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A B S T R AC T

Membrane bioreactors (MBR) are increasingly considered for de-centralized wastewater treat-
ment. As MBR can be operated with higher sludge retention time and total suspended solids 
than conventional wastewater treatment plants (WWTP) the elimination of micropollutants is 
slightly better for MBR than for WWTP. However to be able to use the MBR fi ltrate for artifi cial 
ground water recharge it is necessary to further improve elimination of micropollutants. In 
this study, the MBR process has therefore been combined with the adsorption on powdered 
activated carbon (PAC). PAC was dosed to the MBR fi ltrate of a pilot plant and removed again 
after a contact time of 30 min. PAC was recycled to the MBR process tank to use the residual 
adsorption capacity. The process was operated continuously for a period of 110 d. With 5–10 
mg l−1 PAC dosage a 50–80% improved elimination of carbamazepine and diclofenac could be 
achieved compared to the process without PAC.
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1. Introduction

As part of the SMART Jordan Valley project [1], new 
integrated approaches for water management, aquifer 
recharge, and wastewater reuse are developed. Decen-
tralized membrane bioreactor technologies combined 
with consecutive subsoil conditioning are studied with 
respect to the removal of persistent organic pollutants 
(POPs) and pathogenic organisms. Pharmaceutical 
active substances enter the surface water with effl uents 
of wastewater treatment plants (WWTP) due to incom-
plete elimination by conventional biological wastewater 
treatment [2]. Considering the fate of organic micropol-
lutants in the aquatic environment both partitioning 
and persistence are important. Partitioning includes 

sorption by sediments, evaporation and uptake by 
biota. The persistence of pharmaceuticals is governed 
by biodegradation, sunlight photolysis and other abi-
otic transformation such as hydrolysis [3].

Biodegradability varies signifi cantly for the differ-
ent pharmaceutical residues. For example, the antiepi-
leptic drug carbamazepine was not removed in various 
WWTPs [4,5]. For diclofenac, in some wastewater treat-
ment processes elimination rates of 50%–90% appeared, 
whereas only slight removal was observed in other 
WWTPs [4–6]. Other compounds such as the analgesics 
ibuprofen and naproxen or the lipid regulators gemfi -
brozil and bezafi brate were removed up to >90% [5–7]. 
X-ray contrast agents belong to the persistent substances 
and are more or less not degraded in WWTPs.

Improvement of sewage treatment, for instance 
through membrane technologies, by higher solid 
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