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 In this research, it was aimed to determine the adsorption, saturation reaching and 

desorption effects of ammonium, which is one of the parameters that should be kept in 

control for aquarium life, by clinoptilolite type zeolite which is a natural filtration 

material. In the aquarium water, Z1: 20 mg/l TAN and Z2: 40 mg/l TAN concentrations 

were determined to have adsorption up to Z1: 10 mg/l TAN and Z2: 24 mg/l TAN 

concentration at the end of the experiment period. After this phase, where zeolites had 

reached saturation, desorption system was created, and 2 groups were formed with 5-liter 

research aquariums and 3 repetitions. During the five-days test, water parameters were 

determined daily and at the same time of day (10.00). At the beginning of the experiment, 

mean values of 0.4 ± 0.00 mg / l TAN in Z1 and Z2 groups were determined at the end of 

the experiment as 1.55 ± 0.176 mg/l (15.5%) and 2.153 ± 0.27 mg/l (13.5%) TAN in Z1 

and Z2 groups, respectively. When the data obtained in this study were evaluated, zeolite 

was determined to make desorption periodically in proportion with the amount of retained 

ammonium, when it reached the saturation. In intensive aquaculture systems or aquarium 

conditions, recondition of zeolite for necessary periods is recommended to be performed 

by considering these data. 
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Akvaryum Koşullarında Kinoptilolit Türü Zeolitin Amonyum Doygunluğunun ve 

Desorpsiyon Koşullarının İncelenmesi 
  

M A K A L E  B İ L G İ S İ  Ö Z E T 
 

 

AraştırmaMmakalesi 

 

Geliş GG Ay YYYY 

Kabul GG Ay YYYY 

 Bu çalışmada, doğal bir filtrasyon materyali olan klinoptilolit türü zeolitin, akvaryum 

yaşamının kontrol altında tutulması için zorunlu olan parametrelerden amonyumun 

adsorpsiyonunu, doygunluğa ulaşmasını ve desorpsiyonunu belirlemek amaçlanmıştır. 

Akvaryum suyunda başlangıçta Z1: 20 mg/l TAN ve Z2: 40 mg/l TAN olarak belirlenen 

konsantrasyonların, deneme sonunda Z1'de 10 mg/l TAN ve Z2’de 24 mg/l TAN 

konsantrasyonlarına kadar adsorplandığı saptanmıştır. Zeolitlerin doygunluğa ulaştığı bu 

safhadan sonra desorpsiyon sistemi düzenlenerek 5 litrelik akvaryumlarda 3 tekerrürlü 2 

grup oluşturulmuştur. Beş günlük araştırma süresince her gün aynı saatte (10.00) su 

parametreleri belirlenmiştir. Denemenin başlangıcında Z1 ve Z2 gruplarında 0,4 ± 0,00 

mg/l TAN ortalama değerleri, deneme sonunda Z1 ve Z2 gruplarında TAN değerleri 

sırasıyla 1,55 ± 0,176 mg/l (%15,5) ve 2,153 ± 0,27 mg/l (%13,5) olarak tespit edilmiştir. 

Bu çalışmada elde edilen veriler değerlendirildiğinde, zeolitin doygunluğa ulaştığı zaman, 

tutulan amonyum miktarı ile orantılı olarak desorpsiyon yaptığı tespit edilmiştir. Yoğun 

akuakültür sistemleri veya akvaryum koşullarında, bu veriler dikkate alınarak, belirli 

sürelerde zeolitin yeniden aktifleştirilmesi önerilmektedir. 
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Introduction 

Ensuring ideal water quality parameters is one of the 

most important functions in setting the suitable water 

conditions for aquarium organisms. Water quality 

parameters tend to deviate from suitable ranges due to 

metabolic wastes of live animals and waste materials 

which were not consumed during feeding. In order to 

control aquarium water conditions, proper filtration 

techniques and materials must be used (Prema Latha and 

Lipton, 2007; Öz et. al., 2016).  According to Ghiasi and 

Jasour, (2012); ammonia is known to be formed as the 

result of the principal end product from protein 

metabolism in fish (Rychly, 1980). The total ammonia 

nitrogen concentration is a key limiting water quality 

parameter in aquarium and aquaculture systems and 

concentrations in the range 0.2–0.5 mg/l can be fatal 

(Wiesmann, 1994). Some of the problems that ammonia 

can cause toxicity to fish and other aquatic animals, are 

depletion of dissolved oxygen levels (Huguenin and Colt, 

1989). Therefore, it is important to remove ammonia 

(NH3) and improvement the water quality of fish cultures 

systems.  

Zeolite is a crystalline sodium or calcium aluminum 

silicate. Its mode of action is to exchange sodium ions for 

ammonium ions and to shift the ammonia equilibrium 

away from toxic un-ionized form to ionized ammonia. 

Zeolites are hydrated alumino-silicate minerals containing 

aluminium, silicon and oxygen in their regular 

framework. They form in nature as a result of a chemical 

reaction between volcanic lava and saline water. There 

are more than 40 natural and 150 synthetic types of 

zeolites. Natural clinoptilolite is the most widely used 

type due to its high adsorption rate, cation exchange, 

catalysis and dehydration capacities. It can be utilized as a 

chemical sieve, feed and food additives, soil conditioner 

as well as liquid, gas and odour adsorber. Suitability for 

such applications is due to its large amount of pore 

spaces, a high resistance to extreme temperatures, and 

chemically neutral basic structure (Yeritsan et al., 2013). 

Among filtration materials, natural zeolite 

clinoptilolite has drawn attention due to being a natural, 

economic and most importantly an effective ammonia 

adsorption material. Many studies were carried out so far 

concerning the use of clinoptilolite on water purification 

(Booker et al., 1996; Sabah et al., 1999; Emadi et al., 

2001; Jorgersen and Weatherley, 2003; Rahmani et al., 

2004; Mazeikiene et al., 2008; Zabochnicha-Swiate and 

Malinska, 2010; Danabaş and Altun, 2011; Margeta et al., 

2013; Deng, 2014, Öz et al., 2016).u 

According to Hedström and Amofah (2008); if 

adsorbed ammonium is to be recovered or if the adsorbent 

is to be reused, the ammonium ions have to be removed 

from the clinoptilolite grains. Desorption by chemical 

regeneration with brine solutions (Koon and Kaufmann, 

1975) or desorption by a combination of chemical and 

biological regeneration have been studied (Semmens et 

al., 1977; Green et al., 1996; Lahav and Green, 1998). 

However, these regeneration methods are costly or 

complex (Lahav and Green, 1998). Dimova et al. (1999) 

has studied a desorption process with potable water that 

could be a more robust regeneration method to apply in 

small-scale wastewater treatment systems than chemical 

or a combination of chemical and biological regeneration. 

In this research, it was aimed to determine the 

adsorption, saturation reaching and desorption effects of 

ammonium, which is one of the parameters that should be 

kept in control for aquarium live organisms, by 

clinoptilolite type zeolite which is a natural filtration 

material. 

 

Materials and Methods 

 

In this study, Western Anatolia clinoptilolite, which is 

the most important zeolite source of Turkey in terms of 

the size of its reserves and its utilization potential, was 

used as a filter material. 3-5 mm filter material (FILTER-

CLINO™), which was broken down to smaller pieces, 

was obtained from the producer firm. Ammonium (NH4
+) 

exchange capacity of zeolite used in the study was 

between 1.6–2.1 mEq/g (1.8 milliequivalents/g in 

average) for the natural product (Anonymous, 2007) 

(Table 1.).  

 

 

Table 1. Chemical composition of clinoptilolite 

Oxide component Percentage by weight, (%) 

SiO2 67.11 

Al2O3 11.84 

Fe2O3 1.47 

MgO 1.15 

CaO 2.18 

Na2O 0.38 

K2O 3.44 

TiO2 0.07 

P2O5 <0.01 

MnO 0.02 

 

 

At the beginning of the experimental period, the 

zeolites were washed with tap water until the turbidity 

was removed and dried at 105° C. A total of 50 g of 

clinoptilolite was used in the trial to be 10 g per 1 liter. In 

the aquarium water, Z1: 20 mg/l TAN and Z2: 40 mg/l 

TAN concentrations were determined to have adsorption 

up to Z1: 10 mg/l TAN and Z2: 24 mg/l TAN 

concentration at the end of the experimental period. After 

this phase, where zeolites had reached saturation, 

desorption system was created, and 2 groups were formed 

with 5-liter research aquariums and 3 repetitions. During 

the five-days test, water parameters were determined daily 

and at the same time of day (10.00) (Figure 1). The basic 

physico-chemical parameters of the water measured with 

a YSI hand-held (Yellow Spring Instrument). During the 

study ammonia (NH3 and TAN) levels were calculated 

from NH4
+, water temperature and pH values (EPA, 1999; 

Emerson et al., 1975; YSI, 2007). Experimental values 

were showed mean ± standard error (Minitab 17). 
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Figure 1 Experimental design 

 

 

 

Results and Discussion 

Values of TAN, temperature and pH of the Z1 and Z2 

Groups at the end of the experiment were determined as 

1.553±0.177 mg/l, 2.153±0.271 mg/l, 24.52±0.67 C, 

24.43±0.66 C and 8.02±0.02, 2.153±0.271, respectively 

(Table 2).  

At the beginning of the experiment, mean values of 

0.4 ±0.00 mg/l TAN in Z1 and Z2 groups were 

determined at the end of the experiment as 1.55±0.176 

and 2.153±0.27 mg/l TAN in Z1 and Z2 groups, 

respectively. Desorption values in the Z1 and Z2 groups 

were determined 15.5% and 13.5%, respectively (Figure 

2). 

It was determined that saturated zeolite to make 

desorption of ammonia periodically in proportion with the 

amount of retained ammonium. 

The ability of zeolite to adsorb ammonia is not 

unlimited and once it reaches saturation, it can be placed 

into a salt water solution to be recharged. This charging 

and removing of ammonia from zeolite can be repeated 

many times prior to the zeolite become clogged and 

useless (Aly et al., 2016). 

Clinoptilolite filters could be used in small-scale 

wastewater treatment systems to retain ammonium. Such 

systems need to be robust, have a simple construction and 

the regeneration of the ammonium saturated clinoptilolite 

should be simple (Hedström and Amofah, 2008). 

Understanding the kinetics of the adsorption and 

desorption processes in natural zeolites is necessary for 

effective utilization of natural zeolites as NH3 and/or 

NH4
+ adsorbents, and consequently as controlled-release 

NH4
+ fertilizers. In the results of the previous research, 

the desorption was rapid for the first 20 min, initial added 

NH4
+ –N concentration for all tested pH values, and all 

then slower for the rest of the time at all pH values and 

initially added NH4
+ –N concentrations at pH 7 initial 

NH4
+ concentrations (Kithome et. al., 1998). The 

desorption–regeneration study demonstrated that 

desorption of ammonium on the zeolite is sufficiently 

high (Widiastuti et al., 2011) and it is clear that the 

desorption rates are much higher at the beginning and 

lower at the end of the regeneration (Chuan-Hsia, 2000). 

Hedström and Amofah (2008) determined in their 

study, adsorbed ammonium, 23% was desorbed by tap 

water and desorption was more pronounced during 

saturated conditions (21-22°C). In the present study (21.1-

22 °C) adsorbed total ammonia nitrogen, 13.5 %-15.5% 

was desorbed by tap water and desorption was more 

pronounced during saturated conditions. 

When the data obtained in this study were evaluated, 

zeolite was determined to make desorption periodically in 
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proportion with the amount of retained ammonium, when 

it reached the saturation. This study was similar Kithome 

et. al.,1998, Chuan-Hsia, 2000, Hedström and Amofah, 

2008, Widiastuti et al., 2011. 

 

Conclusions 

 

Aquarium fish are in a limited capacity of water. So 

keeping water conditions within the ideal ranges is one of 

the most important activities to be performed. The most 

important factors affecting water conditions are metabolic 

wastes of live animals and unconsumed feed (Boyd, 

1997), stated that each 100 g feed protein consumed by 

the fish was converted into 5.6 g ammonia by the fish. It 

was reported that toxicity of unionized ammonia (NH3) 

began at 0.05 mg/l, while it caused death at 2 mg/l for 

many fish species (Floyd et al., 2015). Clinoptilolite used 

as a natural filter material in aquarium conditions for 

increase water quality. In order to obtain high yield of 

clinoptilolite, backwashing process is applied. In intensive 

aquaculture systems or aquarium conditions, backwashing 

of zeolite for necessary periods is recommended to be 

performed by considering these data. 

 

 

Table 2 Water parameters at the end of the experiment (mean± SE) 

Experimental groups* Temperature (°C) pH TAN (mg/l) 

Z1 24.52±0.67 8.02±0.02 1.553±0.177 

Z2 24.43±0.66 8.04±0.01 2.153±0.271 
*TAN: Total ammonia nitrogen 

 

 

 

 
Figure 2 TAN values in during desorption 
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