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1. Introduction

Per- and polyfluoroalkyl substances (PFAS) are a group of bioaccumulative, environmental persistent and
often toxic substances, which can pose a risk to the human health [1]. The two main substances of this group
are perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS), which have already been
intensively investigated [2]. As the production and use of both substances were heavily restricted [3, 4],
alternative substances with similar properties are used more frequently. The environmental fate and pathways
of these substitute PFAS are not yet fully understood.

The overall objective of the publicly funded project PROSPeCT is the development of scientific basics for the
behaviour of PFAS based on a contamination site in Baden-Wirttemberg, a state in southwest Germany. In
this specific study, the environmental behaviour of the substitute substances 6:2 polyfluoroalkyl phosphate
diester (diPAP) and 8:2 diPAP was investigated in the pathway from the soil to maize plants. The PFAS
analysis will focus on the diPAPs and different perfluorinated carboxylic acids (PFCAs) as their final
degradation products in all relevant compartments.

2. Materials and methods

For the purpose of determining the fate of 6:2 diPAP and 8:2 diPAP, the two substances were mixed into PFAS
free soils (1 mg/kg soil). Maize plants (Zea mays) were planted in Mitscherlich pots and grown under natural
conditions regarding temperature and sunlight exposure. The plants were watered under regulated conditions
without any impact of natural precipitation. After harvest, the homogenized maize compartments (root, stem,
leaf, husk, cob and grain) and the soil were individually analyzed for PFAS concentration. The analysis was
performed using isotope labeled standards and a solid-liquid-extraction method using tetrabutylammonium as
an ion-pair reagent. The quantification was performed by ultra-high performance liquid chromatography
coupled with high-resolution mass spectrometry (UHPLC-HRMS).

3. Results and discussion

AAfter the vegetation period of 150 days, the primarily applied substances make up the majority of PFAS in the
soil with around 15% (6:2 diPAP) and 47% (8:2 diPAP) of the initial concentration, respectively (Figure 1).
Furthermore, perfluorinated carboxylic acids (PFCAs) are found in the soil although they were not initially
applied. The soil applied with 6:2 diPAP contains small amounts of perfluorobutanoic acid (PFBA),
perfluoropentanoic acid (PFPeA) and perfluorohexanoic acid (PFHxA), while the soil applied with 8:2 diPAP
additionally contains perfluoroheptanoic acid (PFHpA) and PFOA.
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The roots contain lower diPAP levels and higher levels of multiple PFCAs in comparison with the determined
PFCA-spectra in the soil. In all other plant compartments, solely PFCAs with chain lengths < C6 (6:2 diPAP
application) or chain lengths < C8 (8:2 diPAP application) are detected. The highest levels of PFCAs occur in
the leaves, whereas significantly lower concentrations are found in the cob and grain in particular. In addition,
low levels of 6:2 diPAP and 8:2 diPAP are detected in the leaves.
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Figure 1: PFAS concentrations in different compartments of maize plants grown on soil applied with 6:2 diPAP and 8:2 diPAP,
respectively (1 mg/kg soil; mean and standard derivation; n=15).

4. Conclusions

The detection of PFCAs with chain lengths < C6 (6:2 diPAP application) or chain lengths < C8 (8:2 diPAP
application) in the soil and in the plant compartments indicates the degradation of diPAPs into the persistent
PFCAs in the environment. 6:2 diPAP and 8:2 diPAP themselves mainly remain in the soil or in the root system,
whereas the plant takes up notable quantities of PFCAs. Especially leaves and husk accumulate short-chain
PFCAs such as PFBA and PFPeA. This suggests a transport of small PFAS substances via the transpiration
stream within the maize plant and an accumulation caused by evaporation of water from the leaves and shows
the potential of diPAPs to contribute to the total PFCA contamination.

These results provide important insights into the transfer of PFAS from contaminated soil into plants. As maize
plants in particular are used as animal feed, the uptake of PFAS from field soil displays an entry path into the
food chain and thus may serve as a pathway for human exposure to PFAS.
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