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The problem of micropollutants in our (waste)water is well known. Concepts for their elimination
continue to be a major research focus. Our approach is to use covalently immobilized
photoactive molecules - like photosensitizers - on polymer membranes, which can combine the
advantages of membrane technology with advanced oxidation processes. This could provide
ideal materials for water purification due to the combined properties: physical separation,
adsorption, and direct degradation of the contaminants.

Using triclosan as a model - which is despite restrictions still relevant as a broad-spectrum
biocide - it was shown that simply a photoactive membrane and the irradiation with sunlight is
sufficient to obtain less-toxic water.

Figure 1: Photoactive polymer membranes for degradation of triclosan

The use of the elegant method of electron beam grafting allows a fast, environmentally friendly
and upscaleable functionalization of commercial polymer membranes. When the
photosensitizer-grafted membranes are irradiated with light in the visible range they are able to
generate singlet oxygen (*O2), a very reactive oxygen species, which furthermore can degrade
pollutants in water. In this work experiments were performed to determine the most efficient
modification method for PVDF membranes and the photosensitizer TMPyP.

XPS, zeta potential and photometrical measurements confirmed a successful immobilization and
the photoactivity was verified using the 02 sensitive fluorescent dye ABDA. The degradation of
triclosan in aqueous solution was successfully demonstrated when the modified membrane was
exposed to imitated sunlight. The triclosan degradation was analyzed primary photometrically
and confirmed by HPLC analysis. lon chromatography, GC-MS and TOC analysis gave further
indications of the photodegradation process.
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Final a significantly reduced toxicity of the triclosan degradation solution was confirmed.

Toxicity assay with Aliivibrio fischeri
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Figure 1: Confirmation of reduced toxicity via assay with luminescence bacteria of Aliivibrio fischeri / left: comparison
between modified & pristine membrane vs. pristine and irradiated triclosan solution / right: time dependance of
toxicity and irradiation time / explanation: less inhibition of luminescence indicated less toxicity to aquatic organism

The proposed photoactive membrane systems, which can reduce pollutants or microorganisms
in water simply by irradiation with sunlight, could represent a promising technology for
(waste)water treatment in many areas.
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