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Abstract: This paper is the result of geological survey engineering.

[Objective] Dongting Lake, the second largest freshwater lake in China, has experienced increased heavy metal accumulation due to
surrounding mining activities and chemical metallurgy. Understanding the characteristics and sources of heavy metal pollution in
Dongting Lake is crucial for effective prevention, control and remediation efforts. [Methods] In August 2023, 37 surface sediment
samples were collected from four main inflow rivers of Dongting Lake. Eight heavy metals and their physicochemical indicators
were measured. The pollution characteristics were evaluated using sediment quality guidelines (SQG). The potential ecological risk
index method was used to identify the ecological risk of sediments in the area. The sources and contribution rates of the heavy metals
were analyzed using the Positive Matrix Factorization (PMF) model and correlation analysis. Redundancy analysis (RDA) was used
to explore the morphological characteristics of heavy metals in sediments. [Results] The ecological risk of heavy metals in the
sediments of the Dongting Lake water system is relatively high, Cd contributed the most to ecological risk (75.1%), followed by Hg
(17.2%).with the Xiangjiang and Zijiang river basins exhibiting higher heavy metal pollution risks. Based on the PMF model and
regional characteristics, four potential sources of heavy metal pollution in the sediments were identified: agricultural sources
(42.7%), atmospheric deposition sources (16.1%), natural sources (21.8%) and metal smelting sources (19.5%). The RDA results
showed that the heavy metals in the sediments of the four drainage basins were mainly Fe—Mn combined. [Conclusion] According to
RDA and related analyses, it is indicated that the content of heavy metals such as Cd in the lake area sediments is mainly controlled
by Fe and Mn oxides. In the next step of environmental remediation and pollution control, the oxide characteristics of iron and

manganese can be utilized to effectively control and treat heavy metal pollution.

Key words: heavy metals; sediment; Dongting Lake; ecological risk; source analysis; geological survey engineering

Highlights: The distribution characteristics and sources of heavy metal pollution in sediments of Dongting Lake were studied by
means of sediment quality guide method, correlation analysis, positive definite matrix factor model (PMF) and redundancy analysis
(RDA).
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Fig.1 Sampling locations of surface sediments of major rivers in Dongting Lake area
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Table 2 Classification of heavy metals TECs and PECs

JTLE  As  Cd Cr Cu Pb Hg Ni Zn

=] W& T7i%: M HIR/ (mg/kg)

As JRF b1 0.2

cd A & S5 B A kv 0.02

Cr XS T RE L 1.5

Cu B & S5 B T i v 0.1

Hg J 5t ek 0.0005

Ni  HEEASEE TR T RHEEE 0.2

Pb PR A S5 B TR T R vk 1

Zn R B A 25 B T AR T v 1

TECs 59 059 373 357 35 0.174 18 123
PECs 17 3.53 90 197 913 0486 36 315

R 3 KRARME SER SN R
Table 3 Drainage sediment background value and toxicity
response coefficient

S As Hg C Cu Ni Zn Cd Pb
B/ (mg/kg) 798 0.067 54.04 20.03 21.95 65.01 0.109 21.93
T, 10 40 2 5 5 1 30 5
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Table 4 Potential ecological risk assessment indicators and classification
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80~160 BraAdsfaE 300~600 220~440 g fEE
160~320 g E =600 =440 WA faE
=320 WA faH
RS IRENBRWESESEIST
Table 5 Characteristics of heavy metal content in sediments in the study area
TR Cd Cu Ni Pb Cr Zn As Hg
“FHME 2.11 34.66 32.05 35.54 74.58 141.08 24.04 0.22
f/ME 0.15 15.70 14.70 18.80 43.70 49.90 6.51 0.07
SN 8.17 67.60 54.10 81.80 101.00 279.00 89.00 0.70
ot 22 1.97 12.02 8.74 14.06 14.39 52.23 18.30 0.13
AR 0.93 0.35 0.27 0.40 0.19 0.37 0.76 0.59
A EK RUTRE 5l 0.109 20.03 21.95 21.93 54.04 65.01 7.98 0.067
TRBEIK R VTR 5HEH 0.33 20.2 21.2 23.3 44 83.3 12.9 0.047

T BIUREG R me/kg, EKRTURIIHE SHEVER BK LA (20160 5 IREEH/K RTURME SHUETE A5 5545 (2017) .
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Fig.2 Distribution of heavy metal elements in sediments of the Sishui Basin in Dongting Lake area
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Fig.4 Spatial distribution of heavy metal elements in sediments in Dongting Lake area
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