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AbstractЕThe study was conducted with the objective of investigating the impact of fluoride pollution on bacterial communities 

in the water-soil system. 66 sets of surface water, sediment, and riparian soil samples were collected from the Qingshui River 

basin in Ningxia in 2022. The samples were categorized into three distinct groups based on the fluoride concentration in the 

surface water: low fluoride group (F  < 1.0 mg/L), high fluoride I group (1.0 ƍ F  < 1.5 mg/L), and high fluoride II group (F  

Ǝ 1.5 mg/L). The bacterial community responses were systematically analysed through 16S rDNA high-throughput sequencing 

and polymorphic fluoride species analysis. The results indicated that fluoride pollution led to a decrease in bacterial Ŭ-diversity 

(low fluoride group > high fluoride I group > high fluoride II group), although the Chao1 index of sediments increased due to 
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niche release by rare species. The phyla Campilobacterota and Desulfobacterota were identified as fluoride-tolerant bacterial 

phyla, with species of Desulfobacterota participating in sulfate reduction to alleviate fluoride toxicity at low abundances. Genera 

such as Sulfurovum have been identified as fluoride-tolerant bacterial genera within the water-soil system. The conversion of 

residual fixed fluoride (Res-F) in sediments and soils was facilitated by bacteria, who accomplished this by decomposing and 

transforming it into other forms. It was found that soil environments were more favourable for bacterial decomposition of Res-F. 

This study establishes the first framework linking bacterial communities to polymorphic fluoride in the Qingshui River basin, 

thereby enhancing the understanding of the impact of fluoride on bacterial communities in river ecosystems. The scientific basis 

for the development of effective ecological and environmental protection policies is provided, thus contributing to the mitigation 

or reduction of the potential risks of fluoride pollution to the ecological environment. 
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Fig.1 Layout of sampling locations in the Qingshui River Basin 
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ү № ҍ ῏ № ̆ Ԑ

̂https://magic.novogene.com/̃Ȃ Ŭ № Ԑ

https://www.genescloud.cn/chart/ChartOverview̃̆ Kruskal-WallisDunn's test№ Ȃ 

ᵝ ArcGis 10.6└̆ Origin2021└Ȃ

ȇ ‰̂GB 3838-2025̃Ȉ̆ Fī № ̆ῒҬᵞ Fī̖

1.0 mg/L̂ ҉ץ ̃̆ 1.0ÒFī̖1.5 mg/L̂- ̃̆ FīÓ1.5 mg/L

̂ᵞԍ ̃Ȃ ҬWLFȁWHF ȁWHF №≢ ᵣᵞ ȁ ̆SLFȁSHF 

ȁSHF №≢ ᵞ ȁ ̆SOLFȁSOHF ȁSOHF №≢ ᵞ ȁ

Ȃ 

2 ғⅎ  

2.1 Ҳ  

ṿ№≢ҹᵞ 0.72 mg/Lȁ 1.23 mg/L 2.23 mg/L̆

ԍ [26, 27]ȁ ץ[28] [29] ̆ ғ ֽ ԍ

қ [30]̆ Ȃ ṿҹᵞ 0.84 

mg/Lȁ 1.23 mg/L 1.66 mg/L̆ 1 Ȃ

Ҭ̆ ̂Ws-F Ex-F̃ ֟ Ȃ Ҭ

ᵞ ̖ ̖ ̆ל ѿ ԅ №

Ȃ 

῏ԍ ҹ ̆ ῏ԍ Ȃҍῃ ṿ̂478 

mg/kg̃[31]ȁ [32]ȁ ᾥ [33]ȁ ץ[34] [35]

T-F ̆ T-F ῃ ῤ ԍ Ȃ ᵞ ̆

ῒז ≢ T-F ᵞԍ ṿ̂531 mg/kg̃̆ ҍRes-FҌ ҹ ᵣҬ

῏Ȃ Ҭ ̆ ̆ ᵬ ῀ ׆̆

T-F ᵞԍ [36]Ȃ ѿ ̆ Ҍֽҍ ῏̆ ҍ

ҍ ℗ ῏Ȃ ҹ̔Ws-F 34.23 mg/kğEx-F 0.20 mg/kğ
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Table 1 The occurrence characteristics of polymorphic fluorine in sediments and riparian soils 

׃  №  
Ws-F 

̂mg/kg̃ 

Ex-F 

̂mg/kg̃ 

Fe/Mn-F 

̂mg/kg̃ 

O.M.-F 

̂mg/kg̃ 

Res-F 

̂mg/kg̃ 

T-F 

̂mg/kg̃ 

 

ᵞ  9.21 3.10 10.36  19.39 522 564 

 10.34 2.89 9.50 16.18 427 466 

 17.69 2.75  9.55 26.08 439 495 

 

ᵞ  7.64 2.92 7.00 16.43 464 498 

 9.68 3.16 8.25 15.49 401 438 

 9.05 4.15 7.17 17.82 414 452 
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Fig.2 Bacterial Venn diagrams under different grouping conditions 
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