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Abstract As medicinal plants can accumulate harm-

ful metals from the native soil, people’s consumption

of these materials may cause the human body to

accumulate toxic metal elements. This has given rise

to people’s concerns about the quality and safety of

Chinese medicinal materials. This research aims to

determine the levels of Cr, Ni, Cu, Zn, As, Cd, Hg and

Pb in four medicinal plant species (Aster tataricus L.f.,

Salvia miltiorrhiza Bge, Radix Aucklandiae, Scutel-

laria baicalensis Georgi) and their native soil. All

samples were collected from Qian’an city, beside

Yanshan Mountain Range in Tangshan city, east

Hebei Province, north China. The contents of heavy

metals we detected in the soil conformed to the current

limits. However, the Cd and Hg in the soil had a very

high potential ecological risk because of their contents

higher than the base level of local soil. The contents of

Cu, Cd, Hg and Pb in some medicinal herbs exceeded

the standards. The content of Cu in Radix Aucklandiae

exceeded the standard by 3 times, and others exceeded

the standard by less than one time. The comprehensive

health risk assessment of heavy metals with chronic

non-carcinogenic effects for human body showed that

none of the four medicinal herbs can create a health

risk. Thus, there is no strong positive correlation

between heavy metal pollution in medicinal herbs and

that in the native soil. Further research should be

investigated to the connection between the heavy

metal levels in the soil and plants, and the compre-

hensive effects of soil, air and irrigation water on

heavy metal pollution of Chinese herbal medicines.

We also recommend that Chinese herbal medicines

should be cultivated and gathered only from controlled

or uncontaminated areas.

Keywords Chinese herbal medicine � Soil � Heavy

metals � Ecological risk assessment � Health risk

assessment

Introduction

Chinese herbal medicine is a valuable resource of

traditional medicine in China. It has been used for
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thousands of years and has been widely spread to

countries all over the world (Cheng, 2000). Mean-

while, it is also playing a vital role in the treatment of

COVID-19 (Y. Li et al. 2020; Liu et al. 2020).

Although Chinese herbal medicine is commonly

perceived as natural and harmless remedy, it has

potential safety hazard, such as excessive of heavy

metals and toxicity (Zeiner & Juranović Cindrić,

2017). With the popularization of Chinese medicinal

materials, people have paid more attention to the

health and safety of Chinese medicinal materials.

Excessive accumulation of pollutants, particularly

heavy metal pollution, in the soil of crops or herbal

medicine has been in the limelight due to its bioam-

plification function and durability (Hu et al. 2014;

Jiang et al. 2018).

Some heavy metals are essential to the organism,

such as Cu, Mn and Zn, which serve as part of proteins

and enzymes in human body with the function of

enhancing interaction and deactivating enzyme activ-

ity; however, they may also cause chronic poisoning

after accumulation in some organs of the human body

(Ur Rehman et al., 2018). Therefore, it is harmful for

human body to ingest too much essential heavy metals.

Meanwhile, other heavy metals are unnecessary and

toxic to the organism. Herbal medicines may contain

high amounts of harmful metals for hardly biodegrad-

able, such as As, Cd or Pb, which could be absorbed

from soil via roots, from air via wet or dry deposition or

after being contaminated during processing (Adey-

olanu et al., 2016; Zeiner & Juranović Cindrić, 2017).

Thus, they are enriched in human body by food chain

for thousand folds, which is equal to biological

amplification (C. Liu, Qin, et al., 2018; Liu, Wang,

et al., 2018; Nagajyoti et al. 2010). The World Health

Organization (WHO) has established maximum con-

centration limits for harmful elements in order to

ensure the safe use of herbs (1996). China, as well as

the rest of the world, has also posed strict limits on the

contents of heavy metals in soil (AEPA, 1995;

Environment, 2018) and in medicines (MFTEC,

2005) (Commission, 2020) with the purpose of ensur-

ing human health. However, this will not fully

guarantee all Chinese herbal medicines conformance.

The contents of heavy metals in herbal medicines often

exceed safety limits especially if they have been cultivated

or collected in contaminated areas (Barthwal et al., 2008;

Glavač et al., 2017). As a matter of fact, the quality of

herbs is decisively influenced by the environment (soil,

nutrients, pollution, etc.) where they have been grown

(Bonari et al., 2018; Zeiner & Juranović Cindrić, 2017).

Therefore, many reports focused on the health risk

assessment of heavy metals in Chinese herbal medicine

(Nan et al., 2020; Wang et al., 2019; Zuo et al., 2020a; Zuo

et al., 2020b), as well as environmental and health risk

assessment in soils (Z. Li et al., 2014; Yang et al., 2018).

However, a few researches discussed comprehensively

both on the herbals and its native soil (Glavač et al., 2017;

Jalali & Karimi Mojahed, 2020). Soil is not only the

growing environment but also one of the main sources of

heavy metal pollution of herbal medicines (Glavač et al.,

2017). Therefore, it is vital to detect the metal levels and

assess hazard in herbs and their native soil, so as to ensure

the quality and safety of herbs and to determine any

potential contamination.

The herbs studied in this paper named Aster

tataricus L.f.(short for AL), Salvia miltiorrhiza

Bge(short for SB), Radix Aucklandiae (short for RA)

and Scutellaria baicalensis Georgi (short for SG),

respectively, which are commonly used in China. The

main purpose of this paper was to determine the heavy

metal pollution status of these four Chinese herbal

medicines and their native soils and to assess the

ecological and health risk for them. We have tested 8

harmful elements, including Cr, Ni, Cu, Zn, As, Cd,

Hg and Pb, to conduct their risk assessment.

Materials and methods

Study area and sample collection

Qian’an City (N 39�510 * 40�150, E

118�260 * 118�550), nestling at the southern foot of

the Yanshan Mountains and along the bank of the

Luanhe River, is located in the northeast of Hebei

Province, China. It has a typical semi-humid monsoon

climate. The experimental samples were collected

from medicinal planting area in Qian’an City, in the

fall of 2014 and 2015. The sampled area was shown in

Supplementary Fig. 1. According to the principle of

grid method, 10 sampling areas were selected in the

medicinal planting area, and samples were collected

from 7 sample points. In each sampling site, one herb

sample and one native soil sample were collected and

brought back to the laboratory for drying. The specific

sample information is shown in Supplementary

Table 1.
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Analysis of the heavy metal in the samples

The powdered samples of both the soil and herbals

(0.2 g each) were sieved through a 100-mesh screen,

digested with HNO3 (Premium pure, Sigma, USA)

using a microwave digestion system (MARS X

System, CEM Corporation, USA). The digestion

programs used are shown in Supplementary Table 2.

After digestion, the residual acid was driven at 150 �C
until the digestion solution volumes were reduced to

about 1 mL and transferred to a 50-mL volumetric

flask which was treated by pre-soak acid to remove

heavy metals, then washed and diluted with 1% HNO3

to 50 mL. The digestion solution was filtrated

(0.45 lm, PES filter, China). Then analysis of the

total contents of heavy metals (Cr, Ni, Cu, Zn, As, Cd,

Hg and Pb) in herbs and soils was carried out by

Inductively Coupled Plasma Mass Spectrometry (ICP-

MS) (Agilent 7500a, Agilent Technologies, USA)

based on the following method (shown in Supple-

mentary Table 3).

The standard fluid information used in ICP-MS was

as follows: standard solution of Cr, Ni, Cu, Zn, As, Cd,

Hg, Pb (National Research Center for Reference

Materials, China); internal standard solution of Sc,

Ge, Y, Tb, In, Bi (Agilent Technologies, USA); mass

spectrometric tuning solution of Li, Ce, Y, Tl, Co

(Technologies, USA).

For analytical quality control, blank and duplicate

samples were used during the process. To compensate

for the signal drift and matrix effects, an internal

standard was added to the blanks, calibration standard

and samples. The relative standard deviation (RSD) of

the 8 elements was between 1.2% and 3.8%, and the

recovery rate was from 86.3% to 107.2%.

Evaluation model of heavy metal pollution in soil

Hakanson’s evaluation model was applied in the

present paper to evaluate the pollution level of the soil

at the medicinal planting area (Hakanson, 1980). There

are various models to evaluate the ecological risk of

heavy metals in soils, such as Nemerow’s Pollution

Index (NPI), Geoaccumulation Index (Igeo), Pollution

Load Index (PLI) (Mohammadi et al., 2020; Tang et al.,

2019). Well Hakanson’s ecological hazard index

method is a widely recognized quantitative ecological

risk assessment index, taking into account not only the

concentration but also the toxicity of heavy metals

(Hakanson, 1980). Although first put forward in 1980,

the index is still in use today (Long et al., 2021;

Mohammadi et al., 2020). The formulas are as follows:

Ci
f ¼

Ci

Ci
n

ð1Þ

Ei
r ¼ T i

r � Ci
f ð2Þ

RI ¼
Xm

i

Ei
r ¼

Xm

i

T i
r � Ci

f ¼
Xm

i

T i
r �

Ci

Ci
n

ð3Þ

In Eq. (1): Ci
f is the pollution coefficient of heavy

metal i in the soil; Ci is the measured concentration of

heavy metal i (mg kg-1); Ci
n is the soil background

value of heavy metal i (mg kg-1);

In Eq. (2): Ei
r is the potential ecology of heavy

metal i; Ti
r is the hazard index which represents the

toxicity coefficient of heavy metal i;

The biotoxicity coefficient of nine heavy metals is

defined by the potential ecological hazard index

method as (Y. Liu, Qin, et al., 2018; Liu, Wang,

et al., 2018): Hg = 40[Cd = 30[As = 10[
Cu = Ni = Pb = 5[Cr = 2[Mn = Zn = 1;

In Eq. (3): RI is the aggregate potential ecological

hazard index of every determined heavy metal in the

soil. The evaluation criteria are shown in Table 1.

Non-carcinogenic health risk assessment of heavy

metals in Chinese herbal medicines

The potential non-carcinogenic risk assessment adopts

the target hazard quotient method (THQ) to evaluate

the health risks for long-term use of heavy metal

elements. The THQ method, proposed by the US

Environmental Protection Agency (USEPA), can

provide information about the potential hazards of

heavy metals to the human body and has been applied

to risk assessment of heavy metals in many studies

(Yang et al., 2018; Li et al., 2014; Zhou et al., 2018).

The formula is as follows:

Table 1 Standards of potential ecological risk index (Hakan-

son, 1980)

Ei
r Ecological risk

level

RI Ecological risk

level

\ 40 Slight \ 150 Slight

\ 80 Medium \ 300 Medium

C 80 Strong C 300 Strong and above
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EDI ¼ Ci � FIR � ED � EF

WAB � TA
ð4Þ

THQ =
EDI

RfD
ð5Þ

In Eqs. (4) and (5), EDI (estimated daily intake)

represents the daily average intake of heavy metals

i (mg kg-1 d-1);Ci is the average content of heavy metals

i in platycodon grandiflorum (mg kg-1); EF represents

the frequency of exposure (d a-1); ED indicates the basic

years (a);TA indicates the contact time (d);WAB indicates

the average body weight of adults, which is calculated in

terms of 60 kg; FIR indicates users’ daily intake of herb

based on Chinese Pharmacopoeia (g person-1 d-1). In

Formula (2);THQ represents the target hazard coefficient;

RfD is the daily maximum allowable intake of heavy

metal i (mg kg-1 d-1), whose value refers to the long-

term oral exposure reference dose prescribed by USEPA

of the USA and the daily allowable intake prescribed by

the WHO (USEPA, 1998). The criterion for evaluation

using this model is that when THQ\1, the effect of oral

intake of heavy metal i on human health is not obvious.

When THQ[1, the exposure of this pathway may cause

non-carcinogenic risk.

When multiple heavy metals are present, they may

cause more harm to the human body than single

harmful heavy metal. Therefore, in order to evaluate

the harm of various heavy metals to human health, we

apply the total hazard indexHI to indicate the total size

of non-carcinogenic risks under the pollution of

various heavy metals. The formula is as follows:

HI =
Xm

i¼1

THQi ð6Þ

In Formula (6), HI is the hazard index, and THQi is

the target hazard coefficient of heavy metal i. When

HI B 1.0, it means that the human body will not

subject to obvious non-carcinogenic damage, and

when HI[ 1.0, it indicates that the risk of harm to

human health is very high.

Statistical analysis

All measurements were taken using triplicate samples.

Data were expressed as mean ± SD. All data were

statistically processed using the SPSS 20.0.

Results and discussion

Heavy metals in the soil of Chinese herbal

medicine planting area

The concentrations of heavy metals in herbal soils

showed a large variation. The measured values of Cr,

Ni, Cu, Zn, As, Cd, Hg and Pb in the collected soils

samples are shown in Table 2. In this table, we listed

the limits of heavy metal content stipulated in the

Table 2 The contents of 8 elements in soil

Elements Elements contents (mg kg-1) Environmental

quality standard for

soilsa

Risk control standard for soil

contamination of agricultural

landb

Soil of AL Soil of SB Soil of RA Soil of SG First-class National

Soil Environment

Standard

Risk screening values#

Cr 12.02 ± 0.49 12.43 ± 0.52 17.72 ± 0.65 11.80 ± 0.24 90 150

Ni 6.47 ± 0.36 6.25 ± 0.24 8.80 ± 0.48 6.18 ± 0.23 40 60

Cu 5.38 ± 0.32 5.61 ± 0.47 8.62 ± 2.79 5.22 ± 0.32 35 50

Zn 20.67 ± 4.97 22.60 ± 4.48 23.72 ± 5.84 20.62 ± 3.2 100 200

As 4.44 ± 0.41 4.62 ± 0.43 5.19 ± 0.43 4.37 ± 0.18 15 40

Cd 0.16 ± 0.02 0.17 ± 0.01 0.21 – 0.02* 0.16 ± 0.02 0.2 0.3

Hg 0.16 – 0.17* 0.13 ± 0.17 0.40 – 0.30* 0.19 – 0.08* 0.15 1.3

Pb 12.84 ± 1.22 12.07 ± 0.68 15.71 ± 2.03 12.84 ± 0.96 35 70

Annotation: * means exceeding national Grade 1 soil standards; # all the screened values were selected for non-paddy fields and the

minimum value at the lowest pH; a reference (AEPA, 1995); b reference (Environment, 2018). Values were highlight with bold,

which means higher than the standards instead of representing a statistical difference
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abolished Environmental Quality Standard for Soils

(GB15618-1995) (AEPA, 1995) and the newly issued

Soil Environmental Quality Risk Control Standard for

Soil Contamination of Agricultural Land (GB15618-

2018) (Environment, 2018). The levels of heavy

metals in the soils of the four areas conformed to the

two standards except Hg. The soil of RA planting area

has a higher Hg content than that in other three areas

(0.40 ± 0.30 mg kg-1), and the SB soil has the lowest

Hg content (0.13 ± 0.17 mg kg-1). Supplementary

Table 3 listed the information of the over-standard

sample number and maximum over-standard multiple

of soil samples. As it is known that the mean level for

Hg in the world’s soil is 0.03 * 0.10 mg kg-1, the

background level for Hg in China is 0.038 mg kg-1,

and the benchmark value for Hg in the eastern area of

Hebei is 0.013 mg kg-1 (Hangxin et al., 2014). In this

research, all the levels of Hg we determined in the soil

were over the benchmark value, but below the control

value, which indicated that there is a potential

contamination of Hg in this area.

There are many sources of mercury pollution in the

soil, among which human production and living are

the main aspects. Jiang’s research (Jiang et al., 2018)

has suggested that, within the area he studies, the

exhaust emission from industrial chimneys contributes

to varying levels of mercury pollution in the soil.

Song’s data (Song et al., 2010) had shown that sewage

irrigation was the main way to cause mercury pollu-

tion in the soil. A large amount of heavy metal-

containing wastewater discharged into rivers will

result in mercury contamination of irrigation water;

the amount of mercury deposited by the atmosphere

into farmland is 3.54 g hm-2, which is about twice the

amount of mercury input into irrigation sewage and

will lead to mercury pollution in soil (Jiang et al.,

2018). Thus, finding and controlling mercury pollution

sources may be a critical method to reduce soil heavy

metal pollution in this area.

Ecological risk assessment of heavy metals in soil

of herbal planting base

The method of potential ecological hazard index was

used to evaluate the ecological risk of metal elements

in soils.Ci
f stands for average pollution coefficient,

which resulted from comparing the measured values

with the benchmark value of elements in the soil of

eastern area of Hebei (Guo et al., 2007). As shown in

Table 3, the levels of heavy metals in the soil were

lower than the benchmark value except Cd and Hg.

The Cd and Hg contents generally exceeded the

baseline values in the four sampling areas. This result

suggested that there might be contamination of these

two elements at the sample collection site. The RI

indices of the four sampling areas were 488.70,

728.81,1011.77 and 597.73, respectively, which indi-

cated that the soil faced great ecological risks of the

heavy metals we determined. According to these

results, the heavy metals Hg and Cd provide greater

contribution to the total ecological hazards, about 80%

ecological hazards deriving from Hg. Considering the

comparison of average concentrations with corre-

sponding background values, Cd and Hg were

regarded as the main pollutants in the herbal soils we

studied.

Therefore, controlling the mercury content in the

soil is a direct way to address the potential ecological

risks in the region. Although the content of Cd

(biotoxicity coefficient value: Hg = 40[Cd = 30)

(Y. Liu, Qin, et al., 2018; Liu, Wang, et al., 2018)

exceeded the reference value of this region, it did not

exceed the national soil standards. However, the

ecological risk of Cd in this region is also very

significant. Cai et al. showed that the two elements Hg

and Cd have the most serious external superposition,

and the concentration of them in the shallow soil was

higher than that in the deep (Cai et al., 2016). Sun et al.

investigated the levels, sources, and spatial distribu-

tion of heavy metals in soils from a typical coal

industrial city (he studied the same city as ours). They

mentioned that the concentrations of metals were

below the baseline values. However, most of the soil

samples were contaminated with slightly to moder-

ately levels of mercury and cadmium. This is consis-

tent with the research results of this paper (Sun et al.,

2019).

The application of risk screening values should be

case-by-case. The contents of Hg and Cd in these four

regions meet the soil risk screening criteria, but have a

very strong ecological risk. In addition to their strong

biotoxicity coefficient, a large part of the reason is

related to the local reference value. The reference

values of Hg and Cd in this selected area were

1.3 9 10–2 mg kg-1 and 8.1 9 10–2 mg kg-1,

respectively (Guo et al., 2007). The measured values

in the soil in this area are much higher than the
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reference values. The level of heavy metals in natural

soil is low, while the heavy metals content in soil

elevates due to artificial factors such as intensive

agriculture, industrialization, urbanization (Bhatti

et al., 2017; Sun et al., 2019). The contaminative of

heavy metals in soil came from not only sewage

irrigation and atmospheric deposition (Sun et al.,

2019), but also the chemical fertilizers and pesticides,

since these agrochemicals contain metals such as Cr,

Cd, Hg, Pb (Bhatti et al., 2016). Industry and

agriculture in this research area are very developed.

Therefore, all these human factors may induce the

contents of Hg and Cd in the soil in this area exceeding

the baseline value and pose a serious ecological risk.

Further researches on the source of soil heavy metals

are of great significance for controlling heavy metal

pollution in the soil.

Contents of heavy metals in Chinese herbal

medicine

As shown in Table 4, the content variation of Cr in

Aster was relatively large, with a maximum value of

14.804 mg kg-1 and a minimum value of

0.742 mg kg-1. Its average value is significantly

higher than that in other traditional Chinese medicine

we determined. However, the limit value of this

element is not stipulated in the pharmacopoeia. The

toxicity of Cr increased along with the rise of acidity

of the soil and closely related to its valence (do

Nascimento et al., 2018). The toxicity of Cr (III) was

less than that of Cr (VI) (Rizlan et al., 2007). In this

paper, the total content of Cr was detected but not

distinguish the valence state of Cr.

The 2020 Edition of The Chinese Pharmacopoeia

prescribed the limits of heavy metals and harmful

elements in Chinese medicinal materials (Commis-

sion, 2020). The pharmacopoeia prescribed that the

content of Pb shall not exceed 5 mg kg-1, with Cd not

exceeding 1 mg kg-1, As not exceeding 2 mg kg-1,

Table 3 Ecological hazard assessment of heavy metal metals in soil

Elements Soil evaluation of AL Soil evaluation of SB

Ci
f Ei

r
RI Ci

f Ei
r

RI

Cr 0.18 ± 0.01 0.38 488.70

Strong ecological risk

0.21 ± 0.03 0.42 728.81

Strong ecological riskNi 0.27 ± 0.02 1.31 0.30 ± 0.06 1.49

Cu 0.28 ± 0.02 1.48 0.32 ± 0.05 1.61

Zn 0.40 ± 0.09 0.43 0.41 ± 0.08 0.41

As 0.66 ± 0.06 6.86 0.71 ± 0.06 7.05

Cd 2.75 – 0.31* 84.11# 2.03 – 0.23* 60.85

Hg 12.55 – 13.34* 391.11# 16.34 – 14.97* 653.85#

Pb 0.64 ± 0.06 3.02 0.62 ± 0.04 3.12

Elements Soil evaluation of RA Soil evaluation of SG

Ci
f

Ei
r RI Ci

f
Ei
r RI

Cr 0.27 ± 0.01 0.54 1011.77

Strong ecological risk

0.18 ± 0.00 0.36 597.73

Strong ecological riskNi 0.37 ± 0.03 1.84 0.26 ± 0.01 1.35

Cu 0.45 ± 0.17 2.27 0.27 ± 0.02 1.42

Zn 0.45 ± 0.13 0.45 0.40 ± 0.06 0.4

As 0.77 ± 0.08 7.71 0.65 ± 0.03 6.59

Cd 2.54 – 0.28* 76.07 2.65 – 0.29* 82.45#

Hg 22.97 – 16.84* 918.95# 14.52 – 6.04* 501.95#

Pb 0.79 ± 0.18 3.93 0.64 ± 0.05 3.21

Annotation: * means higher than the local surface reference value; # indicates prominent ecological risk. Values were highlight with

bold, which means higher than the standards instead of representing a statistical difference
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Hg not exceeding 0.2 mg kg-1, and Cu not exceeding

20 mg kg-1. The Green standards of medicinal plants

and preparations for foreign trade and economy

(MFTEC 2005) stipulated that the content of heavy

metal Cd in Chinese herbal medicine should not

exceed 0.3 mg kg-1; thus, this study adopted the

standard as the limit value to calculate the excessive

heavy metal content.

According to Table 4, the concentrations of heavy

metals in herbs varied greatly. Cu content exceeded

the standard by 23.64% in AL and by 250.80% in RA.

Actually, the levels of Cu in all the samples of RA

(111.89 mg kg-1 * 53.44 mg kg-1) exceed accept-

able level (these data were not shown in this paper).

The level of Pb contained in RA exceeds the standard

by 40.29%. The Hg levels in SB and SG exceed the

legal values by 81.99% and 8.00%, respectively. In

addition, the information of over-standard herbal

samples is shown in Supplementary Table 5. As

shown in Table 3, Ci
f is the result of the comparison

between the measured value of heavy metals and the

reference value. When Ci
f is greater than 1, it indicated

that the content of the heavy metal exceeded the

reference value. Therefore, the concentration of Cd in

the soil is higher than the background value in the local

soil, so is the Hg concentration. However, the Cu

content in the soil was below the reference value (Guo

et al., 2007). This suggests that the situation of

excessive heavy metals in medicinal materials is not

consistent with that in soil.

Chinese herbal medicines, as well as other plants,

have various enrichment and absorption capacities of

specific heavy metals (Peng et al., 2018; Sarma et al.,

2011). Taking advantage of this peculiarity, some

researchers have developed soil remediation technolo-

gies by plants (Ashwini Waoo 2011). Tang et al.

showed that Cd had a higher translocation factors from

soil to root in rice (Tang et al., 2019). Bonari et al. also

mentioned that most of the trace elements analysis in

the medicinal herb showed significant differences

(Hypericum perforatum L.) (Bonari et al., 2018). He

considered that to assure the quality of herbal prod-

ucts, edaphic conditions and soil geochemistry fea-

tures of the cultivation areas should be nonnegligible

(Bonari et al., 2018). As we all known, the heavy metal

contents of plants are decisively influenced by the

environment where they are grown, such as soil,

irrigation water, air, agrochemicals, and other

conditions (Bonari et al., 2018; Haidu et al., 2017;

Zhang et al., 2016). Therefore, considering the char-

acteristics of planting environment comprehensively,

it is necessary to establish the site-specific screening

value to cultivate qualified medicinal materials (Tang

et al., 2019).

Health risk assessment of heavy metals in Chinese

herbal medicine

There are excessive levels of many heavy metals in the

Chinese herbal medicines we tested. Therefore, we

want to know the health risk of these medicines by

decoction. This study simulated the non-carcinogenic

health risks that metal elements might cause using the

target hazard quotients assessment model in Method

1.5. According to the provisions of The Chinese

Pharmacopoeia (Commission, 2020), the average

value of the maximum and minimum amounts

prescribed in the pharmacopoeia was used as the food

intake rate FIR in this evaluation model (7.5 g per-

son-1 d-1 for AL, 12.5 g person-1 d-1 for SB,

4.5 g person-1 d-1 for RA, 6.5 g person-1 d-1 for

SG). We assumed other values as: exposure frequency

EF = 90 (d a-1); exposure duration ED = 30 (a);

exposure time TA = 30 9 365 (d), average adult

weight WAB = 60 (kg); the reference does RfD came

from the weekly tolerable amount specified by the

World Health Organization or the safety limit spec-

ified by the US Environmental Protection Agency

(USEPA 2005).

In Table 5, the RfD and EDI values were shown.

These two indicators descript the daily limited intake

of heavy metals. As shown in Table 5, all the THQ

values of heavy elements were less than 1. The HI

values of the four Chinese herbal medicines were

8.84 9 10–2, 7.68 9 10–2, 9.53 9 10–2, 9.53 9 10–2,

respectively, all less than 1. This means the daily

intake of heavy metals meets international standards

under the assumptions of this study. It suggests that the

harmful elements ingested from the four Chinese

herbal medicines would not pose a non-carcinogenic

risk to human health according to the prescribed dose

of Pharmacopoeia.

However, the order of THQ values is slightly

different in special herb. In AL, the THQ values were

ranked in the order of As[Cu[ Pb[Cd[Hg[
Ni[Zn[Cr. Compared with Table 4 and Table 5,

although the content of As conforms to the national
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standard, itsEDI value is still very high and contributes

the most to HI. The contribution rates for HI of As and

Cu reached 21.60% and 21.56%, respectively. In SB,

the THQ order was ranked Hg[Cu[Ni[As[
Pb[Cd[Zn[Cr. The THQ value of Hg was

2.62 9 10–2, with a contribution rate of 34.11%. In

RA, the THQ values of Cu and Pb were 3.83 9 10–2

and 3.71 9 10–2 and accounting for 40.23% and

38.89% of the HI value contribution rate, respectively.

The order of THQ values was Cu[ Pb[Hg[Ni[
Cd[Zn[As[Cr. In SG, the THQ were in the

order of Cu[Hg[Cd[ Pb[Ni[As[Zn[
Cr, with the contribution rate for the HI value being

9.06 9 10–3 of Cu and 8.07 9 10–3 of Hg.

Humans can be exposed to various environmental

pollutants, including heavy metals, through a variety of

pathways, such as skin contact, inhalation, and food

chains. Oral ingestion is the main route of human

exposure in humans compared with other routes (Khan

et al., 2008). Therefore, this study has chosen oral

health risk assessment. The THQ calculation in this

paper was based on the data of adults, without

considering the age or other factors. There was thus a

certain deviation in the evaluation, which was similar

to the previous studies (Tang et al., 2019). Heavy metal

concentrations in herbs used to assess the health risk

were influenced directly by heavy metal bioavailability

in soils and translocation in plants (Huang & Yuan

2016). Previous studies had also point out that Cd was

more available to the rice plant than other heavy

metals, such as Zn, Cu, Cr, and Pb (Tang et al., 2019).

Zuo et al. reported that the bioaccessibility of Hg was

the lowest among the heavy metals they detected (Zuo

et al., 2020). They also pointed out that the assessment

of health risks based on the bioavailability of heavy

metals could avoid excessively high-level estimation

of health risks. In this study, the risk of non-carcino-

genicity calculated in Table 5 was much lower than the

danger level in the absence of bioavailability-based

health risk assessment of heavy metals. The risk value

may be lower, if the bioavailability, which value is

usually lower than 1, is taken into account (Tang et al.,

2019; Zhou et al., 2018; Zuo et al., 2020).

Although the heavy metals pose a high ecological

risk, their concentrations in the soil meet the national

standards according to current results. Herbs, planted

in these soils, should meet the specifications theoret-

ically. However, our results indicated that these four

Chinese herbal materials had varying degrees in

disqualification for heavy metals Cu, Cd, Hg or Pb

excess. According to the hypothetical model, oral

ingestion of herb heavy metals had no significant

impact on human health according to the assuming

model. Nevertheless, the selection of planting areas

for Chinese herbal materials should take into account

not only the contamination of heavy metals in soil, but

also the specific enrichment ability of plants (Bonari

et al., 2018; Tang et al., 2019; Zhang et al., 2016).

Conclusion

In the city of Qian’an, we explored the concentration of

heavy metals in four Chinese herbal medicines and

their native soil and evaluated potential ecological risk

in soil and health risk in herbs. The result suggested that

the contamination of heavy metals in herbs was not

directly proportional to that in its native soil. On the

one hand, the soil is exposed to significant pollution of

Hg and Cd, while the four herbs varied in contamina-

tion levels of Cu, Cd, Hg and Pb. Thus, soil may not be

the only sources of heavy metals for Chinese herbal

medicines, and herbs which planted in the same

environments may have different excessive levels

and kinds of heavy metals. As a consequence, selective

planting may help avoid the contamination of heavy

metals. On the other hand, the potential ecological risk

in soil and health risk in herbs was inconsistent. The

mercury exhibited high ecological risk in the four

planting areas by Hakanson’s ecological risk assess-

ment method. However, non-carcinogenic health risk

assessment results showed that the heavy metals

ingested by the four Chinese herbal medicines in

accordance with the pharmacopoeia would not pose a

non-carcinogenic risk to human health.

In the present study, the whole plant of herb is used

for the measurement of heavy metal contents. How-

ever, in Chinese herbal medicine decoction, only

specific parts, such as radix, are used in most cases.

The average weight in China instead of that in Hebei

Province was used in human health risk assessment.

We consider neither the bioaccessibility of heavy

metals in the food chain nor the fractions of heavy

metals in the soil. All these might cause some

uncertainty for the potential risk evaluation. Although

samples were collected from one region in the city and

there are thus certain limitations in this study, our

research provides guidance for planting Chinese
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herbal medicines selectively for the safety of heavy

metals, and exploring the comprehensive effects of

soil, atmosphere, irrigation water, etc., on the content

of heavy metals in plants.
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