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Abstract Due to the increasing production and recycling 

of lithium batteries over the world, we can calculate with 

increasing fluorine contamination in the aquatic 

environment and drinking water reservoirs. This study was 

conducted to qualification and quantification of five 

parameters; elemental lithium, inorganic fluoride, total 

adsorbable organic fluorine, and selected per- and 

polyfluoroalkyl substances - perfluorooctanoic acid 

(PFOA), perfluorooctane sulfonic acid (PFOS) - along the 

Hungarian section of the Danube River. On the basis of 

these analytical data, the study aimed to assess the 

potential environmental risks posed by fluorine-containing 

compounds. These compounds are introduced into the 

river through tributaries and emissions from wastewater 

treatment plants, as well as factories producing lithium-ion 

batteries and wrapping paper along the Danube River 

banks. Concentrations were determined by applying the 

following analytical techniques: inductively coupled 

plasma mass spectrometer, combustion ion 

chromatography, ultra-high-performance liquid 

chromatograph mass spectrometer. 

Considering the measured analytical data, it was 

established, that the total lithium level in the River varied 

in concentration range of 1-5 µg/L. Concentration of 

inorganic fluoride amounted to 28-76 µg/L, while the total 

adsorbable organofluorine was 0.22-12.5 µg/L. The PFOA 

and PFOS concentrations remained relatively stable, 

within a narrow range of 0.7-2.3 ng/L and 0.7-1.7 ng/L, 

respectively. 

 

Keywords: Danube, lithium, fluoride, organofluorine, 

PFAS  

1. Introduction 

High number of fluorine containing chemicals e.g. 

pesticides, herbicides, pharmaceuticals, per- and 

polyfluorinated alkyl compounds (PFAS) belong to the 

group of organofluorines. The main sources of the 

extremely resistant and toxic PFAS compounds are the 

treated industrial wastewaters emitted by lithium-ion 

battery (LIB) and paper factories, as well as the communal 

wastewater treatment plants located on the bank of the 

Danube River. 

2.  Materials and Methods 

Along the Hungarian strech between Gönyű and 

Dunaföldvár, 12 sampling points were selected and water 

samples were collected monthly. Concentrations of 

lithium, organofluorines and PFAS (PFOA, PFOS) 

compounds were quantified by applying the following 

analytical techniques: inductively coupled plasma mass 

spectrometer, combustion ion chromatography and ultra-

high-performance liquid chromatograph mass 

spectrometer.  

3. Results 

Concentration changes of lithium in the Danube River 

varied within a relatively narrow range of 1.00–4.80 μg/L. 

The spatial and temporal distribution of inorganic fluoride 

concentrations varied in the range of 28–76 μg/L (mean 

value: 45.1±7.7 μg//L). Organofluorine concentrations of 

the Danube River during the sampling period amounted to 

0.22–12.5 μg/L (mean value: 3.19 ± 2.62 μg/L) and it was 

approximately twice as high in September and November 

comparing with the other sampling months. This 

phenomenon can be attributed to increased precipitation 

and moderate flooding, which enhance the washout of 

chemicals from agricultural areas. It was demonstrated that 

PFOA and PFOS values along the Hungarian section of the 

river remained relatively stable, concentrations were 

changed within a narrow range of 0.7–2.3 ng/L and 0.7–

1.7 ng/L, respectively.  

4. Conclusions 

It can be concluded that lithium, fluoride, AOF and PFOA 

compounds showed minimal fluctuation in the Danube 

River during the sampling period. We plan to expand our 

research to include new PFAS compounds used in LIB 

production, such as bis-perfluoroalkyl sulfonamides in 



water and sediment samples as well and it has to be 

highlighted that in case of sediments, we have to calculate 

with a long-term memory effect resulting in a risk for the 

drinking water production based on bank filtration 

technology 

 

References  

 

Aro, R., Eriksson, U., K¨arrman, A., Reber, I., Yeung, L.W.Y., 

2021. Combustion ion chromatography for extractable 

organofluorine analysis. iScience 24, 102968. 

https://doi.org/10.1016/j.isci.2021.102968. 

Fuge, R., 2019. Fluorine in the environment, a review of its 

sources and geochemistry. Appl Geochem 100, 393–406. 

https://doi.org/10.1016/j. apgeochem.2018.12.016 

Guelfo, J.L., Ferguson, P.L., Beck, J., Chernick, M., Doria-

Manzur, A., Faught, P.W., Flug, T., Gray, E.P., 

Jayasundara, N., Knappe, D.R.U., Joyce, A.S., Meng, P., 

Shojaei, M., 2024. Lithium-ion battery components are at 

the nexus of sustainable energy and environmental 

release of per- and polyfluoroalkyl substances. Nat 

Commun 15, 5548. https://doi.org/10.1038/s41467-024-

49753-5 

Ng, K., Alygizakis, N., Androulakakis, A., Galani, A., 

Aalizadeh, R., Thomaidis, N. S., Slobodnik, J., 2022. 

Target and suspect screening of 4777 per- and 

polyfluoroalkyl substances (PFAS) in river water, 

wastewater, groundwater and biota samples in the 

Danube River Basin. J Hazard Mater 436, 129276. 

https://doi. org/10.1016/j.jhazmat.2022.129276. 

Pétré, M.-A., Salk, K.R., Stapleton, H.M., Ferguson, P.L., Tait, 

G., Obenour, D.R., Knappe, D.R.U., Genereux, D.P., 

2022. Per- and polyfluoroalkyl substances (PFAS) in 

river discharge: Modeling loads upstream and 

downstream of a PFAS manufacturing plant in the Cape 

Fear watershed, North Carolina. Sci Total Environ 831, 

154763. 

https://doi.org/10.1016/j.scitotenv.2022.154763. 

Ramírez-Canon, A., Paola Becerra-Quiroz, A., Herrera-

Jacquelin, F., 2022. Perfluoroalkyl and polyfluoroalkyl 

substances (PFAS): First survey in water samples from 

the Bogot´a River, Colombia. Environ Adv 8, 100223. 

https://doi.org/ 10.1016/j.envadv.2022.100223. 

Reinikainen, J., Bouhoulle, E., Sorvari, J., 2024. 

Inconsistencies in the EU regulatory risk assessment of 

PFAS call for readjustment. Environ Int 186, 108614. 

https://doi.org/10.1016/j.envint.2024.108614. 

https://doi.org/10.1038/s41467-024-49753-5
https://doi.org/10.1038/s41467-024-49753-5

