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Abstract 25 

The ecological risks and health hazards of heavy metals pollution in Taihu Lake have received 26 

widespread concern. This study has developed a nationwide dataset on pollutant loads in species, 27 

and the dataset records 55,297 data from 310 articles, covering 778 species and 537 pollutants. In 28 

this paper, we extract and systematically integrate data on heavy metals concentrations in Taihu 29 

fish from the dataset. The Pi (single pollution index) and MPI (metal pollution index) models were 30 

used to assess the level of contamination in fish and the THQ (target hazard quotient) and ILCR 31 

(incremental lifetime cancer risk) models were used to assess the health hazards of fish 32 

consumption. The contamination levels varied in a feeding habit and living habit dependent 33 

manner. The risk of non-cancer health is the highest in omnivorous fish, then in carnivorous fish 34 

and herbivorous fish. ILCR model predicted that the values of As and Cd in omnivorous fish for 35 

children exceeded the risk threshold limits set by the EPA, and the ILCR values of As in 36 

omnivorous fish and Cd in carnivorous fish for adults also exceeded the risk threshold limits. In 37 

all, this study provided a comprehensive understanding of the risk of heavy metals in Taihu. 38 

Keywords: Dataset, Taihu Lake, Target Hazard Quotient, Incremental Lifetime Cancer Risk 39 

  40 



3 

 

1. Introduction 41 

Located in the lower reaches of the Yangtze River, Taihu Lake is the third largest lake in 42 

China. The lake, also known as the land of fish and rice, provides the eastern region with drinking 43 

water, fisheries and tourism resources (Wu et al., 2019). After decades of development, Taihu has 44 

become an important industrial and agricultural base in China, which has also resulted in a huge 45 

inflow of industrial and urban sewage. Various types of pollutants are widely distributed through 46 

the sediment, water, and organisms in Taihu. 47 

Of varied types of pollutants, heavy metals receive great concern as their high contents and 48 

adverse ecological impacts. Niu et al have performed systematic statistical and associated risk 49 

assessment of heavy metals in the surface sediments of Taihu using meta-analysis and showed that 50 

cadmium (Cd) is the main contaminant of heavy metals in the sediments of Taihu and is the main 51 

factor contributing to the potential hazards of heavy metals. Besides, arsenic (As), chromium (Cr), 52 

copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), and zinc (Zn) in Taihu are also serious and 53 

should be given greater attention (Niu et al., 2020). Jiang et al found that the heavy metals content 54 

in the surface water of Taihu Lake is high, and some heavy metals content may cause chronic 55 

toxicity to the organisms in Taihu Lake (Jiang et al., 2012). Heavy metals also have been widely 56 

detected in aquatic organisms of Taihu. The enrichment of heavy metals in fish from Taihu has 57 

been shown in many studies (Fu et al., 2013; Rajeshkumar et al., 2018). However, those studies 58 

only revealed the short-term effect of heavy metal in some specific species. Compiling these data 59 

together and further analysing would provide a comprehensive understanding of the accumulation 60 

levels of heavy metals in the organism. 61 

Heavy metals can be bio-accumulated through the food chain (Zuo et al., 2018). Some studies 62 
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have focused on the increasing levels of heavy metals in fish, raising concerns because of their 63 

accumulation and potential toxicity (Alamdar et al., 2017). Chronic toxicity assay showed that the 64 

increase of heavy metals content in fish results in physiological, morphological, and behavioral 65 

abnormalities, including decreased mobility, decreased perception, prolonged sexual maturity, and 66 

delayed hatching (Alm-Eldeen et al., 2018). Cd exposure would cause oxidative stress and 67 

immunotoxicity in organisms, and ultimately neurotoxicity and carcinogenicity in organisms 68 

(Abdelkrim et al., 2018; Shankar et al., 2020). The mechanism of Pb toxicity differs from that of 69 

Cd in that Pb causes damage to the organism by disrupting cellular functions and enzyme 70 

activities (Zhang et al., 2011; Zhang et al., 2019). In addition, heavy metals also could induce 71 

changes in metabolism, synthesis of proteins and nucleic acids, as well as inflammatory response 72 

and apoptosis (Jiaxin et al., 2020). As multiple metals exist in the organisms, their combined 73 

effects result in damage levels increasing with time and heavy metals dose, causing extreme tissue 74 

damage, reactive oxygen species generation, and gut microbial dysbiosis(Gao et al., 2019; Kakade 75 

et al., 2020).  76 

Fish consumption is an integral part of a healthy diet plan and is an important source of 77 

protein, long-chain omega-3 fatty acids, vitamins, and essential trace elements for humans. The 78 

global average consumption of fish exceeds 20 kg per year per person as reported by the Food and 79 

Agriculture Organization of the United Nations (FAO) 80 

(http://www.fao.org/news/story/en/item/421871/icode/). Edible fish has become one of the main 81 

ways through which heavy metals accumulated in human body (Al Osman et al., 2019; De La 82 

Rosa et al., 2009; Faial et al., 2015). Faial et al found that mercury levels in human hair 83 

accumulated mainly through fish consumption (Faial et al., 2015). The rise in mercury in children 84 
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could be from placenta transplants through the mother's consumption of fish in the later stages of 85 

pregnancy and post-natal ingestion of fish (Fok et al., 2007; Yassa, 2014). All these raised the risk 86 

concern of heavy metals through fish consumption. To reduce the risk, the U.S. Environmental 87 

Protection Agency (USEPA.) provides recommendations of fish consumption according to the 88 

principle of fewer contents of pollutants with higher nutrition in fish 89 

(https://www.fda.gov/food/consumers/advice-about-eating-fish).  90 

Our team set up a species-pollution dataset, which collected data on the levels of pollutants in 91 

organisms from peer-reviewed papers since 2000. The dataset has been uploaded to a publicly 92 

available online database, scienceDB, and can be accessed through 93 

http://www.dx.doi.org/10.11922/sciencedb.00310. It integrated the concentrations of pollutants in 94 

the organism with a clear date and location. This dataset records a total of 55,297 data from 310 95 

articles, covering 778 species, 537 pollutants, and is still being updating. Integrative analysis of 96 

published data in the absence of long-term testing is of great value for the study of contamination 97 

in various media. Therefore, this study extracted the data about heavy metals levels in Taihu fish 98 

in the dataset and provides a systematic statistical description of heavy metals contamination in 99 

Taihu fish. In addition, the Pi (single pollution index model) and MPI (metal pollution index) 100 

models were used to assess the level of contamination in fish and the THQ (target hazard quotient) 101 

and ILCR (incremental lifetime cancer risk) models were used to assess the health hazards of 102 

consuming these fish. The purpose of this study is to systematically describe the heavy metals 103 

content in fish from Taihu Lake, assessing the extent of heavy metal contamination in fish from 104 

Taihu Lake and evaluating the health risks of long-term consumption of fish from Taihu Lake on 105 

humans. 106 
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2. Methods  107 

2.1 Data source  108 

Data onto the study is extracted from our dataset named as a dataset of multi-pollutants in 109 

multi-species in China (http://www.dx.doi.org/10.11922/sciencedb.00310). The data scope for our 110 

dataset covers China from 2000 to the present. Data were from peer-reviewed papers available in 111 

China National Knowledge Infrastructure (CNKI) (http://www.cnki.net/), National Center for 112 

Biotechnology Information (https://www.ncbi.nlm.nih.gov/) and ISI Web of Science 113 

(http://isiknowledge.com). And the data onto contaminant levels in species in the literature were 114 

extracted according to certain criteria. These data are entered after the rigorous screening of the 115 

data, and the screening criteria include: (1) The literature contains data onto the concentration of 116 

contaminants in the species, with clear information on sampling time, location, and the number of 117 

samples; (2) The data need to originate from field sampling data rather than laboratory exposure 118 

data; (3) Contaminant concentration detection by mass spectrometry, chromatography and 119 

spectroscopy, and strict quality control, providing quality controls parameters such as recovery, 120 

standard curve, and detection limit; (4) The data entered into the dataset is reviewed several times. 121 

And data is extracted by one person and checked again by another person to ensure the accuracy 122 

of data entry and, at the same time, to ensure that no duplication of data occurs. Currently, the 123 

dataset records 55,297 data from 310 articles, covering 778 species and 537 pollutants. All data for 124 

this study were obtained from a publicly available dataset accessed at 125 

http://www.dx.doi.org/10.11922/sciencedb.00310 (Huang Qiansheng et al., 2020). Since this study 126 

chose to focus on Taihu lake(Fig. S1), the data about the organisms in the Taihu Lake were 127 

extracted from the dataset. The process of extracted shown in Fig. S2. 128 

http://isiknowledge.com/
http://www.dx.doi.org/10.11922/sciencedb.00310
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The data from the Taihu Lake area was retrieved from the dataset, followed by filtering the 129 

fish data from these data, and finally, the data of Zn, Cr, As, Pb, Hg, and Cd in Taihu Lake fish 130 

were extracted separately. Ultimately, a total of 1174 data from species contaminant concentration 131 

records in 46 fish species were used for our statistical analysis. We further classified the fish into 132 

herbivorous, omnivorous and carnivorous according to their feeding habits, and all data units were 133 

transformed before being entered into the dataset. 134 

2.2 Data and statistical analyses 135 

2.2.1 Dry-wet weight conversion 136 

For the purpose of comparison, we converted the wet weight concentration is the dry weight 137 

concentration, the formula is as follows: 138 

 Cd = 100 − %𝐻 100 × Cw−1
 

where Cd and Cw are the concentrations expressed relatively to dry and wet mass respectively, 139 

and with the percentage of humidity in wet tissues (%H) classically ranging around 80% for a vast 140 

range of species (Bonito et al., 2016; Cresson et al., 2017). 141 

2.2.2 The sample number weighted mean (SNWM) 142 

It is generally believed that the larger the number of samples, the more reliable the results 143 

obtained. In this study, the collected fish were divided into three kinds according to the food chain, 144 

herbivorous fish, omnivorous fish, and carnivorous fish. In order to make the data of each 145 

category more representative, we used a weighted average of the number of samples for each 146 

species as follows: 147 

SNWM = ∑ 𝐶𝑖 × 𝑁𝑖∑ 𝑁𝑖𝑛𝑖=1  

Ni represents the number of samples of Species i, Ci is the concentration of heavy metals in 148 
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species i, and both of Ni and Ci are obtained from the original references(Niu et al., 2020). 149 

2.2.3 Heavy metals pollution index  150 

In order to evaluate the pollution of various metals in fish, the single pollution index model 151 

(Pi) was used to evaluate the pollution degree of heavy metals in aquatic products(Liang et al., 152 

2016; Liu et al., 2021). The formula is as follows, 153 

Pi =Ci/Si 154 

In the formula, Pi is the single pollution index, Ci is the measured concentration of pollutants, 155 

and Si is the standard value or reference value of pollutants (Liu Yang, 2013; NMPA, 2017). The 156 

unit is mg·kg
-1

. At present, there is no clear standard to classify the pollution level of the organism 157 

in our country. It is commonly believed that the average value of comprehensive pollution index 158 

(Pi) ≤0.2, indicating no pollution; 0.2<Pi ≤0.6, indicating light pollution; 0.6 < Pi ≤1.0, indicating 159 

moderate pollution; Pi > 1.0, indicating heavy pollution. 160 

The metal pollution index (MPI) was used to compare the total metals accumulation level in 161 

various tissues of different fish. The MPI values were calculated using the equation by (Chi et al., 162 

2007; Hao et al., 2013): 163 

MPI = (Cf1×Cf2×···×Cfn )
1/n

 164 

where, Cfn is the contents for the metal n in the sample. 165 

2.2.4 Health risk assessment 166 

2.2.4.1 Non-carcinogenic risk assessment 167 

The target hazard quotient (THQ) method was used to assess non-cancer risk based on the 168 

equation below (Ezemonye et al., 2019; Fakhri et al., 2019): 169 

𝑇𝐻𝑄𝑖 = 𝐸𝐹 × 𝐸𝐷 × 𝐹𝐼𝑅 × 𝐶𝑖𝐵𝑊 × 𝐴𝑇 × 𝑅𝐹𝐷 × 10−3 
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Where THQ is the target hazard quotient; EF is exposure frequency (365 days/year); ED is 170 

exposure duration (70 years); FIR is the food ingestion rate (g/person/d, fish: 36 g/person/day) 171 

(Storelli, 2008). Ci is the concentration of metal i in fish (mg·kg
-1

 dw); BW is the average body 172 

weight (children:30kg, adults: 70kg); AT is exposure time for non-carcinogens (365 days per 173 

year× ED). RfD is the oral reference dose (mg/kg/day), Oral RfD for As (inorganic), Cd, Hg 174 

(Methyl Mercury), Cr, Zn and Pb is 0.0003, 0.001, 0.0001, 1.5, 0.3 and 0.004 mg/kg/day 175 

respectively); If the ratio is less than 1, the exposed population is unlikely to experience obvious 176 

adverse effects (Zhuang et al., 2009). It is well known that inorganic arsenic is the main 177 

component of the toxic effects of arsenic, and according to EFSA, in this study we assumed that 178 

the inorganic arsenic content was 20% of the total arsenic content (EFSA, 2014). 179 

The total target hazard quotient (TTHQ) was calculated with the aid of the following equation 180 

(Fakhri et al., 2019): 181 

𝑇𝑇𝐻𝑄 = ∑ 𝑇𝐻𝑄𝑖𝑛𝑖  

where TTHQ is total target hazard quotient, and THQi is a non-carcinogenic risk of each 182 

metal. 183 

2.2.4.2 carcinogenic risk assessment 184 

The estimated daily intake is an important indicator of health risk assessment in humans. It is 185 

used to estimate the daily intake of heavy metals. This paper uses this formula to estimate the 186 

intake of heavy metals through the consumption of fish. 187 

𝐸𝐷𝐼 = 𝐹𝐼𝑅 × 𝐶𝑖𝐵𝑊  

Where EDI is estimated daily intake(mg/kg/day), FIR is the food ingestion rate (g/person/d, 188 

fish: 36 g/person/day), Ci is the concentration of metal i in fish (mg·kg
-1

 dw). 189 
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The incremental lifetime cancer risk (ILCR) indicates that a person's lifetime probability of 190 

developing cancer is increased by exposure to potential carcinogens. It was used to calculate the 191 

risk of heavy metals carcinogenesis through the ingestion of fish from Taihu Lake. 192 

𝐼𝐿𝐶𝑅 = 𝐸𝐷𝐼 × 𝐶𝑆𝐹 

  In this Equation, EDI is estimated daily intake of carcinogenic metals(mg/kg/day); and CSF is 193 

the cancer slope factor, risk by a lifetime average dose 1 mg/kg Bw/day(Aendo et al., 2019; Islam 194 

et al., 2015). The CSF value of Pb is 8.5 × 10
−3

, Cd is 3.8 × 10
−1

, and As (inorganic) is 1.5 195 

(OEHHA, 2009; USEPA., 2011). EPA established the safe limit for cancer risk is ILCR<10
-6

; 196 

threshold risk limit ILCR>10
-4

; considerable risk limit ILCR>10
-3

. 197 

3. Results 198 

3.1 Heavy metals in Taihu Lake fish  199 

The concentrations of heavy metals in various kinds of fish from Taihu Lake since 2000 were 200 

collected and all the wet weight data were transformed by the dry and wet weight conversion 201 

formula for a unified generalization of the data. Finally, a total of 1174 records were obtained, 202 

including 46 species of fish and 6 species of heavy metals. Table 1 shows the levels of the six 203 

heavy metals in three different types of fish. It can be seen that there is a significant difference in 204 

the concentrations in fish between different heavy metals. and the overall level of each metal in 205 

descending order is Zn> Pb> Cr> As> Cd> Hg. The levels of heavy metals in different food chains 206 

are also different, the distribution of heavy metals in herbivorous fish is Zn> Cr> As> Pb> Hg> 207 

Cd, the distribution of heavy metals in omnivorous fish is Zn> Pb> Cr> As> Cd> Hg, the 208 

distribution of heavy metals in carnivorous fish is Zn> Cu> As> Pb> Cr> Cd> Hg. 209 

At the level of the food chain, only Hg and Cd increased with the level of the food chain, and 210 



11 

 

the other four heavy metals, zinc, copper, arsenic, and mercury, were omnivorous fish, carnivorous 211 

fish, and herbivorous fishes. Overall, the levels of the heavy metals in different feeding fishes in 212 

Taihu Lake are omnivorous fish > carnivorous fish > herbivorous fish. In addition, there is 213 

significant variation in the content of the same metal in the same predatory fish, with the highest 214 

As content in carnivorous fish being 99.75 times higher than the lowest As content. Table 1 also 215 

shows that the maximum concentration of Hg in Taihu fish is 0.521 mg·kg
-1

, which is the content 216 

of Silurus asotus collected in 2009. The highest concentrations of Pb and As appeared in the 217 

samples collected in 2011, which were 23.88 mg·kg
-1

 from Pelteobagrus fulvidraco and 3.99 218 

mg·kg
-1

 from Hemisalanx prognathus. The highest concentration of Cd was detected in the body 219 

of Monopterus albus collected in 2016, and the content was 14.005 mg·kg
-1

; the highest 220 

concentration of Zn came from the content of 907 mg·kg
-1

 in Cyprinus carpio in 2005 and the 221 

highest concentration of Cr was 25 mg·kg
-1

 in Coilia ectenes Jordan et Seale, the sample is from 222 

Jiaoshan, Taihu Lake, 2007. It should be noted that the highest concentrations of As and Hg were 223 

found in carnivores, whereas when comparing average concentrations, the concentrations of both 224 

metals are higher in omnivorous fish than in predatory fish.  225 

3.2 Time course change of the levels of heavy metals in Taihu Lake fish  226 

A visual representation of the differences in the content of the different elements and the 227 

variation of the same element over the years is shown in Fig. 1. There are observed variations in 228 

heavy metals concentrations levels between years, as well as significant differences in fish levels 229 

within the same year. Overall, all elements showed a clear upward trend from 2009-2011, however, 230 

the extent of the increase varied from element to element. The fluctuation of Pb and Cd elements 231 

is more obvious, which shows explosive growth from 2009 to 2011, but also the biggest decline 232 
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from 2012 to 2016. The difference between the highest and lowest years for Pb and Cd elements 233 

concentration was 190.25 times and 109.66 times, respectively. The four elements Cr, As, Zn and 234 

Hg also showed significant fluctuations, with a difference of 39.19 times, 10.05 times, 4.27 times, 235 

and 2.13 times between the highest and lowest years, respectively. 236 

3.3 Single-factor evaluation of heavy metals in Taihu fish  237 

In order to accurately calculate the PI and MPI values, the present study extracted whole-body 238 

concentration data from a dataset of 23 species of fish tested, and based on the information in the 239 

literature and the fish database (www.fishbase.org), the fish were classified into herbivorous fish, 240 

omnivorous fish, carnivorous fish according to their feeding habits, and classified fish into upper 241 

fish, middle-upper fish, middle-lower fish, bottom fish according to the layer in which they live. A 242 

comprehensive and detailed list of fish taxonomies is given in Table S1. All the results of the 243 

calculations are presented in Table 2, the PI values of Hg, Pb, Cd, Zn, As and Cr in Taihu Lake 244 

fish were 0.074~1.042, 0.064~19.36, 0.03~10.6, 0.09~1.70, 0.08~7.56, 0.11~1.81 respectively. 245 

According to the average PI values for all species, the heavy metals are contaminated with As > 246 

Pb > Cd > Zn > Cr > Hg in that order. And the three metals Pb, Cd, and As, which had pi values 247 

higher than 1, indicating heavy pollution.  248 

In Fig. 2, the pollution level of fish in different living habits and feeding habits was calculated.  249 

The results showed that in fish with different living habits, the heavy pollution degree was the 250 

most in the upper layer fish and the lower layer fish, the least pollution level in the middle-lower 251 

layers. And a high proportion of uncontaminated and light pollution fish in middle-lower and 252 

middle-upper fishes. The overall level of contamination is in the order of bottom fish > upper fish > 253 

middle-upper fish > middle-lower fish. Among the different feeding fishes, omnivorous fishes had 254 
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the highest proportion of heavy pollution degree, followed by carnivorous fishes and herbivorous 255 

fishes had the lowest proportion of heavy pollution degree. Overall, the contamination levels of 256 

these three types of fish were in the following order omnivorous fish > carnivorous fish > 257 

herbivorous fish. 258 

3.4 Comprehensive evaluation of heavy metals contamination in Taihu fish 259 

The results of the MPI values for all fish are presented in Table 2. It can be seen that the 260 

bottom fish has the highest MPI value, followed by the upper fish, and the middle fish has a 261 

smaller MPI value, compared to the middle-low fish, the MPI value of the middle-upper fish is 262 

slightly higher than the lower middle fish (Fig. 3A). Concerning the feeding habit, it is obvious 263 

from Fig. 3B that the MPI values of different feeding fishes are ranked as omnivorous fish > 264 

carnivorous fish > herbivorous fish. 265 

3.5 Risk of fish consumption 266 

3.5.1. Non-carcinogens risk 267 

In order to analyze more accurately the impact of eating Taihu fish on human health, our 268 

further collated the heavy metals content of Taihu fish, the concentrations in each organ known in 269 

the literature were averaged as a whole, and the results were presented in Table S2. Because of the 270 

differences in body weight and food consumption between adults and children, the THQ model 271 

was used to calculate the body weight and food consumption of Taihu fish separately. The results 272 

of the TTHQ values in this study can be observed in Fig. 4, where each column represents the 273 

TTHQ value for the type of fish consumed and the different colored areas represent the THQ 274 

values for individual metals. The THQ of heavy metals for herbivorous fish ranked in the order of 275 

Hg > As > Cr > Zn > Pb > Cd for children; Hg > Pb > As > Cr > Zn > Cd for omnivorous fish; Hg > 276 
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Cd > As > Zn > Pb > Cr for carnivorous fish. Compared with children, the THQ values of heavy 277 

metals exposed to adults by eating fish are lower than those of children, but the ordering 278 

distribution in each fish is consistent. And detailed information on THQ is provided in Fig. S3. 279 

Noteworthy, the THQ values of Hg, Pb in omnivorous fish and Hg in carnivorous fish are higher 280 

than 1. This suggests that they have potential non-carcinogenic effects on children's health. And 281 

the THQ of Hg in omnivorous fish is close to 2, indicating that the Hg content in omnivorous fish 282 

may cause non-carcinogenic health effects in adults. 283 

From Fig. 4, the TTHQ for all fish is greater than 1 for both children and adults, suggesting 284 

that consumption of fish from the Taihu Lake region may have adverse non-carcinogenic health 285 

effects for consumers. It should be noted that children consuming omnivorous fish from Taihu 286 

Lake with TTHQ above 5, which means a possible negative non-carcinogenic effect on human 287 

health and should be of great concern. The highest contribution of Hg to TTHQ can be clearly 288 

seen in Fig. 4, with herbivorous, omnivorous, and carnivorous fish accounting for 66.21%, 289 

29.87%, and 44.03%, respectively. The contribution rate of Pb in three types of fish accounted for 290 

2.09%, 22.98%, and 6.77% of children's TTHQ respectively. TTHQ values also differed among 291 

different types of fish, but the trend was consistent in adults and children, with the largest TTHQ 292 

values in omnivorous fish, followed by carnivorous fish and finally herbivorous fish (Fig. 4). In 293 

general, the consumption of Taihu fish by adults and children may have adverse non-carcinogenic 294 

health effects, especially for children. The risk of human health from different types of fish 295 

consumption is different, and the risk of non-cancer health is highest in omnivorous fish, then in 296 

carnivorous fish, and the potential risk of herbivorous fish is lowest. 297 

3.5.2. Carcinogens risk 298 
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The results in Table 3 show that the carcinogenic risk of herbivorous fish from the Taihu Lake 299 

area for adults and children is below the EPA threshold risk limit of ILCR>10
-4

. This indicates that 300 

the carcinogenic risk from consumption of herbivorous fish from Taihu Lake is acceptable. 301 

However, in omnivorous fish, the ILCR values of As for adults and children were 1.74E-04 and 302 

4.06E-0 respectively, and the ILCR value of Cd for children was 1.52E-04, both of which were 303 

greater than 1×10
-4

 and exceeded the EPA threshold risk limit. Unlike omnivorous fish, the ILCR 304 

values for Cd in carnivorous fish exceeded 1×10
-4

 for adults and children, and the ILCR values for 305 

As in children exceeded the EPA threshold risk limit. After rigorous examination, it was 306 

discovered that the ILCR values of As in omnivorous fish and Cd in carnivorous fish in Taihu 307 

exceeded the EPA threshold risk limit for both adults and children, and the ILCR values of Cd in 308 

omnivorous fish and As in carnivorous fish for children also exceeded the threshold risk limit. 309 

4. Discussion  310 

4.1 Concentration differences between heavy metals 311 

From the results of Table1 and Fig. 1, there are obverse difference in the contents of heavy 312 

metals in Taihu fishes. and there are also significant variations in the year. These differences are 313 

due to a number of factors, for instance fish accumulate heavy metals through a variety of means, 314 

including contact with the living habits, respiration, and feeding, and the extent of accumulation 315 

depends on the chemical elements and the species involved (Griboff et al., 2018; Lavoie et al., 316 

2013). The water layer and sediments are the main sources of heavy metals in fish, and the 317 

concentrations of heavy metals in fish in Taihu Lake vary greatly depending on the sediment 318 

content in different areas of Taihu Lake and the location of fish capture. Taihu Lake is bordered by 319 

four different types of industrial cities which results in different levels of pollution in different 320 
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areas (Yi et al., 2011). This may be an important reason for the differences in heavy metals in 321 

conspecific fish. 322 

In addition, the difference in heavy metals content is also reflected in time, In recent years, 323 

government departments have begun to strengthen measures to control heavy metals pollution, 324 

including local governments' attention to heavy metals pollution and the application of 325 

environmental monitoring technology (Li et al., 2018). This shows that since 2011, the State 326 

Council approved the implementation of the "Twelfth Five-Year Plan for the Comprehensive 327 

Prevention and Control of Heavy Metal Pollution", the prevention and control of heavy metals 328 

pollution in the Taihu region has achieved certain results, the concentrations of the six heavy 329 

metals in the fish concerned in this study are lower than those in 2011, but still need to continue to 330 

strengthen the prevention and control of pollutants. Pb, Cd, and As are three kinds of heavy metals 331 

that should be paid more attention to in the prevention and control of heavy metals in the Taihu 332 

Lake area in the future. 333 

4.2 Comparison of heavy metals contents in fish 334 

Table 1 shows detailed information on the concentrations of six heavy metals in fish samples 335 

collected from Taihu. In this study the concentrations of Zn (64.92, 14-157.675 mg·kg
-1

 dw), Cd 336 

(0.2053, ND-14.005 mg·kg
-1

 dw), Cr (0.7296, ND-25 mg·kg
-1

 dw) and Pb (0.7423, ND-9.68 337 

mg·kg
-1

 dw) in fish from Taihu were significantly higher than concentrations of Zn (33.7, 10.7–338 

134 mg·kg
-1

 dw), Cr (0.646, 0.047- 6.18 mg·kg
-1

 dw), Cd (0.032, 0.047- 0.135 mg·kg
-1

 dw), Pb 339 

(0.175, 0.006–0.559 mg·kg
-1

 dw) in fish observed from the Xiang River (Jia et al., 2018b). The 340 

range of Hg (0.1173, 0.027-0.521 mg·kg
-1

 dw) concentrations in fish in this study were similar to 341 

that in fish from the Yellow River Estuary (0.02–0.61 mg·kg
-1

 dw), but the range of As (0.6475, 342 
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0.04-3.99 mg·kg
-1

 dw) was higher than that in fish from the Yellow River Estuary (0.04, 0.03–2.8 343 

mg·kg
-1

 dw) (Liu et al., 2018). For level of As (0.010–0.084 mg·kg
-1

 dw), Cd (0.0009–0.009 344 

mg·kg
-1

 dw), Cr (0.186–0.291 mg·kg
-1

 dw), Pb (0.014–0.084 mg·kg
-1

 dw) were lower in the fish 345 

observed in Poyang Lake compared to those in Taihu Lake (Wei et al., 2014). Although the 346 

concentration range of Zn (69.44, 45.72–112.92 mg·kg
-1

 dw), Cd (0.91, 0.48–1.4 mg·kg
-1

 dw) and 347 

Pb (1.68, 1.12–2.6 mg·kg
-1

 dw) in Nansi Lake fish was smaller than that in Taihu fish, the average 348 

concentration was higher than that in Taihu fish, while the As (0.3, 0.2–0.4 mg·kg
-1

 dw) content 349 

was significantly smaller than that in Taihu fish (Zhu et al., 2015). In the comparison with Taihu 350 

fish, only the mean concentration of Zn, Cd, Pb in the Nansi Lake was higher than that of Taihu 351 

fish, while the range and mean concentration of heavy metals in the remaining fish were lower 352 

than that in Taihu Lake. 353 

4.3 Contamination assessment of metals in Taihu fish 354 

In addition to region and year, the diet and habitat of the fish, as well as the trophic level, had 355 

a great influence on the levels of the heavy metals in fish(Liu et al., 2019; Yi et al., 2011). 356 

Combining the results in Fig. 2 and Fig. 3, it can be seen that the benthic fishes have the highest 357 

level of contamination, which may be due to longer exposure of their skin to sediment and greater 358 

absorption of heavy metals from benthic organisms (Yi et al., 2011). The second most polluted 359 

fish is the pelagic fish, which is probably caused by the severe bloom in Taihu Lake in recent 360 

years, where the heavy metals in the bloom are transferred to the fish through the food chain, 361 

leading to an increase in the bodyweight metal content of the pelagic fish (Garcia-Hernandez et al., 362 

2005; Jia et al., 2018a). The concentration results in this study showed that only Hg and Cd 363 

increased with food chain transfer, while the remaining heavy metals did not show 364 
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biomagnification, which is similar to the results of Sang et al, 2019 (Sang et al., 2019). Espejo et 365 

Al. (2020) speculate that the biomagnification of heavy metals such as Cu and Zn in living 366 

organisms is species and region-specific (Espejo et al., 2020). The results of contamination level 367 

evaluation showed that omnivorous fish were the most contaminated with heavy metals, and the 368 

heavy metals levels of carnivorous fish were not higher than those of omnivorous and herbivorous 369 

fish, indicating that habitat may have a greater influence on the distribution of heavy metals in fish 370 

than dietary habits (Fu et al., 2013).  371 

4.4 Health risk to humans from consumption of Taihu Lake fish 372 

Fish is a good indicator of pollution in the aquatic environment and an important way to 373 

expose humans(Guo et al., 2012). Taihu fish is an important commercial fish product in the 374 

Yangtze River Delta region and is a daily food for the local people (Aendo et al., 2019; Fang et al., 375 

2014). Therefore, it is necessary to assess the potential health risks caused by the consumption of 376 

local aquatic products. The Target Hazard Quotient (THQ) and Incremental Lifetime Cancer Risk 377 

(ILCR) were used to assess the potential health risks associated with chronic exposure to chemical 378 

pollutants(Bortey-Sam et al., 2015). The method of THQ and ILCR estimation does not provide a 379 

quantitative estimate of the probability of adverse health effects in exposed populations, but rather 380 

provides an indication of the risk level of exposure (Storelli, 2008). In this study, the TTHQ for all 381 

types of fish is greater than 1 for children and The TTHQ of omnivorous and carnivorous fish to 382 

adults was also higher than 1 suggesting that consumption of fish from the Taihu Lake region may 383 

have adverse non-carcinogenic health effects for consumers. In contrast to the results of this study, 384 

several existing studies have shown that human consumption of Taihu fish had a TTHQ of less 385 

than 1, and there were no significant health risks to humans (Liu et al., 2009; Tao et al., 2012; Xia 386 
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et al., 2019). The results of ILCR showed that the exposure hazard of As and Cd in omnivorous 387 

fish and carnivorous fish in Taihu to children exceeded the threshold risk limit specified by EPA, 388 

and the ILCR values of As in omnivorous fish and Cd in carnivorous fish to adults also exceeded 389 

the threshold risk limit, although these values only just exceeded the threshold risk limit, they 390 

should cause people to pay attention. There is a lack of studies on ILCR assessment of fish from 391 

Taihu. In this study, we calculated the inorganic arsenic content as 20% of the total arsenic, which 392 

may overestimate the inorganic arsenic content in fish (Julshamn et al., 2012). And in the 393 

calculation process, we used different standards such as FIR, BW, etc. than other literature, and on 394 

the other hand, the fish heavy metals data used in this study is the average of long-term data, while 395 

other data in the literature only calculate the fish heavy metals of a period of time. This may be the 396 

reason for the difference between the results of this study and those of other studies. 397 

It is worth noting that the levels of Zn, Pb, and Cr are relatively high in these three elements, 398 

but the THQ results show that the intake of these three heavy metals does not pose a health risk to 399 

humans. As and Hg, on the other hand, have lower concentrations, but higher health risks than the 400 

first three metals. Therefore, in the process of pollution prevention and control, the hazard quotient 401 

of the pollutant should be used as a guide rather than simply the concentration of the pollutant 402 

mass. It is recommended that the scope of biological testing be extended to include regular 403 

monitoring of organisms within a certain range. Long-term continuous testing in heavily 404 

contaminated areas is necessary. Meanwhile, a unified detection method should be established to 405 

standardize the monitoring data, and these standardized monitoring data should be integrated 406 

regularly. 407 

5. Conclusion 408 
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In this paper, we extracted the data related to the heavy metals content in fish of Taihu Lake 409 

using a dataset that has already been built, and we systematically counted and described the data. 410 

A total of 1174 records were obtained, including 46 species of fish and 6 kinds of heavy metals. 411 

The concentration of heavy metals in Taihu Lake fish were Zn (64.92, 14-157.675 mg·kg
-1

 dw), 412 

Cd(0.2053, ND-14.005 mg·kg
-1

 dw), Cr(0.7296, ND-25 mg·kg
-1

 dw) and Pb(0.7423, ND-9.68 413 

mg·kg
-1

 dw), Hg(0.1173, 0.027-0.521 mg·kg
-1

 dw), As (0.6475, 0.04-3.99 mg·kg
-1

 dw), 414 

respectively. Results of heavy metals contamination of fish in Taihu lake show the contamination 415 

levels in different feeding fishes are omnivorous fish > carnivorous fish > herbivorous fish. The 416 

overall level of contamination is in the order of bottom fish > upper fish > middle-upper fish > 417 

middle-upper fish. The observations from the results of TTHQ indicate that for all fish is greater 418 

than 1 for children and omnivorous and carnivorous fish for adults was also greater than 1, 419 

suggesting that consumption of Taihu fish by adults and children may have adverse 420 

non-carcinogenic health effects, especially for children. The risk of human health from different 421 

types of fish consumption is different, and the risk of non-cancer health is highest in omnivorous 422 

fish, then in carnivorous fish, and the potential risk of herbivorous fish is lowest. The results of the 423 

ILCR presented that the values of As and Cd in omnivorous fish for children exceeded the risk 424 

threshold limits set by the EPA, and the ILCR values of As in omnivorous fish and Cd in 425 

carnivorous fish for adults also exceeded the risk threshold limits given by the EPA. 426 

Declarations 427 

Ethics approval Not applicable. 428 

Consent to participate Not applicable. 429 

Consent for publication Not applicable. 430 

Competing Interests The authors declare that they have no competing interests. 431 

Funding 432 

This work was supported by the National Key R&D Program of China (2018YFE0103300), 433 

the International Partnership Program of Chinese Academy of Sciences (132C35KYSB20200012), 434 

Xiamen Municipal Bureau of Science and Technology Program (3502Z20203079), and National 435 

Basic Science Data Center“Environment Health DataBase” (NO.NBSDC-DB-21）. 436 

Authors’ contributions 437 



21 

 

Xiaobo Liu: Writing - Original Draft, Data Curation, Validation. Congtian Lin: Data Curation, 438 

Software, Validation. Yangyu Wu: Data Curation, Data Curation. Haining Huang: Methodology, 439 

Software. Liting Zhu: Software, Validation. Ru Jiang: Supervision, Writing- Reviewing. 440 

Qiansheng Huang: Designing, Funding acquisition, Writing- Reviewing and Editing. 441 

Availability of data and materials 442 

The data used in this paper are from A dataset of multi-pollutants in multi-species in China 443 

(data available in http://www.dx.doi.org/10.11922/sciencedb.00310). 444 

References 445 

Abdelkrim S, Jebara SH, Jebara M. Antioxidant systems responses and the compatible 446 

solutes as contributing factors to lead accumulation and tolerance in Lathyrus 447 

sativus inoculated by plant growth promoting rhizobacteria. Ecotoxicology and 448 

Environmental Safety 2018; 166: 427-436. 449 

Aendo P, Thongyuan S, Songserm T, Tulayakul P. Carcinogenic and non-carcinogenic risk 450 

assessment of heavy metals contamination in duck eggs and meat as a warning 451 

scenario in Thailand. Science of the Total Environment 2019; 689: 215-222. 452 

Al Osman M, Yang F, Massey IY. Exposure routes and health effects of heavy metals on 453 

children. Biometals 2019; 32: 563-573. 454 

Alamdar A, Eqani SAMAS, Hanif N, Ali SM, Fasola M, Bokhari H, et al. Human exposure to 455 

trace metals and arsenic via consumption of fish from river Chenab, Pakistan 456 

and associated health risks. Chemosphere 2017; 168: 1004-1012. 457 

Alm-Eldeen AA, Donia T, Alzahaby S. Comparative study on the toxic effects of some heavy 458 

metals on the Nile Tilapia, Oreochromis niloticus, in the Middle Delta, Egypt. 459 

Environmental Science and Pollution Research 2018; 25: 14636-14646. 460 

Bonito LT, Hamdoun A, Sandin SA. Evaluation of the global impacts of mitigation on 461 

persistent, bioaccumulative and toxic pollutants in marine fish. Peerj 2016; 462 

4. 463 

Bortey-Sam N, Nakayama SM, Ikenaka Y, Akoto O, Baidoo E, Yohannes YB, et al. Human health 464 

risks from metals and metalloid via consumption of food animals near gold mines 465 

in Tarkwa, Ghana: estimation of the daily intakes and target hazard quotients 466 

(THQs). Ecotoxicology and Environmental Safety 2015; 111: 160-7. 467 

Chi Q-q, Zhu G-w, Langdon A. Bioaccumulation of heavy metals in fishes from Taihu Lake, 468 

China. Journal of Environmental Sciences 2007; 19: 1500-1504. 469 

Cresson P, Travers-Trolet M, Rouquette M, Timmerman CA, Giraldo C, Lefebvre S, et al. 470 

Underestimation of chemical contamination in marine fish muscle tissue can be 471 

reduced by considering variable wet:dry weight ratios. Marine Pollution Bulletin 472 

2017; 123: 279-285. 473 

De La Rosa D, Olivares S, Lima L, Diaz O, Moyano S, Bastias JM, et al. Estimate of mercury 474 

and methyl mercury intake associated with fish consumption from Sagua la Grande 475 

River, Cuba. Food Addit Contam Part B Surveill 2009; 2: 1-7. 476 



22 

 

EFSA, 2014. Dietary exposure to inorganic arsenic in the European population. In: 477 

European Food Safety Authority (EFSA) P, Italy, editor. European Food Safety 478 

Authority, 2014. 479 

Espejo W, Padilha JdA, Kidd KA, Dorneles P, Malm O, Chiang G, et al. Concentration and 480 

Trophic Transfer of Copper, Selenium, and Zinc in Marine Species of the Chilean 481 

Patagonia and the Antarctic Peninsula Area. Biological Trace Element Research 482 

2020; 197: 285-293. 483 

Ezemonye LI, Adebayo PO, Enuneku AA, Tongo I, Ogbomida E. Potential health risk 484 

consequences of heavy metal concentrations in surface water, shrimp 485 

(Macrobrachium macrobrachion) and fish (Brycinus longipinnis) from Benin River, 486 

Nigeria. Toxicology Reports 2019; 6: 1-9. 487 

Faial K, Deus R, Deus S, Neves R, Jesus I, Santos E, et al. Mercury levels assessment 488 

in hair of riverside inhabitants of the Tapajós River, Pará State, Amazon, Brazil: 489 

Fish consumption as a possible route of exposure. Journal of Trace Elements in 490 

Medicine and Biology 2015; 30: 66-76. 491 

Fakhri Y, Atamaleki A, Asadi A, Ghasemi SM, Khaneghah AM. Bioaccumulation of potentially 492 

toxic elements (PTEs) in muscle Tilapia spp fish: a systematic review, 493 

meta-analysis, and non-carcinogenic risk assessment. Toxin Reviews 2019. 494 

Fang S, Zhao S, Zhang Y, Zhong W, Zhu L. Distribution of perfluoroalkyl substances (PFASs) 495 

with isomer analysis among the tissues of aquatic organisms in Taihu Lake, China. 496 

Environmental Pollution 2014; 193: 224-232. 497 

Fok TF, Lam HS, Ng PC, Yip AS, Sin NC, Chan IH, et al. Fetal methylmercury exposure as 498 

measured by cord blood mercury concentrations in a mother-infant cohort in Hong 499 

Kong. Environment International 2007; 33: 84-92. 500 

Fu J, Hu X, Tao X, Yu H, Zhang X. Risk and toxicity assessments of heavy metals in sediments 501 

and fishes from the Yangtze River and Taihu Lake, China. Chemosphere 2013; 93: 502 

1887-1895. 503 

Gao Y, Zhang Y, Feng J, Zhu L. Toxicokinetic-toxicodynamic modeling of cadmium and lead 504 

toxicity to larvae and adult zebrafish. Environmental Pollution 2019; 251: 505 

221-229. 506 

Garcia-Hernandez J, Garcia-Rico L, Jara-Marini ME, Barraza-Guardado R, Hudson Weaver 507 

A. Concentrations of heavy metals in sediment and organisms during a harmful 508 

algal bloom (HAB) at Kun Kaak Bay, Sonora, Mexico. Marine Pollution Bulletin 509 

2005; 50: 733-9. 510 

Griboff J, Horacek M, Wunderlin DA, Monferran MV. Bioaccumulation and trophic transfer 511 

of metals, As and Se through a freshwater food web affected by antrophic pollution 512 

in Cordoba, Argentina. Ecotoxicology and Environmental Safety 2018; 148: 513 

275-284. 514 

Guo JY, Wu FC, Zhang L, Liao HQ, Tang Z, Zheng C, et al. Characteristics of DDTs in fish 515 

from Lake Taihu: an indicator of continual DDTs input in China. Science of the 516 

Total Environment 2012; 437: 196-9. 517 

Hao Y, Chen L, Zhang X, Zhang D, Zhang X, Yu Y, et al. Trace elements in fish from Taihu 518 

Lake, China: levels, associated risks, and trophic transfer. Ecotoxicology and 519 

Environmental Safety 2013; 90: 89-97. 520 



23 

 

Huang Qiansheng, Liu Xiaobo, Yangyu. W. A dataset of multi-pollutants in multi-species 521 

in China, Science Data Bank, 2020. 522 

Islam MS, Ahmed MK, Habibullah-Al-Mamun M, Raknuzzaman M. The concentration, source and 523 

potential human health risk of heavy metals in the commonly consumed foods in 524 

Bangladesh. Ecotoxicology and Environmental Safety 2015; 122: 462-469. 525 

Jia Y, Chen W, Zuo Y, Lin L, Song L. Heavy metal migration and risk transference associated 526 

with cyanobacterial blooms in eutrophic freshwater. Science of the Total 527 

Environment 2018a; 613-614: 1324-1330. 528 

Jia YY, Wang L, Cao JF, Li S, Yang ZG. Trace elements in four freshwater fish from a 529 

mine-impacted river: spatial distribution, species-specific accumulation, and 530 

risk assessment. Environmental Science and Pollution Research 2018b; 25: 531 

8861-8870. 532 

Jiang X, Wang W, Wang S, Zhang B, Hu J. Initial identification of heavy metals 533 

contamination in Taihu Lake, a eutrophic lake in China. Journal of Environmental 534 

Sciences 2012; 24: 1539-1548. 535 

Jiaxin S, Shengchen W, Yirong C, Shuting W, Shu L. Cadmium exposure induces apoptosis, 536 

inflammation and immunosuppression through CYPs activation and antioxidant 537 

dysfunction in common carp neutrophils. Fish Shellfish Immunol 2020; 99: 538 

284-290. 539 

Julshamn K, Nilsen BM, Frantzen S, Valdersnes S, Maage A, Nedreaas K, et al. Total and 540 

inorganic arsenic in fish samples from Norwegian waters. Food Addit Contam Part 541 

B Surveill 2012; 5: 229-35. 542 

Kakade A, Salama ES, Pengya F, Liu P, Li X. Long-term exposure of high concentration 543 

heavy metals induced toxicity, fatality, and gut microbial dysbiosis in common 544 

carp, Cyprinus carpio. Environmental Pollution 2020; 266: 115293. 545 

Lavoie RA, Jardine TD, Chumchal MM, Kidd KA, Campbell LM. Biomagnification of mercury 546 

in aquatic food webs: a worldwide meta-analysis. Environmental Science & 547 

Technology 2013; 47: 13385-94. 548 

Li Y, Zhou S, Zhu Q, Li B, Wang J, Wang C, et al. One-century sedimentary record of heavy 549 

metal pollution in western Taihu Lake, China. Environmental Pollution 2018; 240: 550 

709-716. 551 

Liang P, Wu SC, Zhang J, Cao Y, Yu S, Wong MH. The effects of mariculture on heavy metal 552 

distribution in sediments and cultured fish around the Pearl River Delta region, 553 

south China. Chemosphere 2016; 148: 171-7. 554 

Liu C, Liu Y, Feng C, Wang P, Yu L, Liu D, et al. Distribution characteristics and 555 

potential risks of heavy metals and antimicrobial resistant Escherichia coli 556 

in dairy farm wastewater in Tai’an, China. Chemosphere 2021; 262: 127768. 557 

Liu F, Ge J, Hu X, Fei T, Li Y, Jiang Y, et al. Risk to humans of consuming metals in 558 

anchovy (Coilia sp.) from the Yangtze River Delta. Environmental Geochemistry 559 

and Health 2009; 31: 727-740. 560 

Liu J, Cao L, Dou S. Trophic transfer, biomagnification and risk assessments of four 561 

common heavy metals in the food web of Laizhou Bay, the Bohai Sea. Science of 562 

the Total Environment 2019; 670: 508-522. 563 

Liu Y, Liu GJ, Yuan ZJ, Liu HQ, Lam PKS. Heavy metals (As, Hg and V) and stable isotope 564 



24 

 

ratios (delta C-13 and delta N-15) in fish from Yellow River Estuary, China. 565 

Science of the Total Environment 2018; 613: 462-471. 566 

Liu Yang FQ, Gao Jun, et al. Assessment of heavy metals content and safety in aquatic 567 

products in Yancheng area, Jiangsu. Environmental Science & Technology 2013; 568 

34 (10): 4081-4089. 569 

Niu Y, Jiang X, Wang K, Xia JD, Jiao W, Niu Y, et al. Meta analysis of heavy metal pollution 570 

and sources in surface sediments of Lake Taihu, China. Science of the Total 571 

Environment 2020; 700. 572 

NMPA, 2017. State Health and Family Planning Commission, State Food and Drug 573 

Administration. National food safety standard: Contaminant limit in food GB 574 

2762—2017[S]. National Medical Products Administration, Beijing: China 575 

Standards Press, 2017. 576 

OEHHA, 2009. Air Toxics Hot Spots Program Technical Support Document for Cancer Potencies. 577 

Appendix B. Chemical-specific Summaries of the Information Used to Derive Unit 578 

Risk and Cancer Potency Values. Appendix B. Chemical-specific Summaries of the 579 

Information Used to Derive Unit Risk and Cancer Potency Values., OEHHA, 2009. 580 

Rajeshkumar S, Liu Y, Zhang X, Ravikumar B, Bai G, Li X. Studies on seasonal pollution 581 

of heavy metals in water, sediment, fish and oyster from the Meiliang Bay of 582 

Taihu Lake in China. Chemosphere 2018; 191: 626-638. 583 

Sang C, Zheng Y, Zhou Q, Li D, Liang G, Gao Y. Effects of water impoundment and water-level 584 

manipulation on the bioaccumulation pattern, trophic transfer and health risk 585 

of heavy metals in the food web of Three Gorges Reservoir (China). Chemosphere 586 

2019; 232: 403-414. 587 

Shankar P, Dashner-Titus EJ, Truong L, Hayward K, Hudson LG, Tanguay RL. Developmental 588 

toxicity in zebrafish (Danio rerio) exposed to uranium: A comparison with lead, 589 

cadmium, and iron. Environmental Pollution 2020: 116097. 590 

Storelli MM. Potential human health risks from metals (Hg, Cd, and Pb) and 591 

polychlorinated biphenyls (PCBs) via seafood consumption: estimation of target 592 

hazard quotients (THQs) and toxic equivalents (TEQs). Food and Chemical 593 

Toxicology 2008; 46: 2782-8. 594 

Tao Y, Yuan Z, Xiaona H, Wei M. Distribution and bioaccumulation of heavy metals in 595 

aquatic organisms of different trophic levels and potential health risk 596 

assessment from Taihu lake, China. Ecotoxicology and Environmental Safety 2012; 597 

81: 55-64. 598 

USEPA, 2011. The screening level (RSL) tables (Last updated June 2011). United States 599 

Environmental Protection Agency, United States Environmental Protection Agency, 600 

2011. 601 

Wei YH, Zhang JY, Zhang DW, Tu TH, Luo LG. Metal concentrations in various fish Organs 602 

of different fish species from Poyang Lake, China. Ecotoxicology and 603 

Environmental Safety 2014; 104: 182-188. 604 

Wu X, Wu H, Gu X, Zhang R, Ye J, Sheng Q. Biomagnification characteristics and health 605 

risk assessment of the neurotoxin BMAA in freshwater aquaculture products of 606 

Taihu Lake Basin, China. Chemosphere 2019; 229: 332-340. 607 

Xia W, Chen L, Deng X, Liang G, Giesy JP, Rao Q, et al. Spatial and interspecies 608 



25 

 

differences in concentrations of eight trace elements in wild freshwater fishes 609 

at different trophic levels from middle and eastern China. Science of the Total 610 

Environment 2019; 672: 883-892. 611 

Yassa HA. Autism: a form of lead and mercury toxicity. Environmental Toxicology and 612 

Pharmacology 2014; 38: 1016-24. 613 

Yi Y, Yang Z, Zhang S. Ecological risk assessment of heavy metals in sediment and human 614 

health risk assessment of heavy metals in fishes in the middle and lower reaches 615 

of the Yangtze River basin. Environmental Pollution 2011; 159: 2575-85. 616 

Zhang J, Peterson SM, Weber GJ, Zhu XQ, Zheng W, Freeman JL. Decreased axonal density 617 

and altered expression profiles of axonal guidance genes underlying lead (Pb) 618 

neurodevelopmental toxicity at early embryonic stages in the zebrafish. 619 

Neurotoxicology and Teratology 2011; 33: 715-720. 620 

Zhang Y, Feng JF, Gao YF, Liu XY, Qu L, Zhu L. Physiologically based toxicokinetic and 621 

toxicodynamic (PBTK-TD) modelling of Cd and Pb exposure in adult zebrafish Danio 622 

rerio: Accumulation and toxicity. Environmental Pollution 2019; 249: 959-968. 623 

Zhu FK, Qu L, Fan WX, Wang AR, Hao HL, Li XB, et al. Study on heavy metal levels and 624 

its health risk assessment in some edible fishes from Nansi Lake, China. 625 

Environmental Monitoring and Assessment 2015; 187. 626 

Zhuang P, McBride MB, Xia H, Li N, Lia Z. Health risk from heavy metals via consumption 627 

of food crops in the vicinity of Dabaoshan mine, South China. Science of the 628 

Total Environment 2009; 407: 1551-1561. 629 

Zuo J, Fan W, Wang X, Ren J, Zhang Y, Wang X, et al. Trophic transfer of Cu, Zn, Cd, 630 

and Cr, and biomarker response for food webs in Taihu Lake, China. Rsc Advances 631 

2018; 8: 3410-3417. 632 

 633 

 634 



Figures

Figure 1

Annual variation of heavy metals contents in Taihu Lake �sh. The thick horizontal lines indicate Median,
thin horizontal lines indicate 95% CI (con�dence intervals). Each blue dot represented a data record on the
concentration of pollutant in �sh. The x-axis represents the sampling year.

Figure 2

Pollution levels of different types of �sh according to Pi values. Fish are classi�ed as upper �sh, middle-
upper �sh, middle-lower �sh, bottom �sh according to their living habitat and herbivorous �sh,
omnivorous �sh, carnivorous �sh according to their feeding habits. Different colors indicate different
levels of contamination and the size of the circle indicates the proportion of the level of contamination,
and the larger the circle the higher the proportion of the type of contamination. pollution-free: (Pi) ≤0.2,
slight pollution: 0.2<Pi ≤0.6, moderate pollution 0.6 < Pi ≤1. 0, heavy pollution Pi > 1.0.

Figure 3

MPI for �shes with different living habits and feeding habits. The thick horizontal lines indicate Median,
thin horizontal lines indicate 95% CI (con�dence intervals). A) shows the MPI values of �sh living in



different water layers, U, Upper; M-U, Middle-Upper; M-L, Middle-Low, B, Bottom. B) shows the MPI values
of the different feeding �sh.

Figure 4

Total target hazard factor in adults and children due to ingestion of metals in Taihu Lake �sh. H,
herbivorous; O, omnivorous; C: carnivorous, Different colors indicate different heavy metals and the area
of different colors in the column indicates the THQ value of that heavy metal.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

supplementarymaterials.docx

https://assets.researchsquare.com/files/rs-1049472/v1/6624809d9c996abcfe3ca570.docx

