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1. Introduction

Constructed wetlands are considered as low-cost 
alternatives for the treatment of domestic wastewaters 
due to the advantages such as lowering the initial costs 
by using cheap materials, eliminating the need for sludge 
removal, and developing a pathogenically safe as well as 
aesthetic treatment by applying sub-surface fl ow [1,2]. 
Constructed wetlands generally remove about 80–99% 
of organic matter, 92–95% of bacteria, 30–80% of nitro-
gen and 20–70% of phosphorus from domestic wastewa-

ters depending on the plant type used and fl ow regime 
[3]. A previous study in Turkey showed 93% COD, 90% 
nitrogen and 60% phosphorus removal by a recircu-
lating constructed wetland [1]. Another application of 
constructed wetland for the treatment of anaerobically 
treated domestic wastewater of 500 people resulted in 
84% COD, 92% TSS, 40% nitrogen and 54% phospho-
rus removal [4]. Application of anaerobic pretreatment 
protects constructed wetlands from clogging [5,6] and 
decreases the land requirement for the constructed wet-
lands by decreasing the organic matter loading.

Phosphorus concentration of 6–10 mg/l in domestic 
wastewaters may induce eutrophication in receiving 
water bodies. Therefore removal of phosphorus is 
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A B S T R AC T

This research project aimed to determine the technologically feasible and applicable wastewa-
ter treatment systems which will be constructed to solve environmental problems of small com-
munities in Turkey. Pilot-scale treatment of a small community’s wastewater was performed 
over a period of more than 2 y in order to show applicability of these systems. The present study 
involves removal of phosphorus in horizontal (HFCW) and vertical (VFCW) sub-surface fl ow 
constructed wetlands operated in series. The pilot-scale wetland was constructed downstream 
of anaerobic reactors at the campus of TUBITAK-MRC. Anaerobically pretreated wastewater 
was introduced into this hybrid two-stage sub-surface fl ow wetland system. Wastewater was 
fi rst introduced into the HFCW and then VFCW before being discharged. VFCW achieved up 
to 60–90% phosphorus removal whereas HFCW could remove only less than 20%. The effect 
of type of fi lling material on adsorption of phosphorus was investigated both in adsorption 
studies and in 1 m2 constructed wetlands fi lled with different materials. The results showed 
that iron slag was the most effi cient material for phosphorus removal in constructed wetlands 
compared to gravel, marble stone and zeolite.
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