56 0.37 1.39
GC-3 1.11 0.04 4.14 0.40 1.16 1.14 0.05 4.24 0.41 1.19
GC-4 1.06 0.06 4.71 0.40 1.47 1.09 0.06 4.83 0.41 1.51
GC-5 0.50 0.13 2.65 0.32 1.58 0.51 0.14 2.71 0.32 1.62
GC-6 0.75 0.13 2.56 0.44 1.35 0.77 0.14 2.63 0.45 1.39
GC-7 0.42 0.08 1.58 0.32 1.24 0.43 0.08 1.62 0.32 1.27
GC-8 1.06 0.12 3.17 0.53 1.10 1.09 0.12 3.25 0.54 1.13
GC-9 0.47 0.10 1.74 0.38 1.67 0.48 0.10 1.79 0.39 1.71
GC-10 0.50 0.11 2.58 0.38 1.84 0.51 0.12 2.65 0.39 1.88
GC-11 0.90 0.11 5.65 0.36 1.48 0.92 0.11 5.80 0.37 1.52
GC-12 0.43 0.08 1.87 0.36 1.66 0.44 0.08 1.92 0.37 1.70
GC-13 2.07 0.16 3.89 0.32 1.92 2.12 0.17 3.99 0.32 1.96
GC-14 0.26 0.07 2.65 0.40 1.42 0.27 0.07 2.71 0.41 1.45
GC-15 0.79 0.18 3.17 0.32 1.20 0.81 0.18 3.25 0.32 1.23
GC-16 0.26 0.04 1.28 0.34 1.36 0.27 0.04 1.31 0.34 1.39
GC-17 2.57 0.16 4.62 0.38 2.01 2.64 0.17 4.74 0.39 2.06
GC-18 0.72 0.16 3.23 0.97 1.76 0.74 0.17 3.32 0.99 1.81
GC-19 0.41 0.28 2.39 0.36 2.35 0.42 0.29 2.46 0.37 2.41
GC-20 0.33 0.16 1.49 0.36 1.47 0.34 0.17 1.53 0.37 1.51
GC-21 1.10 0.38 5.19 0.40 1.38 1.12 0.39 5.32 0.41 1.42
GC-22 0.49 0.12 2.04 0.36 1.72 0.50 0.12 2.09 0.37 1.76
®7 HEHESRBREELEMN THQ ML R [mg/(kg d)x107]
Table 7 THQ evaluation results of heavy metals and harmful elements in Glycyrrhizae radix et rhizoma [mg/(kg-d)x1073]
RE S YN JL
i Pb cd As Hg Cu Pb cd As Hg Cu
GC-1 0.80 0.04 0.33 0.12 0.37 0.82 0.04 0.34 0.13 0.38
GC-2 0.30 0.04 0.09 0.13 0.50 0.31 0.04 0.09 0.13 0.51
GC-3 0.41 0.02 0:15 0.15 0.42 0.42 0.02 0.15 0.15 0.43
GC-4 0.39 0.02 0.17 0.15 0.54 0.40 0.02 0.18 0.15 0.55
GC-5 0.18 0.05 0.10 0.12 0.58 0.19 0.05 0.10 0.12 0.59
GC-6 0.27 0.05 0.10 0.16 0.49 0.28 0.05 0.10 0.17 0.51
GC-7 0.15 0.03 0.06 0.12 0.45 0.16 0.03 0.06 0.12 0.46
GC-8 0.39 0.04 0.12 0.19 0.40 0.40 0.04 0.12 0.20 0.41
GC-9 0.17 0.04 0.06 0.14 0.61 0.18 0.04 0.07 0.14 0.63
GC-10 0.18 0.04 0.09 0.14 0.67 0.19 0.04 0.10 0.14 0.69
GC-11 0.33 0.04 0.21 0.13 0.54 0.34 0.04 0.21 0.13 0.55
GC-12 0.16 0.03 0.07 0.13 0.60 0.16 0.03 0.07 0.13 0.62
GC-13 0.75 0.06 0.14 0.12 0.70 0.77 0.06 0.15 0.12 0.72
GC-14 0.10 0.03 0.10 0.15 0.52 0.10 0.03 0.10 0.15 0.53
GC-15 0.29 0.06 0.12 0.12 0.44 0.30 0.07 0.12 0.12 0.45
GC-16 0.10 0.01 0.05 0.12 0.50 0.10 0.01 0.05 0.13 0.51
GC-17 0.94 0.06 0.17 0.14 0.73 0.96 0.06 0.17 0.14 0.75
GC-18 0.26 0.06 0.12 0.35 0.64 0.27 0.06 0.12 0.36 0.66
GC-19 0.15 0.10 0.09 0.13 0.86 0.15 0.11 0.09 0.13 0.88
GC-20 0.12 0.06 0.05 0.13 0.54 0.12 0.06 0.06 0.13 0.55
GC-21 0.40 0.14 0.19 0.15 0.50 0.41 0.14 0.19 0.15 0.52
GC-22 0.18 0.04 0.07 0.13 0.63 0.18 0.04 0.08 0.13 0.64
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Table 8 CR assessment results of heavy metals and harmful elements in Glycyrrhizae radix et rhizoma

RS A JLE

% Pb cd As Pb cd As
GC-1 3.88x10°"° 1.86x10 " 1.81x10 " 3.98x1071° 1.91x10™ 2.79x107"2
GC-2 1.47x107"° 1.86x107" 5.00x10°" 1.51x107"° 1.91x10 " 7.69x10 "
GC-3 1.96x107"° 7.23x10°" 8.28x107" 2.02x107"° 7.42x107 1.27x107"2
GC-4 1.87x107"° 1.03x107" 9.41x10" 1.92x107'° 1.06x107" 1.45x107"2
GC-5 8.82x107" 2.17x107" 5.29%x107" 9.05x107"! 2.23x107" 8.14x107"
GC-6 1.33x10°"° 2.17x10" 5.13x10" 1.36x107'° 2.23x10°7" 7.89x107"
GC-7 7.34x107" 1.24x107" 3.15x107" 7.53x107" 1.27x10°™ 4.85x107"
GC-8 1.87x10°"° 1.96x10 " 6.34x10" 1.92x107"° 2.01x10™ 9.76x107"
GC-9 8.30x10" 1.65x10™" 3.49x10" 8.52x107"° 1.70x10 " 5.36x10"
GC-10 8.75x10°" 1.86x10 " 5.17x10°8 8.97x10" 1.91x10 " 7.95x10 "
GC-11 1.59x107'° 1.76x107" 1.13x107"2 1.63x107"° 1.80x107" 1.74x107"2
GC-12 7.56x107" 1.34x107" 3.74x10" 7.76x10" 1.38x10" 5.75x10°"
GC-13 3.65x10°"° 2.69%x10 " 7.77x10°8 3.74x107° 2.75x107" 1.20x107"2
GC-14 4.60x10"" 1.14x107" 5.29x10°" 4.71x10™" 1.17x10™" 8.14x107"
GC-15 1.39x107'° 2.89x107 6.34x10" 1.43%x10"° 2.97x10" 9.76x10 "
GC-16 4.60x10"" 6.20x107" 2.56x10 " 4.71x10™"" 6.36x10°" 3.94x10"
GC-17 4.54x1071° 2.69x107 9.24x10 " 4.65x1071° 2.75x107" 1.42x107"2
GC-18 1.28x107"° 2.69x107" 6.47x10°" 1.31x107"° 2.75%x10" 9.95x10 "
GC-19 7.19x10°" 4.65%x10 " 4.79%10 " 7.38x10°" 4.77x10" 7.37x10°"
GC-20 5.86x10" 2.69x10" 2.98x10 " 6.01x10" 2.75x10" 4.59%x10"
GC-21 1.93x107"° 6.30x107" 1.04x10" 1.98x107"° 6.46x10" 1.60x10"
GC-22 8.67x107" 1.96x10 " 4.07x10°" 8.90x10™" 2.01x10°" 6.27x10"

244 HRPELEGIRAERTMA
3 i ®

IHEHERSESEILE THQ HE, BEES/EM
T THQ{HI KZI4 0.0016, ZHFLTHQ f KK 0.0064,
NFhrdE THQ (0.0067), FEIMTF-YIKT-RE, AWFFRT
FH AT B 248 B AR e Hh B 4 i 0 2 8 A TR i B ) 3%
AR, FEmE A PR MRL, 525 8080E R AR
FREEMIHL, H®hA Pb, Cd. As, Hg ¥%{E, Cu BT
fF TARERR B, 2 H N ML EE SR TR &
KRR PR EE L3R 9,

#®9 HEHRTESEWHEEFREME(ng/ke)

Table 9 Recommended limits of heavy metals in Glycyrrhizae
radix et rhizoma samples (mg/kg)

JLE LN JLE
Pb 1.39 1.56
cd 0.14 0.16
As 1.04 1.17
Hg 0.13 0.14
Cu 64.40 72.45

2020 AR (2 ) — U T REZ b kR R
SR EAEICRIBE . M. . SR, BEikcEN 2321 JR
FIRC SR Tl R B & S B AT E, Pb AR
it 5 mg/kg; Cd A3 1 mg/kg; As A5G4 2 mg/kg; Hg A
0.2 mg/kg; Cu A5 20 mg/kg, FKICR Gl ELREH, H
b E AR A FICR NS A A IUE RREE, UL GB
2762—2022 (AL EFRE s RYIRE ) in
HEXTH AP HUE 4S8 Pb, Cd. As. Hg ok IRE(H b
(Pb-5 mg/kg ., Cd-2 mg/kg., As-0.5 mg/kg, Hg-0.1 mg/kg), H
WA A5 b o TR B B 23K, [R] B i) & L i %
24\ P A TR AR UERR A — B Wi A A T R WA
BR/MEF R Sr (190.014 mg/kg)>Mn (16.709 mg/kg)>Ni

(13.843 mg/kg)>Cu (9.660 mg/kg)>Ba (6.326 mg/kg)>Cr
(3.733 mg/kg)> Rb (3.027 mg/kg)>V (0.738 mg/kg)>Li
(0.272 mg/kg)> U (0.238 mg/kg)>Pb (0.208 mg/kg)>As
(0.156 mg/kg)>Co (0.155 mg/kg)>Se (0.099 mg/kg)>Ga
(0.097 mg/kg)>Cs (0.059 mg/kg)> Cd (0.021 mg/kg)>Hg
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(0.019 mg/kg)>Be (0.009 mg/kg)>Ag (0.004 mg/kg), HH
Sr. Mn, Ni, Cu., Ba. Cr fll Rb W4, A 20 F
JCRTPH BT 99.15%, HARTTRERWILT 1 mgkg, Mn,
Ni. Cu. Ba Fl Cr JGE & il i 25 m A A DY, 1
Ba A O L E LG S W WIS 77 £ 2ok 1 4 A Y,
Mn 3 2 5 AR AR fhao A i 4 i R AR B, ik 2
Cd 2 i G fer, 0 2400 53 M AR s T B0, o ks
P IT R I, WA AR E . MR, 1B
AT HEICR, I Mn JERK, B2 2 B s my
O, PeE i Cu B2 S 8B RH AP,

G ME R B RESR LKA ECEIG YR
By g R KU Al s T R ) 2 5 R TIC fde B
fa 3, JFE AR L E AR M HEE R (A (mg/kg),
— W T H R R I L T 4 A T R 1 R KBk PR R A,
LN R AT B AT T2 4R L T B o
RS % . SRR T I R 2L 5 A T
5 3 5 £ A7 A R G R TS Y i KR B, i g & BT
OREERR . B 3 Rhrh AN AR LN, (HAEN
B & AR RS, il 48 T 20 RE oo 2 A ml Rtk A7 B
TEFUI, A7 BN 2 A T AT 2 R, s
Ja FRRAININS 7] — 254 A G0 07 20 F = e R 148
TEAB LS, P h 2t 524,

4 5

AHFTE BTN B AR B L R E R, A A
A H HICHLIGER AN SR IEHA, A H R e XU 1
FEARAE T —E Rk, [l AR 28 Py 254,
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IBUREAR A A B i o A4 0 A RIS A T 45 SR Ay R,
U TR AR RREA &, B B AR R T e
FEA, ZRG B IBAS I N R AT &b EPT R &
ARAE L

&% 3k
[1] BERHGUZE R L. i NRILEZG M), —38, Jtnt: T EEZER
A, 2020.

State Pharmacopoeia Commission. Pharmacopoeia of the people’s
Republic of China: Volume I [M]. Beijing: China Medical Science and
Technology Press, 2020.

[2] ABBROK, s2hll, sEAQER, 45, H B flss m e A AR PRI JRe R o i
FREPIIRITI]. B 2223k, 2021, 46(11): 2660-2676.
DENG TM, PENG C, PENG DY, et al. Research progress on chemical
constituents and pharmacological effects of Glycyrrhizae radix et rhizoma
and discussion of Q-markers [J]. China J Chin Mater Med, 2021, 46(11):
2660-2676.

[3] SIMAYI Z, ROZI P, YANG X, et al. Isolation, structural characterization,

biological activity, and application of Glycyrrhiza polysaccharides:

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Systematic review [J]. Int J Biol Macromol, 2021, 183: 387-398.

IME, FEIRG, R, . HERRAAERR AT ]
ERAS NG, 2020, 31(11): 144-148.

SUN J, ZHUANG YX, HU FQ, et al. Research progress of Glycyrrhizic
acid as sweetener [J]. China Food Addit, 2020, 31(11): 144-148.

REAS, MWASE, WS, HREERIBCY XV JE0NS PR SR AR U AR 1 o 4 AL
R PR R, B DR, 2021, 42(1): 75-81.

XIONG J, BO CY, CHANG HJ. Effects of Glycyrrhiza extract on lipid
and protein oxidation and quality characteristics of refrigerated chicken
mince [J]. Sci Technol Food Ind, 2021, 42(1): 75-81.

PRE S, sk, HEd i A0, i, 2023,
(16): 190-192.

CHEN GB, ZHANG JR. Application of Glycyrrhiza products in food [J].
Chin Food Saf Magaz, 2023, (16): 190-192.

PREE S, SRGA. T Bl N i AT DGR R A RS (1], AR
Ak, 2023, 29(6): 52-54.

CHEN GB, ZHANG JR. Analysis and research on relevant regulations of
Glycyrrhiza products used in food [J]. Mod Food, 2023, 29(6): 52-54.
KA, BHGR, wEULFE, S RS A RPEETHITTR S AR5 5
AHIE AR SCPERFSE[T]. T 248, 2019, 42(2): 285-288

ZHANG JC, QL YQ, HAN JY, et al. Distribution characteristics and
correlation of inorganic elements and effective components of Bletilla
striata tubers in different ages [J]. J Chin Med Mater, 2019, 42(2):
285-288.

PIRYL B4 ORR, % SETIHICR . ARSI MR K
KHEAHTIY. BRI 22, 2023, 40(7): 894-902.

LI ZK, WANG H, SONG L, et al. Origin characteristics and correlation
analysis of Sellariae radix based on inorganic elements and effective
components [J]. Chin J Mod Appl Pharm, 2023, 40(7): 894-902.

BNR, B, R, 5. TR S A RN R ).
thBE 2415 243, 2022, 29(7): 140-144.

WEI XC, LI CY, ZHOU RJ, et al. Research progress on the relationship
between inorganic elements and traditional Chinese medicine [J]. Chin J
Inf Tradit Chin Med, 2022, 29(7): 140-144.

GYAMEFI ET. Metals and metalloids in traditional medicines (ayurvedic
medicines, nutraceuticals and traditional Chinese medicines) [J]. Environ
Sci Pollut Res, 2019, 26: 15767-15778.

BN, BRI, RIER, AF. R IRSE TN D2 o JE LT R B
ICP-MS 43 [J]. U ¥ K 24 2 4 ( B A BF 22 ), 2022, 45(2):
253-261.

LEE XH, LIANG ST, GOU Y, et al. ICP-MS analysis of inorganic
elements in Bulbus fritillariae cirrhosae [J]. J Sichuan Normal Univ (Nat
Sci), 2022, 45(2): 253-261.

LONG QQ, FENG N, GAN HX, et al. Study on origin traceability of amur
cork-tree bark on stable isotopes and multielements combined
chemometrics [J]. Ind Crop Prod, 2023, 194(4): 116-119.

BAI XY, CHEN HY, LONG W1, et al. Accurate traceability of stable C, H,
O, N isotope ratios and multi-element analysis combined with
chemometrics for chrysanthemi flo Hangbaiju from different origins [J].
Chemosesors, 2022, 10(12): 529-530.

ET, BRI, AR R 2kt R B JELT R i PR R P R
1) Logistic [FIJ-43#r[J]. tHAHEEZY, 2019, 14(12): 3160-3163.

TANG S, CHEN YG, ZOU IJL. Logistic regression analysis of
environmental factors affecting the content of inorganic elements in
Astragali radix [J]. World Chin Med, 2019, 14(12): 3160-3163.

R/, FRREE, BRINGE, 45 AusoRB & A5 By TR BT s s IR 25 44
16 FOCHLCER ] b5t 2019, 28(6): 60-65.

XU XM, CHENG QB, CHEN KB, et al. Determination of 16 inorganic



%5 8 1 RiEAE, A H R 20 MOCHLICE MIE A E LR I (XS PG

291

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

elements in bitter gourd by inductively coupled plasma mass spectrometry [J].
Chem Anal Meterage, 2019, 28(6): 60—65.

K, PRI, SR, 45 BETICHLCR G AR 2B R
WEFE[T). e BRZZ4aE, 2019, 34(7): 3223-3227.

ZHAO YY, CHEN LM, GUO HZ, et al. Determination and quality
assessment of inorganic elements fingerprint on Imperatae rhizoma [J].
China J Tradit Chin Med Pharm, 2019, 34(7): 3223-3227.

K, PRI, SR, 45 BETIOHUOCE IS R ATZ R P
SE[0]. P EEZG 2, 2019, 28(1): 94-103.

ZHAO YY, CHEN LM, GUO HZ, et al. Determination and quality
assessment of inorganic element fingerprint in Polygonatum odoratum by
ICP-MS [J]. Chin J New Drugs, 2019, 28(1): 94-103.

TR, HEB, BRAE, L SRR B EOK R TCHLOTR &
HEAHTIFSE[T]. WL BE 25 K44, 2018, 42(2): 149-153, 167.
ZHANG J, HONG Y, SHENG ZH, et al. Determination and analytical

study of mineral elements in decoction of three testacean traditional

HAFE

FHERF

Chinese medicines and calcined products [J]. J Zhejiang Univ Tradit Chin
Med, 2018, 42(2): 149-153, 167.

Xk, SRHBL, MRTE, 4. ICP-MS AR i H R R R ih 2y
A 25 T g TR BARSCHE TN, TPEH, 2017, 40(11): 2524-2530.
ZHAO YY, GUO HZ, FU XT, et al. Determination and correlation
analysis of 25 metal elements in Glycyrrhiza uralensis from different
habitats and commercial herbs by ICP-MS [J]. J Chin Med Mater, 2017,
40(11): 2524-2530.

TR, MORA, AR, 55 TSR Ao ER)m A R AR
KU, Bk Tk, 2018, 39(12): 190-195.

WANG YY, LIN CQ, HUANG HB, et al. Concentrations and health risk
evaluation of heavy metals in vegetables and teas in Xiamen markets [J].
Food Ind, 2018, 39(12): 190-195.

FEHEZE, THAZE, 78 5 1 T SR vh A B 15 YR I B fed e XURS: S A (1],
LA GBI, 2013, 13(2): 79-84.

REN YJ, MA JJ. Concentration analysis in vegetables of Qinhuangdao
City and their health-threatening hazards assessment of heavy metals [J]. J
Saf Environ, 2013, 13(2): 79-84.

Zef, SL0F, AT, % ICP-MS L4 A et AL T
T (RIS B T [I]. 25450, 2021, 41(3): 394-401.
ZUO TT, JIN HY, YU KZ, et al. Study and safety evaluation of Chinese
Lycii fructus by ICP-MS method combined with chemometrics [J]. Chin J
Pharm Anal, 2021, 41(3): 394-401.

FEJRR, AR, WY, SR R H 66T 4 JE e e 4
PEFEM[T]. 244, 2018, 39(12): 2491-2498.

CUI GL, LI LY, TAN J, et al. Determination of heavy metal content and
safety evaluation of Citri sarcodactylis fructus from different producing
areas [J]. J Tropical Crops, 2018, 39(12): 2491-2498.

XS, ERPRRG et mi e B 3 w4 1 YRl B H: (g R RURS: 43 BT 0]
o E A, 2018, 15(21): 150-152.

LIU XF, YAN ZF. Heavy metal pollution status and health risk analysis of
commercial vegetables in a certain place [J]. Chin Health Ind, 2018,
15(21): 150-152.

Welsese, FLFHFE, BEORAA, 55 BREREEE IR 4 Ja V5 Y o S AR X
BATAG ] T EHZ4%k, 2019, 44 (14): 3094-3099.

YAO JJ, KONG DD, LUO JY, et al. Analysis of heavy metal pollution and
health risk assessment of Astragalus, membranaceus [J]. China J Chin
Mater Med, 2019, 44(14): 3094-3099.

FIRR, LA, B, 55 S ER T A JR A FuR T
A B AR R R IEAG ). s 2h2eik, 2019, 44(23): 5051-5057.

(28]

[29]

[30]

[31]

[32]

[36]

[37]

YAN HX, KONG DD, LI XY, e al. Pollution levels and health risk
assessment of heavy metals and harmful elements in Bombyx batryticatus [J].
China J Chin Mater Med, 2019, 44(23): 5051-5057.

JAR, bt fEdok, A ORI b s 43R Y e AN
2577 30T s 4 AR TG [T]. 2522441, 2018, 53(3): 432-438.
ZHOU L, YANG J, ZHAN ZL, et al. Determination of heavy metals in
Coptidis rhizoma of different producing areas and risk assessment of
heavy metals under different ways of administration [J]. Acta Pharm Sin,
2018, 53(3): 432-438.

INRTE, g, B, F. YT ESE . A FEICRIG YT B AL
RUSIEAE[]. v 2Y, 2021, 43(6): 1538-1542.

SUN LP, MA ZX, LV X, et al. Analysis of heavy metals and harmful
elements pollution in Cynomorium songaricum and the resultant health
risks [J]. Chin Tradit Pat Med, 2021, 43(6): 1538-1542.

BE I, B, XU, & RS RITE XA ME R R EED. b
[ERRHIE R, 2020, 39(12): 934-944.

LI zX, LI W, LIU LT, et al. Effects and hazards of common metal
elements on human body [J]. Mater Chin, 2020, 39(12): 934-944.

FEEHEH, KB R, SR SESH 41 BonR ot RREEE ). 258
AT ARE, 2023, 43(3): 440-447.

ZUO TT, ZHANG Y, MA X, et al. Analysis of 41 elements in Codonopsis
pilosula [J]. Chin J Pharm Anal, 2023, 43(3): 440-447.

KHAN S, CAO Q, ZHENG YM, et al. Health risks of heavy met als in
contaminated soil and food crops irrigated with wastewater in Beijing,
China [J]. Environ Pollut, 2008, 152(3): 686.

BHARDWAIJ JK, PANCHAL H, SARAF P. Cadmium as a testicular
toxicant: A review [J]. J Appl Toxicol, 2021, 41(1): 105-117.

JOMOVA K, MAKOVA M, ALOMAR SY, et al. Essential metals in
health and disease [J]. Chem Biol Interact, 2022, 367: 110173.

ITO H, OGAWA Y, SHIMOJO N, et al. Copper and zinc deficiency in an
alcoholic patient: A case report of a therapeutic dilemma [J]. J Addict Dis,
2022, 40(4): 583-587.

CHEN YG, HE XLS, HUANG JH, et al. Impacts of heavy metals and
medicinal crops on ecological systems, environmental pollution,
cultivation, and production processes in China [J]. Ecotoxicol Environ Saf,
2021, 219: 112336.

WANG XM, ZENG WB. Composition of three common Chinese herbal
medicines and the influence of preparation types on the bioaccessibility of

trace elements [J]. Toxics, 2022, 10(12): 719-719.

(FAE% 4. Rue® TH4H)

1EZ & v

FEk, MIARE, TEHARSE
AR A RER R R EESHAR
E-mail: 2506090825@qq.com

ARRE, TEAW, HLESIH, £
EMRFEATAYREMR REEHIH
E-mail: shixiaofeng2005@sina.com





