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Abstract: In the development practice of traditional Chinese medicine industry, the safety issue of traditional Chinese
medicine has received increasing attention, especially the problem of heavy metal pollution in traditional Chinese medicine,
which has posed a hidden danger to the quality and safety of traditional Chinese medicine. In this project, perennial root based
medicinal herbs, Scutellaria baicalensis and Polygalae radix, in the main production areas of traditional Chinese medicine in
Shanxi province were taken as the research object, through detection and analysis of the residues of heavy metals(mainly
including lead, cadmium, mercury, and arsenic), the safety of Scuzellaria baicalensis, Polygalae radix, and planting soil was
evaluated. The results showed that the residues of lead, cadmium, mercury, and arsenic in Scutellaria baicalensis and Polygalae
radix did not exceed their limit standards. The detected average and maximum values of the four heavy metals of lead,
cadmium, mercury, and arsenic in soil samples were lower than the corresponding pollution risk screening values and pollution
risk control values. The single—factor pollution index(Pi) of lead, cadmium, mercury, and arsenic was less than 1, and the
Nemero comprehensive pollution index(P synthesis) was less than 0.7. The pollution levels of lead, cadmium, mercury, and
arsenic in Scutellaria baicalensis, Polygalae radix, and soil samples were safe. The main potential pollutant of heavy metals in
the soil in Shanxi was arsenic. The use of pesticides and phosphate fertiliser in agricultural production was an important source of
soil arsenic, and the prevention and control of arsenic pollution in soil should be strengthened.
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Tab.1 Basis and detection limit of heavy metals in Chinese herbal medicine samples

G 0 A6 I 558 H A6 I 7 VAR A JER IR (LOD) /(mg/kg)  FR&EEFRAE/(mg/kg)
Test sample Testing item Testing method basis Detection limit MRLs
WA Scutellaria baicalensis Y GB 5009.12—2017 0.025 5.0
JL&s Polygalac radiz # GB 5009.15—2014 0.001 1.0
g GB 5009.17—2021 0.002 0.2
i GB 5009.17—2021 0.010 2.0
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Tab.2 Basis and detection limit of heavy metal detection methods in soil samples

(rRUE ST R Al /R S| R T AR A IR R (LOD)/(mg/kg) 5 Je XU i LB/ (mg/kg) 5 Y UK 4 I {H / (mg/kg)
Test sample Testing item  Testing method basis Detection limit Pollution risk screening value Pollution risk control value
B i GB/T 17141—1997 0.125 170 1000
Soil i GB/T 17141—1997 0.013 0.6 4.0
K GB/T22105.1—2008 0.002 3.4 6.0
i GB/T 22105.1—2008 0.010 25 100
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Tab.3 Heavy metal content and pollution index of Scutellaria baicalensis samples

B o M6/ (mg/kg) Measured value HLHFU5 Y3840 Single pollution index
Sample number Pb cd Hg As Pb cd Hg As

HQ—O01 0.31 0.013 0.002 0.109 0.062 0.013 0.01 0.054 5
HQ—02 0.59 0.016 0.002 0.108 0.118 0.016 0.01 0.054 0
HQ—O03 0.23 0.010 0.002 0.082 0.046 0.010 0.01 0.0410
HQ—04 0.41 0.011 0.002 0.232 0.082 0.011 0.01 0.116 0
HQ—05 0.31 0.013 0.002 0.137 0.062 0.013 0.01 0.068 5
HQ—06 0.25 0.013 0.002 0.048 0.050 0.013 0.01 0.024 0
HQ—O07 0.31 0.013 0.002 0.264 0.062 0.013 0.01 0.1320
HQ—O08 0.49 0.014 0.002 0.237 0.098 0.014 0.01 0.118 5
HQ—09 0.25 0.010 0.002 0.120 0.050 0.010 0.01 0.060 0
HQ—10 0.29 0.012 0.002 0.083 0.058 0.012 0.01 0.0415
HQ—11 0.93 0.017 0.002 0.308 0.186 0.017 0.01 0.154 0
HQ—12 0.34 0.014 0.002 0.147 0.068 0.014 0.01 0.073 5
HQ—13 0.33 0.015 0.002 0.190 0.066 0.015 0.01 0.0950
HQ—14 0.42 0.016 0.002 0.177 0.084 0.016 0.01 0.088 5
HQ—15 0.41 0.015 0.002 0.195 0.082 0.015 0.01 0.097 5
HQ—16 0.28 0.008 0.002 0.145 0.056 0.008 0.01 0.072 5
HQ—17 0.29 0.013 0.002 0.177 0.058 0.013 0.01 0.088 5
HQ—18 0.77 0.021 0.002 0.161 0.154 0.021 0.01 0.080 5
HQ—19 0.47 0.023 0.002 0.190 0.094 0.023 0.01 0.0950
HQ—20 0.49 0.015 0.002 0.325 0.098 0.015 0.01 0.162 5
HQ—21 1.00 0.021 0.002 0.245 0.200 0.021 0.01 0.122 5
HQ—22 0.85 0.014 0.001 0.136 0.170 0.014 0.01 0.068 0
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Tab.4 Analysis of heavy metal detection results of Scutellaria baicalensis samples

F54%  Index Pb Cd Hg As f64r  Index Pb Cd Hg As
R B 5 R/ A 22 22 0 22 e K MH/(mg/kg) 1.000 0.023 0 0.325
The number of samples detected Maximum value
i %/ % 100 100 0 100 PR AR/ (mg/kg) 5.0 1.0 0.2 2.0
Detection rate Limit standard
FHME/ (mg/kg) 0.4550 0.014 4 0 0.1730 bR/ % 0 0 0 0
Average value Over-standard rate
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Tab.5 Heavy metal content and pollution index of Polygalae radix tube samples

N R M 7EfE/(mg/kg) Measured value PG Y488 Single pollution index
Sample number Pb cd Hg As Pb cd Hg As
YZ—O01 0.89 0.061 0.002 0.638 0.178 0.061 0.01 0.3190
YZ—02 0.99 0.073 0.002 0.671 0.198 0.073 0.01 0.3355
YZ—O03 0.69 0.054 0.002 0.493 0.138 0.054 0.01 0.246 5
YZ—04 1.04 0.076 0.0031 0.623 0.208 0.076 0.0155 0.3115
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Tab.5(Continued)
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Heavy metal content and pollution index of Polygalae radix tube sample

B M5EE/(mg/kg)  Measured value MR FIE Y80 Single pollution index
Sample number Pb cd Hg As Pb cd Hg As
YZ—05 0.73 0.058 0.002 0.342 0.146 0.058 0.01 0.1710
YZ—06 1.04 0.065 0.002 0.662 0.208 0.065 0.01 0.3310
YZ—07 1.18 0.062 0.0033 0.891 0.236 0.062 0.0165 0.4455
YZ—08 0.99 0.055 0.002 0.593 0.198 0.055 0.01 0.296 5
YZ—09 0.93 0.073 0.002 0.660 0.186 0.073 0.01 0.3300
YZ—10 0.96 0.063 0.002 0.619 0.192 0.063 0.01 0.309 5
YZ—11 1.00 0.062 0.002 0.679 0.200 0.062 0.01 0.339 5
YZ—12 0.96 0.056 0.002 0.702 0.192 0.056 0.01 0.3510
YZ—13 0.29 0.037 0.002 0.151 0.058 0.037 0.01 0.0755
YZ—14 0.84 0.045 0.002 0.596 0.168 0.045 0.01 0.298 0
YZ—15 1.18 0.070 0.0066 0.708 0.236 0.070 0.0330 0.354 0
YZ—16 1.35 0.099 0.002 0.895 0.270 0.099 0.01 0.447 5
YZ—17 0.86 0.087 0.002 0.586 0.172 0.087 0.01 0.2930
YZ—18 1.44 0.116 0.002 0.775 0.288 0.116 0.01 0.387 5
YZ—19 1.14 0.069 0.002 0.756 0.228 0.069 0.01 0.378 0
YZ—20 0.73 0.066 0.002 0.453 0.146 0.066 0.01 0.226 5
YZ—21 0.82 0.063 0.002 0.513 0.164 0.063 0.01 0.256 5
*6 EEFRE)ERESBRNERS W
Tab.6 Analysis of heavy metal detection results of Polygalae radix tube(root skin) samples
HEt5 Index Pb Cd Hg As f8t5  Index Ph Cd Hg As
R HH R /A 21 21 3 22 KA/ (mg/kg) 1.4400 0.1160 0.006 6 0.8950
The number of samples detected Maximum value
A 100 100 14.29 100 PR B o/ (mg/kg) 5.0 1.0 0.2 2.0
Detection rate Limit standard
FHME/ (mg/kg) 0.9543 0.0671 0.0043 0.6190 HhRE/ % 0 0 0 0
Average value Over-standard rate
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Tab.7 Analysis of detection results of heavy metals in the samples of Polygalae radix(dry root)
FEFs  Index Pb Cd Hg As fEFr Index Pb Cd Hg As
o B A o /A 10 10 1 10 KA/ (mg/kg) 1.190 0.090  0.002  0.788
The number of samples detected Maximum value
Tt/ % 100 100 10 100 PR 4t B5 it/ (mg/kg) 5.0 1.0 0.2 2.0
Detection rate Limit standard
FH#ME/ (mg/kg) 0.976 7 0.0711 0.0020 0.6383 AR/ % 0 0 0 0
Average value Over-standard rate
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Tab.8 Comparison of heavy metal content between the samples of Polygalae radix(dry root) and
the samples of Polygalae radix tube(root skin)

T2 G AR AEAE

AR RO J2E A5 5 CHR B2 ) R

F b Samples of Polygalae radix(dry root) Samples of Polygalae radix tube(root skin)
Sample number
Pb cd Hg As Pb cd Hg As
YZ—1 0.97 0.062 0.002 0.788 0.89 0.061 0.002 0.638
YZ—2 1.04 0.072 0.002 0.735 0.99 0.073 0.002 0.671
YZ—4 1.19 0.080 0.002 0.727 1.04 0.076 0.002 0.623
YZ—5 0.92 0.079 0.002 0.590 0.73 0.058 0.002 0.342
YZ—6 1.03 0.074 0.002 0.774 1.04 0.065 0.002 0.662
YZ—7 1.01 0.072 0.002 0.766 1.18 0.062 0.0033 0.891
YZ—8 1.08 0.058 0.002 0.646 0.99 0.055 0.002 0.593
YZ—9 1.06 0.090 0.002 0.553 0.93 0.073 0.002 0.660
YZ—10 0.99 0.086 0.002 0.627 0.96 0.063 0.002 0.619
YZ—13 0.46 0.038 0.002 0.176 0.29 0.037 0.002 0.151
FHHE Mean 0.976 7 0.0711 0.002 0.638 3 0.904 0.062 3 0.003 3 0.585
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Tab.9 The content of heavy metals in soil samples and their pollution index
B o2 M E M/ (mg/kg) Measured value R FI5 Y8 %0 Single pollution index
Sample number Pb cd Hg As Pbh cd Hg As

YZ—01—t 22.2 0.166 0.092 13.5 0.0419 0.000 437 0.009 2 0.2455
YZ—02—t 22.6 0.169 0.076 13.6 0.042 6 0.000 445 0.007 6 0.247 3
YZ—03—t 21.4 0.137 0.030 14.2 0.040 4 0.000 361 0.003 0 0.258 2
YZ—04—t 28.4 0.226 0.078 14.3 0.053 6 0.000 595 0.007 8 0.260 0
YZ—05—t 25.2 0.167 0.093 14.2 0.047 5 0.000 439 0.009 3 0.258 2
YZ—06—t 24.5 0.174 0.096 13.6 0.046 2 0.000 458 0.009 6 0.247 3

7—07—t 23.9 0.185 0.068 13.4 0.0451 0.000 487 0.006 8 0.243 6
YZ—08—t 23.1 0.146 0.056 13.4 0.043 6 0.000 384 0.005 6 0.243 6
YZ—09—t 22.2 0.168 0.054 12.9 0.0419 0.000 442 0.005 4 0.234 5
YZ—13—t 25.2 0.170 0.086 15.0 0.047 5 0.000 447 0.008 6 0.272 7
YZ—14—t 24.1 0.185 0.055 13.3 0.0455 0.000 487 0.005 5 0.2418
YZ—17—t 21.9 0.174 0.032 11.3 0.041 3 0.000 458 0.003 2 0.205 5
HQ—01—t 21.5 0.150 0.083 13.5 0.040 6 0.000 395 0.008 3 0.2455
HQ—02—t 20.4 0.138 0.115 13.5 0.038 5 0.000 363 0.0115 0.2455
HQ—03—t 224 0.148 0.097 14.3 0.042 3 0.000 389 0.009 7 0.260 0
HQ—04—t 27.6 0.183 0.138 14.7 0.052 1 0.000 482 0.013 8 0.267 3
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Tab.9(Continued)

The content of heavy metals in soil samples and their pollution index

B2 M 5EE/(mg/kg)  Measured value HUR 5 Y80 Single pollution index
Sample number Pb cd Hg As Pb cd Hg As
HQ—05—t 26.8 0.140 0.069 14.5 0.050 6 0.000 368 0.006 9 0.263 6
HQ—06—t 23.1 0.139 0.168 13.4 0.043 6 0.000 366 0.016 8 0.243 6
HQ—07—t 22.9 0.135 0.060 13.5 0.043 2 0.000 355 0.006 0 0.245 5
HQ—08—t 23.8 0.142 0.077 13.6 0.045 0 0.000 374 0.007 7 0.247 3
HQ—09—t 24.6 0.134 0.073 14.4 0.046 4 0.000 353 0.007 3 0.2618
HQ—10—t 24.2 0.140 0.046 12.6 0.0457 0.000 368 0.004 6 0.229 1
HQ—11—t 24.2 0.142 0.082 14.9 0.0457 0.000 374 0.008 2 0.270 9
HQ—12—t 24.1 0.185 0.055 13.3 0.045 5 0.000 487 0.005 5 0.2418
HQ—13—t 25.7 0.139 0.110 13.7 0.048 5 0.000 366 0.0110 0.249 1
HQ—15—t 25.3 0.130 0.097 15.0 0.047 7 0.000 342 0.009 7 0.2727
HQ—16—t 22.1 0.163 0.058 13.1 0.0417 0.000 429 0.005 8 0.238 2
HQ—20—t 26.8 0.165 0.075 14.2 0.050 6 0.000 434 0.007 5 0.258 2
HQ—22—t 24.5 0.164 0.096 13.4 0.046 2 0.000 432 0.0096 0.243 6

WA 15 G T8 BOE VT M £ 5 b 4 R T5 YL 1 K
W BB . PR AR R A (4 A 5 R BV
AR 22 ) X 4 HE S Y 2 (BR
SEHLAN ) R P Cd  Hg . As 92 % {8 1F N PEAN A i
. HP,PbZ %N 530 mg/kg, Cd B HH N
380 mg/kg, Hg = % H N 10 mg/kg, As ZH{HH
55 mg/kg.

W+ R B R R PLEN T L, R
WA AR R AZ BN Y B OR TS Y  PLLG T 0.272 7,
P..}0.0758,P.,»=0.200 1,/NT 0.7, 15 YL FL )i Ky
Yh,

MR - A 85 o kA FH b T g U A 4
Fr e (47 ) ) (GB 15618—2018) ¥4y 4 4 v T 4
B RMREFREE ., tEE SR RERES 1
pHIEA H VI K FR . GX +RE & pH MH AT 52 |, F
¥ pHAE A 8.34, fie K pH {4 8.58, i A7 B b 1) pH
BT 7.5, XIS 7 6 (B 0 487 ] (B0 45 B pH (B R T
7.5 PRHE L HY R R B AR SR 4 0 S ST 3
(B o A AE AR T A 7 A9 15 e XU S 7 8 1 B 75 2 XL
& HIE (£ 10) o T H X 4 1 5 4 Jm 5 e Bk 4k
F oKW,
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Tab.10 Analysis of soil heavy metal content and pollution risk

$EH5 Index Pb Cd Hg As
Ki AR %0/ 4~ The number of samples detected 22 22 22 22
K% /%  Detection rate 100 100 100 100
M/ (mg/kg)  Average value 25.988 4 0.172 4 0.0797 13.761 4
I RfH/(mg/kg) Maximum value 37.2 0.404 0.168 15.0
5 Y KU 0 %6 ff/ (mg/kg)  Pollution risk screening value 170 0.6 3.4 25
75 YL AR 3 1 B/ (mg/kg)  Pollution risk control value 1000 4.0 6.0 100
+ eI Y XS Soil pollution risk AR AR AR (S

23 TEHAEBEENIZEERETRESW
MRIELE G 15 R g Mootik R (LR P R E SR
e Wy i BT T G 45 R L 4 G 0 B IS e
6 B ) FIW o 255 15 Y 4R BT R e, R W]
G5 Qe WNTE L IR B 28R TS Y PR A rh B AR
+02.

Mo WELILATLUE I AT A R o7
By e 35 B ot ik 28 3 00 o 14.91096 .0.138%
2.606% .82.316% . FHIAFIE X L & @8 ) £ 2
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Tab. 11 Comprehensive pollution index contribution rate of soil heavy metals %
B S 4 o %’él‘ié’é?ﬁ@tﬁfﬁk? o B 4 o %%(Hﬁéfﬁﬁﬁfﬁk? o
Sample num-  Contribution rate of comprehensive pollution index Sample number Contribution rate of comprehensive pollution index
ber Pb Cd Hg As Pb Cd Hg As
YZ—01—t 14.106 0.147 3.097 82.650 HQ—04—t 15.614 0.144 4.136 80.106
YZ—02—t 14.298 0.149 2.551 83.002 HQ—05—t 15.741 0.114 2.146 81.999
YZ—03—t 13.380 0.120 0.994 85.506 HQ—06—t 14.325 0.120 5.520 80.035
YZ—04—t 16.646 0.185 2.422 80.747 HQ—07—t 14.641 0.120 2.034 83.205
YZ—05—t 15.058 0.139 2.948 81.855 HQ—08—t 14.981 0.125 2.563 82.331
YZ—06—t 15.219 0.151 3.162 81.468 HQ—09—t 14.690 0.112 2.311 82.887
YZ—07—t 15.237 0.165 2.297 82.301 HQ—10—t 16.335 0.132 1.644 81.889
YZ—08—t 14.871 0.131 1.910 83.088 HQ—11—t 14.054 0.114 2.522 83.310
YZ—09—t 14.845 0.157 1.913 83.085 HQ—12—t 15.514 0.166 1.875 82.445
YZ—13—t 14.427 0.136 2.612 82.825 HQ—13—t 15.689 0.118 3.560 80.624
YZ—14—t 15.514 0.166 1.875 82.445 HQ—15—t 14.435 0.104 2.935 82.526
YZ—17—t 16.490 0.183 1.278 82.049 HQ—16—t 14.574 0.150 2.027 83.249
HQ—01—t 13.772 0.134 2.816 83.278 HQ—20—t 15.976 0.137 2.236 81.519
HQ—02—t 13.013 0.123 3.887 82.278 HQ—22—t 15.409 0.144 3.202 81.245
HQ—03—t 13.541 0.125 3.105 83.229 FHE  Mean 14.910 0.138 2.606 82.316
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