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The driving factors of per- and polyfluorinated alkyl substance (PFAS)
accumulation in selected fish species: The influence of position in river
continuum, fish feed composition, and pollutant properties
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Highlights

» Geographical trends of PFAS contamination were found in the Czech largest
rivers.

» Bioaccumulation of PFAS in fish and isotopic ratios were studied.

» PFAS concentrations increased downstream and were positively correlated with
§°N.

* Relationship between accumulations and species with different diets was
revealed.

e Molecular mass and fluorine number play crucial roles in PFAS bioaccumulation.

Abstract

Per- and polyfluorinated alkyl substances (PFASs) represent a group of highly recalcitrant micropollutants,
that continuously endanger the environment. The present work describes the geographical trends of fish
contamination by individual PFASs (including new compounds, e.g., Gen-X) assessed by analyzing the
muscle tissues of 5 separate freshwater fish species from 10 locations on the Czech section of the Elbe River
and its largest tributary, the Vltava River. The data of this study also showed that the majority of the
detected PFASs consisted of long-chain representatives (perfluorooctane sulfonate (PFOS),
perfluorononanoic acid, perfluorodecanoic acid, and perfluoroundecanoic acid), whereas short-chain PFASs
as well as other compounds such as Gen-X were detected in relatively small quantities. The maximum
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concentrations of the targeted 32 PFASs in fish were detected in the lower stretches of the Vitava and Elbe
Rivers, reaching 289.9ng/g dw, 140.5ng/g dw, and 162.7ng/g dw for chub, roach, and nase, respectively.
Moreover, the relationships between the PFAS (PFOS) concentrations in fish muscle tissue and isotopic ratios
(8N and 813C) were studied to understand the effect of feed composition and position in the river
continuum as a proxy for anthropogenic activity. Redundancy analysis and variation partitioning showed
that the largest part of the data variability was explained by the interaction of position in the river
continuum and §°N (813C) of the fish. The PFAS concentrations increased downstream and were positively
correlated with 8'°N and negatively correlated with §'3C. A detailed study at one location also demonstrated
the significant relationship between §'°N (estimated trophic position) and PFASs (PFOS) concentrations.
From the tested physicochemical properties, the molecular mass and number of fluorine substituents seem

to play crucial roles in PFAS bioaccumulation.

Graphical abstract

\:::a

Rudundancy anabyits

ff' s .-‘ rrrr /‘; 1 |
italle isatopes analysis Factors driving bloaccumulation of

PFRASS rnal\r:ls af fish mucle tissue
|

-
H
1%

PFASs in fish

| 21t *  Geographic position s river
e | .;, O U ; e continuum
- 1 ol 2 T i, *  Feeding behavior aned dict
| "t - o *  Number of perfscrinated
carbons

Download : Download high-res image (151KB)

Download : Download full-size image

< | Previous Next | >

Keywords

PFASs; PFOS: River continuum; §!°N: Fish

Recommended articles

Cited by (6)

PFAS levels in fish species in the Po River (Italy): New generation PFAS, fish ecological traits and
parasitism in the foreground

2023, Science of the Total Environment

Show abstract \/

Bioaccumulation of emerging contaminants in aquatic biota: PFAS as a case study


https://www.sciencedirect.com/science/article/pii/S0048969721067371
https://www.sciencedirect.com/science/article/pii/S0048969721067395
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/isotopic-ratio
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/physicochemical-property
https://ars.els-cdn.com/content/image/1-s2.0-S0048969721067383-ga1_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0048969721067383-ga1.jpg
https://www.sciencedirect.com/science/article/pii/S0048969723014444
https://www.sciencedirect.com/science/article/pii/B9780323960021000109

2023, Emerging Aquatic Contaminants: One Health Framework for Risk Assessment and Remediation in the Post
COVID-19 Anthropocene

Show abstract \/

Vermont-wide assessment of anthropogenic background concentrations of perfluoroalkyl

substances in surface soils
2022, Journal of Hazardous Materials

Citation Excerpt :

...Recently, numerous studies have reported that PFAS are ubiquitous in various environmental compartments, including
air, water, soil, and wastewater sludge, due to their large-scale and long-term usage all over the world (Crone et al., 2019;
Lai et al., 2019; Yu et al., 2020; Rankin et al., 2016; Kaboré et al., 2018; Cui et al., 2020; Barisci and Suri, 2021; Cai et al.,
2022). More importantly, studies have shown that PFAS are environmentally persistent and bio-accumulative, therefore,
they can be taken up by organisms and biomagnified through the food chain to wildlife and humans (Hori et al., 2004;
Haukas et al., 2007; Lam et al., 2014; Teunen et al., 2021; Semerad et al., 2022). Thus, PFAS have attracted increasing
international concern for human health and the environment as contaminants of emerging concern due to their
environmental persistency, bioaccumulation, widespread distribution, and potential toxicity (Fujii et al., 2007; Qi et al.,
2016; Wei et al., 2018; Sunderland et al., 2019; Fenton et al., 2021; Li et al., 2015)....

Show abstract \/

Exposure to perfluoroalkyl substances and neurodevelopment in 2-year-old children: A
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Citation Excerpt :

...They were widespread throughout the world and detectable in various human tissues (Cai et al. 2020). The general
population is also widely exposed to PFAS through a variety of sources (Baluyot et al. 2021; Boone et al. 2019; Evich et al.
2022; Semerad et al. 2022; Szilagyi et al. 2020). As concerns over the potential health effects of PFAS were raised, some
long-chain PFAS, particularly perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA), have been gradually

restricted and banned in developed countries since early 2000s (Liu et al. 2016)....
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