%16 % 459 JEg I R Vol. 16 No.9
2025 45 Journal of Food Safety & Quality May, 2025

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20241221004
SIR#N: BARIEE, =08, K%, % WP ESE SO LR IEM I 250 % 4 m K24, 2025, 16(9):
120-128.

HU LZ, LI P, ZHU H, et al. Analysis and risk assessment of heavy metal content in Astragalus membranaceus [J]. Journal of
Food Safety & Quality, 2025, 16(9): 120—-128. (in Chinese with English abstract).

o WO SR & o S AU DAl

WA E Yk B MER REA RIA
B AhkE T sLEm Y
(1. HEL A REBE YRS, a0 100193; 2. B REA Rl bE, EAEE:  010021;
3. TLIE LR BE A SR S8 2 HoR HPuls, MRT 210000)

i E: BW WEwEMIEPHCo). F5(Pb). #(Cd). (As). RHg). EE(Zn). FNi). #(Cr) 8 i
GrJE RO AT R IEAL . AR ENSE L e TR T ERIRENE S ANE SRR T 35 HERESL, ]
FLJERRH 75 55 B - AR T VR 0T o B RN B B P g 8 R A RTINS, AT A H AR R T B2 A
SRR AR XU F AR A B T H 3 AN ] 14 RS T ik A 78 ok X #5 6 AS [+) $BE A AR P fe R JRURS: 1A T8 A
R ZITEEELE 99.1%~108.8%, FHXIFRUEMZELE 0.445%~5.720%30 [l N, 207 L HERR P RRG 2% 8 R
If. 35 M KE SR V&Y Zn>Cu>Cr>Ni>Pb>As>Cd, Hg, ¥REEEBIREN, 45 2020 it (e
N BRAEFIE 28 ) EE 4 Jm PR AR o 3 I XURS: PPl 245 SR 2R 1 B P E 4 &t X AN TR AR 174 {5 XU 347 7 W)
Bz g W E AR AT R AR, R TR M2 A A, AR B B R RSk | i T
J5 S IR B R A SR TR A

X WK TR, BB G R IR R PR

Analysis and risk assessment of heavy metal content in
Astragalus membranaceus

HU Li-Zhe'**, LI Peng®, ZHU Hong’, CHEN Hao-Hao', ZHAO Hao-Ran', CHEN Jie-Yin',
DAI Xiao-Feng', SUN Yong-Wei*', KONG Zhi-Qiang'"
(1. Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China; 2. College of Life

Sciences, Inner Mongolia University, Hohhot 010021, China; 3. Jiangsu Academy of Agricultural Sciences Public Testing,
Evaluation and Appraisal Technology Center, Nanjing 210000, China)

ABSTRACT: Objective To determine the content of 8 kinds of heavy metals, copper (Cu), lead (Pb), cadmium
(Cd), arsenic (As), mercury (Hg), zinc (Zn), nickel (Ni), and chromium (Cr) in Astragalus membranaceus and soil
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samples, and conduct the risk assessment. Methods Thirty-five batches of samples were collected in 5 provinces,
namely Inner Mongolia, Shanxi, Gansu, Ningxia and Shaanxi, for the determination of 8 kinds of heavy metals in
the soils of Astragalus and Astragalus origin using inductively coupled plasma mass spectrometry. The health
risks of Astragalus membranaceus in different intake groups were evaluated by calculating 3 kinds of different
risk assessment models, namely, the estimated daily intake, the carcinogenic risk, and the target hazard quotient.
Results The recoveries were in the range of 99.1%—108.8% with the relative standard deviations in the range of
0.445%—5.720%, which indicated that the accuracy and precision of the method were good. The average heavy
metal content of the 35 batches of Astragalus membranaceus was Zn>Cu>Cr>Ni>Pb>As>Cd and Hg, and no
exceedance of heavy metals complied with the limit standards for heavy metals in Chinese herbal medicines in the
2020 edition of Pharmacopoeia of the People’s Republic of China. The results of the 3 kinds of risk assessments
showed that the health risk of heavy metal content of Astragalus membranaceus for different groups of people was
within the acceptable range. Conclusion The contamination of heavy metals in Astragalus membranaceus is
widespread, and the development of the Astragalus membranaceus industry is still potentially risky. In order to
ensure the medicinal safety of Astragalus membranaceus, the prevention and control of heavy metals in Astragalus
membranaceus shall be carried out in the future from the planting source of Astragalus membranaceus, the
processing method, and other aspects of Astragalus membranaceus.
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(Fisch.) Bge. var. mongholicus (Bge.) Hsiao] &} i 3¢ 8 1€
[Astragalus membranaceus (Fisch.) Bge. ] T4 . 143
EE ARG, GRS, gz, hEZ
HEE IR HA AT, BRI, AR m A shaett R
BEHA T e sral . piRY . B B
S 2R (B A 5 SRR B T (B, FREITE 2023
AE 1L AR TS5 9 Fiogii i U SR 2 2 i
ST ZTR A Ik BB IE A Z B R 44 5
WY R 38U (A5 I S A ] B 7T 4 %) B B I T SRR K,
ARAERY], WG —ERCHRE 1000 T1EITLL By
b Oz U SR, B T E PR R A R KR L
FE MRS G I 5 | S S e o

BB NRE P EEN SN R, FHILEA
FEAME L AT | VETEREME LA Y & BRI AE 223K |
)12 e HE RS Y I EREE A S R T
SEAE Y P A SR B S HLZ BRSBTS R, 0
S E LR A (Cu) L HH(PD) L #5(Cd) | Bl (As)
oK (He), ELEBIRaXT MRS Sk K EE, mEA
1A Cd 2 5 F BT A BT I He AR
flipps RGKH, HESXHALUE R0, Pb 2
PR 4B 2 —, Frgidfih Pb WA RS . B
DA B A 28 2R e 00 155 S REU Y Cu FE Ry A A g BE T 0 23 11

filAs 2 48 2 M AE e R, R T 4 R TS e AN
A0t Nkt e, e e E bR i & ),
IRl b L AN g e B B P B A R TS e B2 AN R % . BT,
WRESRIGAIMR FEREAESE G E AR
FRFE IR Y, th A AN /2 e B 16 Hh B 4 o S A T W
FEP2) (ELTAT I 25 I AG I 7 4 8 A e 50 FLRE S A8 HA AR
RV RV, BARF S REIFHRRE 5 4
MR () S 377 X B EE, B E B A TR S BB T S e IR L
R XU

AT A E 7 XUFE T 35 fitimiekedh, RA
R R 55 B TR % ¥ (inductively coupled plasma mass
spectrometry, ICP-MS)Xf #EcH Cu, Pb, Cd. As. Hg % 8
PR 48 B b A TR, IREE G G B KU PEAS A H Bk
i 52 % A (estimated daily intake, EDI). H #5 /G 75 £ (target
hazard quotient, THQ)FIZ & X (carcinogenic risk, CR) 3
Tl PRI TP At A2 780 o) 8 1 o B 4 S o A R XU DA,
SRy ¥R EE A S B SO A T B DR 2 4 2 AR AR B ST A,
TR 3 S8 7 I i o v Jo b P P 2 R I o

1 MR5ERZE

1.1 UEF5&E
iCAP Qc HLEHRS & & PR IE (L (G5 EFEER /R
B2 A, Multiwave PRO W T AL (BB 1) 22 A A A FR



122 B il 2 A iR A I A 4

%16 &

ovHl); UG-12 A AR (W7 Lo R 2 AU A R A A,
ME204 437 K- (/5 5 4 0.01 mg, Fig - HFEF#-30H £ [ i
oA RAF).

1.2 KX

F&(Cr). Cu. %(Ni). $¥#(Zn). As. Cd. Pb TTEIRA
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Table 1 Precisions and spiked recoveries for each element of Astragalus membranaceus and soil

BRAT  WETE  B%(mgke) 6 Y D mke) e
Cr 2.200+0.400 2.370, 2.280, 2.380, 2.410, 2.330, 2.270 106.4 2.420
Cu 8.500+0.700 8.660, 8.510. 8.710, 8.470. 8.680. 8.560 101.2 1.150
Ni 2.260+0.150 2.180, 2.280, 2.280, 2.310., 2.290., 2.270 100.4 2.000
. Zn 22.300+1.000 22.600, 22.300, 22.700, 22.900. 23.000. 21.900 101.3 1.810
HERHES Pb 1.440+0.100 1.480, 1.510, 1.470, 1.440. 1.420., 1.400 100.7 2.810
As 0.570+0.050 0.588. 0.575. 0.559. 0.561, 0.569., 0.583 100.5 2.040
Cd 0.042+0.010 0.0435, 0.0478. 0.0451. 0.0455. 0.0439. 0.0481 108.8 4.230
Hg 0.012+0.005 0.011, 0.012, 0.012, 0.012, 0.012, 0.013 100.0 5.720
Cr 59+3 59.1, 59.8. 59.3, 59.9, 59.3. 59.7 100.3 0.546
Cu 62+3 623, 63.5. 62.7, 62.7, 63.4, 63.2 101.6 0.749
Ni 23+0.7 233, 232, 228, 22.1, 229, 22.6 99.1 1.910
Zn 180+5 181, 183, 182, 178, 179, 184 100.6 1.280
R
As 6.6£0.3 6.58. 6.69. 6.49, 6.56. 6.69. 6.72 100.3 1.380
Pb 71£2 714, 715, 71.7, 71.9, 722, 714 101.0 0.445
Cd 0.171+0.011 0.177. 0.178, 0.169., 0.175. 0.169., 0.173 101.8 2.240
Hg 0.134+0.007 0.133, 0.138, 0.133, 0.134, 0.135, 0.139 100.7 1.910
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*2 ARPESRERESHH (=3, mgkg)
Table 2 Mass fraction of heavy metals in Astragalus membranaceus (n=3, mg/kg)

W FEIX Cr Cu Ni Zn As cd Hg Pb
YC202301  BEAE 7.850+0.596  6.762+0.071 3.732+0.272  24.472+0.264 0.018+0.003 - - 0.135+0.008
YC202302  BEPY 4.155+0.232  7.974+0.093 3.224+0.157  52.455+0.979 - - - 0.082+0.029
YC202303 (S} 3.025+£0.556  7.601+£0.299 2.931+£0.289  48.958+1.920  0.009+0.013 - - 0.010+0.019
YC202304  BETE 5.595+£0.776  8.776£1.196 3.235+0.156  31.486+9.489 - - 0.008+0.001 0.184+0.067
YC202305 PRV 7.430+0.824 6.307£1.582 3.340+0.306  21.814+0.994 - - - 0.226+0.006
YC202306 BRIP4 3.360+0.128  5.510+0.268 2.181+£0.033  19.675+1.098  0.017+0.028 - - 0.007+0.014
YC202307  BEPY 4.875+£0.205 9.086+0.686 2.276+0.188  21.621+£0.762  0.008+0.015 - - 0.123+0.008
YC202308  BETE 4.362+0.360 7.145+0.237 3.438+0.201  21.182+0.161 0.016+0.010 - - 0.2334+0.057
YC202309 PRV 4.270+£0.237 11.330+6.374 2.055+0.107  19.424+0.323 - - - 0.160+0.001
YC202310  BEPY 3.443+0.215 7.048+0.376 2.686+0.148  22.076+0.007 - - - 0.204+0.147
YC202311 PRV 5.951+1.224 9.636+0.769 3.469+0.961  29.777+3.274 - - - 0.236+0.054
YC202312  BEVE 4.374+£0.929 13.817+£2.064 1.943+£0.049 22.814+0.108 - - - 0.087+0.019
YC202313 (S} 5.892+0.537 9.003+£0.246 2.192+0.246  20.850+1.948 - - - 0.204+0.061
YC202314  BETVE 7.678+0.117 10.582+0.815 4.286+0.138  30.345+0.041 - - - 0.279+0.005
YC202315 Bk 6.165+0.249  9.141£0.193 3.530+0.665 24.318+0.241 0.022+0.027 - 0.008+0.001 0.281+0.037
YC202316  BkpG 7.343+1.764  7.921+0.734 3.247+0.535 20.511£1.589  0.006+0.009 - - 0.296+0.029
YC202317  BEPY 2.280£1.257 5.667+1.422 2.935+0.513  28.301£6.797  0.014+0.002 - - 0.028+0.042
YC202318  BETE 2.618£1.050 13.904+2.604 2.612+0.125 46.396+0.803  0.026+0.043 - - 0.045+0.003
YC202319 PRV 7.790+£0.926  7.158+0.413 2.463+0.461 25.394+1.869 - - - 0.153+0.035
YC202320  BEPY 4.743+£3.245 6.920+0.166 2.500+0.014  21.600+1.242 - - - 0.719+0.050
YC202321 PRV 4.407£2.268 16.720+£3.738 2.151+0.594  22.355+1.568  0.006+0.001 - - 0.056+0.087
YC202322  BEVE  11.83442.785  6.377+0.116 4.060+0.228  28.902+1.014  0.012+0.010 - - 0.125+0.042
YC202323 BEPE  19.201£0.103  7.436+0.167 2.736+£0.494  15.941+1.177 - - - 0.264+0.184
YC202324 PRV 8.345+0.111  8.690+0.024 2.369+0.466  33.880+5.746  0.007+0.020 - - 0.041+0.056
YC202325  BEPE  19.404+1.794 8.983+0.785 3.356£0.317  27.726+2.348  0.009:+0.001 - - 0.058+0.027
YP202326  1LPH 3.410+0.118 4.836+0.242 5.278+0.267  29.603+0.476 - 0.013+0.008 - -
YP202327 1175 1.849+0.114  4.549+0.197 3.946+0.190 25.959+0.131 - 0.010+0.003 - -
YP202328 17 1.175£0.219 4.3754£0.202 4.687+0.044  26.744+0.486 - - - -
YP202329  IIPY 3.483+0.145 4.052+0.145 4.526+0.131  28.396+0.251 - 0.016+0.004 - 0.029+0.011
YP202330  LPH 2.210+0.404 4.626+0.093 4.219+0.227  25.014+1.245 - 0.018+0.005 - 0.022+0.002
YC202331  HN  10.651£1.101  5.530+0.089 1.825+1.430  23.401+0.181  0.014+0.005 - - 0.118+0.075
YC202332  Hilt 3.552+1.041 5.200+1.507 2.220+1.383  25.803+0.274 - - 0.009+0.001 0.156+0.144
YC202333 THE  10247£0.163 6.978+1.117 3.549+1.432  22.900+1.436  0.012+0.015 - 0.013+0.001 0.168+0.231
YC202334 TH  13.863+3.853 8.823+1.390 3.253+0.706  25.695+9.770 - - 0.011+0.002 0.260+0.082
YC202335 WMZEH 5.163+0.241  7.793+1.325 1.423+0.076  37.176+0.472 - - 0.007+0.002 0.113+0.097
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WP, A2 ARG 4R i EER IED kAT
X HEEERIAE P - R 8 R AR O R TARI, 455R
i 3 PR, Hr Cr ke HEE Y 38.2~126.0 mg/kg.
Cd 6 TS 0.16~0.39 mg/kg. As FYH HHTERELY 6.7~
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Fig.3 Contrasting thermogram of heavy metal content in soil of
Astragalus membranaceus origins
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Table 3 EDI, THQ and CR statistics of heavy metals in Astragalus membranaceus

- EDI/[mg/(kg * d)] THQ CR
e WA L WA JLi WA L
As 2.28E-06 9.10E-06 1.64E-05 6.56E-05 1.23E-13 4.93E-13
Cu 2.56E-03 1.02E-02 2.30E-04 9.20E-04
Hg 6.50E-07 2.60E-06 7.80E-06 3.12E-05
Pb 4.88E-05 1.95E-04 4.39E-05 1.76E-04 1.50E-14 6.00E-14
Cd 6.50E-07 2.60E-06 4.68E-07 1.87E-06 1.43E-13 5.73E-13
Cr 2.06E-03 8.24E-03 4.95E-06 1.98E-05
Ni 1.00E-03 4.00E-03
Zn 8.85E-03 3.53E-02
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