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ARTICLE INFO ABSTRACT

Keywords: In the present study, the concentrations of lead (Pb), cadmium (Cd), arsenic (As), mercury (Hg), and copper (Cu)
Heavy metals in 2245 batches of Chinese herbal medicines (CHMs) were measured using inductively coupled plasma-mass
Chinese herbal medicines (CHMs) spectroscopy (ICP-MS). We developed a risk assessment strategy that assessed the heavy metal-associated health
Guideline

risk of CHMs based on our large dataset. Using a combination of the mean and 95th percentile (P95) values of
the chronic daily intake (CDI), hazard quotient (HQ), hazard index (HI), and lifetime cancer risk (CR), the health
risks of the average exposure population and the high exposure population were estimated, respectively. To
obtain a precise and realistic risk assessment, the exposure frequency and exposure duration were determined
using questionnaire data from 20,917 randomly selected volunteers. Additionally, given the specific ingestion
characteristics of CHMs, the safety factor and the transfer rates of heavy metals were highlighted as well. The
concentrations of Pb, Cd, As, Hg, and Cu in 2245 batches of CHMs were 1.566, 0.299, 0.391, 0.074, and
8.386 mg/kg, respectively. The mean HI values indicated that consumption of most CHMs would not pose an
unacceptable health risk to the average exposure population, except for argy wormwood leaf (1.326), morinda
root (2.095), plantain herb (1.540), chrysanthemum flower (1.146), and Indian madder root (2.826). In addi-
tion, CR assessment for Pb and As revealed that, for the average exposure population, the risk of developing
cancers was lower than the acceptable levels (1 x 10~ %) in the clinic. However, the P95 of the HI and CR values
indicated that more attention should be paid to the systemic effects of CHMs in terms of both non-carcinogenic
and carcinogenic health risks for the high exposure population. Furthermore, in order to serve population health
better, national and international guidelines have now been established. The risk assessment strategy developed
in this study is the first of its kind, and contributed to the risk assessment, guidelines, and safety standards for
heavy metals in CHMs.

Risk assessment
Safety standard
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Table 1
Sample collection information in the present study.
Type Category Batch number  Location
Argy Wormwood Leaf Radix and rhizome 42
Morinda Root Radix and rhizome 72 Guangdong, Sichuan, Fujian
Peppermint Leaf 81
Plantain Herb Herb 68
Szechwan Lovage Rhizome Radix and rhizome 61 Sichuan
Rhubarb Radix and rhizome 50 Gansu, Sichuan, Qinghai
Chinese Date Fruit 71
Chinese Angelica Radix and rhizome 44 Gansu, Hubei
Tangshen Radix and rhizome 132 Gansu, Heilongjiang
Zedoray Rhizome Radix and rhizome 140
Barbary Wolfberry Fruit Fruit 62
Snowbellleaf Tickclover Herb ~ Herb 60 Guangdong, Guangxi, Hainan
Safflower Flower 64
Golden Thread Radix and rhizome 147 Chongging, Sichuan, Hubei
Baical Skullcap Root Radix and rhizome 40 Hebei, Shanxi
Japanese Honeysuckle Flower  Flower 74
Chrysanthemum Flower Flower 79
Bitter Apricot Seed Seed 62
Common Coltsfoot Flower Flower 60
Longtube Ground Ivy Herb Herb 64
Southern Magnoliavine Fruit Fruit 63
Indian Madder Root Radix and rhizome 84
Ginseng Radix and rhizome 50 Jilin, Heilongjiang
Senchi Radix and rhizome 65 Yunnan, Guangxi
Perilla Fruit Fruit 61
Cape Jasmine Fruit Fruit 63
Turmeric Root Tuber Radix and rhizome 69
Chinese Magnoliavine Fruit Fruit 61
Peach Seed Seed 63
Spine Date Seed Seed 63
Dyers Woad Leaf Leaf 61
Perilla Leaf Leaf 69

Guangxi, Henan, Hubei, Hebei, Sichuan, Jiangsu, Hunan, Guangdong, Anhui, Zhejiang

1. Introduction

Global attention has been directed towards heavy metals because of
the negative effects and deterioration they cause in living creatures
including humans [1,2]. Heavy metal pollution is a severe problem,
owing to its environmental ubiquity, non-biodegradability, persistence,
and toxicity, even at trace levels [3-6]. Natural sources involving
bedrock erosion and volcanism, as well as anthropogenic activities such
as agricultural activities, industrialization, and urbanization have been
identified as contributors to heavy metal pollution [7-11]. Heavy me-
tals such as lead (Pb), cadmium (Cd), arsenic (As), mercury (Hg) are
considered detrimental to human health, even at trace concentrations
[12,13]. Previous studies have reported that these heavy metals exert
hazardous effects by affecting cell signaling, protein folding, ionic
transportation, and DNA functions [14,15]. Pb is one of the most toxic
metals and continuous exposure to Pb affects the normal functioning of
the reproductive system and kidneys, as well as the nervous system,
causing hyperactivity, anemia, and fatigue [16-20]. Chronic exposure
to Cd results in declined cognitive capacity, fractures, reproductive
deficiencies, and diabetes [21-24]. As is a ubiquitous metalloid, that is
carcinogenic and mutagenic without a threshold. Long-term exposure
to As may increase the risk of cancer in the liver, bladder, and lungs, as
well as kidney dysfunction, immune system diseases, excessive still-
birth, muscle spasms, and peripheral neuritis [25-28]. Methylmercury
(MeHg), the most toxic chemical form of Hg, is highly poisonous to the
central nervous system (CNS), triggering lesions in multiple organs
throughout an individual’s lifetime [29-33]. Cu is an essential trace
element for human health; however, non-carcinogenic toxic symptoms
may occur in humans after excessive consumption of Cu [34,35].

Chinese herbal medicine (CHM) is an important type of traditional
Chinese medicine (TCM) that has a long history of use, and has been
described in various traditional medicine documents, including “Shen
Nong’s Materia Medica”, 1800 years ago. CHMs have demonstrated

good pharmacological activities, excellent curative effects, and are used
extensively in China and around the world. According to statistical data
from the World Health Organization (WHO), up to 80 % of the popu-
lation worldwide has used CHMs [36]. However, CHMs may be polluted
by heavy metals during cultivation, harvesting, and processing. The
ingestion of CHMs contaminated with heavy metals through the food
chain leads to the accumulation of these harmful contaminants in living
organisms, including human beings, and poses a serious risk to public
health.

Previously, studies on risk assessments on food or environments
contaminated by heavy metals have been conducted [37-49]. However,
there are distinct differences between CHMs and typical food, and to
the best of our knowledge, little data regarding health risk assessment
approaches applicable to CHMs are available. Additionally, previous
studies often focused on the risks of only limited types of CHMs
[50-52]. However, no systematic research has been performed on the
health risks of heavy metals using a large dataset that contains various
types of CHMs. Thus, their general risk levels have yet to be in-
vestigated. Given the globalization and expanded commercialization of
CHMs, as well as their associated concerns for human health, it is es-
sential to obtain a general conclusion about heavy metal levels in CHMs
and their associated health risks. Considering the distinct differences
between CHMs and food, as well as the research gap in health risk
strategies that are applicable to CHMs, developing a strategy for CHM
risk assessment is essential. Doing so would allow one to scientifically
evaluate the health risks of heavy metals and guide the clinical use of
CHMs. Therefore, the purposes of this study were as follows: (1) to
monitor the levels of Pb, Cd, As, Hg, and Cu in CHMs; (2) to develop an
effective approach for CHM risk assessment, in order to scientifically
evaluate the associated non-carcinogenic and lifetime cancer risks to
human health, which would be done using chronic daily intake (CDI),
hazard quotient (HQ), hazard index (HI), and cancer risk (CR) scales.
(3) To establish guidelines and provide suggestions for heavy metal
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Fig. 1. Mean concentrations of heavy metals in CHMs.

safety standards that are applicable to CHMs, in order to improve the
standardization of CHMs and use them safely in clinics.

2. Material and methods
2.1. Sample collection

A relatively complete investigation of CHM categories from major or
artificial cultivation areas, TCM markets, and retail pharmacies was
conducted to determine the detection samples. Representative and
commonly used CHM samples were collected from these areas. Based
on the parts of herbal plants used in clinics, CHMs were divided into
seven categories, including radix and rhizome, leaf, flower, fruit, seed,
herb, and others. At least three types of samples were collected for each
available CHM category. A total of 2245 batches of 32 types of CHMs
were collected from the city of Beijing and provinces of Xinjiang, Inner
Mongolia, Qinghai, Sichuan, Heilongjiang, Gansu, Yunnan, Guangxi,
Hunan, Shaanxi, Hebei, Jilin, Hubei, Guangdong, Guizhou, Jiangxi,
Henan, Shanxi, Shandong, Liaoning, Anhui, Fujian, Jiangsu, Zhejiang,
Chongqing, Ningxia, and Hainan (Table 1). The collecting sites re-
flected different environmental areas in China (between 86°37’ E and
130°16’ E and 20°07’ N to 46°56’ N). The samples were authenticated
by Dr. Kunzi Yu, an associate researcher on the identification of med-
icinal materials. Voucher specimens were deposited in National In-
stitutes for Food and Drug Control (NIFDC), Beijing, China.

2.2. Sample preparation

The samples were digested using a microwave digestion system

(CEM Corporation, Matthews, NC, USA). Approximately 0.5g of the
sample was placed into a microwave digestion tube and then 8.0 mL
HNO; was added to the sample for digestion. The microwave digestion
process was as follows: heating for 3min to 120 °C and keeping for
3 min, heating for 2min to 150 °C and keeping for 3 min, heating for
2 min to 180 °C and keeping for 12 min. After removing the excess acid,
the digested solution was then diluted to 50.0 mL with deionized water,
prior to determination.

2.3. Sample analysis, quality assurance, and quality control

During the determination process, the Agilent 7700X ICP-MS
(Agilent 7700X, Agilent Technologies Co., USA) was used to measure
the contents of Pb, Cd, As, Hg, and Cu in each sample. All reagents used
were excellent pure. For analytical quality assurance, chemical blanks,
spikes, and duplicates were analyzed throughout the analytical process.
Each sample was run in duplicate and the final values were an average
of the two values. The accuracy of the method was controlled by the
mean recovery rate of the samples (n = 9). The mean percentage re-
coveries of heavy metals in morinda root were as follows: 96 * 0.62 %
(Pb), 92 + 0.57 % (Cd), 84 = 3.21 % (As), 89 = 3.82 % (Hg), and
102 + 7.83 % (Cu). The standard reference material, citrus leaf, was
also evaluated during the determination. The concentrations of Pb, Cd,
As, Hg, and Cu in the citrus leaf were 9.5 mg/kg, 1.6 X 10~ % mg/kg,
1.0mg/kg, 0.14mg/kg, and 6.8 mg/kg, respectively, which was in
agreement with the certified elemental content. The internal standard
was added to the blanks, samples, and calibration standard solutions to
compensate for the matrix effects and signal drift. The mean recovery
rates of the internal standard solution during the measurements ranged
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Table 2
Mean and the 95th percentile contents of heavy metals in CHMs.
Types Contents of heavy metals(mg /kg)
Pb cd As Hg Cu
Argy Wormwood Leaf Mean 4.713 1.051 0.884 0.027 16.398
P95 12.184 3.041 1.542 0.069 46.655
Morinda Root Mean 6.673 0.151 0.535 0.507 5.198
P95 15.271  0.285 1.192 3.669 6.403
Peppermint Mean 1.836 0.116 0.329 0.103 9.254
P95 4.726 0.490 0.811 0.295 14.774
Plantain Herb Mean 3.110 0.269 1.506 0.036 11.445
P95 8.567 0.756 4.261 0.163 21.015

Szechwan Lovage Rhizome Mean 0.939 0.638 0.173  0.030 0.939

P95 1.805 1.458 0.348 0.049 26.783
Rhubarb Mean 0.340 0.086 0.112 0.011 3.551
P95 1.166 0.266 0.504 0.063 5.514
Chinese Date Mean 0.024 0.002 0.011 0.001 1.868
P95 0.108 0.006 0.025 0.008 3.967
Chinese Angelica Mean 0.512 0.024 0.517 0.025 4.993
P95 0.899 0.059 1.362 0.092 7.459
Tangshen Mean 0.313 0.046 0.305 0.031 5.860
P95 0.597 0.144 0.465 0.149 7.725
Zedoray Rhizome Mean 1.999 1.843 0.093 0.008 6.120

P95 7.131 4.636 0.212 0.014 9.927
Barbary Wolfberry Fruit Mean 0.211 0.075 0.070 0.003 7.177

P95 0.947 0.205 0.133 0.014 11.088

Snowbellleaf Tickclover Mean 2.291 0.530 0.472 0.103 8.150
Herb P95 5.286 1.376 1.105 0.798 12.565
Safflower Mean 1.027 0.094 0.456 0.031 11.039
P95 2.370 0.202 1.010 0.218 13.621
Golden Thread Mean 3.004 0.605 0.216 0.156 17.910
P95 10.360 1.500 0.537 0.252 36.688

Baical Skullcap Root Mean 0.517 0.058 0.293 0.012 7.456
P95 1.532 0.311 1.005 0.052 15.560
Japanese Honeysuckle Mean 3.126 0.284 0.208 0.088 10.612
Flower P95 21.004 0.543 0.650 0.528 13.999

Chrysanthemum Flower Mean 0.888 0.257 0.270 0.345 9.903
P95 2.107 0.610 0.627 1.999 15.456

Bitter Apricot Seed Mean 0.053 0.006 0.017 0.035 8.501
P95 0.186 0.016 0.066 0.291 11.627
Common Coltsfoot Flower =~ Mean 1.173 0.081 0.647 0.018 10.300
P95 5.084 0.142 1.659 0.195 12.524

Longtube Ground Ivy Herb Mean 2.465 1.105 0.556 0.052 8.525

P95 6.620 14.706 2.864 2.265 11.529

Southern Magnoliavine Mean 0.916 0.041 0.182 0.010 6.368
Fruit P95 3.764 0.131 0.277 0.069 11.916
Indian Madder Root Mean 5.682 0.799 1.935 0.313 16.208
P95 15.114 1.790 4190 0.160 41.432

Ginseng Mean 0.443 0.076 0.054 0.010 8.428
P95 1.623 0.184 0.130 0.032 11.996

Senchi Mean 0.924 0.294 0.502 0.017 3.358

P95 5.106 0.763 1.440 0.039 5.591
Perilla Fruit Mean 0.787 0.126 0.213 0.026 14.655
P95 4.921 1.352 1.044 0.245 25.251

Cape Jasmine Fruit Mean 0.722 0.165 0.260 0.111 8.357
P95 1.386 0.575 0.960 0.685 13.891

Turmeric Root Tuber Mean 0.580 0.179 0.087 0.004 2.348

P95 1.369  0.434  0.258 0.011 3.868
Chinese Magnoliavine Fruit Mean 0.485 0.020 0.113 0.031 6.454

P95 3.764 0.131 0.277 0.033 11.916
Peach Seed Mean 0.396 0.081 0.082 0.052 9.822
P95 1.451 0.952 0.322 0.606 13.164
Spine Date Seed Mean 0.332 0.027 0.120 0.019 10.551
P95 2.428 0.121 1.110 0.145 14.842
Dyers Woad Leaf Mean 1.689 0.314 0.729 0.023 4.607
P95 3.925 0.960 2.037 0.105 7.689
Perilla Leaf Mean 1.932 0.119 0.562 0.125 12.009
P95 6.309 0.427 1.214 1.013 20.176

from 97.8%-103.2%.

2.4. Questionnaires on the CHM consumption

To ensure a realistic assessment of the health risks associated with
CHM intake, a questionnaire-based CHM consumption survey was
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conducted in 9 provinces (Heilongjiang, Liaoning, Zhejiang, Jiangsu,
Shandong, Hubei, Guangdong, Gansu, and Yunnan) and 2 cities (Beijing
and Chongqing) in China. A total of 20,917 individuals (9420 men and
11,497 women) were randomly selected as volunteers to take part in
the survey. Of these volunteers, 72.63 % of the total volunteers were
between 18 and 44 years old, 19.51 % were between 45 and 59 years
old, and 7.86 % were over 60 years old 7. The average age of the
participants was 37.8 years old. There were 11,358 urban residents and
9559 rural residents. Both face-to-face and prescription survey methods
were used to identify the significant factors influencing heavy metal
exposure in CHMs.

The volunteers were asked to recall their frequency of CHM con-
sumption. Based on the questionnaire data obtained, the P95 of the
duration of CHM intake was 90 days per year; therefore, the frequency
of CHMs ingestion in this study was assumed to be 90 days. Based on
the questionnaire results, the exposure duration was found to be 20
years. The mean and P95 daily CHM consumption amounts were 200
and 500 g/day, respectively.

2.5. Health risk assessment

2.5.1. Non-carcinogenic risks

Some heavy metals are potentially carcinogenic, while some tend to
cause non-carcinogenic health deterioration. Therefore, both the non-
carcinogenic risks and lifetime cancer risks of specified heavy metals in
CHMs were evaluated in the present study. In order to assess the non-
carcinogenic health risks, two parameters were calculated, involving
CDI (ug/kg bw/day) [53,54] and HQ, using the following equations:

EFx Edx IRX Cxt

CDI=
ATX W (@)

where CDI is the chronic daily intake of heavy metals in CHMs; EF is the
exposure frequency, which was investigated from the questionnaires
and was found to be 90 days/year; Ed represents the exposure duration,
which was 20 years based on the questionnaire data; IR is the daily
intake rate of CHMs (g/day). According to the statistical data of the
questionnaires, the mean and P95 values of IR were 200 and 500 g/day,
respectively; C is the content of heavy metals in CHMs (mg/kg); t re-
presents the transfer rate of heavy metals from herbal medicinal ma-
terials to decoction or preparations (%). According to our previous
study, the transfer rates of heavy metals are <10 % for most CHMs
[55]. Herein, the transfer rate used was assumed to be 10 %; AT is the
average exposure time to CHMs, which was equal to 365 days/year X
70 years; W is the average body mass (60 kg). In order to calculate CDI,
the mean values of IR and C were adopted for the average exposure
population, and P95 value of IR and C were used for the high exposure
population.

CDIx SFx 0.001
HO= ———MM "
Q RED @

In Eq. (2), HQ represents the hazard quotient and SF is the safety factor.
According to the National Science Foundation (NSF)’s judgment, a 10 %
allocation of RfD is included, in order to account for the contribution of
dietary supplements as a component of daily food intake, and would not
lead to a significant increase in human health risks [56]. Therefore, SF
was ten in this study. RfD is the oral reference dose recommended for
Pb, Cd, inorganic As, methyl mercury (MeHg), and Cu and was de-
termined to be 0.0035, 0.001, 0.0003, 0.0001, and 0.5 mg/kg bw/day,
respectively [57,58]. In cases when the HQ value is > 1, the health risks
of the exposure population should not be ignored.

Exposure to more than one pollutant may cause additive effects;
therefore, the cumulative health risks posed by heavy metals in CHMs
were considered, in order to assess the total health risks from multiple
pollutants in this study. The cumulative health risks expressed by HI
were calculated based on the following equation:
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Table 3
The CDI (ug/kg/d) and HQ for average and high exposure population, respectively, due to ingestion of 32 types of CHMs.
Medicines Pb cd As Hg Cu
Argy Wormwood Leaf Average exposure population CDI 0.111 0.025 0.021 0.001 0.385
HQ 0.316 0.247 0.692 0.063 0.008
High exposure population CDI 0.715 0.179 0.091 0.004 2.739
HQ 2.043 1.785 3.017 0.405 0.055
Morinda Root Average exposure population CDI 0.157 0.004 0.013 0.012 0.122
HQ 0.448 0.035 0.419 1.190 0.002
High exposure population CDI 0.896 0.017 0.070 0.215 0.376
HQ 2.561 0.167 2.332 21.537 0.008
Peppermint Average exposure population CDI 0.043 0.003 0.008 0.002 0.217
HQ 0.123 0.027 0.257 0.242 0.004
High exposure population CDI 0.277 0.029 0.048 0.017 0.867
HQ 0.793 0.288 1.587 1.732 0.017
Plantain Herb Average exposure population CDI 0.073 0.006 0.035 0.001 0.269
HQ 0.209 0.063 1.179 0.085 0.005
High exposure population CDI 0.503 0.044 0.250 0.010 1.234
HQ 1.437 0.444 8.337 0.957 0.025
Szechwan Lovage Rhizome Average exposure population CDI 0.022 0.015 0.004 0.001 0.022
HQ 0.063 0.150 0.135 0.070 4.4x10°*
High exposure population CDI 0.106 0.086 0.020 0.003 1.572
HQ 0.303 0.856 0.681 0.288 0.031
Rhubarb Average exposure population CDI 0.008 0.002 0.003 2.6 x 1074 0.083
HQ 0.023 0.020 0.088 0.026 0.002
High exposure population CDI 0.068 0.016 0.030 0.004 0.324
HQ 0.196 0.156 0.986 0.370 0.006
Chinese Date Average exposure population CDI 0.001 47 x107° 2.6 x 107* 2.4 x107° 0.044
HQ 0.002 47 x 1074 0.009 0.002 0.001
High exposure population CDI 0.006 35x10°* 0.001 4.7 x 1074 0.233
HQ 0.018 0.004 0.049 0.047 0.005
Chinese Angelica Average exposure population CDI 0.012 0.001 0.012 0.001 0.117
HQ 0.034 0.006 0.405 0.059 0.002
High exposure population CDI 0.053 0.003 0.080 0.005 0.438
HQ 0.151 0.035 2.665 0.540 0.009
Tangshen Average exposure population CDI 0.007 0.001 0.007 0.001 0.138
HQ 0.021 0.011 0.239 0.073 0.003
High exposure population CDI 0.035 0.008 0.027 0.009 0.453
HQ 0.100 0.085 0.910 0.875 0.009
Zedoray Rhizome Average exposure population CDI 0.047 0.043 0.002 1.9x107* 0.144
HQ 0.134 0.433 0.073 0.019 0.003
High exposure population CDI 0.419 0.272 0.012 0.001 0.583
HQ 1.196 2.721 0.415 0.082 0.012
Barbary Wolfberry Fruit Average exposure population CDI 0.005 0.002 0.002 7.0 x 107° 0.169
HQ 0.014 0.018 0.055 0.007 0.003
High exposure population CDI 0.056 0.012 0.008 0.001 0.651
HQ 0.159 0.120 0.260 0.082 0.013
Snowbellleaf Tickclover Herb Average exposure population CDI 0.054 0.012 0.011 0.002 0.191
HQ 0.154 0.124 0.369 0.242 0.004
High exposure population CDI 0.310 0.081 0.065 0.047 0.738
HQ 0.887 0.808 2.162 4.684 0.015
Safflower Average exposure population CDI 0.024 0.002 0.011 0.001 0.259
HQ 0.069 0.022 0.357 0.073 0.005
High exposure population CDI 0.139 0.012 0.059 0.013 0.800
HQ 0.397 0.119 1.976 1.280 0.016
Golden Thread Average exposure population CDI 0.071 0.014 0.005 0.004 0.421
HQ 0.202 0.142 0.169 0.366 0.008
High exposure population CDI 0.608 0.088 0.032 0.015 2.154
HQ 1.738 0.881 1.051 1.479 0.043
Baical Skullcap Root Average exposure population CDI 0.012 0.001 0.007 2.9 %1074 0.175
HQ 0.035 0.014 0.229 0.028 0.004
High exposure population CDI 0.090 0.018 0.059 0.003 0.913
HQ 0.257 0.183 1.966 0.305 0.018
Japanese Honeysuckle Flower Average exposure population CDI 0.073 0.007 0.005 0.002 0.249
HQ 0.210 0.067 0.163 0.207 0.005
High exposure population CDI 1.233 0.032 0.038 0.031 0.822
HQ 3.523 0.319 1.272 3.099 0.016
Chrysanthemum Flower Average exposure population CDI 0.021 0.006 0.006 0.008 0.233
HQ 0.060 0.060 0.211 0.810 0.005
High exposure population CDI 0.124 0.036 0.037 0.117 0.907
HQ 0.353 0.358 1.227 11.734 0.018
Bitter Apricot Seed Average exposure population CDI 0.001 0.00014 4.0x10"* 0.001 0.200
HQ 0.004 0.001 0.013 0.082 0.004
High exposure population CDI 0.011 0.001 0.004 0.017 0.683
HQ 0.031 0.009 0.129 1.708 0.014

(continued on next page)
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Medicines Pb cd As Hg Cu
Common Coltsfoot Flower Average exposure population CDI 0.028 0.002 0.015 42 x107* 0.242
HQ 0.079 0.019 0.506 0.042 0.005
High exposure population CDI 0.298 0.008 0.097 0.011 0.735
HQ 0.853 0.083 3.246 1.145 0.015
Longtube Ground Ivy Herb Average exposure population CDI 0.058 0.026 0.013 0.001 0.200
HQ 0.165 0.259 0.435 0.122 0.004
High exposure population CDI 0.389 0.863 0.168 0.133 0.677
HQ 1.110 8.632 5.604 13.296 0.014
Southern Magnoliavine Fruit Average exposure population CDI 0.022 0.001 0.004 2.3x10°* 0.150
HQ 0.061 0.010 0.142 0.023 0.003
High exposure population CDI 0.221 0.008 0.016 0.004 0.699
HQ 0.631 0.077 0.542 0.405 0.014
Indian Madder Root Average exposure population CDI 0.133 0.019 0.045 0.007 0.381
HQ 0.381 0.188 1.514 0.735 0.008
High exposure population CDI 0.887 0.105 0.246 0.009 2.432
HQ 2.535 1.051 8.198 0.939 0.049
Ginseng Average exposure population CDI 0.010 0.002 0.001 23x1074 0.198
HQ 0.030 0.018 0.042 0.023 0.004
High exposure population CDI 0.095 0.011 0.008 0.002 0.704
HQ 0.272 0.108 0.254 0.188 0.014
Senchi Average exposure population CDI 0.022 0.007 0.012 4.0x 1074 0.079
HQ 0.062 0.069 0.393 0.040 0.002
High exposure population CDI 0.095 0.011 0.008 0.002 0.704
HQ 0.272 0.108 0.254 0.188 0.014
Perilla Fruit Average exposure population CDI 0.018 0.003 0.005 0.001 0.344
HQ 0.053 0.030 0.167 0.061 0.007
High exposure population CDI 0.289 0.079 0.061 0.014 1.482
HQ 0.825 0.794 2.043 1.438 0.030
Cape Jasmine Fruit Average exposure population CDI 0.017 0.004 0.006 0.003 0.196
HQ 0.048 0.039 0.203 0.261 0.004
High exposure population CDI 0.081 0.034 0.056 0.040 0.815
HQ 0.232 0.338 1.878 4.021 0.016
Turmeric Root Tuber Average exposure population CDI 0.014 0.004 0.002 9.4x107° 0.055
HQ 0.039 0.042 0.068 0.009 0.001
High exposure population CDI 0.080 0.025 0.015 0.001 0.227
HQ 0.230 0.255 0.505 0.065 0.005
Chinese Magnoliavine Fruit Average exposure population CDI 0.011 47 x 1074 0.003 0.001 0.152
HQ 0.033 0.005 0.088 0.073 0.003
High exposure population CDI 0.221 0.008 0.016 0.002 0.699
HQ 0.631 0.077 0.542 0.194 0.014
Peach Seed Average exposure population CDI 0.009 0.002 0.002 0.001 0.231
HQ 0.027 0.019 0.064 0.122 0.005
High exposure population CDI 0.085 0.056 0.019 0.036 0.773
HQ 0.243 0.559 0.630 3.557 0.015
Spine Date Seed Average exposure population CDI 0.008 0.001 0.003 45x%x107* 0.248
HQ 0.022 0.006 0.094 0.045 0.005
High exposure population CDI 0.143 0.007 0.065 0.009 0.871
HQ 0.407 0.071 2172 0.851 0.017
Dyers Woad Leaf Average exposure population CDI 0.040 0.007 0.017 0.001 0.108
HQ 0.113 0.074 0.571 0.054 0.002
High exposure population CDI 0.230 0.056 0.120 0.006 0.451
HQ 0.370 0.025 0.071 0.059 1.184
Perilla Leaf Average exposure population CDI 0.045 0.003 0.013 0.003 0.282
HQ 0.130 0.028 0.440 0.294 0.006
High exposure population CDI 0.370 0.025 0.071 0.059 1.184
HQ 1.058 0.251 2.375 5.946 0.024
HI = HQPb + HQCd + HQAs + HQHg + HQCu 3) parameters in Eq. (4) are as shown in Eq. (1) and (2). In general, the

2.5.2. Carcinogenic risks

For carcinogenic risk assessment, the lifetime cancer risk (CR) for
carcinogenic heavy metals was calculated by the cancer slope factor
(CSF). The lifetime CR is described as the probability of a person de-
veloping cancer throughout the lifetime as a result of exposure to
specific heavy metals. The expression for CR is outlined in the following
equation [59,60].

CR= CDIx CSFx 0.001 @

CSF is the oral cancer slope factor. The CSF for As and Pb was as-
sumed to be 1.5 and 8.5 x 10~ % (mg/kg/day), respectively, according
to the Integrated Risk Information System database [61]. Other

acceptableCR standard ranges from 10 to 10 [62]. Therefore, if the
CR value is >10, the carcinogenic risk over a lifetime is considered
unacceptable.

3. Statistical analysis

The questionnaire data were input with an investigator-developed
online system via the Epidata method and was confirmed by a quality
controller. Statistical analysis was performed using SPSS 19.0 (IBM
Corporation, Armonk, NY, USA). Figures were plotted using GraphPad
5.0 software (San Diego, CA, USA).
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Fig. 3. HI for high exposure population (expressed by HIh).

4. Result and discussion

from four popular brands of canned fish were analyzed, and the results

showed that the contents of Pb, Cd, and Hg (ug/g) were 0.75 * 0.65,

4.1. Heavy metal contents determined by ICP-MS in CHMs

0.10 + 0.04, and 0.13 + 0.05, respectively [64]. The mean concentra-

tions of heavy metals in the f analyzed CHMs varied broadly, from

The maximum permissible limit in the 2020 edition of Chinese 0.024 to
Pharmacopoeia for heavy metals in CHMs is 5, 1, 2, 0.2, and 20 mg/kg
for Pb, Cd, As, Hg, and Cu, respectively. Levels of heavy metals varied
among different species of CHMs, as shown in Fig. 1 and Table 2.
Generally, the mean levels of Pb, Cd, As, Hg, and Cu in 2245 batches of
CHMs were 1.566, 0.299, 0.391, 0.074, and 8.386 mg/kg, respectively.
In Iran, the mean concentrations of Pb, Cd, As, and Cu were determined
to be 0.123, 0.034, 0.369, and 3.095 mg/kg, respectively, in rice from a
market in Iranshahr [63].The As content was comparable to the average
obtained in our research. However, the levels of Pb, Cd, and Cu in the

CHMs in the present study were significantly high. In addition, samples

6.673mg/kg for
0.011-1.935mg/kg for As, 0.001 to 0.507mg/kg for Hg, and
0.939-17.910 mg/kg for Cu. The results of the mean values revealed
that among the 32 types of CHMs, morinda root, zedoary rhizome, In-
dian madder root, morinda root, and golden thread were the highest
accumulators of Pb, Cd, As, Hg, and Cu, respectively. In a study con-
ducted by Sobhanardakani, the concentrations of Cu in spices (car-
damom, curry powder, and turmeric) ranged from 0.05mg/kg to
1.28 mg/kg, which were significantly lower than the concentrations of
CHMs in our current study [65]. In another study, samples from se-
lected foodstuffs in Algeria were analyzed, and the results showed that

Pb, 0.002-1.843mg/kg for Cd,
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Fig. 4. CR of Pb for average (expressed by Pba) and high (expressed by Pbh) exposure population, respectively.
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Fig. 5. CR of As for average (expressed by Asa) and high (expressed by Ash) exposure population, respectively.

the contents of Pb and Cu (mg/kg) were within the following ranges:
12.33-39.33 and 4-29.49, respectively [49].

According to the maximum permissible limit for CHMs in the
Chinese Pharmacopoeia, qualified rates for Pb, Cd, As, Hg, and Cu in 32
types of analyzed CHMs was 96.24 %, 94.61 %, 97.03 %, 96.28 %, and
96.87 %, respectively (using the formula:

qualified rate
number of samples whose heavy metal contents were lower than

the permisible lim it

total number of samples
X 100

Obviously, Cd was the major risk metal among the five heavy me-
tals, which was consistent with the soil composition in China. From the
perspective of different clinical medicinal parts, more attention should
be paid to the radix and rhizome category (especially perennial radix
and rhizome medicines), as well as the herb category.

4.2. Non-carcinogenic risk assessmentThe CDI values of the average

exposure population revealed that the highest ingestion of Pb, Cd,

As, Hg, and Cu occurred with the consumption of morinda root, zedoary
rhizome, Indian madder root, morinda root, and golden thread, re-
spectively (Table 3). The highest consumption of Pb, Cd, As, Hg, and Cu
in the high exposure population occurred by ingesting Japanese hon-
eysuckle flower, long tube ground ivy herb, plantain herb, morinda
root, and argy wormwood leaf, respectively. The CDI of Pb, Cd, As, Hg,
and Cu in the average exposure population ranged from 0.001 to 0.157,
4.7 x 107°10 0.043, 2.6 x 10 t0 0.045, 2.4 x 10 to 0.012, 0.022 to
0.421 pg/kg/d, respectively. The CDI of Pb, Cd, As, Hg, and Cu in the
high exposure population ranged from 0.006 to 1.233, 3.5 x 10™* to
0.863, 0.001 to 0.250, 4.7 x 10 to 0.215, and 0.227-2.739 ug/kg/d,
respectively.

Furthermore, to assess the non-carcinogenic health risks associated
with chronic exposure to heavy metals in CHMs, HQ values were de-
termined (Table 3). The mean HQ values for the average population’s
exposure to heavy metals were in the following order : As > Hg >
Pb > Cd > Cu, which was consistent with a previous study on the
health risks of traditional animal medicines [66]. All HQ values of Pb,
Cd, and Cu for a total of 2245 batches of CHMs were lower than 1,
which demonstrated that the non-carcinogenic risks caused by Pb, Cd,
and Cu in CHMs were within the typical human tolerance range. In
another study, the health risks of Pb and Cd associated with fish species
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Table 4
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CR for As and Pb for average and high exposure population, respectively, due to ingestion of different types of CHMs.

Medicines Average exposure population High exposure population
Pb As Pb As

Argy Wormwood Leaf 9.41 x 1077 311 x107° 6.08 x 107° 1.36 x 107
Morinda Root 1.33x 107° 1.88 x 10~° 7.62 x 107° 1.05 x 10™*
Peppermint 3.66 x 1077 1.16 x 10~° 2.36 x 10~° 7.14 x 107°
Plantain Herb 6.21 x 1077 5.30 x 107° 4.27 x 107 3.75 x 1074
Szechwan Lovage Rhizome 1.87 x 1077 6.09 x 107° 9.01 x 1077 3.06 x 107°
Rhubarb 6.79 x 1078 3.94x107° 5.82 x 1077 4.44 x 1075
Chinese Date 4.79 x 107° 3.87 x 1077 5.39 x 1078 2.20 x 107
Chinese Angelica 1.02 x 1077 1.82 x 107° 4.49 x 1077 1.20 x 10™*
Tangshen 6.25 x 1078 1.07 x 10~° 2.98 x 1077 4.09 x 107°
Zedoray Rhizome 3.99 x 1077 3.28 x 107° 3.56 x 107° 1.87 x 107°
Barbary Wolfberry Fruit 4.21 x 1078 2.47 x 107° 473 x 1077 1.17 x 10~°
Snowbellleaf Tickclover Herb 4.57 x 1077 1.66 x 10~° 2.64 x 107° 9.73 x 107°
Safflower 2.05 x 1077 1.61 x 10°° 1.18 x 107° 8.89 x 107°
Golden Thread 6.00 x 1077 7.61 x 107 5.17 x 107° 473 x 107°
Baical Skullcap Root 1.03 x 1077 1.03 x 1077 7.64 x 1077 8.85 x 107°
Japanese Honeysuckle Flower 6.23 x 1077 7.33x 1078 1.05 x 1077 572 x 107°
Chrysanthemum Flower 1.77 x 1077 9.51 x 107° 1.05 x 107° 5.52 x 107°
Bitter Apricot Seed 1.06 x 1077 5.99 x 1077 9.28 x 1078 5.81 x 10~°
Common Coltsfoot Flower 2.34 x 1077 2.28 x 107° 2.54 x 107° 1.46 x 10~*
Longtube Ground Ivy Herb 4,92 x 1077 1.96 x 10~° 3.30 x 107° 2.52 x 1074
Southern Magnoliavine Fruit 1.83x 1077 6.41 x 107° 1.88 x 107° 2.44 x 107°
Indian Madder Root 1.13 x 107° 6.82 x 1075 7.54 x 107° 3.69 x 1074
Ginseng 8.84 x 1078 1.90 x 10™° 8.10 x 1077 1.14 x 10~°
Senchi 1.84 x 1077 1.77 x 10~° 2.55 x 107°¢ 1.27 x 1074
Perilla Fruit 1.57 x 1077 7.50 x 107° 2.46 x 107° 9.19 x 1075
Cape Jasmine Fruit 1.44 x 1077 9.16 x 107° 6.92 x 1077 8.45 x 107°
Turmeric Root Tuber 1.16 x 1077 3.06 x 107 6.83 x 1077 2.27 x 107°
Chinese Magnoliavine Fruit 9.68 x 1078 3.98 x 107° 1.88 x 107° 2.44 x 107°
Peach Seed 7.90 x 1078 2.89 x 107° 7.24 x 1077 2.84 x 107°
Spine Date Seed 6.63 x 1078 422 x107° 1.21 x 107° 9.77 x 107°
Dyers Woad Leaf 3.37 x 1077 2.57 x 107° 1.96 X 107° 1.79 x 10~
Perilla Leaf 3.86 x 1077 1.98 x 107° 3.15x 107° 1.07 x 10™*

consumed by the Sistan population were investigated, and revealed
similar results [67]. The target hazard quotients (THQ) of Pb and Cd
were both below 1, revealing an almost safe level of heavy metal
contents in the fish [67]. Similarly, the health risk index (HRI) values of
Pb, Cd, and Cu suggested that there were no potential health risks for
both adults and children from the consumption of Acipenser persicus
caviar from the Southern Caspian Sea [68]. However, results from this
study regarding the health risks associated with As and Hg exposure
were notable. As and Hg exist in both inorganic and organic chemical
forms in nature; however, different species display different tox-
icological characteristics. Inorganic arsenic species, including As III and
As V have high toxicological effects and have been listed as group I
carcinogens without threshold by the International Agency for Research
on Cancer (IARC). However, organic arsenic, found mainly as arseno-
sugar and arsenolipid, is relatively nontoxic. Among the different forms
of Hg, MeHg is the most toxic form that is readily accumulated and
biomagnified in food chains. With protecting consumers in mind, it was
presumed that all the As species in the present study were the most
toxic inorganic species and all Hg species were the most hazardous form
(MeHg). As a result, 30 types of samples had <1 HQ values for As.
However, the HQ values for As in plantain herb (1.179) and Indian
madder root (1.514) were larger than 1. A similar scenario was ob-
served in a study conducted in Iran. Djahed et al. investigated the heavy
metal contents in rice and found that the calculated HQ for As was
larger than one (5.23), indicating non-carcinogenic adverse effects
[63]. For Hg, the HQ values in 31 types of CHMs in this study were
below 1. However, it was discovered that the HQ value of Hg in mor-
inda root was slightly higher than 1.

The HI values of the average exposure population (HIa) of most of
the CHMs were <1, demonstrating that the ingestion of these samples
posed no significant risk to human health (Fig. 2). However, the total
contribution of Pb, Cd, As, Hg, and Cu led the Hla to be higher than one

for argy wormwood leaf (1.326), morinda root (2.095), plantain herb
(1.540), chrysanthemum flower (1.146), and Indian madder root
(2.826), indicating that people may experience harmful systemic effects
related to heavy metals by consuming these five types of CHMs. Gen-
erally, As and Hg contributed greatly to the Hla. Argy wormwood leaf,
plantain herb, and Indian madder root accumulated a high level of As,
contributing primarily to the HIa (>0.5), increasing the Hla to con-
cerning levels. Morinda root and chrysanthemum flower raised the in-
gestion of Hg and contributed greatly (>0.5) to the Hla. The con-
tributions of different heavy metals to the Hla from argy wormwood
leaf can be ranked in the following ascending order: Cu < Hg <
Cd < Pb < As. For morinda root, they can be ranked in the following
ascending order: Cu < Cd < As < Pb < Hg. For plantain herb: Cu < Cd
< Hg < Pb < As. For chrysanthemum flower: Cu < Pb = Cd < As <
Hg, and for Indian madder roots: Cu < Cd < Pb < Hg < As.

When it was presumed that all the As and Hg species were the most
hazardous chemical forms, the risk assessment results of the high ex-
posure population were not as optimistic as the results of the average
exposure population (Fig. 3). Except for Chinese date, barbary wolf-
berry fruit, and ginseng, the HI values (HIh) of the other 29 types of
CHMs were above 1.

4.3. Carcinogenic risk assessment

In the present study, it was assumed that all of the As species in
CHMs existed in the most toxic inorganic form. Based on the statistical
data (Fig. 4, Fig. 5, and Table 4), it was clear that for the average ex-
posure population, all CR values of Pb and As associated with 32 types
of CHMs were lower than 1 x 10~ “. These results suggested that the
carcinogenic risks associated with the exposure of Pb and As of all CHM
categories analyzed in this study were acceptable. A similar scenario
was observed for groundwater in southwestern Nigeria [69], as the CR
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values were found to be below acceptable levels. For the high exposure
population, all CR values of Pb were <1 X 10~ % however, the CR
values of As associated with argy wormwood leaf, morinda root,
plantain herb, Chinese angelica, common coltsfoot flower, long tube
ground ivy herb, Indian madder root, sencha, dyers woad leaf, and
perilla leaf approached or exceeded 1, and the systemic effects of these
CHMs may be of concern. Another study involving an investigation by
Fallahzadeh reported that the cancer risk for Pb was high in ground-
water samples in Ardakan in 2016 during four seasons [25]. In addition,
our previous study on traditional animal medicines revealed that the CR
value of As for earthworms was higher than the permissible level [66].

4.4. Guidelines

Various exposure pathways of heavy metals are possible in humans,
including inhalation through the nose and mouth, skin contact, and oral
intake via the food chain [70]. Compared to direct ingestion, which is
the main exposure pathway for humans, other pathways could be
negligible. Therefore, to evaluate the potential health risks, the HQ, HI,
and CR values of heavy metals in CHMs were determined in the present
study. To the best of our knowledge, there is no guideline for assessing
the health risks of contaminants in TCMs. Given the distinctive differ-
ences between TCMs and food, the National Medical Products Admin-
istration (NMPA) systematically designed and took great efforts to de-
termine the crucial parameters for heavy metal risk assessments. This
involved determining the exposure frequency and exposure duration
from a large amount of questionnaire data, in order to obtain a realistic
and refined risk assessment model applicable to TCMs. Notably, the
safety factor for TCMs and the transfer rates of heavy metals from
herbal medicinal materials to decoctions or preparations were high-
lighted. For the first time in China, we determined a risk assessment
methodology can be used to evaluate the risks from heavy metals in
many CHMs. Furthermore, in order to better improve the population’s
health, a national guideline denoted the “Guideline of risk assessment
of exogenous harmful residues in traditional Chinese medicines” has
been developed by our study and will be launched in the 2020 edition
of the Chinese Pharmacopeia manual [71]. The topics in the guideline
mainly include the definition of risk assessments of exogenous harmful
residues in TCMs, terms, principles, and basic procedures of the risk
assessment. In addition, another guideline named “Technical Guide-
lines for Risk Assessment of Heavy Metals in Herbal Medicines” has
been established and submitted to the International Regulatory Co-
operation for Herbal Medicines (IRCH) of the WHO. The contents of the
guidelines include the background, scope, glossary, risk assessment
procedure, complement, annex, and references for heavy metal risk
assessments. These guidelines are significant for practically and scien-
tifically evaluating and controlling possible health risks from heavy
metals in TCMs, and provide guidance for the formulation and revision
of regulatory standards of heavy metals in TCMs, as well as guide the
clinical use of TCMs. B

4.5. Safety standard for heavy metals

Considering the public confidence in the safety of CHMs, the NMPA
decided to supervise and take efforts to develop a scientific and prac-
tical safety standard for heavy metals in CHMs. A safety standard
should be established based on the results from the risk assessment. If
the regulatory limit on heavy metals is too strict, it will hinder the
economic development of regions that produce CHMs; conversely, if the
limit is too relaxed, it may lead to health risks. A practical and scientific
heavy metal safety standard for CHMs will enable regions to conserve
resources while ensuring public safety, maintaining a balance between
health risks and economic progress. Based on the risk assessment model
established in this study, the formula for the maximum theoretical limit
of heavy metals in the 2020 edition of the Chinese Pharmacopoeia was
revised. Furthermore, based on this formula and risk control theory,
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which considered factors involved in economic development, human
cognition, history, and culture, for the first time in China, the heavy
metal safety limit guidance values for a diversity of CHMs have been
recommended in the Chinese Pharmacopoeia.

4.6. Heavy metal remediation approaches

In the interest of public health, enhanced awareness of ecological
environmental protection and remediating areas contaminated with
heavy metals is highly recommended in China. The management and
control of heavy metal contamination require both international and
local efforts. Furthermore, physical, chemical, and biological remedia-
tion approaches are encouraged to remove or control heavy metals in
contaminated sites [72,73]. Physical remediation includes methods of
soil replacement, electro-kinetic remediation, and thermal treatment.
Chemical remediation may include chemical stabilization, solidifica-
tion, and soil washing. Bioremediation is an eco-friendly and cost-ef-
fective method compared to the conventional physical and chemical
methods. The principles of bioremediation include decreasing the so-
lubility of heavy metals by changing pH, redox reactions, and adsorp-
tion from polluted environments [74]. Bioremediation can be realized
by microorganisms or plants, by altering biochemical pathways to block
heavy metal uptake, converting metals to innocuous forms using en-
zymes, and reducing intracellular levels of heavy metals using precise
efflux systems [74].

4.7. Proposed research on probabilistic assessment

Risk assessment is associated with the uncertainty that may arise
from variability in the levels of toxins, uncertainty in the estimation of
parameters, a lack of accurate knowledge, and data scarcity [75,76].
Overestimation or underestimation of a risk assessment occurs when
these uncertainties are neglected. Generally speaking, there are two
approaches to perform a health risk assessment: point estimates and
probabilistic approaches. When single-point input parameters are used
in a risk assessment, uncertainty may occur. To overcome this problem,
the mean and P95 for the CDI, HQ, HI, and CR values were calculated in
the present study. Recent studies have reported on the Monte Carlo
simulation technique, which applies a probability risk assessment in the
field of food and the environment [75-78]. In the analysis of a Monte
Carlo simulation, the probabilistic behavior of the risk assessment
model is determined, and the uncertainty is described not only by the
probability distribution of the inputs, but also by random numbers and
statistical methods. Additionally, sensitivity analysis can be accom-
plished based on Monte Carlo simulation results, in order to analyze the
most influential variables determined in the risk assessment [75-78].
For example, Miri et al. assessed the health risks of exposure to poly-
cyclic aromatic hydrocarbons at home and kindergarten for pre-school
children using 1-hydroxypyrene as a biomarker. The sensitivity analysis
results showed that the concentration of 1-hydroxypyrene had the
greatest impact in the risk assessment results [76]. Therefore, a prob-
abilistic approach using Monte Carlo simulations will be explored in our
further studies on TCMs.

5. Conclusion

Health risk assessment findings on exposure to heavy metals in-
dicated that consumption of most CHMs would not pose an un-
acceptable health risk to the average exposure population, except for
argy wormwood leaf, morinda root, plantain herb, chrysanthemum
flower, and Indian madder root. In addition, a CR assessment for Pb and
As revealed that, for the average exposure population, the risk of de-
veloping cancer was quite low. However, the P95 of the HI and CR
values indicated that more attention should be paid to the systemic
effects of CHMs in terms of both non-carcinogenic and carcinogenic
health risks for the high exposure population. Given the distinctive
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differences between CHMs and food, we built a risk assessment model
that is able to scientifically evaluate the risks of heavy metals in diverse
and wide-ranging CHMs. This model does this through a comprehensive
application of exposure frequency, exposure duration, safety factor, and
transfer rates of heavy metals. This model has led to national and in-
ternational guidelines being established. Furthermore, the formula of
maximum limit theoretical value of heavy metals recorded in the 2020
edition of the Chinese Pharmacopoeia has been revised. We hope this
study provids insight into the risk assessment and safety standard of
heavy metals in CHMs, and sheds light on the standardization and in-
ternationalization of TCMs, with the main purpose of improving public
health by scientifically using TCMs to treat diverse complex diseases.
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