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ABSTRACT

Growing population, urbanization, and agricultural activities are causing an increase in nitrogen and
phosphorus loads in water resources, leading to eutrophication and water quality issues. In this study, the
nitrogen and phosphorus removal performance of a mixture of sand, rice husks, and zeolite—which could be
used as an alternative filter material in constructed wetland systems—from synthetic wastewater was
investigated using laboratory-scale column experiments. The filter material mixture, prepared in equal volumes,
was placed in columns; synthetic wastewater containing nitrogen and phosphorus, prepared at different
concentrations (50 to 100 mg L?) under laboratory conditions, was applied at different flow rates (1 and 2.3 mL
min't). Throughout the experiments, samples were collected at different retention times (3, 6, 12, 24, and 48
hours), and analyses of pH, electrical conductivity (EC), total nitrogen (TN), and total phosphorus (TP) were
performed. The obtained pH (8.07-9.52) and EC (470.4-1284 pS cm™) values were found to be compliant with
relevant discharge standards. The highest phosphorus removal efficiency (99%) was achieved at a concentration
of 50 mg L' and a flow rate of 1 mL min%, resulting in an effluent concentration of 0.50 mg L%, while the lowest
removal efficiency (62%) was observed at a concentration of 100 mg L™ and a flow rate of 2.3 mL min, resulting
in an effluent concentration of 38.0 mg L. For nitrogen removal, the highest performance (90.1%) was achieved
at a concentration of 100 mg L't and a flow rate of 2.3 mL min’%, resulting in an effluent concentration of 9.99 mg
L', while the lowest removal performance (4%) was measured at a flow rate of 1 mL min, resulting in an effluent
concentration of 68.34 mg L. In conclusion, the study demonstrated that the mixture of sand, rice husks, and
zeolite provides high efficiency in nitrogen and phosphorus removal and can be used as a sustainable, low-cost,
and environmentally friendly alternative filter material in constructed wetland systems. However, it was
determined that increasing concentration and retention time did not produce the expected positive effect,
particularly in phosphorus removal. Furthermore, it was found that low flow rates and appropriate pH conditions
enhance adsorption efficiency, and it was assessed that pH optimization is necessary, particularly in wastewater
with high pH values. It is believed that the findings obtained at the laboratory scale will make significant
contributions to the applicability of natural filter materials for nutrient removal in constructed wetland
technologies if supported by long-term and pilot-scale studies.
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Kum, Celtik Kavuzu ve Zeolit Karisiminin Azot ve Fosfor Giderim Performansinin
Belirlenmesi
0z
Artan niifus, kentlesme ve tarimsal faaliyetler, su kaynaklarinda azot ve fosfor yilklerinin artmasina neden

olmakta ve buna baglh olarak 6trofikasyon ile su kalitesi problemlerini beraberinde getirmektedir. Bu ¢alismada,
yapay sulak alan sistemlerinde alternatif filtre materyali olarak kullanilabilecek kum, piring kabugu ve zeolit
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karisiminin sentetik atik sulardan azot ve fosfor giderim performansi laboratuvar 6l¢ekli kolon deneyleri ile
arastirllmistir.  Esit hacimlerde hazirlanan filtre materyali karisimi kolonlara yerlestirilmis; laboratuvar
kosullarinda farkli konsantrasyonlarinda (50 ile 100 mg L) hazirlanan ve azot ile fosfor iceren sentetik atik sular,
farkli debilerde (1 ve 2.3 mL dak?) uygulanmistir. Denemeler boyunca farkl bekleme siirelerinde (3, 6, 12, 24 ve
48 saat) alinan numunelerde pH, elektriksel iletkenlik (EC), toplam azot (TN) ve toplam fosfor (TP) analizleri
gerceklestirilmistir. Elde edilen pH (8.07-9.52) ve EC (470.4-1284 puS cm't) degerlerinin ilgili desarj standartlariyla
uyumlu oldugu belirlenmistir. Fosfor gideriminde en yiiksek performans (%99), 50 mg L™* konsantrasyon ve 1 mL
min debide 0.50 mg L cikis konsantrasyonu ile elde edilirken, en diisiik giderim performansi (%62), 100 mg L
konsantrasyon ve 2.3 mL dak debide 38.0 mg L cikis konsantrasyonu ile belirlenmistir. Azot gideriminde ise en
yiiksek performans (%90.1), 100 mg L'* konsantrasyon ve 2.3 mL dak™® debide 9.99 mg L ¢cikis konsantrasyonu
ile elde edilirken, en disiik giderim performansi (%4), 1 mL dak® debi kosullarinda 68.34 mg L olarak
Olgulmistir. Sonug olarak, kum, piring kabugu ve zeolit karisiminin azot ve fosfor gideriminde yiksek verimlilik
sagladigini ve yapay sulak alan sistemlerinde strdirlebilir, distik maliyetli ve cevre dostu alternatif bir filtre
materyali olarak kullanilabilecegini gostermistir. Bununla birlikte, artan konsantrasyon ve bekleme siresinin
ozellikle fosfor gideriminde beklenen diizeyde olumlu bir etki olugturmadigi belirlenmistir. Ayrica diisiik debi ve
uygun pH kosullarinin adsorpsiyon verimini artirdigi tespit edilmis olup, 6zellikle yiiksek pH degerine sahip atik
sularda pH optimizasyonunun gerekli oldugu degerlendirilmistir. Laboratuvar 6lgeginde elde edilen bulgularin,
uzun siireli ve pilot 6lgekli calismalarla desteklenmesi durumunda dogal filtre materyallerinin yapay sulak alan
teknolojilerinde besin elementi giderimine yonelik uygulanabilirligine 6nemli katkilar saglayacagi
disindlmektedir.

Anahtar kelimeler: Adsorpsiyon, Aritma, Kolon Denemeleri

INTRODUCTION

The world population is increasing every day. In addition, industrialization and water consumption are
increasing worldwide. Consequently, waste in solid, liquid, and gaseous forms is reaching levels that disrupt the
balance of life and threaten human existence.

The reckless use of human natural resources, particularly available water resources, increases water
consumption and leads to water waste. Water resources are among the most essential resources necessary for
sustaining live on earth. Water resources, which are essential for the life of every living being, are becoming
increasingly polluted (Kilig, 2008). Freshwater resources, which are extremely limited in the world, determine
the future of both people and countries. Therefore, one of the most important fundamental issues is to have
good organization in every area, from the protection of water resources to their operation, and from the
distribution of water to its removal. In fact, the protection of water resources within a holistic structure should
also be considered an indicator of the integrity of nature (Soylu et al., 2006). It is of great importance to protect
water resources and pass them on to future generations. Domestic and industrial wastewater are the main
factors causing pollution of water resources, which have many different applications. Owing to legal regulations
aimed at protecting the environment and the increasing demand for water in businesses, minimizing wastewater
generation, recovering valuable materials, and reusing water have become increasingly important (Murathan et
al., 2013).

Tirkiye, a country not rich in water resources, will increasingly feel this pressure due to its growing
population. Especially in large cities, unplanned growth and increasing population density require water-related
problems to be addressed not with short-term and superficial solutions, but with long-term and strategic ones
(Aksungur and Firidin, 2008). Tlrkiye has a total area of approximately 78 million hectares. Of this area, 24 million
hectares are cultivated for agriculture, 21.5 million hectares are pastures and meadows, 23 million hectares are
forests and scrublands, and the remainder consists of unused water surfaces and rocky terrain. The total is 112
billion m? per year, consisting of an average of 94 billion m? of surface water and 18 billion m* of groundwater
(DSI, 2025). More than 70% of the world's water is used for agricultural irrigation. Therefore, although it only
covers a portion of irrigation water needs, there is great potential for the use of treated wastewater in irrigation
(WWAP, 2003). Agricultural activities are one of the most significant sources of water pollution in Turkiye.
Fertilizers and pesticides are used intensively in agricultural areas to increase production. The fertilizers and
pesticides used are carried by rain orirrigation water, polluting surface waters and groundwater resources (Olhan
and Ataseven, 2009). The use of treated wastewater in agriculture has many advantages. First, it contributes to
increased production. This is because treated wastewater contains plant nutrients. The nutrient richness of
treated wastewater has led to an increase in its reuse for agricultural purposes (Filibeli et al., 2017).

Many risk factors associated with the reuse of water in agricultural irrigation have been identified. Some
risk factors have short-term effects, while the severity of the effects of other risk factors varies depending on the
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potential for contact with animals, humans, or the environment. Other risk factors have effects that increase
over time and with the continuous use of treated water (e.g. as soil salinity and the effects of toxic chemicals)
(Toze, 2006). Dissolved nitrogen in water is one of the main parameters that cause pollution in surface and
groundwater. Although nitrate is the most common form of dissolved nitrogen found underground, it can also
be found in the form of ammonium, nitrite, nitrous oxide, and organic nitrogen. Bacteria found in aerobic
environments convert ammonia into nitrite or nitrate ions (Akosman and Ozdemir, 2018). Nitrogen fertilizers
commonly used in agricultural applications, industrial waste, and waste from livestock operations increase the
nitrogen content of soil, water, and produced goods, causing environmental pollution (Stinal and Ersahin, 2012).

In addition to high-cost advanced biological treatment plants for wastewater treatment, less expensive
constructed wetlands are being built for use in rural areas. Constructed wetlands provide habitats for many
organisms and have the capacity to utilize solar energy and self-renew. They contribute to the natural balance
of the atmosphere by consuming CO2 and producing Oz in the environment. They can remove organic matter,
suspended solids, toxic substances, heavy metals, and biological elements from wastewater and have high
treatment capacities (BUtlinoglu, 2018). Constructed wetlands are systems that enable the regular control of
water flow, retention time, and wastewater level by placing porous materials such as stones, gravel, and sand
within an impermeable clay layer (Esmeray and Armutcu, 2020). Constructed wetlands perform physical,
chemical, and biological treatments through interactions between the fill material, plants, and air space, aided
by microorganisms present in the soil structure (Dutta and Mia, 2010).

Constructed wetlands are constructed by filling impermeable ground with bedding materials such as sand
or gravel that can support rooted plants. In these systems, water does not come into contact with the
atmosphere because it flows through the filling materials (Demirors, 2006). In constructed wetlands, natural
materials such as soil, clay, and sand, processed materials such as zeolite or pumice, and waste materials such as
fly ash or blast furnace slag can be used as filter materials. Depending on the basic pollutant parameters and
pollutant concentrations in wastewater, these materials are often used in combination with each other (Gokalp
and Tas, 2018).

The addition of zeolite to water treatment systems increases sludge activity while also improving the
removal efficiency of suspended solid particles and the phosphate precipitation effect of trivalent cations.
Zeolites are highly absorbent porous minerals composed primarily of silicon and aluminum. Similar to sponges
that absorb water, zeolites are useful for their ability to capture and retain various unwanted materials (Miteva
and Stoyanova, 2020). With their high ion exchange and heavy metal removal efficiencies, these materials have
been used to improve the physical, chemical, and biological properties of soil and are evaluated for fertilization
applications. Thus, zeolite enables the controlled release of nutrients into the soil. Furthermore, the production
of zeolite-based fertilizers results in lower carbon dioxide emissions into the environment (Jarosz et al., 2022).

Rice constitutes half of the food supply for 1.6 billion people worldwide. Rice production results in
excessive amounts of rice husks as waste material (Pourshakiba, 2012). Rice is obtained by processing paddy.
During the separation of the husks, which are a waste product of rice production, from the grains, two types of
husks are formed. The first husk is a thin membrane surrounding the rice grain, known as the bran. It is rich in
nutrients and is used as animal feed. The second husk is the outermost shell of rice grain. This husk is also called
the hull or husk (Sadig, 2008). The composition of rice husks contains up to 46.9% organic carbon. The nitrogen
content is 1.6% and the moisture content is 9.3% (Cakirer, 2015).

Fertilizers derived from industrial sources are commonly used to address phosphorus deficiency in soil.
While plants consume the phosphorus applied during the year, the remainder accumulates in the soil as “residual
phosphorus.” Only a small portion of this residual phosphorus dissolves in water as phosphate, while an
estimated 80% reaches freshwater sources and the ocean in granular form. Industrial and domestic waste
contains high levels of phosphorus (Kili¢ and Korkmaz, 2012). All organisms involved in the biological processes
of wastewater treatment require phosphorus for reproduction and the synthesis of new cells. In this regard,
domestic wastewater contains much more phosphorus than the amount necessary for the stabilization of the
organic matter it contains. This situation can be understood by looking at the amount of phosphorus in the
effluent of biological wastewater treatment plants. In Turkiye, according to the urban wastewater treatment
regulation, at least 80% of total phosphorus must be removed in discharges to sensitive water bodies with low
water circulation (Kaya, 2013).

Ammonia-based fertilizers are used to meet the nitrogen requirements of plants. However, the use of
these fertilizers has caused environmental problems has caused. While some of the ammonia applied as fertilizer
is used by plants, part of it is used by bacteria in the soil for cellular respiration, resulting in the release of nitrite.
Nitrite, which is oxidized by other microorganismes, is converted into nitrate and, owing to its chemical properties,
can easily mix with groundwater. Groundwater carries nitrates to sea and oceans, causing water pollution (Serin,
2014).
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Recent studies have focused on various filter materials such as peat soil, sand, gravel, blast furnace slag,
coal furnace slag, limestone, rice husk, pumice, zeolite, and vermiculite for nitrogen and phosphorus removal
from wastewater (Gokalp and Kanarya, 2018; Uzun et al., 2021; Aticl, 2023; Asik and irik, 2025; Demir et al., 2025;
irik and Kanarya, 2025).

In previous studies, the removal performance of various wastes has generally been investigated using the
materials in their pure forms. This study was conducted to determine the performance of a homogeneous
mixture of sand, rice husk, and zeolite materials in removing nitrogen and phosphorus from wastewater.

MATERIALS AND METHODS

The study was contained in the form of column tests, in which filter materials were subjected to artificially
generated wastewater. The filter materials consisted of sand, rice husk, and zeolite (50 cm3 each), mixed to form
a total of 150 cm? of material. Before being transferred to the columns, the materials used in the study were
sieved through screens with pore diameters of 1 and 2 mm, and the materials retained between the two screens
were used.

The columns contain pores with a pore diameter of 1 mm to prevent clogging caused by the filter material.
This study was conducted on a pilot scale in the form of column tests representing constructed wetlands to avoid
harming the environment.

Sand is a granular material composed of fragmented rock and mineral particles. It is finer than gravel and
coarser than silt. Sand can also refer to a textural soil or soil type. That is, it is a soil containing more than 85%
sand-sized particles by mass. The composition of sand varies depending on rock sources and conditions. In inland
environments and non-tropical coastal environments, the most common component of sand is silica (SiO2),
usually in the form of quartz (Apaydin, 2007).

Rice husks are bio-waste materials used as adsorbents in studies. While rice husks exhibit good and
economical adsorbent properties, they pose significant environmental problems in the management and
disposal of agricultural waste (Kalderis et al., 2008; Asadi et al., 2008). Rice husks are insoluble in water, have a
silica-cellulose structure, are woody, abrasive, and contain 20% silica material. The important substances in their
structure are cellulose, hemicellulose, lignin, hydrated silica, and ash. The chemical components of rice husks are
SiO,, H,0, Al,0s, Fe,03, K;0, Na,0, Ca0, and Mg (Foo and Hameed, 2009).

Zeolite is a hydrated aluminum silicate with a crystalline structure originating from volcanic rock, which
has micro-pores and can be widely used as an adsorbent and catalyst. There are 42 different types of zeolites
according to their compositions (Altan et al., 1998). Zeolites are used in agriculture as soil conditioners, fertilizer
additives, water retainers, and for aeration purposes; in plant production as a growing medium; in landscaping
and garden design; in animal husbandry as feed additives and bedding material; in purification for mechanical
and chemical filtration; in the retention of toxic waste; as filter material in pools and spas, as aquarium material,
cat litter, cleaning materials, in the textile industry, paper and energy sectors, as toxin binders in the health
sector, as catalysts in aquaculture and chemistry, as well as in waste and wastewater treatment (Cagin et al.,
2006).

Columns made of glass material with a standard inner diameter of 3 cm and a length of 60 cm were used
in this study. A LongerPump brand 12-channel peristaltic pump was used in the experiment to ensure that a
specified amount of liquid was transferred into the columns within a specified time, and the apparatus used in
the experiment is shown in Figure 1. Nine columns were used at a time in the experiments, and each study was
conducted with three replicates.

In the study, synthetic wastewater was prepared using potassium nitrate (KNOs3) and potassium
dihydrogen phosphate (KH2PO4) at a concentration of 1000 mg L'! as a stock solution. Synthetic wastewater was
prepared at concentrations of 50 and 100 mg L? using the prepared stock solution. The synthetic wastewater
prepared under laboratory conditions using a peristaltic pump was applied at flow rates of 1 and 2.3 mL min™.

In order to better determine the effectiveness of the materials used, retention was performed at 3, 6,
12, 24, and 48 hours after the system was started. After measuring the pH and EC of the samples taken at
different times, they were filtered through filter paper with a pore size of 0.45 um to determine the total
phosphorus and nitrate content.

Samples collected throughout the study were filtered through filter paper. pH and EC analyses were
measured using a Hanna brand HI-5522 model pH and EC meter. Phosphorus content was determined using a
Hanna brand phosphorus analyzer. Ten milliliters of each sample was taken, 10 drops of Hanna brand HI93717A-
0 model reagent were added, and one packet of Hanna brand HI93717B-0 model powder was added, and a
reading was taken from the device. The phosphorus content was determined based on the findings. For nitrate
determination, 10 ml of the samples were taken, 0.2 ml ISA (lonic Strength Adjuster) was added to them, and
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they were mixed. Nitrate analysis was performed using the Hanna HI-4113 ion probe on the Hanna HI-5522 ion
meter device. The findings obtained were divided by 4.43 to determine the nitrogen content in the nitrate.

T

Figure 1.'The sstemused in the stuy

Using the findings obtained in the study, the nitrogen and phosphorus removal efficiencies of the
materials were determined as percentages. At this stage, Equation 1 was used.

RP = SSot 110 (1)
mn
Where; RP: Removal Performance (%); Cin: Concentration of influent (mg L); Cout: Concentration of
effluent (mg L%).

RESULTS AND DISCUSSION

Change in pH Value During the Treatment Process

The pH values of solutions prepared at different concentrations (50 and 100 mg L!) were determined to
be 5.03 and 4.99. As a result of the study, the pH values of the effluent water varied between 8.07 and 9.52
depending on the different concentrations loaded with phosphorus and nitrogen mixtures and different
retention times. The Water Pollution Control Regulation published by the Ministry of Environment, Urbanization,
and Climate Change states that pH values must be between 6 and 10 for wastewater to be discharged into
receiving environments (SKKY, 2004). According to the findings, it was determined that this criterion was met
(Table 1, Figure 2).
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Figure 2. pH changes during study

As shown in Figure 2, the effect of nitrogen and phosphorus-containing solutions applied at different
concentrations on pH values varied depending on the retention times. These changes increased initially because
the pH values of the materials were higher after contact with the prepared solutions and then tended to
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decrease. During the study, decreases and increases in pH values were observed due to the material was washed.
The pH data obtained at different flow rates and after different retention times are presented in Table 1.

Table 1. pH changes during study

Flow Rate (mL Conc. Retention Times (hour)
min) (mgL?) 3rd gth 12th 24th 48t
1 50 9.52+0.031 | 8.81+0.03 8.79+0.02 8.77+0.023 8.76+0.02
100 9.28+0.026 | 8.82+0.031 8.63+0.02 8.4+0.021 8.18+0.024
53 50 9.42+0.03 | 9.32#0.032 | 9.16+0.026 9.00+0.22 8.31+0.04
100 9.2240.031 | 9.00+0.03 | 8.65+0.031 | 8.33:0.028 | 8.07+0.031

During the study, pH values ranged from 9.22 to 9.52 at the end of the 3™ hour, 8.81 to 9.32 at the end
of the 6™ hour, 8.63 to 9.16 at the end of the 12t" hour, 8.33 to 9.00 at the end of the 24 hour, and 8.07 to 8.76
at the end of the 48™ hour. The lowest pH value was observed in the sample taken at 48 hours from the material
treated with a solution at a flow rate of 2.3 mL min'! and a concentration of 100 mg L, while the highest pH
value was observed in the sample taken at 3 hours from the material treated with a solution at a flow rate of 1
mL min! and a concentration of 50 mg L. The pH analysis results obtained in the study show that the values
decrease with increasing concentration and time. The pH values complied with the criteria of the relevant
regulation for the discharge of treated wastewater into receiving environments.

Demir et al. (2025), in their column test study, used zeolite, vermiculite, and mixtures of both materials
in different ratios as filter materials and did not observe a standard change in pH values. Atici (2023) used zeolite,
sawdust, and mixtures of both materials in different ratios as filter materials in column tests. It was observed
that pH values decreased depending on the concentration of the applied solution and did not show significant
change over time.

Change in EC (1S cm™) Value During the Treatment Process

The EC values of the solutions prepared at different concentrations (50 and 100 mg L'!) were determined
to be 436.89 and 1016.42. The analyses conducted in the study revealed that EC values ranged between 470.4
and 1300 pS cm™. The relevant ministry stated in its announcement that the ideal EC value should be below 2000
uS cm* (SKKY, 2004). The findings indicate that this criterion was met (Table 2, Figure 3).

1400
= = =4
1200 = b
= -, == - ==
g 1000 B 1 mlmin-150 mg L-1
w
=2 200 1 ml min-1 100 mg L-1
O
- _ _ _ = 2.3 ml min-150 mg L-1
600 = I I 2.3 ml min-1 100 mg L-1
400 _ i I
3 6 12 24 48
Retention Times (hour)

Figure 3. EC (1S cm™?) changes during study

As can be seen from Figure 3, it was determined that the effect of nitrogen and phosphorus-containing
solutions applied at different concentrations on EC values varied depending on the retention times. These
changes increased because the EC values of the materials were higher after the prepared solutions encountered
the materials. The EC data obtained at different flow rates and after different retention times are presented in
Table 2.
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Table 2. EC (uS cm?) changes during study

Flow Rate (mL Conc. Retention Times (hour)
min) (mgL?) 31 6t 12t 24 48th
1 50 470.4+2.12 | 467.6%2.55 509.8+4.51 598.4+3.55 598.6+2.52
100 110816 1112+47.21 122146 123045 1300+10
23 50 604+4 686.3+4.59 688.5+3.61 695.5+5.57 745.5+5.51
100 1097+7 110146.11 1117+7.02 123616 1284+6.11

During the study, EC values (1S cm™) ranged from 470.40 to 1108.00 at the end of the 3™ hour, from
497.60 to 1112. 00 at the end of the 6™ hour, between 509.80 and 1221.00 at the end of the 12" hour, between
598.40 and 1236.00 at the end of the 24" hour, and between 598.60 and 1300.00 at the end of the 48™ hour.
The lowest EC value was observed in the sample taken at the 3™ hour of the material treated with a solution at
a concentration of 50 mg L! at a flow rate of 1 mL min', while the highest EC value was observed in the sample
taken at the 48™ hour of the material treated with a solution at a concentration of 100 mg L™ at a flow rate of 1
mL min’. The EC analysis results obtained in the study show that the values increase over time. The EC values
were found to comply with the criteria of the relevant regulation for the discharge of treated wastewater into
receiving environments.

In their column tests, Demir et al. (2025), determined that different materials did not affect EC levels in
pollution but had an effect on the retention process and observed that EC results increased over time depending
on the retention period. Atici (2023), in column tests, evaluated the EC analysis results and found that the values
were proportionally close to each other with the change in materials and that the results obtained were in
compliance with the regulation. The data we have obtained within the discharge limits specified in the Water
Pollution Control Regulation published by the Ministry of Environment, Urbanization, and Climate Change does
not indicate any problems with wastewater discharge.

Change in Total Phosphorus (mg L) Value During the Treatment Process

After applying solutions prepared at different concentrations (50 and 100 mg L) to the columns, the
analyses revealed that the total phosphorus values ranged between 0.50 and 38.0 mg L. The relevant ministry's
published regulation states that the TP value of treated wastewater must be below 10 mg L (SKKY, 2004).
According to the findings, it was determined that this criterion was mostly met (Table 3, Figure 4).

40
I

35

30
= 25 T = 1 ml min-1 50 mg L-1
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- I
& 15 2.3 ml min-1 50 mg L-1
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10 i 2.3 ml min-1 100 mg L-1

Discharge Criteria

3 6 12 24 48

Retention Times (hour)

Figure 4. Changes in TP (mg L) during the study

As can be seen in Figure 4, it was determined that phosphorus-containing solutions applied at different
concentrations varied according to their retention times. After the prepared solutions met the material, the TP
values increased due to the materials reaching saturation over time. The TP values obtained at different flow
rates and after different retention times are given in Table 3.
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Table 3. Changes in TP (mg L?) during the study

Flow Rate (mL Conc. Retention Times (hour)
min™) (mg L) 3rd 6t 12t 24t 48t
1 50 0.5+0.02 0.6+0.02 0.7+0.02 5+0.2 12.7+0.305
100 1.03+0.031 1.7+0.05 6.610.2 8+0.2 13.3+0.3
23 50 0.940.031 1.6+0.05 310.1 7.1610.153 12.5+0.3
100 1.060.04 8.8+0.3 1740.5 25.3+0.5 38+0.8

During the study, TP values (mg L) ranged from 0.50 to 1.06 at the end of the 3™ hour, from 0.60 to
8.80 at the end of the 6™ hour, from 0.70 to 17.00 at the end of the 12t hour, 5.00 to 25.30 at the end of the
24% hour, and 12.50 to 38.00 at the end of the 48" hour. The lowest TP value was observed in the sample taken
at 3 hours from the material treated with a solution at a concentration of 50 mg L* at a flow rate of 1 mL min‘,
while the highest TP value was observed in the sample taken at 48 hours from the material treated with a solution
at a concentration of 100 mg L' at a flow rate of 2.3 mL minL. The TP analysis results obtained in the study show
that the values increase over time. It was observed that TP values complied with the relevant regulation criteria
for the discharge of treated wastewater into receiving environments up to 24 hours at a flow rate of 1 mL min,
12 hours at a flow rate of 2.3 mL min! with a concentration of 50 mg L%, and 6 hours with a concentration of 100
mg L. As the flow rate, the concentration of the applied solution, and the retention time increased, the limit
was approached, and it was determined that the criterion could not be met thereafter. The total phosphorus
change obtained as a result of the study was similar to the results obtained by Uzun et al. (2021) and Demir et
al. (2025).

Change in Total Nitrogen (mg L) Value During the Treatment Process

Following the application of solutions prepared at different concentrations (50 and 100 mg L) to the
columns, analyses revealed that total nitrogen values ranged between 9.99 and 68.34 mg L. The relevant
ministry's published regulation states that the TN value of treated wastewater must be below 40 mg L (SKKY,
2004). According to the findings, it was determined that this criterion was mostly met (Table 4, Figure 5).
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Figure 5. Changes in TN (mg L) during the study

As can be seen in Figure 5, it was determined that nitrogen-containing solutions applied at different
concentrations varied according to their retention times. After the prepared solutions met with the material, the
values increased due to the materials reaching saturation over time. The TN values obtained at different flow
rates and after different retention times are given in Table 4.
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Flow Rate (mL Conc. Retention Times (hour)
min™) (mg L) 31 6t 12t 24 48t
1 50 14,77+0,306 | 17,16+0,351 | 28,16+0,651 37+0,8 48+1
100 14,1+0,3 23,06+0,551 | 26,25+0,451 | 64,16+0,651 | 68,34+0,854
23 50 11,110,208 | 21,99+0,503 30,8+0,6 32,24+0,458 | 52,65+1,153
100 9,99+0,306 | 12,010,306 | 17,820,404 | 38,060,551 | 38,94%0,755

During the study, TN values (mg L) were 9.99 to 14.77 at the end of the 3™ hour, 12.01 to 23.06 at the
end of the 6™ hour, 17.82 to 30.80 at the end of the 12™ hour, 32.24 to 64.16 at the end of the 24 hour, and
38.94 to 68.34 at the end of the 48™ hour. The lowest TN value was observed in the sample taken at the 3" hour
of the material treated with a solution at a flow rate of 2.3 mL min'! and a concentration of 100 mg L%, while the
highest TN value was observed in the sample taken at the 48™ hour of the material treated with a solution at a
flow rate of 1 mL min™* and a concentration of 100 mg L%. The TN analysis results obtained in the study show that
the values increase over time. For treated wastewater to be discharged into receiving environments, TN values
must comply with the criteria of the relevant regulation at a flow rate of 1 mL min'! at a concentration of 50 mg
L't up to 24 hours and at a concentration of 100 mg L™ up to 12 hours. At a flow rate of 2.3 mL min't, compliance
with the relevant regulation criteria was observed at the end of the 24" hour. As the flow rate, the concentration
of the applied solution, and the retention time increased, the limit was approached, and it was determined that
the criterion could not be met thereafter. The total nitrogen change obtained as a result of the study was found
to be similar to the results obtained by Asik and irik (2025) and Demir et al. (2025).

CONCLUSION

The use of soil or filter materials is recommended for nitrogen and phosphorus removal in natural
treatment systems (Mann, 1990). Therefore, this study was conducted in the form of column tests in the
laboratories of the Department of Biosystems Engineering, Faculty of Agriculture, Erciyes University, to
investigate the performance of different filter materials in removing nitrogen and phosphorus pollution. Using a
homogeneous mixture of sand, rice husk, and zeolite materials, samples were taken after 3, 6, 12, 24, and 48
hours of retention time with synthetic wastewater containing nitrogen and phosphorus produced under
laboratory conditions at two different concentrations (50 and 100 mg L?). The solutions prepared at
concentrations of 50 and 100 mg L were applied to the filter materials at flow rates of 1 and 2.3 mL min™! for 48
hours, and pH, EC, total nitrogen, and total phosphorus analyses were performed on a total of 135 samples. The
obtained pH (8.07-9.52) and EC (470.4-1284 puS cm™) values were determined to meet the relevant discharge
standards.

The highest phosphorus removal performance (99%) was achieved at a concentration of 50 mg L, a flow
rate of 1 mL min?, and 0.50 mg L at 3 hours. The lowest phosphorus removal performance (62%) was detected
at a concentration of 100 mg L%, a flow rate of 2.3 mL min™, and 38.0 mg L™* at 48 hours. The highest performance
in nitrogen removal performance (90.1%) was achieved at a concentration of 100 mg L%, a flow rate of 2.3 mL
min?, and 9.99 mg L' at 3 hours; the lowest removal performance (4%) was measured at a flow rate of 1 mL min-
1, a concentration of 100 mg L', and 68.34 mg L at 48 hours.

The results show that the mixture of sand, rice husk, and zeolite had high nitrogen and phosphorus
removal efficiencies and can therefore be used as an alternative filter material in constructed wetlands. Since
the study was conducted on a laboratory scale, it is thought that applications conducted over longer periods and
at different concentrations will reveal the material's performance in more detail. It has been determined that
applying wastewater at low pH and low flow rates increases adsorption efficiency, and pH adjustment is
recommended, especially for wastewater with high pH values. Furthermore, using natural filter materials mixed
in appropriate ratios will increase phosphorus and nitrogen removal efficiency in constructed wetlands.

488



Turkish Journal of Agricultural and Natural Sciences 13 (3): 480-490, 2026

Acknowledgements

This study was supported by Scientific Research Projects Department of Erciyes University with a project number
of FYL-2021-11498.

Declaration of interests

The authors declare that they have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.

Author Contributions

Kiibra BERKKAN: Data curation; formal analysis

Hasan Ali iRiK: Conceptualization; funding acquisition; investigation; project administration; writing—review and
editing.

Furkan OGmer KANARYA: Conceptualization; methodology; writing— original draft.; writing—review and editing.

ORCID

Kiibra BERKKAN "' http://orcid.org/0000-0003-4643-5109
Hasan Ali IRiK "“'http://orcid.org/0000-0002-3141-0948

Furkan Omer KANARYA "= http://orcid.org/0000-0002-8920-4186

Article History
Submission received: 05.12.2025

Revised: 25.06.2026
Accepted: 27.06.2026
REFERENCES

Akosman, C., & Ozdemir, T. (2018). Nitratin Cesitli Topraklardaki Adsorpsiyon Hizlarinin incelenmesi. Firat
Universitesi Miihendislik Bilimleri Dergisi, 30(2), 135-143

Aksungur, N., & Firidin, S. (2008). Su kaynaklarinin kullanimi ve sirdirilebilirlik. Aquaculture Studies, 2008(2).

Altan, A., Altan, O., Algicek, A., Nalbant, M., & Akbas, Y. (1998). Tavukgulukta dogal zeolit kullanimi, 1. althga
zeolit ilavesinin etlik pilic performansi, altlik nemi ve amonyak konsantrasyonu iizerine etkileri. Ege Univ
Ziraat Fak. Derg., 35, 1-3.

Apaydin, M.S. (2007). Farkli Kékenli Agregalarin Beton Ozelliklerine Etkisi.

Asadi, F., Shariatmadari, H., & Mirghaffari, N. (2008). Modification of rice hull and sawdust sorptive
characteristics to remove heavy metals from synthetic solutions and wastewater. Journal of hazardous
materials, 154(13), 451-458.

Asik, Y.C., & Irik, H.A. (2025). Phosphorus And Nitrogen Removal Performance Of Zeolite And Rice Husk From
Wastewaters. Turkish Journal of Agricultural and Natural Sciences, 12(2), 492-500.

Atici, G. (2023). Zeolit ve talasin atik sulardan azot ve fosfor giderim performansinin belirlenmesi, Yiiksek Lisans
Tezi, Fen Bilimleri Enstitiisi, Erciyes Universitesi, Tiirkiye.

Bltunoglu, A. (2018). Su kaynaklarinda yiizer sulak alan ve sucul bitkiler ile nitrient gideriminin degerlendirilmesi.
Uzmanlik Tezi. TC Tarim ve Orman Bakanligi Su Yonetimi Genel Mudurliga, Ankara, 3-4.

Cagin, V., Morali, N., & imamoglu, i. (2006). Copper removal from aqueous solutions using clinoptilolite in
fixedbed reactors. In Book of Abstracts (p. 62).

Cakirer, G. (2015). Celtik kavuzunun topraksiz Kiltiir salata (Lactuca sativa var. crispa) yetistiriciliginde kullaniima
olanaklari (Master's thesis, Ankara Universitesi (Turkey)).

Demir, G.N., Irik, H.A., & Kanarya, F.0. (2025). Vermikilit ve Zeolitin Atik Sulardan Fosfor ve Azot Giderim
Performansinin Belirlenmesi. Cukurova Tarim ve Gida Bilimleri Dergisi, 40(1), 1-11.

Demirors, B. (2006). Cukurova bolgesinde yapay sulak alan teknolojisinin kirsal alanda kullaniminin arastirilmasi.
Cukurova Universitesi Fen Bilimleri Enstitiisi, Yiiksek Lisans Tezi, (s 76).

DSi (2025). Devlet Su isleri Genel Mudiirligii, Toprak ve Su Kaynaklari. https://dsi.gov.tr/Sayfa/Detay/754
Accessed Date:18.09.2025.

Dutta, S., & Mia, I. (2010). The global information technology report 2009-2010. In World Economic Forum and
INSEAD, SRO-Kundig Geneva, Switzerland (pp. 1-415).

489



Turkish Journal of Agricultural and Natural Sciences 13 (3): 480-490, 2026

Esmeray, E., & Armutcu, O. (2020). Karabiik Universitesi Kampiis Atiksularinin “Phragmites Australis” ve “Aloe
Vera” Bitkileri ile Yapay Sulak Alanlarda Aritimi. Konya Journal of Engineering Sciences, 8(2), 404-417.
Filibeli, A., Bliylikkamaci, N., & Ayol, A. (2017). Yesil Kampiis Uygulamasi: Kampis Atiksularinin Sulama Amaciyla

Yeniden Kullanimi. Yesil Bina Strdirilebilir Yapi Teknolojileri Dergisi, 46, 34-39.
Foo, K.Y., & Hameed, B.H. (2009). Utilization of rice husk ash as novel adsorbent: a judicious recycling of the
colloidal agricultural waste. Advances in colloid and interface science, 152(1-2), 39-47.

Gokalp, Z., & Kanarya, F.0. (2018). Performance Assessment for Constructed Wetlands of Kayseri Province of
Turkey. Current Trends in Natural Sciences Vol, 7(14), 81-87.

Gokalp, Z., & Tas, I. (2018). Constructed wetland technology for domestic wastewater treatment. Current Trends
in Natural Sciences, Vol,7(14), 245-250.

Gokalp, Z., Kanarya, F.0., & Kose, U. (2020). Phosphorus Removal Performance of Sand-Zeolite Mixtures from
Wastewaters. International Symposium Current Trends in Natural Sciences, 50. May 7 — 9, 2020 University
of Pitesti, Romania.

irik, H.A., & Kanarya, F.O. (2025). Determination of The Performance of Sand, Zeolite and Vermiculite Mixture in
Removal of Phosphorus from Wastewater. Eregli Tarim Bilimleri Dergisi, 5(1), 31-41.

Jarosz, R., Szerement, J., Gondek, K., & Mierzwa-Hersztek, M. (2022). The use of zeolites as an addition to
fertilisers—A review. Catena, 213, 106125.

Kalderis, D., Bethanis, S., Paraskeva, P., & Diamadopoulos, E. (2008). Production of activated carbon from bagasse
and rice husk by a single-stage chemical activation method at low retention times. Bioresource
Technology, 99(15), 6809—6816.

Kaya, P. (2013). Yerel yonetimlerde kati atik yonetiminin maliyet analizi: tlrkiye geneli ve istanbul ili 6rnegi.

Kilig, R., & Korkmaz, K. (2012). Kimyasal glibrelerin tarim topraklarinda artik etkileri. Biyoloji Bilimleri Arastirma
Dergisi, 5(2), 87-90.

Kilig, S. (2008). Kiiresel iklim degisikligi siirecinde su ydnetimi. istanbul Universitesi Siyasal Bilgiler Fakiiltesi
Dergisi, (39), 161-186.

Mann R.A., 1990. Phosphorus Removal in Constructed Wetlands: Substratum adsorption, pp.97-105, Pergamon
Press, Oxford.

Miteva, A., & Stoyanova, V. (2020). Zeolites application in terrestrial and space industry—a review. Aerospace
Research in Bulgaria, 32, 209-223.

Murathan, A., Asan, A., & Abdulkarem, T.A. (2013). Cevresel atiklarin yapi malzemesinde degerlendirilmesi. Gazi
Universitesi Miithendislik Mimarlik Fakiiltesi Dergisi, 28(2).

Olhan, E., & Ataseven, Y. (2009). Tirkiye’de i¢me suyu havza alanlarinda tarimsal faaliyetlerden
kaynaklanabilecek kirliligi onleme ile ilgili yasal diizenlemeler. Tekirdag Ziraat Fakiltesi Dergisi, 6(2), 161-
169.

Pourshakiba, M. (2012). Piring kabugu kilinden, nano gézenekli kalsiyum silikat tiretimi, karakterizasyonu ve agir
metal adsorpsiyonunda kullanimi.

Sadig, E. (2008). Piring kabugu killinden gesitli silikatlarin Gretilmesi.

Serin, S. (2014). Yer alti sularinda nitrat giderimi/The removal of nitrate in groundwater (Doctoral dissertation).

SKKY (2004). Su Kirliligi Kontroli Yénetmeligi. TC Cevre ve Sehircilik Bakanhgi, Karar, 8289. (Accessed Date:

13.11.2025)

Soylu, N., Suicmez, B., Baran, E., Alemdaroglu, E., Gdzar, M., & Unal, S. (2006). Tiirkiye Su Kaynaklari ve Sulama
Hizmetleri Yapilanmasi (Turkey Water Resources and Irrigation Services Construction), Tlirk Mihendis ve
Mimar Odalari Birligi (TMMOB) Su Politikalari Kongresi Bildiriler Kitabu. 2. Cilt, Ankara: insaat Miihendisleri
Odasi Yayini, 331-348.

Stinal, S., & Ersahin, S. (2012). Turkiye’de tarimsal kaynakl yeralti suyu nitrat kirliligi. Ttrk Bilimsel Derlemeler
Dergisi, 5(2), 116-118.

Toze, S. (2006). Reuse of effluent water—benefits and risks. Agricultural water management, 80(1-3), 147-159.

Uzun, O., Gokalp, Z., Irik, H.A., Varol, I.S., & Kanarya, F.0. (2021). Zeolite and pumice-amended mixtures to
improve phosphorus removal efficiency of substrate materials from wastewaters. Journal of Cleaner
Production, 317, 128444,

WWAP (2003). World Water Assessment Programme (United Nations). Water for people, water for life: the
United Nations world water development report. Unesco.

490



