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Abstract 

Despite numerous urban pollution sources, research on aquatic species bioaccumulation in the Han River is scarce. 
In this longitudinal study, we assessed baseline heavy metal (HM) concentrations in Cyprinidae, a major freshwa‑
ter fish family in the Han River. Specifically, were evaluated copper (Cu), total mercury (THg), cadmium (Cd), lead 
(Pb), and chromium (Cr) levels in the muscle of common carp, crucian carp, and barbel steed. Common carp had 
the highest HM accumulation, with baseline concentrations of Cu, THg, Cd, Pb, and Cr at 0.877, 0.060, 0.003, 0.032, 
and 0.178 mg/kg, respectively. Larger fish exhibited greater bioaccumulation, with THg levels significantly correlated 
with fish length (correlation coefficients: 0.57 (p < 0.05)–0.74 (p < 0.001)). Notably, Cr accumulated more extensively 
in fish muscle than Pb, and the metal selectivity index (MSI) of THg in barbel steed was 2–3 times higher than in other 
fish species. The baseline concentrations determined in this study can serve as identifiers of the initial point of abnor‑
mal HM bioaccumulation in fish and provide foundational data for future long‑ or short‑term fish monitoring.
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Introduction
To prepare for The Minamata Convention on Mercury, 
a global treaty to protect the environment and human 
health from the harmful effects of mercury (Hg) that 
entered into force in 2017, the Ministry of Environ-
ment of South Korea conducted two surveys on Hg lev-
els in the blood of adult humans in Korea from 2009 to 
2014. The Hg level found in the survey conducted in 
2009–2011 was 3.08 µg/L, while that in the survey con-
ducted in 2012–2014 was 3.11 µg/L. The accompanying 

report stated that these values were 4–5 times higher 
than those recorded in the U.S.A. or Canada because the 
consumption of seafood in Korea was relatively high [29]. 
Hg from fish is extremely harmful because methylmer-
cury (MeHg) causes neurotoxicity [26]. Furthermore, the 
interactions of HMs with microplastics, which are widely 
used and produced in modern society, lead to greater 
toxicity than the sum of the toxicities of individual HMs 
[4]. Furthermore, fish deaths attributed to HM accumu-
lation account for over 13% of the fish deaths in Korea 
[3], indicating the potential occurrence of fish mortal-
ity in the downstream areas of the Han River as a result 
of exposure to various pollutants. The aforementioned 
facts underscore the necessity for substantial interest and 
research in the context of heavy metal bioaccumulation 
in fish in South Korea.

Accurate HM bioaccumulation assessment and moni-
toring are important to identify the starting points of 
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various bioaccumulation events and establish reference 
or baseline concentrations for pollution cleanup [27, 41]. 
The repeated inspection and documentation of metal 
bioconcentrations in fish can provide a reliable reference 
for research and long-term monitoring. These efforts are 
meaningful because the results of such surveys can accu-
rately evaluate the risks of HMs to humans and ecosys-
tems [5, 11]. In this regard, Han et  al. [12] highlighted 
that fish monitoring is a global research trend.

However, studies on freshwater fish in the Han River 
in South Korea are limited, and the available reports are 
outdated. Indeed, the most recent study on this subject 
was published before 2010 [14]. Moreover, most studies 
were not conducted on fish inhabiting the Han River and, 
thus, do not reflect up-to-date information on its bioin-
dicators. In addition, previous research was limited to 
the simple examination of metal concentrations [19, 38]. 
More importantly, the lack of environmental guidelines 
and historical data on HM accumulation in fish renders 
administrative decisions on their bioaccumulation, pollu-
tion, and purification quite challenging.

Typically, two species of factors affect the bioaccumu-
lation of HMs in fish: extrinsic factors, including bio-
availability, water temperature, and water alkalinity; and 
intrinsic factors, including species, age, size, feeding pat-
tern, and physiological status [6]. These variables must be 
controlled to obtain reliable baseline concentration. The 
current research involves a longitudinal study conducted 
over 10 years to obtain reliable results without the effects 
of influencing factors such as seasons, habitats, and fish 
species [5, 11]. We collected 180 samples periodically 
from 2011 to 2020 because a large sample size is desirable 
to improve the reliability of the findings [25]. We inves-
tigated the influence of fish size on the concentration of 
heavy metals and evaluated bioaccumulation, using the 
Metal Selectivity Index (MSI) and Metal Pollution Index 
(MPI). MPI values were utilized to describe the degree of 
metal contamination within the muscle tissues, and MSI 
values were employed to determine which specific met-
als exhibited a higher affinity [7, 17, 35]. Furthermore, we 

assessed whether differences in bioaccumulation would 
occur depending on the habitat. This study is the first to 
present the baseline concentrations of HMs in fish in the 
Han River. The baseline concentrations determined in 
this research can help administratively identify specific 
points of bioaccumulation that differ from typical bio-
accumulation patterns. Additionally, these baseline con-
centrations will serve as foundational data for long- and 
short-term fish monitoring.

Materials and methods
Sampling and sampling sites
The Han River is a large-scale river that crosses Seoul. 
The capital city of South Korea, Seoul, is inhabited by 
approximately 9.8 million people, which constitutes 
around 20% of the total population of South Korea [36, 
40]. The annual average temperature of Seoul is 12.8 °C, 
with the coldest month being January at − 1.9  °C, and 
the hottest month being August with a temperature of 
26.1 °C [21]. The construction of Seoul’s water supply and 
sewage system, which includes water purification plants 
and sewage treatment plants, as well as the expansion of 
transmission and drainage pipes, was completed in 2010. 
With the aid of this system, the city’s population is served 
with water from the Han River; however, sewage is also 
discharged back into this river [36].

Cyprinidae is a major fish family in the Han River that 
includes common carp, crucian carp, and barbel steed. 
The Seoul Metropolitan Government and Seoul Metro-
politan Government Research Institute of Public Health 
and Environment have monitored HM levels in this river 
for several years. The monitoring data from 2011 to 2021 
was utilized as the total dataset for this study (Table 1). 
The data (n = 180) collected from 2011 to 2020 were used 
to determine HM baseline concentrations in common 
carp, crucian carp, and barbel steed inhabiting the Han 
River. We measured the weight, length, and thickness of 
each fish for 3 years (2019–2021) to estimate the impact 
of fish size on HM bioaccumulation in Cyprinidae living 
in the Han River. All fish were captured using triangular 

Table 1 Details of the sampling sites for Cyprinidae and water

Purpose Period Sites Target No. of 
samples

To determine HM baseline concentrations March and September 2011–2020 (twice a year) S1–S3 Common carp 60

Crucian carp 60

Barbel steed 60

To identify the correlation between HM level and fish size March and September 2019–2021 (twice a year) S1–S3 Common carp 18

Crucian carp 18

Barbel steed 18

To identify whether different habitats affect bioaccumulation June–August 2021 (eight times) W1–W5 Water 40
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nets at three points (S1–S3) in March and September 
each year. To determine whether the habitat affects the 
accumulation of HMs, we collected 40 water samples 
from five points (W1–W5) in the upstream and down-
stream areas of the Han River from June to August 2021. 
Between sampling points S1 and S2, a submerged weir is 
installed, creating a structure that hinders the movement 
of fish. Furthermore, the transition from S1 to S3 indi-
cates downstream flow. At points beyond the underwater 
barrier, the areas were designated as water source protec-
tion zones, making it temporally challenging to access 
for water sampling. Therefore, sampling was conducted 
downstream. The locations are indicated in Fig. 1.

Heavy metal analysis
We analyzed lead (Pb), cadmium (Cd), and total Hg 
(THg), which, according to the MFDS, should be 
restricted in fish. We also investigated copper (Cu), and 
chromium (Cr), which are essential nutrients. The HMs 
in both fish muscle and water media were analyzed. The 
Cyprinidae caught in the Han River were transported 
to the laboratory in a frozen state for HM analysis. The 

fish were thawed at room temperature and washed 
clean with distilled water (PURELAB Pima/Ultra RES-
ERVOIR, ELGA, Germany). Fish muscle tissues were 
collected using stainless steel knives, taking care not 
to include bones, scales, blood, etc. The bones present 
between the muscles were carefully removed one by 
one using forceps. Prior to their use in the next dissec-
tion, the chopping boards and knives were washed. The 
tissues were homogenized using a stainless-steel mixer. 
Approximately 1  g of each tissue was digested with 
4 mL of 63% nitric acid (Wako, Japan) in a microwave 
for Cu, Pb, Cr, and Cd analyses. The transparent resi-
due was diluted to 50 mL with distilled water. The four 
HMs in the diluted solutions were determined using 
inductively coupled plasma-atomic emission spec-
trometry (ICP-OES 5110, Agilent, USA + Ciros CCD, 
Spectro, USA) and inductively coupled plasma-mass 
spectrometry (ICP-MS 7900, Agilent). THg analysis 
was conducted using 0.01 g of the homogenized tissue 
without further treatment via thermal decomposition 
and amalgamation/atomic absorption spectrophotom-
etry (HydraII, Teledyne, USA). The fish were analyzed 

Flow direction

underwater
beam

Fig. 1 Map of the sampling sites in the Han River, South Korea
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according to the methods of the Ministry of Food and 
Drug Safety (MFDS) in Korea [28]. To analyze HMs in 
water, we collected samples from the Han River using 
polyethylene bottles. The samples were transported to 
the laboratory in an ice-filled cooler, after which 45 mL 
of each sample was taken and mixed with 5 mL of nitric 
acid in a disposable polypropylene Falcon tube. Cu, Pb, 
Cr, and Cd in the diluted solutions were determined 
using ICP-MS (7900, Agilent). For the validation of 
heavy metal analysis, a certified standard solution (Cat. 
No. IS-11651-R2-1, Accustandard, USA) and certified 
reference material (ERM-CE278k, European Reference 
Material) were utilized. The water was analyzed accord-
ing to the Water Quality Pollution Treatment Test 
Standards in Korea (National Institute of Environment 
Research [31]).

Statistical analysis
The data were statistically analyzed using R software 
(version 4.2 for Windows). Shapiro–Wilk tests were used 
to evaluate the data distribution, and the Kruskal–Wallis 
rank-sum test was used to determine significant differ-
ences in HM concentration according to (1) fish species 
and (2) habitat. Spearman’s rank correlation was also 
used to verify the correlation between fish size and HM 
level.

Baseline concentration
The baseline concentration is defined as the 10-year aver-
age concentration of HMs in the muscle of Cyprinidae 
inhabiting the Han River with a unit of milligrams per 
kilogram (mg/kg) of a sample (wet weight).

Bioaccumulation indices
MSIs were used to assess HM levels in the muscle of dif-
ferent fish species. This index reflects the relative sen-
sitivity and capacity of fish tissues for accumulating 
specific HMs [30, 35] and is calculated as follows:

The total metal accumulation in the three species of 
fish was evaluated using the MPI, which is calculated as 
follows [44]:

where  CCu,  CTHg,  Ccd,  CPb, and  CCr denote the concen-
trations (mg/kg) of the corresponding HMs in the fish 
muscle.

MSI (%) = ((Absolute concentration of a metal in a tissue) × 100)/Total concentration of all metals in that tissue

MPI =

(

CCu × CTHg × Ccd × CPb × CCr

)1/5

Results
Table 2 presents the concentrations of HMs in the mus-
cle of freshwater fish recorded in earlier reports and 
the present study. Figure  2 illustrates the distribution 
of HMs in the different species of fish considered and 
at the sampling sites. Among the HMs investigated, Cu 
showed the highest accumulation in common carp, bar-
bel steed, and crucian carp (0.877, 0.747, and 0.730 mg/
kg, respectively). The HM levels decreased in the order 
of Cu > Cr > THg > Pb > Cd in common carp and crucian 
carp and Cu > THg > Cr > Pb > Cd in barbel steed. The 
THg concentrations were 0.060 and 0.040 mg/kg in com-
mon carp and crucian carp, respectively, and 0.141 mg/kg 
in barbel steed. Analysis of the HM distribution accord-
ing to fish species and sampling site using the Shapiro–
Wilk test indicated that the HM concentration did not 
have a normal distribution (p < 0.05). The Kruskal–Wal-
lis rank-sum test confirmed that only the average THg 
level significantly differed according to the fish species 
(p < 0.05).

The concentrations of Cu, Cd, Pb, and Cr in the sur-
face water of the Han River are illustrated in Fig.  3. 
The THg concentration was below the detection limit 
(0.0001 mg/L). The Pb (Fig. 3c) and Cr (Fig. 3d) levels in 
the surface water were 243 and 258  µg/L, respectively. 
The MSI of Cr in the fish was 6–10 times greater than 
that of Pb (Fig.  4), and the MSI of THg was 2–3 times 
higher in barbel steed than in the two other species. As 
indicated in Table 3, the highest MPI was 0.062 for com-
mon carp; the MPIs for crucian carp and barbel steed 
were 0.052 and 0.051, respectively. To investigate the var-
iations in MPI based on fish size, we used data collected 
from 2019 to 2021; the results are shown in Table 4. The 
fish were classified into two groups based on the median 
length (32 cm), and the MPIs for large and small fish were 
0.050 and 0.042, respectively. Especially in the case of 
Common carp, it was notable that there was a significant 
difference in MPI between size categories, with differ-
ences exceeding twofold.

Next, we assessed the extent of HM bioaccumulation 
in the fish according to their size and habitat. The ranges 

of correlation coefficients between THg level and fish 
length and THg level and fish weight were 0.57–0.74 and 
0.6–0.69, respectively (Table  5). For crucian carp, the 
correlation coefficients between Cu level and fish length 
and Cu level and fish weight were 0.53 (p < 0.05) and 0.62 
(p < 0.01), respectively. Moreover, the correlation coeffi-
cient between Pb level and barbel steed weight was 0.47 
(p < 0.005). The results of the Kruskal–Wallis rank-sum 
tests indicated the absence of significant differences in 
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HM concentration among the habitats (p > 0.005). How-
ever, all HM concentrations in the surface water were 
higher in downstream samples (W5) than in upstream 
samples (W1) (Fig. 3).

Discussion
This study aimed to determine the baseline concentra-
tions of HMs in Cyprinidae inhabiting the Han River and 
interpret HM bioaccumulation from various aspects. To 
this end, a longitudinal study was conducted because 
such a study offers large amounts of data without the 
influences of fish species, habitat, and season.

Baseline concentration
In areas that have undergone industrialization and 
urbanization without specific contamination events, it 
is possible to estimate the anthropogenic background 
concentration of contaminant levels in the habitat of 
fish [27, 41]. We suggest that the mean HM concen-
trations presented in Table  2 be used as the baseline 
concentrations of these metals for Cyprinidae living in 
the Han River. Among the HMs investigated, Cu pre-
sented the highest concentration in the fish species 
considered in this study. This finding is consistent with 
an earlier study that indicated a pronounced tendency 

Table 2 Comparison of HM concentrations (mg/kg) in the muscle of fish

ND = Not detected; NA = Not available
a Scientific name of common carp
b Scientific name of crucian carp
c Scientific name of barbel steed
* Average concentration (± 95% confidence interval)

Species Cu Hg Cd Pb Cr References

Channa striata 0.33 NA 0.003 0.08 1.14 Pragnya et al. [32]

Triplophysa kashmirensis 0.734 NA 0.027 5.289 6.187 Rather et al. [35]

Carassius carassius 1.065 NA 0.032 6.852 7.343

Ten species of fish 0.45 NA 0.009 0.15 2.41 Zhong et al. [46]

Pelteobagrus fulvudraco 0.034 NA 0.028 0.052 0.048 Rajeshkumar and Li [34]

Carassius auratus NA 0.231 0.003 0.196 NA Li et al. [23]

Pelteobagrus fulvudraco NA 0.213 0.023 0.249 NA

Hypohthalmichthys nobilis NA 0.243 0.011 0.147 NA

Cyprinus carpio ND NA 0.021 0.177 ND Qiao‑Qiao et al. [33]

Carassius auratus 1.89 NA 0.013 0.287 0.387

Hypohthalmichthys molitrix 0.331 NA 0.003 0.179 ND

Aristichthys nobilis 0.228 NA 0.004 0.177 ND

Tilapia 8.73 NA 8.55 8.64 2.48 Kwok et al. [22]

Snakehead 3.54 NA 50.9 6.32 6.44

Cyprinus carpio 2.011 0.56 0.42 1.55 3.01 Siraj et al. [39]

Cyprinus carpio NA 0.019 NA NA NA Zhou et al. [47]

Four species of fish NA 0.039 NA NA NA Zupo et al. [48]

Cyprinus carpio NA 0.179 NA NA NA U.S. EPA [43]

Cyprinus carpio 0.59 0.024 0.004 0.014 NA Kim et al. [20], in the Domestic

Freshwater eel 0.403 0.125 0.006 0.04 NA Hong et al. [13], in the Domestic

Chinese muddy loach 1.16 0.015 0.004 0.166 NA

Far Eastern catfish 0.399 0.058 0.003 0.036 NA

Cyprinus carpio 0.507 0.033 0.002 0.113 0.178 Kim and Han [19], in the Domestic

Carassius carassius 0.484 0.03 0.002 0.063 0.152

Hemibarbus 0.678 0.081 0.001 0.007 0.249

Cyprinus carpioa 0.877
(± 0.399)

0.06
(± 0.019)

0.003
(± 0.003)

0.032
(± 0.019)

0.178
(± 0.089)

This  study*

Carassius carassiusb 0.73
(± 0.204)

0.04
(± 0.009)

0.003
(± 0.003)

0.027
(± 0.016)

0.179
(± 0.095)

Hemibarbusc 0.747
(± 0.318)

0.141
(± 0.026)

0.001
(± 0.002)

0.023
(± 0.014)

0.136
(± 0.039)
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Fig. 2 Boxplots depicting HM concentrations (mg/kg) according to fish species and sampling. barbel_S1: concentration in barbel steed at S1, 
common_S1: concentration in common carp at S1, and crucian_S1: concentration in crucian carp at S1

Fig. 3 a Cu, b Cd, c Pb, and d Cr concentrations (µg/L) in the surface water
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for nutritive elements, such as Cu, to accumulate in 
omnivorous species [15]. The average concentration of 
Cd was 0.001–0.003 mg/kg, which is similar to or lower 
than that obtained in the studies presented in Table  2 
[13, 19, 22, 39]. The concentration of Pb was 0.013 mg/
kg for common carp and 0.027 mg/kg for crucian carp; 
these values are 3–10 times lower than the correspond-
ing values of 0.113 and 0.063 mg/kg, respectively, found 
by Kim and Han [19]. Therefore, we can conclude that 
the level of Pb accumulation in Cyprinidae inhabiting 
the Han River, except barbel steed, is lower than that 
in commercial fish. Table 2 indicates that the accumu-
lation level of Cr was lower than that noted in other 

studies, except those conducted by Qiao-Qiao [33] and 
Rajeshkumar and Li [34].

MSI and MPI
Among the three fish species, common carp demon-
strated the highest accumulation of the five HMs, with 
an MPI of 0.062. Further, a significant difference in THg 
levels was noted among the fish species (p < 0.005). The 
highest THg level, 0.141 mg/kg, was observed in barbel 
steed, and the THg MSI of this species was 2–3 times 
higher than that of the two other species (Fig.  4). In a 
study conducted by Kim and Han [19], THg levels were 
also found to be 2–3 times higher in barbel steed than 
in other species. Nair et  al. [30] and Rather et  al. [35] 
revealed that the MSI in target tissues differed signifi-
cantly among fish species. A higher MSI reflects greater 
interactions and affinity between HMs and the target 
tissues. The THg MSI results revealed that Hg accumu-
lation in the muscle differed according to fish species, 
moreover, barbel steed demonstrated greater sensitivity 
to this metal than the two other species.

Although the average concentrations of Pb and Cr in 
the water samples were found to be similar at 0.243 and 
0.258 mg/L, respectively, we confirmed that the Cr MSI 
was 6–7 times greater than the Pb MSI. Because the MSI 
reflects the sensitivity of a species to an HM and their 
capability for selective accumulation, we can conclude 
that Cr was more selectively accumulated than Pb in 
Cyprinidae inhabiting the Han River.

THg
Hg originates from fossil fuel combustion or mines and 
can be released into the atmosphere in the form of inor-
ganic mercury  (Hg0). Hg can flow into water and com-
bine with organic matter, thereby allowing it to convert 
into a toxic form of organic Hg called MeHg [26]. The 
MFDS in Korea allows a maximum level of 0.5 mg Hg/kg 
as MeHg, while the EU allows a maximum level of 1 mg 
Hg/kg as THg [16, 28]. Thus, the THg levels detected in 
this study were below the maximum allowable limit for 

Fig. 4 MSIs based on fish species

Table 3 MPIs based on fish species

Species MPI

Common carp 0.062

Crucian carp 0.052

Barbel steed 0.051

Table 4 Fish size* and MPIs (2019–2021)

* The fish were classified into two groups based on the median size (32 cm)

Size Species n Length (cm) Weight(kg) MPI MPI(ave.)

Small Common carp 6 13–31.5 0.02–0.83 0.022 0.042

Crucian carp 12 0.056

Barbel steed 8 0.047

Large Common carp 12 32–65 0.25–2.77 0.055 0.050

Crucian carp 6 0.048

Barbel steed 10 0.047
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human consumption. However, the THg concentration 
in barbel steed was higher than that reported in similar 
studies, as indicated in Table 2, except those conducted 
by Li et  al. [23], Siraj et  al. [39], and the U.S. EPA [43]. 
The drifting nature of barbel steed suggests that it is 
likely to be significantly influenced by the bottom sedi-
ment in the river. According to research conducted by 
the Seoul government, the average Hg concentration in 
sediments passing through the downtown area of Seoul is 
higher than that in the upstream region of the Han River 
or other domestic watersheds [37]. Based on these find-
ings, we can infer that freshwater fish in the Han River 
are exposed to sources of Hg pollution.

Previous studies confirmed higher Hg accumulation 
in muscle tissue than in other tissues, and fish serve as 
both a major dietary source of proteins and a significant 
route of MeHg intake for humans [8, 10]. In particular, 
the lipophilic nature of MeHg can promote the bioaccu-
mulation of the metal in top predators [2]. Thus, expand-
ing research efforts to include not only omnivorous but 
also herbivorous and carnivorous fish is necessary owing 
to the risk of biomagnification and the possibility of 
accumulation.

Fish size
We examined the influence of fish size on HM bioaccu-
mulation and summarized the results in Table 4. The cor-
relation between fish size and HM concentration revealed 
that THg was significantly accumulated in all three fish 
species (Table  5). Pb and Cu were also positively corre-
lated with fish size. Moreover, larger fish had higher MPIs 
than smaller fish. These findings, although limited to data 
between 2019 and 2021, suggest a contradiction com-
pared with a previous study conducted by Rather et  al. 
[35], which showed that older fish had higher concentra-
tions of HMs than younger fish.

The concentrations of HMs in tissues depend on their 
absorption and elimination rates [15]. Younger fish, 
owing to their higher metabolic activities, tend to accu-
mulate higher levels of HMs compared with older, larger 
fish [24]. Farkas et  al. [8] found a negative correlation 
between the concentrations of Cu and Pb and fish size, 
indicating that smaller fish generally exhibited higher 
HM concentrations than larger fish. However, this finding 
does not apply universally. MeHg, which is lipid soluble, 
demonstrates higher accumulation in larger fish owing to 
bioconcentration [1, 42]. Yi and Zhang [45] observed a 
positive correlation between fish size and HM concentra-
tion in the majority of the fish they investigated. Jia et al. 
[15] also discovered a significant correlation between Pb 
concentration in muscles and fish size.

Muscles, being less metabolically active than other 
organs such as the liver, are expected to have a slower HM 
accumulation rate [1, 9]. However, once accumulated, 
HMs are not easily excreted because of the low metabolic 
activity of muscle tissue [18]. The results obtained in this 
study may be attributed to the continuous uptake of HMs 
from the surrounding water environment over time, lead-
ing to their accumulation in fish muscles.

The relationship between fish size and HM concentra-
tion varies depending on the study area, fish species, HM 
type, feeding habit, and target tissue. Therefore, future 
studies should consider fish size as an additional fac-
tor in calculating the baseline concentrations of HMs to 
obtain more representative data. This consideration will 
help obtain a better understanding of the comprehensive 
relationship between fish size and HM concentration. 
Overall, the results of this study suggest that the inclu-
sion of fish size as an additional influencing factor will 
enhance the representativeness and comprehensiveness 
of the baseline HM concentrations in fish inhabiting the 
Han River.

Habitat
To assess the influence of habitat on HM accumulation, 
we examined HM concentrations in the surface water 
collected from five different sites (W1–W5) along the 
Han River. The HM concentrations obtained in down-
stream regions were 1.5–2 times higher than those 
obtained in upstream regions. However, the HM levels 
in the fish did not significantly differ among the different 
sites (p > 0.05). Thus, we can infer that habitat has little 
influence on HM accumulation in Cyprinidae in the Han 
River.

Conclusions
This paper reports the baseline concentrations of five HMs 
in Cyprinidae inhabiting the Han River using average levels 
observed over the past 10 years. The average concentrations 

Table 5 Correlation coefficients between HM accumulation and 
fish size (2019–2021)

*** p < 0.001, ** p < 0.01, * p < 0.05, determined by Spearman’s correlation

Species Cu THg Cd Pb Cr

Common carp

Length 0.43 0.74*** 0.32 0.06 0.30

Weight 0.43 0.67** 0.28  − 0.04 0.40

Crucian carp

Length 0.53* 0.57* 0.28 0.03 0.40

Weight 0.62** 0.69** 0.34  − 0.08 0.36

Barbel steed

Length 0.22 0.58* 0.27 0.41 0.25

Weight 0.19 0.60** 0.36 0.47* 0.20
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of Cu, THg, Cd, Pb, and Cr in common carp were 0.877, 
0.060, 0.003, 0.032, and 0.178 mg/kg, respectively. In cru-
cian carp, the average concentrations of the above HMs 
were 0.730, 0.040, 0.003, 0.027, and 0.179  mg/kg, respec-
tively. Finally, the average concentrations of Cu, THg, Cd, 
Pb, and Cr in barbel steed were 0.747, 0.141, 0.001, 0.023, 
and 0.136 mg/kg, respectively.

In terms of MSIs, Cu most selectively accumulated in 
the fish, with MSIs ranging from 71.2 to 74.7; by contrast, 
Cd, with MSIs ranging from 0.3 to 0.1, presented the low-
est accumulation. Similar concentrations of Pb and Cr were 
found in the water samples; however, the Cr MSI of the 
fish was 6–8 times higher accumulation than their Pb MSI. 
THg was 2–3 times more concentrated in barbel steed than 
in the other fish species, and its concentration was higher 
than that reported in previous studies. The range of corre-
lation coefficients between THg concentration and fish size 
was 0.57 (p < 0.05)–0.74 (p < 0.001). Such comprehensive 
assessments are crucial for obtaining accurate evaluations 
of HM levels in freshwater fish. The baseline concentra-
tions determined in this study can serve as valuable indica-
tors of the initial point of abnormal HM bioaccumulation 
in fish, providing foundational data for future long- or 
short-term fish-monitoring endeavors.
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