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Abstract:  In August 2021, during the wet season, 45 sampling sites were established across the Lake Poyang area. 

Concentrations of Mn, Cu, Zn, Cd, Pb, Cr, As and Hg in the lake water were analysed using inductively coupled plasma 

mass spectrometry and atomic fluorescence spectrometry. A human health risk assessment for heavy metals was conducted 

based on parameters specific to the Chinese population for drinking water and dermal exposure. The spatial distribution 

characteristics of the heavy metals and their associated health risks were analyzed using the Kriging interpolation method. 

Key results indicate that the concentration of heavy metals in the study area ranged from 1.89 μg/L to 183.25 μg/L, with 

manganese (Mn) exhibiting the highest average concentration and chromium (Cr) the lowest. Elevated concentrations of 

heavy metals were observed in the river-lake ecotone in southern Poyang Lake, where Mn levels exceeded safety standards 

at the confluence of Lake Poyang with the Ganjiang, Xinjiang and Fuhe rivers. (2) As and Cr pose significant risks to human 

health in Poyang Lake. In 2021, carcinogenic risk dominated heavy metal risks in lake water, with As presenting a 

pronounced carcinogenic threat. Some sampling sites showed low non-carcinogenic risks for Cr. (3) High non-carcinogenic 

risk areas were primarily found in the southern part of the lake, while high carcinogenic risk areas were concentrated in the 

central part of the lake. Manganese (Mn), arsenic (As) and chromium (Cr) are the heavy metals that need to be strictly 

controlled in Poyang Lake. Water pollution caused by heavy metals in the southern and central parts of the lake should be 

prioritised for prevention and control. 

Keywords: Human health risk; Lake Poyangregion; Heavy metals; Spatial differentiation; Non-carcinogenic risk; 

Carcinogenic risk 
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Fig. 1 Overview of the study area and distribution of sampling points 

1.2 样品采集与分析 
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ᵣ MnȁCuȁZnȁCdȁPb Crᶭ ȇ  65 ᾝ  ᵣ Ȉ

̂HJ 700ĺ2014̃ [19] ̆ ₮ №≢ҹ 0.12μg/Lȁ0.18μg/Lȁ0.67μg/Lȁ0.05μg/Lȁ

0.09μg/L 0.11μg/L̆ᶏ ᵣ ת iCAP-RQ ҉ 6

ȂAs Hgң ᾝ ȇ  ȁ ȁ ȁ  ᾣ Ȉ̂ HJ 694-2014̃ [20]Ҭ

ȁ ᾣᾣ AFS-8220 ̆ ₮ Asҹ 0.30μg/L̆Hgҹ 0.04μg/LȂ 

1.3 研究方法 

1.3.1  ẅ ≠ ArcGIS 10.5 ᴆ ᵣ ȁ ֲ/ᾙ ҍ

ṿ ṿȂ≠ ȁ ȁ ‰ ṿȁ ‰ ‰ ԓ
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1.3.2  ָᵩằ ᴍ ֲᵣẫ ᴇ̂Human Health Risk Assessment, HHRÃ ѿ ԍ

ԍ ֲ ⌠ẫ ҍ [21]Ȃ Ḡ ̂U.S. 

Environmental Protection Agency, USEPÃ ԅ ᴇ ̆ ԅ ᶫ

ᴇ ΎȂѿ ̆ ץ ῀ȁ ῀ 3 ῀ֲᵣ̆
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Ҋ Ȃ 

ֲᵣẫ ᴇ ԍȇҬ ֲ Ύ ̂ ֲ Ȉ̃ ȇҬ ֲ

Ύ ̂ᾙ Ȉ̃̆ ғ№≢ ԅ 0~6 ᾙ ҍ 18 ҉ץ ֲ ῏

ֲ ̆ ֲᵣẫ ᴇȂῒҬᵞԍ ₮ ᵝ

₮ ԋ№ӊѿ ҍ [27]Ȃ 1ҹֲᵣẫ ᴇҬ ᶏ Ȃ 

1 ֲᵣẫ ᴇ [28,29] 

Tab.1 Exposure parameters for human health risk assessment 

 ӈ 
ṿ 

ֲ ᾙ  

C/̂ mg·L -1̃ ᾝ  ṿ ṿ 

IR/̂L·d -1̃ ῀  2.48  0.69  

SA/cm2  16,000  5,477.78  

ET/̂ h·d -1̃  0.13  0.10  

EF/̂ d·a -1̃  365  365  

ED/a  70  6  

BW/kg ᵣ  55.90  12  

AT/d  25,550  2,190  

 

ֲᵣẫ ᴇ Ҭ̆ ⌠ ╕ ̂Reference Dosĕ RfD ȁ̃

̂Dermal permeability coefficient̆ Kp ȁ̃ ̂Gastrointestinal Absorption 

Factor̆ ABSgĩ ̂Slope Factor̆ SF̃ ̆ 2ҹ Ҭ ᶏ ῏ ṿȂ 

2 ֲᵣẫ ᴇ ῏ ṿ 

Tab.2 Reference values for human health risk assessment 

 RfDoral/̂ mg·(kg·d) -1̃ RfDder/̂ mg·(kg·d) -1̃ ABSgi/% Kp/̂cm·h -1̃* SForal/(mg·(kg·d) -1) 

Mn 0.14* 0.0084 6* 0.001 —— 

Cu 0.005* 0.00285 57[30] 0.001 —— 

Zn 0.3* 0.06 20[30] 0.0006 —— 

Cd 0.0005* 0.000025 5**  0.001 —— 

Pb 0.004[31] 0.0012 30**  0.0001 1.5[23] 

Cr 0.0009* 0.0000225 2.5**  0.002 0.012[23] 

As 0.0003* 0.000285 95[30] 0.001 0.0085[32] 

Hg 0.0003[33] 0.000021 7[33] 0.001 —— 

̔*ҹ ԍ USEPA ᶫ ֲᵣẫ ᵀ ̆ [26]̕**ҹ ԍ USEPA ᶫ ̆

[34]Ȃ 

ѿ ҹ ԍ ᵣẫ ᴇ ⱴ ῏ Ȃ

ẫ ⱴ ץ̆ HI ȁR ҹ ҩ ẫ ̆↕ 

 

 

 

 



Ҭ,HI_adult ҹ ֲ ̆HI_child ҹᾙ ̆R_adultҹ ֲ ṿ̆

R_adultҹᾙ ṿ̆iҹ ᾝ ̆nҹ Ȃ 

2 结果与讨论 

2.1 鄱阳湖水体重金属浓度统计特征 

2021 ᵣ 3Ȃ 3 ̆ ᵣ ᶭ

ҹ̔Mn̂11.95μg/L̃> Cû 1.14μg/L̃> Aŝ0.46μg/L̃> Zn̂0.36μg/L̃> Cr̂0.06μg/L̃> Hg

̂0.04μg/LȂ̃ Pb Cd ᵞԍ ₮ ȂȂ 

3 ᵣ ̂μg/L̃1) 

Tab.3 Concentrations of Heavy Metals in Lake Poyang(μg/L) 

 Mn Cu Zn Cd Pb Cr As Hg 

ṿ 181.25 1.79 0.84 <MDL <MDL 0.17 5.00 0.09 

Ҭᵝ  0.57 1.11 <MDL <MDL <MDL <MDL 0.300 <MDL 

ṿ 0.18 0.56 <MDL <MDL <MDL <MDL <MDL <MDL 

ṿ 11.95 1.14 0.36 <MDL <MDL 0.06 0.46 0.04 

‰  37.51 0.27 —— —— —— —— 0.73 0.02 

 313.93% 24.04% 464.97% —— —— 375.68% 188.87% 113.20% 

‰ 100 1000 1000 5 50 50 50 0.1 

 4% 0% 0% 0% 0% 0% 0% 0% 

1) <MDLҹᵞԍ ₮ ̆ ‰ҹȇ ‰Ȉ̂ GB3838-2002̃ Ҭ ŉ ‰Ȃ 

ȇ ‰Ȉ̂ GB3838-2002̃ ŉ ‰ ṿ[35]̆ Mn ̆AsȁCuȁCdȁCrȁHgȁ

PbȁZn Ȃ ᵝ PY22̂ ῀ ̃ҍ PY23̂ Ḥ ̃Mn ̆№≢ҹŉ ‰

ṿ 1.81Ṑҍ 1.78Ṑ̆ ҹ 4%̆ ᵣ Mn Ȃ 

ҍ 2012 [12]̆2021 ᵣ CuȁZnȁCdȁPbȁAs Ҋ ̆ל ԅ

Ȃҍ ῒז ̂  4̃ ̆ ᵣ

ᵞ̆ ᵣ ’ ̆ᵖ Mn ᵣ ֜ Ҭ

ṿ̆ Mn ῀ Ȃ 

 4 ҍ ȁ ᵣ ̂μg/L̃1) 

Tab.4 Concentrations of Heavy Metals in Lake Poyang Basin, Dongting Lake and Chaohu Lake (μg/L) 

 Mn Cu Zn Cd Pb Cr As Hg  

 11.95 1.14 0.36 <MDL <MDL 0.06 0.46 0.04  

ᵣ 
60.00 3.00 ĺĺ ĺĺ 1.00 ĺĺ ĺĺ ĺĺ [11] 

῀

 
0.42 12.85 17.83 ĺĺ 14.07 93.91 ĺĺ ĺĺ [4] 

֜  
81.96 2.50 6.87 0.08 0.003 0.70 ĺĺ ĺĺ [10] 

 ĺĺ 2.67 28.82 0.05 0.08 ĺĺ 1.43 ĺĺ [12] 

Ҋ

 
ĺĺ 2.10 ĺĺ 6.18 3.23 2.01 3.35 20.26 [36] 

 112.7 ĺĺ 29.09 ĺĺ ĺĺ ĺĺ 21.91 ĺĺ [16] 

Ḥ  59.84 4.04 23.69 0.05 ĺĺ 0.64 ĺĺ ĺĺ [18] 

 17.18 1.99 ĺĺ 0.14 0.67 ĺĺ 2.99 ĺĺ [17] 

 72.80 4.72 8.11 0.09 0.85 0.42 ĺĺ ĺĺ [37] 

 ĺĺ 1.62 1.67 ĺĺ ĺĺ 0.05 3.70 ĺĺ [38] 

1) <MDLҹᵞԍ ₮ Ȃ 



2.2 鄱阳湖水体重金属浓度空间分布 

ᵣҬ 8 2Ȃ ҹ 1.89 ~183.25μg/

L̆ῒҬ̆PY22̂ ῀ ̃ ̂183.25μg/L̃̆ PY22ⱴ L9̂1.89μg/L̃ ̆PY10

̂ḱ ̃ ᵞ̂1.96μg/L̃̆ ᵣ ᵣ ȂL9 ҹ PY22 ⱴ ᵝ̆

ҍ PY22 ֽֽ ₃ ̆ᵖ ₮ ԅ ȂPY22ᵝԍ ҈ Һ

῀ ̂ ȁ ȁḤ ̃ ֜ ̆ ֓ Ҭ Ҍ Mn [16-1

8]Ȃ ̆ PY22 ╠̆ ѿ ̆ ῀ ̆ L9ԍ PY2

2╠ Ԑ Ȃ ̆PY22 Mn ṿ ῒҍ L9 ̆ ҍ ꜚ

῍ ῀ ℗ ῏Ȃ 

2 №  

Fig. 2 Stacked Heavy Metal Concentrations Across Lake PoyangSampling Sites 

 

ᵣ № 3 Ȃ2021 ῤ Mn ῖ ľ
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ṿ Һ ᵝԍḱ ῀ ̕Cu ṿ № Ḡ ȁ ӏ ̆

ᵞṿ ᵝԍ ̕As № Ҍ ̆ ṿ Һ ̆Ҭ ṿ ₮̆ᵞṿ

№ ̕Hg ṿ Һ № қ ̆ ̆ῒז

ᵞȂ 

῏ ̆ӏ ῐ Ḥ Ҭ ҙ ꜚ ᵣ Cu

[12]̆ӏ ῀ Cû 1.79μg/L̃ ҹ ҙ ꜚ ȂAs ṿ № ᴝ №

̆ № [39]̆ҹ ῍ᵬ ̆ ῾ҙ Ȃ 
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2.3 人体健康风险评价 

Ҍ ῃ ԍ ̆ᵖῒ ׅ ᵬ ̆



ֲᵣẫ Ȃ ԍ ῀ ң ̆ 2021 ᵣ

ᴇ ᴇ̆ 5ҍ 4 Ȃ 

 

3 ᵣ №  

Fig. 3 Spatial distribution of heavy metal concentrations in Lake Poyang 

5 8 ῀ ֲᵣẫ ᴇ 

Tab.5 Health Risk Assessment of Eight Heavy Metals by Oral and dermal 

 HQoral/10-3 HQder/10-3 Roral/10-7 Rder/10-7 

Mn 
ֲ 3.78 52.83 —— —— 

ᾙ  4.91 64.93 —— —— 

Cu 
ֲ 10.09 14.84 —— —— 

ᾙ  13.10 18.24 —— —— 

Zn 
ֲ 0.05 0.13 —— —— 

ᾙ  0.07 0.16 —— —— 

Cd 
ֲ 2.21 37.14 —— —— 

ᾙ  2.88 45.65 —— —— 

Pb 
ֲ 0.50 0.14 0.17 0.05 

ᾙ  0.65 0.17 0.22 0.06 

Cr 
ֲ 3.03 203.08 0.33 21.93 

ᾙ  3.93 249.59 0.42 26.96 

As 
ֲ 68.23 60.24 307.05 271.08 

ᾙ  88.59 74.03 398.67 333.15 

Hg 
ֲ 5.45 65.25 —— —— 

ᾙ  7.07 80.19 —— —— 

 

ֲᵣẫ ᴇҬ̆ HI̘1 ῏ ̆HIŮ1↕ ᵞ
[40]Ȃ ̆ HI ԍ 1̆ ֲ ᾙ ֲᵣẫ ҹ Cr̆ ᵞҹ Zn̆

ᵖ PY51̂ ̃ ᵝ ֲ HI ҹ 1.39ȁᾙ HI ҹ 1.76̆ ԍ 1̆ № ᵝ ᵞ Ȃ

ᵣ ṿ ᶭ ҹ̔As>Cr>PbȂ 4 Ҭ Ḡ

̆As ҍ Cr ṿ ԍ ̆ ԋ ΐ ѿ ̆ῒҬ As

ᾙ ṿ̂0.7×10-4̃ ̂1¦10-4̃̆ ΐ Ȃ

Asҍ Cr ẫ ̆ҍ [12] [5] ѿ Ȃ 

ṿ ̆ Ҭ № ᵝ As ̆ᵖῒ Ȃ ԍ As ΐ

̆USEPA ῒ ╕ ҹҤ ̆ғ ῀ 70͠ 90%

[41]Ȃ ̆ As ̆ᵖῒҤ ╕ ⱴ҉ῒ
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Fig. 4 Non-carcinogenic risk and carcinogenic risk assessment results of eight heavy metals 

 

2.4 致癌与非致癌风险空间分布    
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ѿ [4,36]Ȃ № ̆ ṿҺ Ҭ ̆ ҍ
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₮ USEPA ṿ̆ ῏ Ȃ 
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Fig. 5 Non-carcinogenic hazard index and carcinogenic risk value spatial interpolation results 

 



3 结论 

ᵣ ῒֲᵣẫ № ̆

̆№≢ ᴇ ᴇ ᵣ ֲᵣẫ

ᴇ̆Һ Ҋ̔ 

̂1̃ 2021 ᵣ 1.89μg/L~183.25μg/L̆ ᵣ

ᶭ ҹ̔Mn̂11.95μg/L̃>Cû 1.14μg/L̃>Aŝ 0.46μg/L̃>Zn̂0.36μg/L̃>Cr

̂0.06μg/L̃>Hĝ0.04μg/L̃̕ ֜ ̆ῒҬ Mn ҍ ȁḤ

֜ ̆ ⱴ ֜ Ȃ 

̂2̃As Cr ֲᵣẫ ң ̆2021 ᵣ ץ

ҹҺ̆ῒҬ Asΐ ̕ № ᵝ Crΐ ᵞ Ȃ 

̂3̃ ᵣ ֲᵣẫ ṿ Һ Ҭ Ҭ ̆ῒҬ

ṿ Һ № ̆ ṿ Һ № Ҭ ̆ ҍ Ȃ  

Е ᵲ ⌐ Ԝɻ ꜡Ґ Ї ɼ 
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