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Arsenic in environmental health has caused public concerns all over the world. However,
high levels of arsenic residues in medicinal animals have not received enough attention.
Medicinal earthworms are consumed widely in China, but its arsenic potential health risks
to humans are unknown. This work investigated the total concentration, bioaccessibility,
and speciation of arsenic in earthworms by ICP-MS and HPLC-ICP-MS to evaluate its
potential health risks to humans. Arsenic was found in all earthworms at concentrations
ranging from 0.4 to 53.6 mg kg−1. The bioaccessibility of arsenic (bAs) varied significantly
and ranged from 12.1 to 69.1%, with inorganic arsenic (iAs, including As(III) and As(V)) as
the predominant species. Furthermore, a small amount of arsenobetaine (AB) was found.
The estimated daily intake dose (EDI), hazard quotient (HQ), and carcinogenic risk (CR) of
arsenic in most of the samples exceeded the safe threshold level. Results from this study
indicated that the potential health risks by the consumption of earthworms may not be
negligible. Herein, recommendations for the use of earthworms and regulatory
recommendations for arsenic limit standards were proposed. This study reminds us
that more control and monitoring of arsenic in medicinal animals should be carried out.
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INTRODUCTION

Arsenic in environmental health has caused public concerns in the world. Human exposure to
arsenic is mainly through water and food (Yan et al., 2017; Ma et al., 2017). Among them, the
traditional Chinese medicine (TCM) with a high arsenic content is the main way for human exposure
to arsenic (Li et al., 2019; Liu et al., 2018). In recent years, higher arsenic residues in medicinal
animals have attracted worldwide attention because these different species of arsenic are often
absorbed into the food chain by animals and gradually passed to the end consumer, which leads to
potential health risks (Wang Y et al., 2018). Most animal medicines that are in direct contact with the
environment have arsenic residues, which leads to the accumulation of metal elements in their own
tissues (Sánchez-Virosta et al., 2018; Peng et al., 2017). Earthworms are a typical animal medicine
representative. The frequency of the use of medicinal earthworm is very high in China, and the
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arsenic’s potential health risks to humans are unknown. Until
now, most of the limited regulations are for botanicals in the 2020
edition of the Chinese Pharmacopoeia (Chinese Pharmacopoeia,
2020), but only five medicinal animals such as leech are
considered. Earthworms, being mainly distributed in Alpine
regions in Shanghai and Guangzhou of China, have a long
history of use in TCM. It is also an important ecological
animal that plays an important role in the health of soil
ecosystems by improving soil texture, enhancing
decomposition, aeration, and water permeability (Geiszinger
et al., 1998; Wang et al., 2019). The metal elements enriched
in the earthworms serve as prey for the transfer of elements from
soil throughout the food chain (Saxe et al., 2001; Ozaki et al.,
2019). In-depth research is needed to assess potential health risks.

Most researchers focus on the correlation between arsenic and
soil in earthworms in many studies. The scientists used the total
arsenic (tAs) in the earthworm to reflect the arsenic
contamination in soil, which was used as an indicator of soil
pollution (Wang Z et al., 2019). The study found that when the
concentration of arsenic in soil ranges from 16 to 348 mg kg−1,
the arsenic content in the earthworms ranges from 6 to
239 mg kg−1 (Pass et al., 2014). Toxicological data indicate that
adult earthworms exposed to arsenic up to 2,000 mg kg−1

(Langdon et al., 2009; Anderson et al., 2013) resulted in higher
mortality. It was found that arsenic in earthworms was mainly
present in the body cavity fluid (Porfido et al., 2019). In addition,
many studies have focused on the relationship between arsenic
and intestinal flora in the earthworm (Pass et al., 2014; Wang
et al., 2019; Zhou et al., 2019).

Arsenic in medicinal earthworms has received little attention.
Previous studies have focused on the bioaccumulation of metal
elements in soil by earthworms, and only a few of these studies
have detected tAs (Geiszinger et al., 1998; Moriarty et al., 2009).
Some researchers have also analyzed five traces of organic arsenic
such as AB, MAV, DMAV, TMAO, and arsenosugar 1 and
arsenosugar 2 (Button et al., 2011). However, all these studies
are not based on simulated in vivo digestion and do not reflect the
real health risks of arsenic in medicinal earthworms. Arsenic in

the earthworm must be dissolved in the gastrointestinal tract
before it is absorbed into the blood, which may cause toxic effects
(Ečimović et al., 2018). Hence, it is necessary to reveal the
bioaccessible arsenic (bAs) species in the earthworm.

Arsenic toxicity was usually overestimated by considering the
tAs concentration only in previous studies (Zhu et al., 2013). In
fact, the species of arsenic is closely related to its toxicity (Wang
et al., 2016; Xiao et al., 2018). Inorganic arsenic (iAs) is generally
more toxic than organic arsenic (oAs) (Li et al., 2019). Hence, the
hypothesis of this study is that arsenic and its speciation in
medicinal earthworm need to be clarified, and bioaccessible
arsenic needs to integrate the characteristics of earthworm use
for health risk assessment. In this study, medicinal earthworms
were investigated for the total concentration, bioaccessibility, and
speciation of arsenic by inductively coupled plasma mass
spectrometry (ICP-MS), high-performance liquid
chromatography, and inductively coupled plasma mass
spectrometry (HPLC-ICP-MS). The potential health risks to
humans were evaluated according to the result. Meanwhile,
recommendations for the use of earthworms and regulatory
recommendations for arsenic limit standards were proposed.
This study contributed to the determination of toxicity, safety
evaluation, and risk assessment of arsenic in medicinal
earthworms.

MATERIALS AND METHODS

Standards and Reagents
Ultrapure water (18.2 MΩ cm, Direct-Q 3, Millipore, Bedford,
United States) was used in the preparation of standards, mobile
phase, and extraction solutions. Nitric acid (HNO3, 65.0%) was of
ultrapure quality (Merck, Munchen, Germany). Ammonium
carbonate ([NH4]2CO3, analytical reagent grade) and purified
pepsin were obtained from Beijing Chemical Reagent Co.
(Beijing, China). The other reagent chemicals used were of
analytical reagent grade or better. Stock solutions of AB,
methylarsonic acid (MMA), dimethylarsinic acid (DMA),

TABLE 1 | Sample information.

Code Location Source Code Location Source

1 Shanghai Market (Bozhou) 16 Guangdong Pharmacy (Beijing)
2 Hainan Market (Bozhou) 17 Shanghai Pharmacy (Beijing)
3 Shanghai Market (Bozhou) 18 Jilin Market (Bozhou)
4 Anhui Market (Bozhou) 19 Anhui Market (Bozhou)
5 Shanghai Market (Bozhou) 20 Shanghai Pharmacy (Beijing)
6 Shanghai Market (Bozhou) 21 Shanghai Market (Bozhou)
7 Guangdong Market (Bozhou) 22 Guangdong Market (Bozhou)
8 Guangxi Market (Hehuachi) 23 Guangdong Market (Hehuachi)
9 Shanghai Market (Hehuachi) 24 Shanghai Pharmacy (Beijing)
10 Guangxi Market (Hehuachi) 25 Anhui Market (Bozhou)
11 Shanghai Market (Anguo) 26 Guangzhou Pharmacy (Beijing)
12 Shanghai Pharmacy (Beijing) 27 Guangdong Pharmacy (Beijing)
13 Shanghai Market (Bozhou) 28 Guangdong Pharmacy (Beijing)
14 Guangxi Pharmacy (Beijing) 29 Hebei Market (Anguo)
15 Fujian Market (Hehuachi) 30 Hebei Market (Anguo)
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arsenocholine (AsC), arsenite (As(III)), and arsenate (As(V))
were purchased from the National Institute of Metrology
(Beijing, China). The tAs standard solution (100.0 μg ml−1)
was obtained from the National Institutes for Food and Drug
Control. Standard working solutions of AB, As(III), AsC, DMA,
MMA, and As(V) were prepared by diluting stock solutions
immediately before use. The germanium standard liquid
(Agilent Technologies, Folsom, CA, United States) was used as
an internal standard to ensure the stability of signals.

Sample Collection and Preparation
A total of thirty earthworms were purchased from a pharmacy in
2018 in Beijing city or traditional herbal medicine markets
(Table 1). These samples weighed approximately 50 to 100 g.
All samples were authenticated by Mr. Shuai Kang, who was an
associate researcher on the identification of medicinal materials
in the National Institutes for Food and Drug Control (NIFDC).
The sample was pulverized and passed through a sieve of 0.3 mm
to obtain powder. All sample powders were stored at 4°C until
analysis. The voucher specimens were deposited in the NIFDC,
Beijing, China.

Bioaccessible Arsenic Extraction
Approximately 0.5 g of the sample powder was weighed into a 50-
ml polyethylene centrifuge tube with addition of 10 ml simulated
gastric juice. Briefly, the simulated gastric juice was prepared
using 10 g of purified pepsin and 16.4 ml of diluted nitric acid
diluted to 1,000 ml with deionized water. After sealing with a lid,
the tube was placed on a vortex apparatus for 1 min to mix the
extractant and sample powders thoroughly, and then the mixture
was extracted by shaking in a water bath at 37°C for 6 h. After
centrifuging at 6,000 rpm for 5 min, the supernatant was
decanted into a 15-ml polyethylene centrifuge tube and stored
at 4°C. Prior to analysis, the solutions were filtered through a 0.45-
μm cellulose acetate membrane.

Total Arsenic Determination by ICP-MS
Samples used to determine the tAs were digested using a MARS 5
microwave digestion system (CEM, United States).
Approximately 0.5 g of the sample was weighed into a PTFE
digestion tube, and then 8 ml of HNO3 was added in sequence.
The microwave digestion program was as follows: heating for
3 min to 120°C and holding for 3 min, heating for 2 min to 150°C

TABLE 2 | Operating conditions of HPLC and ICP-MS.

ICP-MS parameter

RF power 1,550 W
Plasma gas flow 15.0 L min−1

Carrier gas flow 1.05 L min−1

Isotopes monitored 75As
Quadrupole bias −16.0 V
Octopole bias −18.0 V
Dwell time for each isotope 0.1 s
HPLC conditions
Analytical column Dionex IonPacTM AS7 anion exchange column (250 mm × 4.6 mm, 10 μm)
Mobile phase A H2O
Mobile phase B 100 mM (NH4)2CO3

Injection volume 10 μl
Flow rate 0.8 (ml min−1)
Column temperature Ambient temperature
Gradient program Time (min) A% B%

0–3 90–50 10–50
3–4 50–0 50–100
4–11 0 100
11–13 0–90 100–10
13–17 90 10

TABLE 3 | Analytical performances of HPLC-ICP-MS.

Arsenical Linear equation Linear range
(ng ml−1)

R2 LODs (pg) Recovery

Original value
(ng ml−1)

Amount added
(ng ml−1)

Average recovery
(%)

RSDs (%)

AB y = 0.9974x + 0.9020 10–500 0.9999 10 NDa 103.31 105.7 0.50
As(Ⅲ) y = 1.0104x - 3.6351 10–500 1.0000 30 2.84 100.00 100.5 2.4
DMA y = 1.0031x - 1.0833 10–500 0.9999 30 ND 99.26 102.9 0.93
AsC y = 1.0108x - 3.7885 10–500 0.9995 10 ND 101.57 105.7 1.3
MMA y = 0.9994x + 0.1978 10–500 0.9999 10 ND 100.13 100.2 0.89
As(Ⅴ) y = 0.8560x + 50.4050 10–500 1.0000 10 ND 99.80 92.69 1.5

aNot detected.
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and holding for 3 min, and heating for 2 min to 200°C and
holding for 12 min. After cooling, the solution was then
transferred to a polyethylene flask and diluted with the
deionized water to 50 ml. All samples were filtered through
0.45-μm membrane filters before determination by ICP-MS
(Agilent 7700X, Agilent Technologies Co., United States). The
operating conditions for ICP-MS are summarized in Table 2.

Arsenic Speciation Analysis by
HPLC-ICP-MS
High-performance liquid chromatography (HPLC, Agilent 1,260,
Agilent Technologies Co., United States) coupled with ICP-MS
was used for the determination of arsenic species in the extracted
solutions. This method was further optimized on the basis of the
previous study (Zuo et al., 2018). The detailed operating
parameters for HPLC-ICP-MS are listed in Table 2. The
separation of six arsenic species including AB, As(III), DMA,
AsC, MMA, and As(V) was performed in an anion exchange
column run. The signal was monitored and collected in the time-
resolved analysis (TRA) mode, and the polyatomic interference
(e.g., 40Ar35Cl+ at m/z 75) was eliminated by a collision/reaction
cell (Jia et al., 2018).

Analysis, Quality Assurance, and Quality
Control
For quality assurance, a certified reference material (CRM), citrus
leaves (National Institute of Metrology, Beijing, China), was used
during the tA measurement by ICP-MS. The tA concentration in
citrus leaves was 1.0 ± 0.06 mg kg−1, which agrees well with the
certified value (1.1 ± 0.2 mg kg−1). For the speciation analysis, the
methods were validated by calculating several quality parameters.
The analytical performances of HPLC-ICP-MS are shown in
Table 3. The limits of detection (LOD) for AB, As(III), DMA,
AsC, MMA, and As(V) were 10, 30, 30, 10, 10, and 10 pg,
respectively, with a linear range from 10−1 to 500 ng ml−1. The
spiked recoveries for different arsenic species were in the range
from 92.69 to 105.7%, with relative standard deviations (RSDs) in
the range from 0.89 to 2.4% (n = 6). Meanwhile, a procedural
blank was analyzed in this study.

Health Risk Assessment
In order to assess the health risks of arsenic in earthworms, the
following formulas were used (USEPA, 1989):

EDI � C × IR

BW
, (1)

where EDI (μg kg−1·day) is the estimated daily intake of arsenic, C
(mg kg−1) is arsenic concentration, IR (g day−1) is the earthworm
intake for an adult from the Chinese Pharmacopoeia 2020
(Chinese Pharmacopoeia Committee, 2020), and BW (kg) is
the body weight of the consumer. The values of IR and BW
for consumers are 10.0 g day−1 and 60.0 kg, respectively.

HQ � EDI

RfD
×
EF × ED × 10

AT
, (2)

where HQ is the hazard quotient of arsenic, RfD is the oral
reference dose (μg kg−1 day−1) with value 0.3 μg kg−1 day−1

(USEPA, 2015), EF is the exposure frequency (90 days year−1)
(Zuo et al., 2019), ED is the exposure duration (20 y), AT is the
average exposure time (25,550 days) (Liu et al., 2013; Liu et al.,
2018), and 10 is a safety factor, which means that the amount of
arsenic consumed by TCM and its preparations per day is not
greater than 10% of the total daily exposure (including food and
water). If the HQ＞1, toxic risk exists, with an increasing
possibility as the value increases.

The carcinogenic health risk (CR) to iAs from earthworm
consumption was evaluated from the following equation:

CR � EDI × SF ×
EF × ED × 10

AT
, (3)

where SF (kg day μg−1) is the cancer slope factor set by the
USEPA only for iAs (USEPA, 2015; Jia et al., 2018; Liu et al.,
2018). The SF value for iAs was 1.5 × 10−3 kg day μg−1.

RESULTS AND DISCUSSION

Optimization of Chromatographic
Separation Conditions
The HPLC-ICP-MS method in this study was further
optimized. First, anion exchange columns were selected with
mobile phases ([NH4]2CO3 and water). We compared the two
columns (Dionex IonPacTM AS7 and PRP-X100) and found
that only five arsenicals were separated with the PRP-X100
column. All these arsenicals have broad chromatographic peaks
and some even trailing. Conversely, the Dionex IonPacTM AS7
column had strong elution ability, and six arsenicals were
separated well.

Second, the salt of the mobile phase was screened. We
investigated the effects of the same concentration of
(NH4)2CO3, NH4H2PO4, (NH4)2HPO4, and CH3COONH4

solutions on the separation. We found that (NH4)2CO3 has a
good effect on the separation of six arsenicals, and the peak shape
well and the baseline noise lower. Furthermore, the ratio of
(NH4)2CO3 was explored using three levels (50, 100, and
150 mM L−1). The results show that change in the salt ratio
has a greater impact on the retention time of DMA and the
least on AB. The level 100 mM L−1 was selected according to the
optimal conditions.

Finally, different flow rates were optimized. The experiments
were carried out in flow rates of 0.5, 0.8, 1, and 1.2 ml min−1,
respectively. Studies have shown that the baseline noise became
larger as the flow rate increased; however, the As(III) peak tailed
when the flow rate decreased. In sum, the separation and elution
effect of 0.8 ml min−1 was better.

Analysis of Total Arsenic and Arsenic
Species in Earthworms
The results of tAs, bAs, and iAs analyzed in earthworms are
shown in Figure 1. The tA concentrations of a total of 30
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earthworm samples range between 0.4 and 53.6 mg kg−1.
Similarly, the range of bA concentrations are ranged from 0.1
to 37.1 mg kg−1 to iAs from 0.03 to 36.8 mg kg−1. Furthermore,
the proportion of bAs to iAs is high in earthworms. iAs and AB
were the only species detected in earthworms. As(III) and As(V)
from bioaccessibility were the predominant species, with a small
amount of AB (Figure 2). Also, the range of the As(III)
concentration is from 0.02 to 18.6 mg kg−1 and that of As(V)
from 0.01 to 18.2 mg kg−1. The concentration of AB is only
between 0.04 and 0.3 mg kg−1, and other organic arsenic is not
detected. A representative chromatogram is shown in Figure 3.
The analysis of bAs, speciation of arsenic (sAs) and iAs, and the
extraction rates using simulated gastric juice were 39, 41, and
38%, respectively (Figure 4). It should be noted that almost all
bAs are iAs. This result suggests that health risks of arsenic in
earthworms must be assessed.

The relationships of tAs–bAs and tAs–iAs were determined by
Pearson’s correlation analysis. Positive correlations with the

significance at 0.01 levels were determined between the
concentrations of tAs and most arsenic species. A positive
correlation was found between bAs and tAs (r = 0.974, p <
0.01), as shown in Figure 5A, indicating the concentration of bAs
was proportional to that of tAs. Similarly, iAs and tAs showed the
same trend (r = 0.977, p < 0.01). Apart from the concentration,
the percentages of sAs and iAs were used to investigate the
correlation with bAs (Figure 5B). Again, positive correlations
between the percentage of sAs and bAs (r = 0.976, p < 0.01) and
iAs and bAs (r = 0.988, p < 0.01) indicated that the concentrations
of sAs and iAs increased significantly with increasing bA
percentage in earthworm samples.

In addition, arsenic may have different binding states due to
the complexity of the animal drug matrix. For instance, arsenic

FIGURE 1 | Results of total arsenic (tAs), bioaccessible arsenic (bAs),
and inorganic arsenic (iAs) analyzed in earthworms.

FIGURE 2 | Arsenic species (arsenobetaine (AB) and arsenite (As(III)) and
arsenate (As(V)) from bioaccessibility in earthworms.

FIGURE 3 | Representative chromatogram of arsenic speciations
(arsenobetaine (AB), methylarsonic acid (MMA), dimethylarsinic acid (DMA),
arsenocholine (AsC), and arsenite (As(III)) and arsenate (As(V)) with sample
(No. 14) and standard (100 ng ml−1).

FIGURE 4 | Extraction rates using simulated gastric juice of
bioaccessible arsenic (bAs), speciation of arsenic (sAs), and inorganic
arsenic (iAs).
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was combined with proteins and polysaccharides, and the like. It
is difficult for these biomacromolecules to pass through the ion
exchange chromatography column due to the large molecular
weight, so that the arsenic-bound compounds cannot be detected
(Li et al., 2019). Hence, column recovery is also an important
factor in the detection of arsenic species. Column recovery can be
obtained by the ratio of arsenic detected to tAs extracted. In this
study, the column recovery ranged from 80.8 to 115.4%. The
recoveries ranged from 70 to 120%, indicating that bAs was
completely detected without other forms of arsenic-bound
compounds.

Binding State of Arsenic and Accumulation
in Earthworms
In this study, the bioaccessible arsenic of earthworms accounts for
an average of 39%, and almost all of them were iAs. In general,
trivalent arsenic is easily associated with biothiols, including
mammalian metallothionein (MT), a ubiquitous sulfur-rich
MT that coordinates a variety of metals (Ngu and Stillman,

2006). Until now, it has been found that the coordination of
arsenic in biological tissues is mainly As(III)-S, including non-
high accumulation plants, invertebrates, human blood cells, and
protozoa. These compoundsmay be involved in the accumulation
and transport of arsenic in organisms (Moriarty et al., 2009).
Some evidence indicated that arsenic can induce the expression of
MT in earthworms, which in turn can sequester arsenic in specific
cells and tissues (Wang et al., 2016). In fact, the chelation of
metals is promoted by chlorogenic cells. Chlorogenic cells
account for 30% of cells in the body cavity, and the
concentration of MT in the body cavity fluid is proportional
to the overall MT content (Allegretta et al., 2017). In sum, we
speculated that the prototype of arsenic in earthworms is
combined with MT.

Due to the metabolic needs and the enrichment ability of
various elements, earthworms have lived long in the soil, and
harmful elements such as arsenic are absorbed along with their
growth, which may cause arsenic enrichment and accumulation
(Buch et al., 2017). However, according to literature reports,
there is no direct correlation between iAs in earthworms and
soil (Geiszinger et al., 1998; Moriarty et al., 2009). It is
speculated that the demethylation of oAs in the absorption
of arsenic by earthworms may lead to highly toxic iAs.
Earthworms mainly absorb and enrich arsenic through the
skin and intestines (Button et al., 2012). It has been found
that the sources of oAs observed in earthworms include the
biotransformation of iAs in the soil by earthworms (Langdon
et al., 2001). Intestinal microbes are accumulated from the gut
intestines after transformation into As(V) (Langdon et al.,
2012).

AB may be derived from the biotransformation of arsenic,
the secondary metabolite of earthworms (Langdon et al., 2003),
which presumably converts highly toxic iAs into less-toxic oAs
in earthworms (Wang et al., 2016). Earthworms reduce the
bioavailability of arsenic by adsorbing and combining As(V).
Meanwhile, the effect of arsenic on the intestinal flora is
alleviated, thereby preventing the accumulation of iAs and
tAs in the intestinal tract (Wang et al., 2019). This
combination of other substances indirectly reduces the
toxicity of arsenic and increases the tolerance of earthworms.
The arsenic-bound states are unstable under acidic or alkaline
conditions. Almost all of them are easily released as free iAs in
the human body environment and have many potential
health risks.

Health Risk Assessment
The potential chronic health risks associated with long-term
exposure to arsenic from medicinal earthworm consumption
were evaluated through the calculation of EDI, HQ, and CR. As
shown in Figure 6A, the EDIs of the tAs, bioaccessible arsenic, and
iAs were in the range from 0.1 to 8.9, 0.02 to 6.2, and 0.004 to
6.1 μg kg−1 d−1, with an average value of 2.5, 1.3, and 1.3,
respectively. Among them, the percentages of earthworm’s EDI
in the three groups exceeded the daily intake reference dose
suggested by the USEPA (0.3 μg kg−1 d−1), which were 76.7, 56.7
and 56.7%, respectively. Therefore, the high EDI values of arsenic
showed that the earthworms posed a threat to human health.

FIGURE 5 |Correlations among total arsenic (tAs), bioaccessible arsenic
(bAs), and inorganic arsenic (iAs) in earthworm [(A) bAs: y = 0.6323x-1.8247, r
= 0.974, p＜0.01; (A) iAs: y = 0.6522x-1.8705, r = 0.977, p＜0.01; (B) sAs: y
= 1.1457x-0.0404, r = 0.976, p＜0.01; and (B) iAs: y = 1.2417x-0.1102,
r = 0.988, p＜0.01].
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As listed in Figure 6B, the HQs for tAs for 30 earthworms
were in the range from 0.2 to 21.0, and 23 of them were more
than one, indicating potential health risk to the consumers
(USEPA, 1989). HQs of both the bAs and iAs were in the
range from 0.1 to 14.5 and 0.01 to 14.4, with those in 17 samples
more than one.

According to Figure 6C, the CR value of iAs was between 4.5 ×
10−6 and 0.0065, with an average value of 0.0014, and the CR
value exceeded the specified range from 1 × 10−6 to 1 × 10−4 (Ma
et al., 2016). This result represented that continuous exposure to
iA contamination from consumption of medicinal earthworms
would pose a potential carcinogenic risk to the patients.

Recommendations for Use of Earthworms
and Their Arsenic Management
Medicinal earthworms are consumed widely in China due to their
specific pharmacological effect. It may be taken regularly by some
patient groups. According to the source of arsenic in earthworms, it

is difficult to improve and regulate the mechanism of arsenic
accumulation. For its arsenic health risks in earthworms, it is
related to the amount, time, and frequency of exposure. Consumers
can only change the frequency or amount of use to avoid ingesting
too much arsenic through the earthworms. Herein, we evaluated
different health risks (HQs and CRs) using different frequencies
and amounts of use for medicinal earthworms (Table 4). The
results indicated that usage with 3.5 g day−1 or frequency with
1 month year−1 has no health risks for consumers (based on bA
concentration and ED with 20 y). In this scenario, although there
are carcinogenic health risks, it is significantly lower than before.
Meanwhile, medicinal earthworms play a role in treating disease,
and patients need to accept the health risks caused by side effects. It
is different from food, and it is to treat diseases. Hence, usage with
3.5 g day−1 or frequency with 1 month year−1 can be used as a
reference for clinicians’ and consumers’ medication guidance.

The pollution of heavy metals in TCM is largely due to
environmental pollution. It cannot be improved in a short time.
Therefore, the development of a limited standard does not

FIGURE 6 | Total arsenic (tAs), bioaccessible arsenic (bAs), and inorganic arsenic (iAs) of health risks assessment with estimated daily intake dose (EDI, A), hazard
quotient (HQ, B), and carcinogenic risk (CR, C).
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fundamentally solve the problem of arsenic pollution in
medicinal earthworms. Arsenicals have a long half-life in the
human body and tend to accumulate in the body during long-
term exposure. Based on the earlier results from this study, we
can modify the usage and dosage in the instruction manual and
pharmacopeia standard. For instance, information such as the
dose and frequency of use must be clear. In addition, the reasons
for arsenic pollution in medicinal earthworms are further
needed to be determined, and the whole process of medicinal
earthworms production, including planting, irrigation,
harvesting, and processing must be monitored.

Arsenic in medicinal earthworms is also closely related to
clinics. It is difficult to reflect the true toxicity status under the
complex system of TCM that only pays attention to the toxic
ingredients and ignores the clinical factors. The clinical use of
earthworms is complicated, and different drug compatibility,
medication methods, medication cycles, and formulations are
all related to the safety of arsenic in medicinal earthworms.

First of all, there is a difference between earthworms alone and
their compatibility. Second, the toxic components of
earthworms are dissolved out during the decoction process.
Third, taking the earthworm course of treatment has an effect
on the toxic ingredients. Fourth, the different dosage forms of
earthworms can absorb the toxic ingredients in the body. In
addition to the aforementioned clinical factors, there are many
factors that affect the effects of toxic ingredients, such as
syndromes, age, and gender. In future research, we need to
focus on the safety of arsenic in earthworms based on the
effective treatment window and toxicity safety window of
arsenic, combined with the method of use and the target to
be treated.

CONCLUSION

Arsenic in TCM usually has caused public concerns in the world.
In this study, we described the species of bioaccessible arsenic in
medicinal earthworms (Figure 7). iAs were the predominant
species in earthworms, with a small amount of AB. Furthermore,
the potential health risk caused by the consumption of
earthworms may not be negligible. In addition, many
recommendations for the use of earthworms and regulatory
were proposed. The toxicity, safety, and health risks of arsenic
in medicinal earthworms were further clarified in this study. In
the future, we will focus on arsenic pollution prevention and
arsenic removal in medicinal earthworms to ensure its quality
and safety.

FIGURE 7 | Speciation and bioaccessibility of arsenic and its potential health risks in medicinal earthworms.

TABLE 4 | Hazard quotient (HQ) and carcinogenic risk (CR) with different
frequencies and amount of use for medicinal earthworms.

Usage/frequency HQ CR

1 g day−1 0.3 1 × 10−4

3.5 g day−1 1 5 × 10−4

10 g day−1 3 1 × 10−3

10 days year−1 0.3 1 × 10−4

1 month year−1 1 4 × 10−4

3 months year−1 3 1 × 10−3
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