Modelling emissions of perfluorinated
chemicals to the Danube River Basin
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improve the accuracy of emissions estimates.
Perfluoroalkyl acids (PFAA) are highly persistent synthetic chemicals that have
been identified in natural environments worldwide1. Perfluorooctane sulfonate (PFOS)
and perfluorooctanoic acid (PFOA) are of greatest concern, as they are the most
environmentally abundant and have been associated with wildlife and human health effects.
Due to their ability to reduce the surface tension of a liquid, increasing its spreading and
wetting properties, PFOS and PFOA have been used in a wide range of industrial applications
and consumer products, from semiconductors and fire-fighting foams to waterproof textiles,
adhesives and paint.
The EU places restrictions on the use and import of PFOS, which is identified as a priority
hazardous substance under the Environmental Quality Standard Directive 2 (daughter of the
Water Framework Directive (WFD3) and listed by the Stockholm Convention on Persistent
Organic Pollutants due to its persistence, bioaccumulative potential and toxicity. Similar
restrictions on the production and use of PFOA are currently under discussion under
REACH4,5.
Despite efforts to limit use and production, these substances continue to contaminate
surface waters in Europe. A 2008 study measured contaminant concentrations in 100
European rivers and found the prevalence of PFOS to be 94% and PFOA 97%. High
concentrations were found in a number of large European rivers and concentrations of PFOS
frequently exceeded the WFD environmental quality standard for inland surface waters (0.65
ng/l)6. No Europe-wide regulatory limit yet exists for PFOA in surface waters.
Emission estimates are important for developing new regulations, but previous attempts at
estimating the emissions of PFAA have been hampered by the many different sources, and
scarce data regarding the production, use and transformation of PFAA. Most have also
focused solely on population as an emissions predictor.
In this study, which is part of the European Commission project SOLUTIONS 7, the authors
set out to improve emissions estimates for PFOA and PFOS. They explored new approaches
using the Danube River catchment — the second longest river in Europe — as a case study.
The researchers assessed the relevance of three parameters to the estimation of emissions:
population, wastewater treatment, and wealth (based on gross domestic product (GDP)
data). They obtained different emissions estimates using each of the three parameters
individually and in combination, and then applied the STREAM-EU (Spatially and Temporally
Resolved Exposure Assessment Model for European basins8) model to simulate
concentrations of PFOA and PFOS in the Danube.
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Finally, to determine which of the emissions estimates was most accurate, the model
predictions were compared to measured values obtained during the Joint Danube Survey 3,
which was conducted in 2013 and sampled 68 locations along the Danube River for PFOS
and PFOA.
The emissions estimates that resulted in simulated concentrations most different from the
measured values were those made using population data alone, which suggests this
approach is too simplistic. When population data were combined with other factors that
influence emissions, such as wastewater treatment or GDP information, the accuracy of the
emission predictions improved. The GDP information improved results markedly, which
suggests that economic wealth has an effect on the consumption, use and disposal of
products containing PFOS and PFOA. The most accurate estimates were obtained by
considering the combined contributions of human population, wealth and wastewater
treatment.
This study shows that human population alone cannot reliably explain the levels of PFOS and
PFOA found in the Danube catchment waters. The multifaceted approach employed in the
study is likely to be useful for estimating emissions from other pollutants.
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