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Abstract

Constructed wetland systems with their cheaper costs, easy design, construction, operation and maintenance and
almost zero energy and labor requirement offer an alternative to high-cost quite complex conventional wastewater
treatment systems. They are commonly used for treatment of domestic and industrial wastewater in specially designed
basins with aquatic plants and can easily be used for small-to-medium sized communities. Despite old history in Europe
and the USA, constructed wetland systems are quite a new technology in Turkey. The very first implementations were
performed at the beginning of 2000s and the first one was built in 2004 without much considerations on optimum
design parameters. Later on, researches mostly focused on appropriate design parameters, substrate materials and
aquatic plants of these systems mostly to improve treatment performance of these systems. This study initially presents
general information about the constructed wetlands, history and current status of constructed wetland systems of
Turkey, then assess previous researches conducted especially for constructed wetlands systems of Turkey.
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1. INTRODUCTION

Rapid depletion and pollution of water resourcegresserious pressure on earth. Untreated
wastewaters generate serious water and soil pmilwthen they were directly discharged into soll
and water resources. Such polluted effluents aésp snto ground and reach to groundwater,
ultimately end up with groundwater pollution. Wasgser effluents into streams and rivers reach to
seas and pollute river deltas and shorelines, too.

There are 1397 municipalities in Turkey and 1338(# 95%) of them are served with a sewage
system. With these sewage systems, annually 4J48nbin® wastewater is collected. Of such a
guantity, 40.2% is discharged into rivers, 49.1% iseas, 2.80% into dams, 1.80% into lakes and
embankments, 0.40% into lands and finally 6.50%lissharged into other receiving bodies. Of
4.48 billion cubic meter wastewater, 3.84 billionb&c meters (86%) is treated. Of this treated
amount, 37.9% is subjected to advanced treatmen89@ is subjected to biological treatment,
27.6% is subjected to physical treatment and 0.2%ubjected to natural treatment (Gokalp and
Kanarya, 2018).

Together with rapidly developing technologies, rewd expensive wastewater treatment methods
have been developed in each day. However, munitgsalesponsible for treatment of domestic
wastewaters generally have hard times to meetfgadalabor, construction, operation, maintenance
and monitoring needs of such advanced conventioradtewater treatment plants. Therefore,
municipalities have tended to use low-cost envirentziriendly natural treatment systems during
the last three decades. Treated wastewaters aren@ag used in agricultural and landscape
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irrigation, facility process water of various indiiss and in several processes of the municipalitie
Water Pollution Control Regulations provide detdilmformation about the re-use of treated
wastewater effluents (Anonymous, 1991).

The works of Konya Provincial Water and Sewage Audstiation (KOSKI) can be given as pilot
implementation. KOSKpassed treated effluents through sand filterinfeisted treated wastewater
effluents with UV (ultraviolet) light and used irefuge landscape irrigations. This treated
wastewater lines used in refuge irrigations wakedads “Purple Lines”. Similarly, Istanbul Water
and Sewage Administration (ISKI) initiated worksoab potential use of treated effluents in
irrigations (Anonymous, 2011).

In this study, initially a general information albothe natural and constructed wetlands are
provided. Then, history and current status of aoietéd wetland systems of Turkey were provided
and previous researches conducted especially ostrooted wetlands systems of Turkey were
assessed.

2. NATURAL TREATMENT SYSTEMS
Natural treatment is a term defining wastewateattnent processes with the use of natural
materials and methods. In natural treatment systeso#, water, plants, microorganisms and
atmosphere are in continuous interactions througysipal, chemical and biological processes.
Selection of a proper treatment system for a se#id with a population of between 500 — 2000
people is presented in Figure 1 (Kose and Yildi)9. An underground seepage pond is illustrated
in Figure 2. Natural wastewater treatment methottisont a treatment facility can be classified as
follows:

* Wastewater underground seepage basins (Figure 2)

* Wastewater evaporation basins

» Direct discharge of wastewater over sloping languyfe 3)

» Stabilization ponds

* Constructed wetlands

8-15 m2 per capita

2 . 1
Aealable Less than 1 m2 per capita

Land

I
2-5 m2 per capita

Mixed Systems

Stablization ponds Techno logy—mtense advanced
Non-aerated reactor + biodisc treatment if necess ary
Non-aerated reactor + constructed wetlands
Non-aerated reactor + stabilization ponds
Biodisc + stabilization ponds

Aerated lagoon + stabilization ponds
Constructed wetlands

Constructed
Wetlands

I

Pervious ground I

I No
Yes
|

Secpage - sand filters Stabilization ponds or constructed
wetlands

Figure 1. Wastewater treatment methods to be usedfsettiement with a population of between 500 —
2000 people (Kose and Yildiz, 2009)
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/. Clean gravel

Figure 2. Underground seepage ponds (Balman andmah, 2002; Bayhan, 2009
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Figure 3. Discharge of wastewater effluent to slapeerrain (Balman and Balman, 2002; Bayhan, 2009)

3. CONSTRUCTED WETLANDS
Constructed wetlands have a capacity of using amlselar energy and regenerate themselves.
They also provide a habitat for several wildlifeatures. These systems depend on filtration of
wastewater in a basin generated in a size needgdillxd with naturally available materials and
treatment of wastewater with the aquatic plantsvgran them. They are small-scale imitations of
the natural wetlands. With the treatment of wastewan these systems fed with septic tank
effluents, domestic wastewaters of rural settlenoenid reliably be treated and safely discharged
into receiving bodies.
Constructed wetlands do not require complicateti-téghnology equipment, there is no need for
qualified labor. Energy requirements are also atraeso since gravity flow is employed in these
systems. A successful constructed wetland designldhake the following general criteria into
consideration (Gokalp and Kanarya, 2018):

 The design should be kept as simple as possiblecamplex technological approaches

should be avoided to prevent possible failures.

* The design should be so performed as to requirke#fs¢ maintenance.

* The wastewater flow should be supplied through itgatignal flow.

» Extreme weather and climate conditions should Imsidered in design.

* The design should comply with the natural lands@apetopography.

» The systems should be allowed time to reach thieedkgerformance values.
These systems are classified into two types: freeemsurface ones and subsurface flow ones. Free
water surface constructed wetlands generally hal@ and mosquito problems, thus they are
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preferred in practice and mostly subsurface flowsoare preferred. Subsurface flow constructed
wetlands are also divided into two types basedl@n fegime generated in them: horizontal flow
and vertical flow (Figure 4) (Ayaz et al., 2003).

VERTICAL REED BED FILTER: INTERMITTENT FEED .
’ - WITH SURFACE AERATION HORIZONTAL FLOW REED BED FILTER: CONTINUOUS FLOW
untreated Untreated

\ [ ’
wastewater feed *MV ?. tine gravel wastewater feed

o | coarse gravel

—-

80 em

¥ A 60 cm

ventilation drainage pebbles treated effluent influent gabion coarse sand or water outflow treated water
pipe pipe outlet distributor line gravel gabion outlet

Figure 4. Subsurface flow constructed wetlands (&yet al., 2003)

4. CONSTRUCTED WETLAND RESEARCH AND IMPLEMENTATIONS IN TURKEY

In Turkey, generally advanced wastewater treatragstems with long aerated sludge processes are
used in wastewater treatment facilities of the rogpailities. However, in places where sufficient
lands for wastewater treatment facilities and wamall populations, stabilization ponds or
constructed wetlands (natural treatment systeme) adso used. Direct seepage of untreated
wastewater into underground, or discharge ovesliyged surface or evaporation of wastewater are
quite dangerous methods for human health. Sinckeyus trying to comply with EU Water Frame
Directives, these methods are not used in Turkey(¥mous, 2011).

Stabilization ponds are either natural or artifisi@ater bodies in which wastewaters are kept until
they get a stable and balanced structure befalestbarge into waster bodies or lands. Stabilizatio
ponds are the simplest type of wastewater treatsysmtéms. They have several advantages over the
other systems including no energy consumption, hediability, easy operation and maintenance
and environment-friendly nature. Cross-section dftabilization pond is presented in Figure 5
(Ramadan and Ponce, 2019).

. Effluent In . Effluent Out
COhrganic matter and nutrients Higher quality
T\ High BOD Crustine T0% less BOD
— Solids —
. —r— L
Inlet Pipe ‘\ i ] ]
From fam dairy S L
h— ) _(""“‘f“ ) Overflow Pipe
Carbon dioxide T aierobic pond

Methane
\ Ammaonia
Bottom Sludge /)—/"" /

Solids
Some organic N and P

Figure 5. Cross-section of a stabilization pond (fRadan and Ponce, 2019)

Natural treatment systems were first introducedG@msneral Directorate of Rural Affairs in 43
villages of Turkey in 2004. The first constructedtland system was applied in Dikiktaillage of
Haymana town of Ankara. In that system, a consédietetland project was designed to serve a
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population of 250 people. The second project was ahplemented by General Directorate of
Rural Affairs in Korucu village of Torbali town dtmir to serve for a population of 1095 people.

This system was subsurface horizontal flow constdigvetland. The performance of this system is
provided in Table 1 (Anonymous, 2011). Later ortural treatment projects were implemented in
Kapakh village of llgin, Tuzlukcu village of Erddg and Camli village of Aksehir. Another natural

treatment system was constructed in Sakarkayageilkd Akhisar town of Manisa province to serve
for domestic wastewater treatment of 725 peopledivin 145 houses. This system was also
subsurface horizontal flow constructed wetland.fderance parameters of that system are
provided in Table 2 (Anonymous, 2011).

Table 1. Performance parameters for the constructeetland of Torbali town of Izmir

Parameter Influent Effluent Regulation

COD (mg/l) 142 52 180

BODs (mg/l) 50 15 50

TSS (mg/l) 89 11 70
Table 2. Performance parameters for the constructegtland of Sakarkaya village of Manisa

Parameter Influent Effluent Regulation

COD (mgl/l) 842 685 180

BODs (mg/l) 520 380 50

TSS (mg/l) 89 66 70

TN (mg/l) 64 56

TP (mg/l) 2.02 1.17

pH 6.88 6.74 6-9

Separate three constructed wetland systems welermepted at the effluent discharge of Istanbul
Pasakoy conventional wastewater treatment systsimtgupolish treated effluents. They were all
subsurface flow constructed wetlands and there’tasgry odor and mosquito problems. Water
distribution is performed through the pipes, weldlémasin was covered with a compacted clay layer,
substrate materials included gravel and sand amutgilon was performed with the use of aquatic
cyperus species (Iskender et al., 2005). The atbestructed wetland projects implemented in
Turkey were listed as follows:

» Sultanhani — Aksaray

* Viransehir — Sanhurfa

e Salur - Kayseri (Figure 6)

« METU (Middle East Technical University) — Ankara
Almost of all the constructed wetland systems vgergsurface horizontal flow type. Following the
demolish of Rural Affairs, Special Provincial Adnstrations were responsible for the construction
of natural treatment systems. Finally, Provinciabté&/ and Sewage Administrations took the
responsibility of design, construction, operation anaintenance of constructed wetlands (Gokalp
and Tas, 2018a, b).
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3

- Figure 6. ontructi

5. CONCLUSIONS

Present constructed wetlands of Turkey have varjpablems including site selection, filter
medium clogging, leakages, plantation, operatiod araintenance problems. In Turkey, almost
none of the systems are monitored and assessedontractor constructs the system and transfer it
to the village without any operation, maintenanmoenitoring and assessment activiti€ghe first
thing to be done is to redesign the projects adegrid national and international standards. Irstea
of using pilot projects, site-specific project shibbe designed by taking the regional charactessti
and wastewater characteristics into considerahiatural treatment systems are state-supported and
funded systems. Each year, millions are spenthferconstruction of these systems. If the relevant
measures are not taken urgently, all these inveggwell turn into waste and dead investments.
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