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Abstract

Identification of composition characteristics of major and trace elements in wild mitten crabs (Eriocheir sinensis) 
from different water systems is important for protected geographical indication as well as food quality control 
and safety. In this study, inductively coupled plasma-mass spectrometry was employed to measure the contents 
of 23 elements in the muscle samples of wild Eriocheir sinensis from three water systems (Suifenhe, Nanliujiang, 
and Liaohe). The results of Kruskal–Wallis one-way ANOVA test comparisons revealed that most elements were 
significantly different in the samples collected from three water systems (P < 0.05). Geographic origin discrimi-
nation was achieved using principal component analysis in combination with hierarchical cluster analysis (HCA) 
and stepwise linear discriminant analysis (S-LDA). The HCA results showed the potential of eight characteristic 
elements for exploratory hierarchical clustering of the samples from three water systems; however, the clustering 
effect was unsatisfactory. The discrimination accuracy of S-LDA model for the samples from three water systems 
and that in cross-validation reached 100%. The health risk assessment further revealed that the normal level con-
sumption of wild Eriocheir sinensis did not pose an appreciable health risk to consumers.
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large natural populations in the Yangtze, Liaohe (LH), 
and Oujiang rivers were once the main source of origin 
for Eriocheir sinensis pond culture in China (Wang et al., 
2022a; Zhang et al., 2000). Owing to its benthonic and 
food habits, Eriocheir sinensis has a significantly higher 
enrichment capacity for heavy metals than fish (Yao  
et al., 2014; Zhao et al., 2012). Crustaceans have the char-
acteristics of rapid bioaccumulation and long residence 
time of trace elements in tissues and high sensitivity to 
changes in different physicochemical properties in aque-
ous environments. These properties make them suitable 
for serving as biomarkers for the health status assessment 

Introduction

Eriocheir sinensis, one of the important aquaculture spe-
cies in China (Che et al., 2022), is an aquatic animal with 
a life history of catadromous migration that mates and 
spawns in brackish estuaries, and the hatched megalopa 
migrate to freshwater for growth (Cheng et al., 2008). 
Eriocheir sinensis is widely distributed in the coastal 
water systems of China, from the Suifenhe (SFH) river 
system in Heilongjiang Province in the north to the 
Nanliujiang (NLJ) river system in Guangxi Zhuang 
autonomous region in the south. Among them, relatively 
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T﻿herefore, this study selected wild Eriocheir sinensis from 
three water systems in China (NLJ, SFH, and LH rivers) as 
instances to analyze the content of four major elements 
and 19 trace elements in their muscle samples, and 
attempted to identify and analyze their geographical  
origins based on the fingerprint characteristics of these 
elements. The present study provides a new method for 
tracing wild Eriocheir sinensis population to fill gap in  
element content analysis and population identification of 
wild Eriocheir sinensis. The present study directed to 
achieve the following three functions: (1) to reveal the 
content levels and composition characteristics of trace 
elements in wild Eriocheir sinensis from different water 
systems, (2) to elucidate multi-element fingerprints of 
wild Eriocheir sinensis to establish a traceable model based 
on chemometric analysis for discrimination of their geo-
graphical origin, and (3) to evaluate the potential health 
risks of consuming wild Eriocheir sinensis consumption to 
human health with the contents of trace elements.

Materials and Methods

Reagents and apparatus

Superior-grade pure nitric acid and hydrochloric acid 
were sourced from Merck (Germany). Internal standard 
solution (lithium [Li], scandium [Sc], germanium [Ge], 
rhodium [Rh], indium [In], terbium [Tb], lutetium [Lu], 
and bismuth [Bi]) at a mass concentration of 100 mg/L 
and tuning solution (Li, yttrium [Y], cerium [Ce], thal-
lium [Tl], and Co) at a mass concentration of 10 mg/L 
were procured from Agilent (USA). Standard solution 
(gallium [Ga], vanadium [V], chromium [Cr], cobalt 
[Co], nickel [N]i, selenium [Se], silver [Ag], arsenic [As], 
cadmium [Cd], lead [Pb], rubidium [Rb], mercury [Hg], 
cesium [CS], and uranium [U]) at a mass concentration 
of 0–20 μg/L and standard solution (sodium [Na], cal-
cium [Ca], magnesium [Mg], potassium [K], iron [Fe], 
manganese [Mn], barium [Ba], copper [Cu], and zinc 
[Zn]) at a mass concentration of 0–1,000 μg/L were 
brought from the National Research Center for Certified 
Reference Materials of China. High-purity argon and 
helium (purity ≥ 99.999%) were also used.

Additionally, instruments used in this study comprised 
inductively coupled plasma-mass spectrometry (ICP-MS) 
7500cx (Agilent) equipped with an octopole reaction sys-
tem (ORS), microwave-assisted digestion system MARSX 
(CEM, USA), and water purifier (Millipore, USA).

Sampling and preparation of Eriocheir sinensis

Samples of wild Eriocheir sinensis (n = 36) were collected 
in August 2021 from the NLJ (n = 12), SFH (n = 12), and 

of aquatic environments (Anandkumar et al., 2020a, 
2020b; Zhou et al., 2021). As a carrier of pollutants, 
Eriocheir sinensis can transfer trace elements to higher 
nutrition levels to harm human health. Therefore, it is of 
great significance for human health to detect the content 
of trace elements in Eriocheir sinensis as well as deter-
mine the health risk of consuming Eriocheir sinensis 
(Yang et al., 2022). With the increasing production of 
Eriocheir sinensis, its food safety has gradually attracted 
attention, and the contents of trace elements in cultured 
Eriocheir sinensis samples have been reported in various 
studies (Wang et al., 2021; Xue et al., 2022a; Zhao et al., 
2012). It has been illustrated that the contents of trace 
elements, such as Cu, Zn, Fe, and Mn, in the wild 
Eriocheir sinensis muscle samples are higher than those 
in cultured Eriocheir sinensis (Wu et al., 2020). However, 
the edible security evaluation of heavy metals in wild 
Eriocheir sinensis has not been reported.

The quality of wild Eriocheir sinensis living in different 
water systems varied greatly, especially the enrichment of 
trace elements. Considering its high commercial value, 
the rapidly developing industry of Eriocheir sinensis is 
confronted with problems, such as intended or unin-
tended error-tagging and falsified labels with respect to 
the origin, production method, or authentication. These 
problems seriously damage the rights of consumers and 
pose a great threat for marketing and human health (Bai 
et al., 2022; Xue et al., 2022b). In an attempt to improve 
the social and economic benefits of agricultural prod-
ucts, a series of origin traceability and protection mea-
sures, such as “protected geographical indications (PGI)” 
policy, have been taken to ensure food safety (Luo et al., 
2019). 

In order to avoid the confusing authentication of 
Eriocheir sinensis products with other similar products,  
it is important to determine their geographic origin. 
Multi-element-based origin discrimination technology 
can achieve relatively fast and accurate identification of 
the same species across different origins, thus showing a 
great potential for origin discrimination. Currently, the 
stated technology has been applied for identifying the 
origin of marine products, such as sea cucumber (Bai  
et al., 2021; Kang et al., 2018; Mamede et al., 2022) and 
agricultural products, such as alcoholic drinks (Gao et al., 
2022; Gajek et al., 2022), coconut oil (Amit et al., 2022), 
honey (Maria et al., 2020), tea (Zheng et al., 2020), and 
cultured Eriocheir sinensis (Luo et al., 2019). However, 
geographical origin tracing of wild Eriocheir sinensis 
based on multi-element analysis has not been investi-
gated so far. Being a type of agricultural product, no 
research has been conducted on the geographical origin 
of wild Eriocheir sinensis. Regional identification and pro-
tection could be achieved by establishing the multi-element 
traceability fingerprinting of wild Eriocheir sinensis.
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Protection Agency (USEPA) were used to evaluate the 
risk of each trace element in wild Eriocheir sinensis  
samples on human health (Qin et al., 2015; Wang et al., 
2021; Zhao et al., 2012). These values were calculated as 
follows:

	 EDI = [IR × C/BWa] × 10-3,� (1)

	 THQ = EDI/RfD, � (2)

where EDI is the estimated daily intake (μg/kg/d) of trace 
elements in human body, IR is the per capita daily intake 
of aquatic products (g/d, wet weight); IR = 23.7 g/d was 
selected in this study according to the nutrition and 
chronic disease surveillance of Chinese residents con-
ducted in 2015 (Disease Prevention and Control Bureau 
of National Health and Family Planning Commission of 
PRC, 2015); C represents trace elements in aquatic prod-
ucts (μg/kg, wet weight), and the mean value of C was 
calculated in this study; BWa is the mean adult body 
weight, calculated as 70 kg, RfD is the reference dose  
(μg/kg/d). THQ < 1 indicated no significant health risk, 
and THQ > 1 demonstrated a significant health risk.  
A larger THQ value represented a higher health risk.

Data processing

In this study, data were processed and tables and  
figures were generated using the Origin 2018 software 
(OriginLab, Northampton, MA, USA) and Excel 2016. 
Statistical analysis was carried out with the Statistical 
Package for Social Sciences software (version 22.0;  
IBM, USA). Differences in the multi-element profiles of 
wild Eriocheir sinensis samples from different water sys-
tems were analyzed utilizing Kruskal–Wallis one-way 
ANOVA test comparisons. The characteristic elements  
of samples collected from different water systems were 
screened using principal component analysis (PCA). The 

LH (n = 12) water systems of China. Wild Eriocheir sinen-
sis samples of similar size and age were chosen to decrease 
the influence of sampling site-specific factors. The body 
weight of samples ranged from 80 g to 100 g. The har-
vested Eriocheir sinensis samples were separately sealed in 
ziplock bags, numbered, and transferred immediately to 
the laboratory to prevent contamination during sampling 
and delivery. Prior to dissection, water on the body surface 
of Eriocheir sinensis samples was removed using absorbent 
paper, and the samples were weighed on an electronic 
scale. The limb and abdominal muscles were excised and 
homogenized. The harvested muscle samples were dried 
sufficiently in a vacuum freezer dryer to a constant weight, 
grounded, and strained through 100-mesh filter. Finally, 
the samples were preserved in dryer prior to testing.

Tests on samples

Microwave-assisted digestion
Glassware for tests was soaked overnight in concentrated 
nitric acid, dried after 3 rinses in ultrapure water, and 
retained for later use. The samples were accurately 
weighed on an analytical balance and 0.15-g samples were 
placed in a digestion tank. After that, the digestion was 
performed by adding 2.5-mL nitric acid (having a mass 
concentration of 65%), 0.5-mL hydrochloric acid (mass 
concentration of 37%) as well as 7.0-mL ultrapure water 
(Low et al., 2012). In order to fully digest the samples, the 
microwave digestion procedures were set by referring  
to the literature (Fan et al., 2013) after validation by the 
following experiment specifies: microwave power of 
1,600 W (50%); climbing temperature of 120°C, 150°C, 
and 190°C; heating time of 5 min; and holding time of 5, 
10, and 20 min. The post-digestion solution was collected 
in a 50-mL volumetric flask, with addition of 0.5-mL 
internal standard solution (100 μg/L), and the final vol-
ume was settled to 50 mL. The same method was used for 
the digestion of blank control solution without a sample.

Multi-elemental ICP-MS measurements 
After digestion, both samples and blank controls were 
measured by ICP-MS. The standard curves were plotted 
prior to each measurement. Tests were done when the 
fitness was greater than 99.9% under typical operating 
conditions (Table 1). In the process of sample analysis, 
we conducted parallel tests for each sample, and 10% of 
the samples were randomly selected for six repeated tests 
to examine test reproducibility. Prior to analysis, the 
standard substance was tested for qualification using  
the method reported by Qin et al. (2019).

Health risk assessment

The target hazard quotient (THQ) and estimated daily 
intake (EDI) values proposed by the US Environmental 

Table 1.  Operating parameters of ICP-MS (Agilent 7500 cx).

Operation parameters (optimized daily)

RF power 1,500 W

Reflected power <15 W

Carrier gas 1.03 L·min–1

Makeup gas 0.15 L·min–1

Collision gas He 4.0 mL·min–1

Nebulizer pump 0.1 revolutions/s (rps)

Uptake speed 0.4 rps

Uptake time 45 s

Stabilization time 30 s

Acquisition Spectrum (multi-tune)

Peak pattern Full quant (3)
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SFH water system, compared to those from NLJ and LH 
water systems (P < 0.05). This was probably attributed to 
the delayed sexual maturation of river crabs in SFH water 
system during the 2-year period of growth so that their 
life history extended to 3–4 years (Wang et al., 2022b). 
The increased period of growth by 1–2 years directly 
affected the accumulation of major elements in the mus-
cles of wild Eriocheir sinensis from SFH water system. 
The contents of six elements (Cu, As, Cs, Rb, Se, and Ag) 
were dramatically higher (P < 0.05), while the contents of 
four elements (V, Mn, Fe, and Ba) were lower (P < 0.01) in 
the samples collected from NLJ water system, compared to 
the samples from SFH and LH water systems. These results 
collectively demonstrated that the elemental composition 
in wild Eriocheir sinensis samples varied significantly in 
three water systems, which may be linked to regional vari-
ations in environmental conditions, such as geological 
background, climate, and pollution (Li et al., 2016).

Principal component analysis of multi-element  
contents in wild Eriocheir sinensis samples from three 
water systems

By reducing the dimensionality of complex data, repro-
ducible data were screened and original data were visual-
ized in the form of various principal components (PCs) by 
PCA to concentrate and typically represent the data char-
acteristics of original variables, thus fully reflecting the 
overall information (Ranamukhaarachchi et al., 2017; Xu 
and Wang, 2020). In order to observe the clustering results 
of the samples and the presence of outliers, 15 elements 
with significant differences in wild Eriocheir sinensis sam-
ples in the three water systems were subjected to Z-score 
processing, followed by PCA. The results showed that the 
variance contribution proportions of top three principal 
components were 44.10%, 34.12%, and 6.76%, respectively, 
and the total contribution proportion was 84.98%. These 
three principal components generally comprised most of 
the information on the contents and composition of differ-
ent elements that fully reflected the original data. Based on 
the loading patterns of principal components as shown in 
Figure 1, the main contributing elements that enriched the 
first principal component were Mn, Ca, Na, Fe, and Co in 
sequence; main contributing elements that enriched the 
second principal component were Zn and Cu in sequence, 
and the third principal component was mainly enriched by 
Pb. In all, eight elements (Mn, Ca, Na, Fe, Co, Zn, Cu, and 
Pb) were characteristic elements of wild Eriocheir sinensis 
samples collected from different water systems. After 
removing elements with highly overlapping information, 
the above-mentioned eight elements could collectively 
represent the data characteristics of original variables, 
providing basis for the construction of traceability models 
of wild Eriocheir sinensis samples from different water  
systems.

hierarchical cluster analysis (HCA) and stepwise linear 
discriminant analysis (S-LDA) were conducted on char-
acteristic elements to explore the feasibility of elements 
for discrimination of the geographical origin of wild 
Eriocheir sinensis samples and to establish a discriminant 
model.

Results and Discussion

Multi-element contents in wild Eriocheir sinensis samples 
from three water systems

In this study, the contents of 23 elements were deter-
mined in wild Eriocheir sinensis muscle samples from 
three water systems (SFH, NLJ, and LH rivers) (Table 2). 
The content proportion of heavy metals, such as Cd (<0.5 
mg/kg), Pb (<0.5 mg/kg), As (inorganic As <0.5 mg/kg), 
and Cr (<2.0 mg/kg) in all wild Eriocheir sinensis samples 
was much lower than the standard limit for crustacean 
aquatic products mentioned in GB 2762-2022 Limits of 
Contaminants in Foods (converted by 80% moisture con-
tent (State Health and Family Planning Commission of 
the People’s Republic of China, State Food and Drug 
Administration, 2022; Wang et al., 2022c). The data 
showed that the content of K in the wild Eriocheir sinen-
sis muscle samples from three water systems was higher 
than that of Na, indicating that wild Eriocheir sinensis 
muscles could be a good source of K in human food for 
maintaining K and Na balance in the body and exert cru-
cial role of K in maintaining the acid–base balance and 
osmotic pressure of the blood and body fluids. Among the 
trace elements in wild Eriocheir sinensis muscle samples 
from three water systems, Zn had the highest content, 
followed by Cu, which was significantly higher than that 
in the muscle samples of cultured river crabs (Luo et al., 
2019). Zn is an important coenzyme factor in animals 
involved in the synthesis of RNA, DNA, and protein and 
exerts a crucial role in regulating the absorption of other 
minerals and immune function (Chen and Luo, 2021). 

Kruskal–Wallis test is a nonparametric test to compare 
two or more continuous or discrete variables in groups 
without assuming a specific data distribution (Hong and 
Lee, 2014). The results of Kruskal–Wallis one-way 
ANOVA test on the elemental contents of wild Eriocheir 
sinensis in three water systems revealed significant differ-
ences in the contents of 10 elements (Na, Mg, K, Cu, As, 
Ni, CS, Hg, Cr, and Rb) (P < 0.05). The results also showed 
noticeable differences in nine elements, such as Ca, V, 
Mn, Fe, Co, Se, Ag, Cd, and Ba, between NJL and SFH 
water systems as well as between NJL and LH water sys-
tems (P < 0.05) but insignificant difference between SFH 
and LH water systems. In addition, the contents of major 
elements, such as Na, Mg, K, and Ca, were significantly 
higher in the Eriocheir sinensis samples collected from 
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Stepwise linear discriminant analysis based on character-
istic elements

Linear discriminant analysis was a supervised data classi-
fication method with known samples used as training 
sets under the premise of assumed sample classification, 
in which a discrimination model could be established 
based on correlations between samples of different  
categories and then applied to discriminate and classify 
unknown samples. A comprehensive and quantifiable 
origin traceability model was achieved. The “leave- 
one-out method” was used for cross-validation of model, 
that is, samples in the training set, except a certain sam-
ple, were used as the training set, and the relevant dis-
criminant function was established to discriminate 
samples (Luo et al., 2019). In this way, each sample could 
be used as a test set to verify the discriminant function 
established using the remaining samples, thereby exam-
ining the stability of discrimination model. S-LDA was 
performed to determine the most useful variables on the 
basis of LDA, to eliminate the interfering information, 
and to discriminate geographical origin with fewer vari-
ables (Mamede et al., 2022). In this study, characteristic 
elements (Mn, Ca, Na, Fe, Co, Zn, Cu, and Pb) derived 
from PCA were used to construct S-LDA model.  
The results exhibited that the predicted classification 
accuracy achieved for the samples from the three systems 
was 100%, and the discrimination accuracy in cross- 
validation reached 100% (Table 3).

Through this S-LDA model, two canonical discriminant 
functions (Function 1 and Function 2) were established 

Hierarchical cluster analysis based on characteristic 
elements

Hierarchical cluster analysis is an unsupervised data 
analysis for visualizing intrinsic structure of datasets 
without presuppositions about the origin of samples. 
HCA based on the measured characteristics can identify 
relatively homogeneous clusters in different sample 
groups (Zhang et al., 2020). For preliminary observation 
of discriminatory ability of eight characteristic elements 
(Mn, Ca, Na, Fe, Co, Zn, Cu, and Pb), these elements 
were used as variables to cluster the samples from three 
water systems using a systematic clustering method. 
Distance between samples was calculated through com-
plete clustering using Euclidean distance. The clustering 
results (Figure 2) demonstrated that cut in dendrogram 
at a Euclidean distance of 4 could roughly classify sam-
ples into three categories, with the first category consist-
ing of 9 samples, all from the SFH water system, the 
second category consisting of 12 samples, all from the 
NLJ water system, and the third category comprising 15 
samples (3 from SFH and 12 from LH water systems). 
Overall, the results of clustering analysis set up samples 
from the NLJ water system individually as a category; 
however, there was erroneous discrimination between 
SFH and LH samples, possibly because of the close geo-
graphical distance and similar fingerprint characteristics 
of geological and environmental background elements 
between two river systems. The clustering analysis sug-
gested that the aforementioned eight characteristic ele-
ments had certain ability in exploratory hierarchical 
clustering of samples from three water systems, although 
the clustering effect was not satisfactory.

Figure 1.  Principal component loading patterns of multi- 
element contents in wild Eriocheir sinensis samples from 
three water systems.
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Figure 2.  Hierarchical cluster analysis (HCA) heat map for geo-
graphic discrimination of wild Eriocheir sinensis samples from 
three water systems based on eight characteristic elements.
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respectively. Hg and As are global pollutants extensively 
distributed in the environment. After Hg and As pollut-
ants enter the water, they firmly bond with massive sus-
pended particulate matters present in the water, which 
are then sunk and adsorbed by sediments into the bot-
tom of the water. After pollution, their resolution rates 
are very slow (Jannetto and Cowl, 2023; Wang et al., 
2011). Aquatic organisms have a strong enrichment abil-
ity for As and Hg, and aquatic products are regarded as 
the main source of these two heavy metals for human 
consumption (Song et al., 2016; Sun et al., 2013). Hg 
entering aquatic products exists in the form of alkyl mer-
cury, in which methyl mercury is hypertoxic and easily 
penetrates the blood–brain barrier, causing severe dam-
age to the nervous system (Hedayati et al., 2012). As 
includes organic As and inorganic As, with stronger tox-
icity of inorganic As. Long-term exposure to inorganic 

with five elements (Na, Mn, Co, Cu, and Zn) finally 
screened from eight characteristic functions. Function 1 
demonstrated a variance contribution rate of 81.6% and 
Function 2 had a variance contribution rate of 18.4%. 
With Function 1 as abscissa and Function 2 as ordinate, 
wild Eriocheir sinensis samples from three water systems 
were visualized by scatter plots (Figure 3), which could 
intuitively reflect that discriminant functions achieved 
good classification results for the samples from these 
three water systems.

Human health risk assessment

A quantitative health risk assessment was conducted for 
19 detected trace elements (V, Cr, Mn, Fe, Co, Ni, Cu, Zn, 
Ga, As, Se, Rb, Ag, Cd, Cs, Ba, Hg, Pb, and U). The refer-
ence dose (RfD) of each element was decided as reported 
in the literature (Bai et al., 2022; Zhao et al., 2012; Zhou 
et al., 2021). The EDI of trace elements in human body 
was calculated based on the mean value of each trace  
element in wild Eriocheir sinensis samples (converted  
by 80% moisture content) (Wang et al., 2022c) using 
Equation (1), and the THQ of each trace element was cal-
culated using Equation (2), as outlined in Table 4. The 
EDI values of trace elements were lower than RfD values 
(Zhou et al., 2021). Additionally, the THQ value of each 
element in the muscle of wild Eriocheir sinensis from 
three water systems was less than 1. Therefore, normal 
(not excessive) consumption of wild Eriocheir sinensis 
would not be a significant health risk to consumers.

However, in this study, the THQ values of Hg and As 
were relatively high. The THQ values of Hg in wild 
Eriocheir sinensis from three water systems were 0.58, 
0.39, and 0.23, respectively, and the THQ values for As  
in three water systems were 0.25, 0.61, and 0.30, 

Figure 3.  Classification diagram of canonical discriminant 
functions
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Table 3.  The predicted classification and accuracy of discriminant function.

Classification resultsa,c

Original Cross-validatedb

Sampling 
region

Predicted group Total Sampling 
region

Predicted group Total

SFH NLJ LH SFH NLJ LH

Count SFH   12     0     0   12 SFH   12     0     0   12

NLJ     0   12     0   12 NLJ     0   12     0   12

LH     0     0   12   12 LH     0     0   12   12

% SFH 100.0     0     0 100.0 SFH 100.0     0     0 100.0

NLJ     0 100.0     0 100.0 NLJ     0 100.0     0 100.0

LH     0     0 100.0 100.0 LH     0     0 100.0 100.0

a100.0% of  original grouped cases were accurately classified.
bCross-validation was performed for analyzed cases only. In cross-validation, each case was classified by the functions derived from all cases 
except that case.
c100.0% of  cross-validated grouped cases were accurately classified.
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such as geological background and climate. These results 
suggest that the multi-element analysis combined with 
chemometrics is able to realize the discrimination of geo-
graphic origins in wild Eriocheir sinensis. The food health 
risk assessment demonstrated that the THQ values of the 
analyzed trace elements in wild Eriocheir sinensis muscle 
samples from three water systems were all less than 1; 
therefore, normal consumption of wild Eriocheir sinensis 
would not present an obvious health risk to consumers, 
but excessive consumption must be avoided. However, 
the THQ values of two elements, Hg and As, were rela-
tively high and should be enrolled as key monitoring ele-
ments in the future studies.
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As can lead to liver, kidney, and lung diseases as well as 
damage to the skin and reproductive and nervous sys-
tems. The International Agency for Research on Cancer 
(IARC) has classified As as a human carcinogen element 
(Tchounwou et al., 2012). Agricultural activities, indus-
trial discharges, and urban sewage were the three main 
sources of accumulation of heavy metals in wild Eriocheir 
sinensis. The use of additives and pesticides containing 
As must be strictly restricted, and exposure risk assess-
ment and sources of As and Hg must be further studied 
in wild Eriocheir sinensis.

Conclusions

In this study, inductively coupled plasma-mass spec-
trometry identified 23 elements in muscle samples of 
wild Eriocheir sinensis from three water systems, and the 
content proportion of heavy metals, such as Cd (<0.5 mg/
kg), Pb (<0.5 mg/kg), As (inorganic arsenic <0.5 mg/kg), 
and Cr (<2.0 mg/kg), in all Eriocheir sinensis samples was 
far below the standard limit stipulated in GB 2762-2022 
Limits of Contaminants in Foods. The elemental compo-
sition of different water systems has certain characteris-
tics. Three water systems exhibited significant differences 
in 10 elements, such as Na, Mg, K, Cu, As, Ni, Cs, Hg, Cr, 
and Rb (P < 0.01). Cd had no noticeable difference in 
three water systems, while other elements exhibited dif-
ferences of different degrees in three water systems, indi-
cating the impact of regional environmental conditions, 

Table 4.  Estimated daily intake (EDI, mg/kg/d) and target hazard quotient (THQ) of different elements in wild Eriocheir sinensis samples from 
three water systems.

Element EDI (mg/kg/d) RfD
(mg/kg/d)

THQ

SFH NLJ LH SFH NLJ LH

V 5.10×10−6 4.00×10−6 5.50×10−6 0.009 0.57×10−3 0.44×10−3 0.61×10−3

Cr 2.24×10−3 1.83×10−3 1.67×10−3 1.5 0.15×10−3 0.12×10−3 0.11×10−3

Mn 0.99×10−3 0.09×10−3 0.79×10−3 0.14 7.07×10−3 0.67×10−3 5.67×10−3

Fe 2.64×10−3 1.98×10−3 2.40×10−3 0.7 3.77×10−3 2.83×10−3 3.43×10−3

Co 9.23×10−6 6.88×10−6 6.90×10−6 0.03 0.31×10−3 0.23×10−3 0.23×10−3

Ni 0.15×10−3 0.12×10−3 0.11×10−3 0.02 7.46×10−3 6.07×10−3 5.51×10−3

Cu 3.05×10−3 3.63×10−3 2.55×10−3 0.04 76.3×10−3 90.9×10−3 63.8×10−3

Zn 11.6×10−3 11.9×10−3 9.42×10−3 0.3 38.7×10−3 39.8×10−3 31.4×10−3

Ga 2.14×10−6 2.13×10−6 2.01×10−6 0.3 7.12×10−6 7.09×10−6 6.71×10−6

As 0.08×10−3 0.18×10−3 0.09×10−3 0.0003 0.25 0.61 0.30

Se 0.07×10−3 0.11×10−3 0.07×10−3 0.005 14.0×10−3 22.0×10−3 13.9×10−3

Rb 0.43×10−3 0.96×10−3 0.25×10−3 0.005 0.09 0.19 0.05

Ag 8.60×10−6 15.9×10−6 8.97×10−6 0.005 1.72×10−3 3.19×10−3 1.79×10−3

Cd 0.17×10−6 0.46×10−6 0.24×10−6 0.001 0.17×10−3 0.46×10−3 0.24×10−3

Cs 0.78×10−6 25.5×10−6 0.57×10−6 0.001 0.78×10−3 25.5×10−3 0.57×10−3

Ba 0.28×10−3 0.11×10−3 0.36×10−3 0.2 1.40×10−3 0.55×10−3 1.81×10−3

Hg 0.06×10−3 0.04×10−3 0.02×10−3 0.0001 0.58 0.39 0.23

Pb 0.49×10−6 0.76×10−6 1.41×10−6 0.0015 0.32×10−3 0.51×10−3 0.94×10−3

U 0.17×10−6 0.16×10−6 0.05×10−6 0.003 0.06×10−3 0.05×10−3 0.02×10−3



Quality Assurance and Safety of  Crops & Foods 15 (4)� 141

Elemental analysis of  wild Eriocheir sinensis

Gajek, M., Pawlaczyk, A., Maćkiewicz, E., Albińska, J., Wysocki, P., 
Jóźwik, K. and Szynkowska-Jóźwik, M. I., 2022. Assessment of 
the authenticity of whisky samples based on the multi-elemental 
and multivariate analysis. Foods 11: 2810. https://doi.org/ 
10.3390/foods11182810

Gao, F.F., Hao, X.Y., Zeng, G.H., Guan, L.X., Wu, H., Zhang, L.,  
Wei, R.T., Wang, H. and Li, H., 2022. Identification of the geo-
graphical origin of Ecolly (Vitis vinifera L.) grapes and wines 
from different Chinese regions by ICP-MS coupled with chemo-
metrics. Journal of Food Composition & Analysis, 105: 104248. 
https://doi.org/10.1016/j.jfca.2021.104248

Hedayati, A., Zare, P. and Abarghouei, S., 2012. Effect of environ-
mental mercury on some hormonal parameters of the main 
Mariculture fish of Persian Gulf. Global Veterinaria 8: 43–50.

Hong, Y.C. and Lee, S., 2014. Kruskal-Wallis one-way analysis of 
variance based on linear placements. Bulletin of the Korean 
Mathematical Society 51: 701–716. https://doi.org/10.4134/
BKMS.2014.51.3.701

Jannetto, P.J. and Cowl, C.T., 2023. Elementary overview of heavy 
metals. Clinical Chemistry 69: 336–349. https://doi.org/10.1093/
clinchem/hvad022

Kang, X.M., Zhao, Y.F., Shang, D.R., Zhai, Y.X., Ning, J.S. and  
Sheng, X.F., 2018. Elemental analysis of sea cucumber from  
five major production sites in China: a chemometric approach. 
Food Control 94: 361–367. https://doi.org/10.1016/j.foodcont. 
2018.07.019

Li, L., Claude, E.B. and Sun, Z.L., 2016. Authentication of fishery 
and aquaculture products by multi-element and stable isotope 
analysis. Food Chemistry 194: 1238–1244. https://doi.
org/10.1016/j.foodchem.2015.08.123

Low, K., Zain, S. and Abas, M., 2012. Evaluation of microwave- 
assisted digestion condition for the determination of metals in 
fish samples by inductively coupled plasma mass spectrometry 
using experimental designs. International Journal of Environ
mental Analytical Chemistry 92: 1161–1175. https://doi.org/10.
1080/03067319.2010.548093

Luo, R.J., Jiang, T., Chen. X.B., Zheng, C.C., Liu, H.B. and Yang, J., 
2019. Determination of geographic origin of Chinese mitten 
crab (Eriocheir sinensis) using integrated stable isotope and 
multi-element analyses. Food Chemistry 274: 1–7. https://doi.
org/10.1016/j.foodchem.2018.08.104

Luo, J., Zheng, H.D. and Liu, X.G., 2016. Bioconcentration of inor-
ganic arsenic in marine products caught in Liaoning waters. 
Agricultural Technology & Equipment 5: 12–14. https://doi.
org/10.3969/j.issn.1673-887X.2016.05.004

Mamede, R., Duarte, I.A., Caçador, I., Reis-Santos, P., Vasconcelos, R.P., 
Gameiro, C., Canada, P., Pedro Ré, Tanner, S.E., Fonseca,V.F. and 
Duarte, B., 2022. Elemental fingerprinting of wild and farmed 
fish muscle to authenticate and validate production method. 
Foods 11: 3081. https://doi.org/10.3390/foods11193081

Maria, B.D.S.S., Alécio, Q.J., Bruna, H.D., Jessika, M.N.,  
Marianne, C.B., Mônica, O.R., Talita, K., Mayka, R.P., Lucia, 
F.D., Dalton, T.R.D.S., Cintia, S.G.K. and Fabrício, P.B., 2020. 
Indication of the geographical origin of honey using its physico-
chemical characteristics and multivariate analysis. Journal of 
Food Science and Technology 57: 1896–1903. https://doi.
org/10.1007/s13197-019-04225-3

(No. HSY202110Q), the Central Public-interest Scientific 
Institution Basal Research Fund, CAFS (No. 2023TD60), 
the National Key Research and Development Program 
(No. 2020YFD0900301).

References

Amit, Rahu, J., Shivani, K., Simon, K., Andrew, C. and Dileep, K.S., 
2022. Assessment of geographical origin of virgin coconut oil 
using inductively coupled plasma mass spectrometry along with 
multivariate chemometrics. Current Research in Food Science 5: 
545–552. https://doi.org/10.1016/j.crfs.2022.03.003

Anandkumar, A., Li, J., Prabakaran, K., Xi, J.Z., Leng, Z.R., 
Nagarajan, R. and Du, D.L., 2020a. Accumulation of toxic  
elements in an invasive crayfish species (Procambarus clarkii) 
and its health risk assessment to humans. Journal of Food 
Composition and Analysis 88: 103449. https://doi.org/10.1016/j.
jfca.2020.103449

Anandkumar, A., Li, J., Prabakaran, K., Xi, J.Z., Leng, Z.R., 
Nagarajan, R. and Du, D.L., 2020b. Investigation of toxic  
elements in Carassius gibelio and Sinanodonta woodiana and its 
health risk to humans. Environmental Science  and  Pollution 
Research 27: 19955–19969. https://doi.org/10.1007/s11356-020-
09940-5

Bai, S.Y., Qin, D.L., Tang, S.Z., Chen, Z.X., Gao, L., Wu, S.,  
Hao, Q.R., Du, N.N. and Wang, P., 2021. Study on geographical 
population discrimination of salmon based on multi-element 
analysis. Wetland Science 19: 513–517. https://doi.org/10.13248/ 
j.cnki.wetlandsci.2021.04.016

Bai, S.Y., Wang, P., Chen, Z.X., Wu, S., Hao, Q.R., Gao, L., Du, N.N. 
and Qin, D.L., 2022. The origin discrimination of Eriocheir  
sinensis under rice crab farming system in North China. Chinese 
Journal of Food Science 12: 303–312. http://doi.org/10.1642
9/j.1009-7848.2022.12.030

Che, S.L., Li, S.H., Li, Q.J., Sun, Y., Zheng, Z.W., Nie, Z.J., Tang, Z.L., 
Wang, P.P., Gao, J.C. and Xu, G.C., 2022. Polyculture affects  
the growth, antioxidant status, nutrient content, and flavor of 
Chinese mitten crabs (Eriocheir sinensis) and largemouth bass 
(Micropterus salmoides). Fishes 7: 355. https://doi.org/10.3390/
fishes7060355 

Chen, G. and Luo, Z., 2021. Nutritional physiology of Zn and its 
relationship with lipid metabolism for aquatic animals: a review. 
Journal of Fisheries of China 45: 632–645. https://doi.
org/10.11964/jfc.20200612309

Cheng, Y.X., Wu, X.G., Yang, X.Z. and Hines, A.H., 2008. Current 
trends in hatchery techniques and stock enhancement for Chinese 
mitten crab, Eriocheir japonica sinensis. Reviews in Fisheries 
Science 16: 377–384. https://doi.org/10.1080/10641260701681698

Disease Prevention and Control Bureau of National Health and 
Family Planning Commission of PRC, 2015. Report on Chinese 
resident’s chronic disease and nutrition [M]. People’s Medical 
Publishing House, Beijing, China, 13 p.

Fan, X., Zhou, Y., Chen, D., Zhang, R., Qu, L. and Cao, C., 2013. 
Analysis of 12 elements in aquatic products by ICP-MS. Chinese 
Journal of Analysis Laboratory 32(05): 91–95. https://doi.
org/10.13595/j.cnki.issn1000-0720.2013.0138



142� Quality Assurance and Safety of  Crops & Foods 15 (4)

Bai S et al.

Spatial-temporal variations and pollution risks of mercury in water 
and sediments of urban lakes in Guangzhou City, South China. 
Environmental Science  and  Pollution Research International 29: 
80817–80830. https://doi.org/10.1007/s11356-022-21424-2

Wu, H.R., Ge, M.T., Chen, H.F., Jiang, S.T., Lin, L. and Lu, J.F., 2020. 
Comparison between the nutritional qualities of wild-caught 
and rice-field male Chinese mitten crabs (Eriocheir sinensis). 
Food Science & Technology (LWT) 117: 108663. https://doi.
org/10.1016/j.lwt.2019.108663

Xu, C.H. and Wang, Y.X., 2020. Identification of three Jiangxi 
famous teas based on GC-MS and chemometrics. Food Science 
41: 141–150. https://doi.org/10.7506/spkx1002-6630-20190925-309

Xue, J.R., Jiang, T., Chen, X.B., Liu, H.B. and Yang, J., 2022a. Multi-
mineral fingerprinting analysis of the Chinese mitten crab 
(Eriocheir sinensis) in Yangcheng Lake during the year-round 
culture period. Food Chemistry 390: 133167. https://doi.
org/10.1016/j.foodchem.2022.133167

Xue, J.R., Jiang, T., Chen, X.B., Liu, H.B. and Yang, J., 2022b. Multi-
mineral element profiles in genuine and “bathing” cultured 
Chinese mitten Crabs (Eriocheir sinensis) in Yangcheng Lake, 
China. Fishes 7: 11. https://doi.org/10.3390/fishes7010011

Yang, Z.G., Zhu, L.L., Liu, J.N., Cheng, Y.X., Waiho, K., Chen, A. and 
Wang, Y.J., 2022. Polystyrene microplastics increase Pb bioaccu-
mulation and health damage in the Chinese mitten crab 
Eriocheir sinensis. Science of the Total Environment 829: 154586. 
https://doi.org/10.1016/j.scitotenv.2022.154586

Yao, Q.H., Yan, S.A., Lin, Q. and Hu, B., 2014. Enrichment regularity 
and risk assessment of heavy metal in aquatic products. Fujian 
Journal of Agricultural Sciences 5: 498–504. https://doi.
org/10.19303/j.issn.1008-0384.2014.05.018

Zhang, L.S., Qu, J.J. and Wang, D.D., 2000. Ecological and morpho-
logical characteristics of river crab populations and quality  
identification of crab species in the Yangtze river, Oujiang river 
and Liaohe river systems. Aquatic Science and Technology 
Information 27: 200–205. https://doi.org/10.16446/j.cnki.1001-
1994.2000.05.002

Zhang, J., Yang, R., Li, Y.C., Wen, X., Peng, Y. and Ni, X., 2020. Use 
of mineral multi-elemental analysis to authenticate geographical 
origin of different cultivars of tea in Guizhou, China. Journal of 
the Science of Food and Agriculture 100: 3046–3055. https://
doi.org/10.1002/jsfa.10335

Zhao, S., Feng, C.H., Quan, W.M., Chen, X.F., Niu, J.F. and  
Shen, Z.Y., 2012. Role of living environments in the accumula-
tion characteristics of heavy metals in fishes and crabs in the 
Yangtze river estuary, China. Marine Pollution Bulletin 64  : 
1163–1171. https://doi.org/10.1016/j.marpolbul.2012.03.023

Zheng, D.M., Ma, H.C., Xin, Y., Zhang, S.W., Mao, Y. and Shi, L., 
2020. Mercury and arsenic pollution in soil of Liaohe estuary 
wetland in different years and their risk assessment. Journal of 
Shenyang University (Natural Science) 3: 206–212. https://doi.
org/ 10.16103/j.cnki.21-1583/n.2020.03.005

Zhou, M.Y., Wu, Q.Q., Wu, H., Liu, J.L., Ning, Y.Q., Xie, S.Y.,  
Huang, W.M. and Bi, X.Y., 2021. Enrichment of trace elements  
in red swamp crayfish: influences of region and production 
method, and human health risk assessment. Aquaculture 535: 
736366. https://doi.org/10.1016/j.aquaculture.2021.736366

Qin, D.L., Jiang, H.F., Bai, S.Y., Tang, S.Z. and Mou, Z.B., 2015. 
Determination of 28 trace elements in three farmed cyprinid 
fish species from northeast China. Food Control 50: 1–8. https://
doi.org/10.1016/j.foodcont.2014.08.016

Qin, D.L., Jiang, H.F., Huang, X.L., Gao, L., Wang, P., Liu, H. and 
Han, G., 2019. The levels of 18 trace elements and health risk 
assessment in rice-crab (Eriocheir sinensis) from northeast 
China. Journal of Agricultural and Resource Economics 36: 
245–252. https://doi.org/10.13254/j.jare.2018.0119

Ranamukhaarachchi, S.A., Peiris, R.H. and Moresoli, C.,  
2017. Fluorescence spectroscopy and principal component  
analysis of soy protein hydrolysate fractions and the potential  
to assess their ntioxidant capacity characteristics. Food 
Chemistry 217: 469–475. https://doi.org/10.1016/j.foodchem. 
2016.08.029

Song, Y.J., Lee, C.K., Kim, K.H., Lee, J.T., Suh, C., Kim, S.Y.,  
Kim, J.H., Son, B.C., Kim, D.H. and Lee, S., 2016. Factors associ-
ated with total mercury concentrations in maternal blood, cord 
blood, and breast milk among pregnant women in Busan, Korea. 
Asia-Pacific Journal of Clinical Nutrition 25: 340–349. https://
doi.org/10.6133/apjcn.2016.25.2.16

State Health and Family Planning Commission of the People’s 
Republic of China, State Food and Drug Administration, 2022. 
Limits of pollutants in food, GB 2762 [S]. Health and Family 
Planning Commission. Standards Press of China, Beijing, China.

Sun, M., Liu, G.J., Wu, Q.H. and Liu, W.Q., 2013. Speciation analysis 
of inorganic arsenic in coal samples by microwave-assisted 
extraction and high performance liquid chromatography cou-
pled to hydride generation atomic fluorescence spectrometry. 
Talanta 106: 8–13. https://doi.org/10.1016/j.talanta.2012.12.012

Tchounwou, P.B., Yedjou, C.G., Patlolla, A.K. and Sutton, D.J., 2012. 
Heavy metal toxicity and the environment. Molecular, Clinical 
and Environmental Toxicology 101: 133–164. https://doi.
org/10.1007/978-3-7643-8340-4_6

Wang, Q., Fan, Z.H., Qiu, L.P., Liu, X.L., Yin, Y.T., Ibrahim, J.I.,  
Song, C. and Chen, J.Z., 2021. Occurrence and health risk 
assessment of residual heavy metals in the Chinese mitten crab 
(Eriocheir sinensis). Journal of Food Composition and Analysis 
97: 103787. https://doi.org/10.1016/j.jfca.2020.103787

Wang, S.H., Luo, L., Zhang, R., Guo, K., Zhang, X.B., Kong, L.J. and 
Zhao, Z.G., 2022a. Biochemical composition and quality of  
wild-caught adult mitten crabs from three river basins. Journal 
of Food Composition and Analysis 110: 104574. https://doi.
org/10.1016/j.jfca.2022.104574

Wang, S.H., Luo, L., Zhang, R., Guo, K., Zhang, X.B., Kong, L.J.  
and Zhao, Z.G., 2022b. Body weight profile and proximate  
composition of adult Suifenhe Eriocheir sensu stricto. Progress in 
Fishery Sciences 43: 61–69. https://doi.org/10.19663/j.issn2095-
9869.20211228004

Wang, M.H., Wang, Y.Y., Wang, J., Lin, L., Hong, H.S., Wang, D.Z., 
2011. Proteome profiles in medaka (Oryzias melastigma) liver 
and brain experimentally exposed to acute inorganic mercury. 
Aquatic Toxicology 103: 129–139. https://doi.org/10.1016/j.
aquatox.2011.02.020

Wang, X.J., Zhong, W., Wang, B.X., Quan, M.Y., Li, T.H., Lin, D.R., 
Shang, S.T., Zhu, C., Zhang, C.R. and Liao, Y.L., 2022c. 


