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Abstract: Lakes across Inner Mongolia are increasingly affected by elevated fluoride concentrations due to environmental changes,
posing significant ecological and human health risks, including carcinogenic threats. To elucidate the speciation of fluoride in lake
sediments and the factors governing its adsorption-desorption behavior, we conducted a study on Lake Daihai. Surface sediment samples
were collected, and fluoride speciation was determined using sequential extraction. The spatiotemporal distribution of fluoride was
analyzed with ArcGIS. Furthermore, a 4-factor, 3-level orthogonal experiment and adsorption-desorption kinetic modeling were employed
to investigate the influence of environmental factors on fluoride behavior in sediments from cold arid lakes. Results indicated that the
average total fluoride content in the sediments was 860.44 + 53.64 mg/kg, ranging from 600.03 to 1388.67 mg/kg. The concentrations of
water-soluble, exchangeable, Fe/Mn-bound, and organic-bound fluoride ranged from 29.51 to 42.87 mg/kg, 8.37 to 21.81 mg/kg, 2.46 to
7.21 mg/kg, and 9.79 to 17.59 mg/kg, respectively. Kinetic analysis revealed that the pseudo-second-order model provided a superior fit
across different initial concentrations, indicating its appropriateness for describing the adsorption process. Thermodynamic fitting with
Langmuir and Freundlich models confirmed that monolayer adsorption was dominant, with multilayer adsorption on heterogeneous
surfaces also being a significant mechanism. Range and variance analysis of the orthogonal experiment identified temperature as the core
driving factor for fluoride adsorption-desorption (significance order: temperature > initial concentration > disturbance intensity > pH).
The optimal adsorption conditions were determined as an initial concentration of 10 mg/L, a temperature of 20 °C, pH 7, and a shaking
frequency of 200 r/min. This study provides a critical theoretical basis for managing fluoride release from lake sediments in cold, arid
regions.
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Fig.1 The geographical location of the study area and the layout of sampling points
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Fig.2 Fluoride content of each form Fig.3 Spatial distribution of total fluoride in surface sediments of Lake Daihai
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Fig.7 Adsorption - desorption kinetics fitting curve
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Fig.8 Adsorption thermodynamics fitting curve
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Tab.3 Orthogonal experiment results and range analysis

4 A YIRS B ¥ CpH D RGN PR AT S K BR P LR R R
= (mg L) (°C) (r-min) #(%) (%)

1 1(5) 1(15) 1@3) 1(160) 89.1 903 89.740.85
2 1(5) 2(20) 3 2(180) 92.4 918 92.140.42
3 1(5) 3(25) 2(5) 3(200) 89.9 883 89.141.13
4 2(10) 1(15) 307) 3(200) 94 948 94.440.57
5 2(10) 2(20) 205) 1(160) 95.9 95.3 95.640.42
6 2(10) 3(25) 13) 2(180) 89.8 88.4 89.120.99
7 3(15) 1(15) 205) 2(180) 90.2 90.4 90.340.14
8 3(15) 2(20) 13) 3(200) 937 927 93.240.71
9 3(15) 3(25) 307) 1(160) 885 90.1 89.341.13
k1 90.30 91.47 90.67 91.53

k2 93.03 93.63 91.67 90.50

k3 90.93 89.17 91.93 92.23

R 2.73 4.47 1.27 1.73

1) k1. k2. k3 R/RFEoR 4 PRI FXTRE 3 FhK T (171 B2

R4 VIBRMN LGRS 4 R AR 20 Hrd ] Y

Tab.4 The results of variance analysis on the fluoride removal rate of sediments and the four factors involved

T ZERIR FEF A =)z B F {8 BEM
A BRI 24.564 2 12.282 20.245 <0.001***
B iiE 59.871 2 29.936 49.344 <0.001***
CpH 2 2.676 4.410 0.046*
D & & 2 4562 7.520 0.012*

1) * R R 2 22 7 (p<<0.001), **FIRm R E £ R (p<0.01), *FINE#E%ER (p<<0.05)
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Fig.9 Relationship between removal rate and factor level
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