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• Photodegradation of E1, E2, E3 and EE2
follows 1st or pseudo 1st order kinetics.

• Fastest removal rates occur at pH 7–8,
for a range relevant to natural environ-
ment.

• The optimum TiO2 loadings are often
between 0.05 and 1 g l−1.

• Estrogenicity persists if the intermedi-
ates possess the phenolic moiety.

• Both positive and negative impacts
from DOM on photodegradation are re-
ported.
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This article reviews different photodegradation technologies used for the removal of four endocrine disrupting
chemicals (EDCs): estrone (E1), 17β-estradiol (E2), estriol (E3) and 17α-ethinylestradiol (EE2). The degradation
efficiency is greater under UV than visible light; and increases with light intensity up to when mass transfer be-
comes the rate limiting step. Substantial rates are observed in the environmentally relevant range of pH 7–8,
thoughhigher rates are obtained for pH above the pKa (~10.4) of the EDCs. The effects of dissolved organicmatter
(DOM) on EDC photodegradation are complex with both positive and negative impacts being reported. TiO2 re-
mains the best catalyst due to its superior activity, chemical and photo stability, cheap commercial availability,
capacity to function at ambient conditions and low toxicity. The optimum TiO2 loading is 0.05–1 g l−1, while
higher loadings have negative impact on EDC removal. The suspended catalysts prove to be more efficient in
photocatalysis compared to the immobilised catalysts, while the latter are consideredmore suitable for commer-
cial scale applications. Photodegradation mostly follows 1st or pseudo 1st order kinetics. Photodegradation typ-
ically eradicates or moderates estrogenic activity, though some intermediates are found to exhibit higher
estrogenicity than the parent EDCs; the persistence of estrogenic activity is mainly attributed to the presence
of the phenolic moiety in intermediates.
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1. Introduction

Endocrine disrupting chemicals (EDCs) can cause adverse health ef-
fects in reproductive, neurological and immune systems WHO (2015);
NIEHS. Endocrine disruptors, 2015. The effect of EDCs on wildlife and

humans has beenwidely reported. EDCs are usually present in the envi-
ronment at trace concentrations but can still cause significant damage
(Snyder et al., 2003). They enter the environment mainly from sewage
treatment plant (STP) effluents (Laganà et al., 2004) although other
sources include direct discharge, leakage from septic tanks and run-off

Fig. 1. Chemical structures of estrogenic steroidal hormones. The atomic numbering scheme is shown in the structure of E2.
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