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a b s t r a c t

Reports of pharmaceuticals exist in surface water and drinking water around the world, indicate they are
ineffectively remove from water and wastewater using conventional treatment technologies. The poten-
tial of adverse effect of these pharmaceuticals on public health and aquatic life, also their continuos accu-
mulation have raised the development of water treatment technologies. Hybrid treatment processes like
membrane filtration and advance oxidation processes (AOPs) are likely to give rise to efficient simulta-
neous degradation and separation mechanisms. Conventional membrane filtration techniques can
remove the majority of contaminants, but the smallest, undegraded, and stabilized pharmaceutical
wastes persist in the treated water. After some 20 years, researchers have recognized the important role
of AOPs in the treatment of pharmaceutical wastewater because these technologies are capable of oxidiz-
ing recalcitrant, toxic, and non-biodigradable compounds into numerous by-products and finally, inert
end-products via the intermediacy of hydroxyl and other radicals. Evidently, membranes are subjected
to the fouling phenomenon by the contaminants in wastewater, hence resulting in a reduction of clean
water flux and increase in energy demand. In such situations, these membrane hybrid AOPs exert a com-
plementary effect in the elimination of membrane fouling, thus enhancing the performance of the mem-
brane. Therefore, in this review, we describe the basic aspects of the removal and transformation of
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certain pharmaceuticals via membranes and AOPs. In addition, information and evidences on membrane
hybrid AOPs in the field of pharmaceutical wastewater treatment is also presented.

� 2018 Elsevier Inc. All rights reserved.

1. Introduction

Pharmaceuticals comprise of large and diverse group of com-
pounds designed to prevent, cure and treat disease, as well as
improve health. They have long been used in significant quantities
in medical field. Of late, there is growing public interest over the
presence as well as fate of pharmaceutical wastes in the environ-
ment. This is in light of the persistence and potential toxic effects
of the said residues, as well as their constant discharge from the
effluents into water sources [1]. The pharmaceuticals residues
can be considered as emerging contaminant which significantly
affect the environmental and human being. Fig. 1(a) shows the
illustration on unprescribed pharmaceutical products and drugs
in the water cycle. The improper disposal of unprescribed pharma-
ceutical products and drugs among the consumer and excretion are
the main channel of the pharmaceutical residues to be discharge in
the inland water. Even though, the contaminated water will be
subject to the conventional water treatment processes such as
coagulation, flocculation, sedimentation, filtration and chlorine
disinfection, most of the residual pharmaceutical is remain in the
treated water.

After the conventional water treatment, the pharmaceutical
wastes might be low in concentration. However, their input and
output should be controlled since continuous discharge into the
environment will pose long-term potential risk to aquatic and ter-
restrial organisms and impose toxicity nearly in any level of biolog-
ical chain. In addition, certain classes of pharmaceutical, for
example antibiotics may cause long-term irreversible change to
micro-organism genomes, making them resistant in their presence,
even at low concentration [2]. More importantly, the accumulation
of antibiotic in surface waters is a potential danger since water is
used as a source of drinking. Thus, the proper and more efficient
pharmaceutical elimination from aquatic environment is crucial
so that the potential of eco-toxicity can be avoided.

Currently, the application of membrane technology is now has
been commercialized as an alternative for flocculation, sediment
purification techniques, adsorption (sand filters and active carbon
filters, ion exchangers), extraction and distillation. Based on its
separation processes, the membrane operation can be considered
as flexible process since it can be used in across wide range indus-
tries. Furthermore, this technology relatively simple and required
significantly low energy consumption. However, the membrane

Fig. 1. (a) The annual total of publications on hybrid membrane filtration-advanced. oxidation processes; (b–c) the top 10 country-wise distribution in hybrid membrane
filtration-advanced oxidation processes. (Scopus search system, access on January 2018; search term ‘‘Membrane AND Advanced Oxidation Processes” and ‘‘Membrane AND
Advanced Oxidation Processes AND Pharmaceutical” within 2000–2017).
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