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Abstract 

 

Wastewaters of several industries such as textile, leather or dye etc., contain dangerous and toxic compounds, even some of 

which are potential carcinogenics. Considering the volume and composition, wastewaters of the textile industry have much more 

polluting characteristics compared to other industries. Although treatment processes must definitely be implemented in point of 

environment and living organisms, many factories discharge their wastewaters to acceptor media without any treatment because of 

high costs. This study investigated zeolite and clay with high availability and low cost in wastewater treatment as more economically 

feasible alternatives to activated carbon. The wastewater treatment adequacy of zeolite-clay mixture was also investigated. We 

determined the optimum treatment time for heavy metal removal from the dye-containing wastewater samples as 6 hours. The 

mixture of clay+zeolite+activated carbon provided the highest removal of Cd, Cu, Mn, Pb, and Zn compared to zeolite, clay, 

activated carbon, activated carbon+clay, activated carbon+zeolite and clay+zeolite. 
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1. Introduction 

 

Both the growing world population and the changing sense 

of lifestyle and fashion boost the demand for textile products 

(Uzal et al., 2005; Mercimek, 2007). The textile industry is 

considered as the most polluting industry due to the enormous 

diversity of chemicals used in the production processes. More 

than 100,000 dyes and 2000 types of chemicals are used in the 

industry and the annual production of textile dyes is around 

500,000 tons (Kapdan and Kargi, 2000; Halimoon and Yin, 

2010; Arora, 2014). The wastes resulting from the dyeing of 

products such as yarn and fabric has the biggest share in the 

pollution related to textile wastewaters (Mercimek, 2007). Even 

very small amounts of dye residues in the wastewaters of the 

textile industry can cause significant pollution (Sener, 2008). 

The colorant wastes colorize the water and thus prevent the 

sunlight to reach the depths of water bodies and threaten the 

livestock that lives in the affected rivers, lakes and seas. The 

oxygen levels also decrease in affected aquatic ecosystems due 

to decreasing photosynthetic activity as a result of blocking the 

penetration of sunlight by colorants (Banat et al., 1996; 

Mercimek, 2007). The other most important hazardous 
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constituents in these wastewaters, that have ecologically 

negative impacts on aquatic ecosystems and also have 

deteriorative effects on human health, are heavy metals. 

 

1.1. Numerous heavy metals are used in textile industry 

 

Heavy metals can be found in textiles naturally, or as a 

result of production and dyeing processes; protective agents 

used during storage may also lead to penetration of heavy metals 

into textile fibers. Colour pigments in textile dyes are produced 

using heavy metals such as chromium (Cr), nickel (Ni), zinc 

(Zn), lead (Pb), copper (Cu) and cadmium (Cd) (Bhardwaj et al., 

2014).  

 

1.2. Heavy metals have numerous negative effects on 

environment and human health 

 

Heavy metals are commonly defined according to their 

density; metals with a density higher than 5 g/cm3 are classified 

as heavy metals (Gu and  Lin, 2010; Yalcin et al., 2020). 

Although heavy metals exist in nature, they are very toxic, 

especially in high concentrations and can accumulate in the soil, 

water, and human body (Mathur et al., 2005; Suresh et al., 2015; 

Ozyigit et al., 2018). Even trace amounts of some heavy metals 

are a risk for the health of humans and other organisms and 

cannot be destroyed or degraded by living things. Drinking 

polluted water, ingesting heavy metal-containing foods via the 

food chain, or inhaling air containing higher concentrations of 

heavy metals near sources of emission may lead to heavy metal 

toxicity (Karnib et al., 2014; Yilmaz et al., 2021). 

 Cadmium (Cd) is naturally in the environment, but it is 

also hazardous due to bioaccumulation. Cd is a poisonous 

substance and even cause cancer and premature death; long-term 

exposure to Cd leads to systemic toxicity in reproductive, 

skeletal, cardiovascular, urinary, respiratory, and nervous 

systems (Rahimzadeh et al., 2017; Hocaoglu-Ozyigit and Genc, 

2020). Plants can take this metal from the environment and thus 

its concentration increases along the food chain (Jaishankar et 

al., 2014; Dogan et al., 2016).   

Lead (Pb) is not only unnecessary for human life but also 

causes health problems as a toxic heavy metal and especially 

affects pregnant women, children, and elderly persons. It harms 

our endocrine, nervous, circulatory, skeletal, and immune 

systems and can also cause mental retardation in children. It is 

also very harmful to plants, leads to chlorophyll damage by 

fastening and related growth retardation (Jaishankar et al., 2014; 

Ozyigit et al., 2016). 

Zinc (Zn) is another heavy metal and it is required for the 

proper function of the human body, unlike Cd and Pb. Although 

Zn is an essential element for our bodies, long-term exposure to 

the excess amount of Zn causes infertility and diminishes 

immune function, and cholesterol balance (Yasar and Ozyigit, 

2009; Zhang et al., 2012). Cd, Pb, and Zn also accumulate in 

crops and vegetables in fields near polluted areas (Zhang et al., 

2012).  

Nickel (Ni) is omnipresent, but its function for animal life 

has not been clearly understood yet. Exposure to Ni can cause 

lung fibrosis, allergy, kidney diseases, cardiovascular diseases 

and also lead to cancer and epigenetic changes (Genchi et al., 

2020).  

Copper (Cu) is another toxic heavy metal, and exposure to 

excess amounts of Cu causes Wilson’s Disease, mucosal 

irritation, gastrointestinal disorders, toxic effects on  the  kidneys 

and liver, and capillary damages (Shrivastava, 2009).  

Aluminum (Al) is also a ubiquitous metal, naturally founds 

in soil and constitutes 8% of the earth’s surface, but it is also 

toxic. The toxicity level of Al is determined by several factors 

such as organic content and pH (Dogan et al., 2014; Jaishankar 

et al., 2014). In acidic soil, it can decrease crop by inhibiting root 

growth and changing the cellular structure of leaves (Ozyigit et 

al., 2019). It also negatively affects aquatic organisms such as 

fishes, seaweeds, and crawfishes in high concentrations 

(Jaishankar et al., 2014).  The toxic effects of Al on human bone 

marrow, skeletal muscles, heart, liver, and brain are also well 

defined (Nayak, 2002).  

 

1.3. Adsorbent compounds can be used in wastewater 

treatment 

 

Wastewater treatment methods differ according to target 

pollutants (Talarposhti et al., 2001; Mercimek, 2007). Due to the 

wide variety of chemicals used in the washing, bleaching, and 

dyeing processes of the fibers used in the textile industry, the 

compositions of wastewaters vary. As a result, wastewater 

treatment is a very complicated activity (Pagga and  Brown, 

1986; Donlon et al., 1997). Classical methods such as 

coagulation and flocculation are not successful in the removal of 

the wastes of the dyeing processes. Thus, several methods have 

been developed for the treatment of the wastewaters of the dye 

industry, such as adsorption to organic and inorganic matrices, 

photocatalysis, enzymatic or microbiological separation, 

chemical oxidation, etc. (Santos and  Boaventura, 2008). 

The adsorption process via solid adsorbents is considered 

as one of the most useful methods for the removal and treatment 

of inorganic and organic pollutants in the he wastewaters of the 

dye industry. This method has a simple design and ease of use 

because of its low initial cost and land needs. Researchers 

recently pay special attention to finding low-cost adsorbents 

with high pollutant-binding capacity (Rashed, 2013). 

 

1.3.1. Activated Carbon 

 

Adsorption is an important process in the removal of 

colorants from wastewater. The most commonly used adsorbent 

is activated carbon because of its high adsorption capacity. 

Activated carbon consists of 87-97% carbon, and the rest of it 

may contain hydrogen, oxygen, sulphur, and nitrogen 

(Tchobanoglous et al., 1991). 

Although activated carbon is an efficient adsorbent for 

numerous organic and inorganic compounds due to its high 

porosity, high surface reaction affinity and large surface area, 

the cost is very high (Jaroniec and  Choma, 1986; Bolisetty et 

al., 2019).  So researchers have directed their attention to various 

alternatives, such as agricultural by products, industrial wastes, 

and natural materials (Sener, 2008). 

 

1.3.2. Zeolite 

 

Zeolites are very cheap, effective adsorbents to adsorb heavy 

metals from wastewater samples due to their ion exchange 

capability (Babel and Kurniawan, 2003). Zeolites are hydrated 

aluminosilicate minerals, and their structure is an anionic 

tetrahedron of AlO4 and SiO4 (Pohl, 2011). They consist of 

millions of micropores like honeycomb and cage which are 2-10 

microns in size and contain varying cations; because cations are 

bound by weak bonds, zeolites can easily change their ions. 
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Zeolites are used in various applications, such as ion-exchange, 

removal of solvents and gas, petrochemical cracking, 

adsorption, etc., due to their porous structure. Hazardous wastes 

can be converted into environmentally safe products using 

zeolites (Shevade and Ford, 2004). There are more than 40 types 

of zeolites in nature and eight types of them are important in 

global markets. Clinoptilolite is the most abundant zeolite in 

nature (Babel and Kurniawan, 2003) and an important type of 

natural zeolites in Turkey due to its high reserve, formation, 

homogeneity, and high mineral quality. Although natural types 

of zeolites exist, they do not have the desired purity and pore 

diameters, and thus artificial zeolite has extensive usage (Gulen 

et al., 2012). Synthetic zeolites such as NaPl have markedly 

bettered ion-exchange ability compared to natural ones such as 

clinoptilolite. pH is an important determinant to affect ion-

exchange adsorption and low pH values decrease adsorption 

capacity as a result of hydrogen ion competition (Bolisetty et al., 

2019). 

 

1.3.3. Clay 

 

Clay is a fine-grained natural soil or rock material and 

contains one or more clay minerals with traces of organic matter 

and metal oxides. The composition of clay consists of silica, 

alumina, water, and also iron, alkalis, or soil alkalis. Some of the 

minerals such as quartz, calcite, feldspar, and pyrite can be found 

in some clays, so the composition of all clays is not the same 

(Toprakezer, 2009).  

When clay comes in contact with water, it softens, expands, 

and gains a plastic structure. Clay is a preferred material in the 

industry, because of its absorption and adsorption capabilities, 

small grain size, large surface area, and high plasticity (Isci, 

2002; Toprakezer, 2009). It has been shown that the surfaces of 

clay minerals are negatively charged while their edges and 

corners are positively charged. This character allows cations and 

anions in the solution to adhere to the surface and provides 

adsorptive and absorptive properties (Demir, 2008). 

Three essential species of clay are smectites, kaolinite, and 

micas. Clay is a cheap and plenteous material, and 

montmorillonite is a smectite, has the highest cation exchange 

capacity, and 20 times cheaper than active carbon (Babel and 

Kurniawan, 2003). As they have a great adsorption capacity, 

they have been utilized for the removal of toxic heavy metals 

from aqueous solutions for years. Both natural and modified clay 

forms can effectively remove diverse heavy metals from 

polluted water samples (Uddin, 2017). Although the heavy metal 

removal efficacy of clays is lower than zeolites, their high 

availability and low-cost make them preferable (Babel and 

Kurniawan, 2003). The environmental risks grow day by day but 

the most effective method for the removal of heavy metals could 

not be found yet. In this study, we aimed to find out a substance 

for developing a more effective and relatively low-cost removal 

of heavy metals from the wastewaters of dye plants. We 

investigated the effectiveness of zeolite and clay in wastewater 

treatment as more abundant and more economical alternatives to 

widely used activated carbon, the use of zeolite and clay. The 

effectiveness of zeolite, clay and activated carbon separately and 

together in wastewater treatment were also analyzed. 

 

2. Materials and methods 

 

0.100 g of Yellow PG (Scientific Name: Direct Yellow 

142) (D1), Red BWS (Direct Red 243) (D2), Blue 4BL (Direct 

Blue 200) (D3), Rose FR (Direct Red 227) (D4) and WSF 800 

1.0 (D5) dyes were separately mixed with 10 ml of purified 

water, and each of them completed to 1000 ml. 5g of cotton 

fabric rags were soaked up with 75 ml of the prepared dye 

samples and then heated.  

When the temperature reached 100 °C, 1 g NaCl was added 

to each sample, and then each sample was boiled for 30 minutes. 

Thus, the salt acts on the covalent bonds to ensure stable 

dispersion of the dye into the fabric. After the water had been 

completely evaporated, it rinsed with 100 ml cold ultra-pure 

water, and then the fabric was allowed to dry. The rinse water 

obtained in the same way as the wastewater of the factory. The 

acid-base values of the prepared dye samples measured by using 

the pH meter (Hanna-HI 2211).  

35 samples were divided into 7 different groups for each 

dye. Active carbon, natural zeolite, and clay were applied to each 

sample separately and/or applied after being mixed with another 

for removing heavy metals. A total of 1 g of each remover or 

remover mix applied to every 10 ml of each sample. The 

removers were held for 2, 4, and 8 hours, then filtered with the 

Whatman filter papers. 500 µL of each filtered sample was 

placed on the Teflon cells, 5 ml of HNO3 (Merck) was added on 

them, and then they were put in the microwave oven (Berghof - 

MWS2).  

The incubation times and temperatures in the microwave 

oven were 5 minutes at 145 °C, 5 minutes at 165 °C and 20 

minutes at 175 °C, respectively; the incineration conducted in 

this way. After the procedure finished, the Teflon cells were 

allowed to cool for 20 minutes in the water bath. The lids of the 

cells carefully opened in the laminar flow, they were filtered 

using Whatman filters in 50ml conical centrifuge tubes, then 

completed to 50 ml.  

The element analyses (Al, Cd, Cu, Ni, Pb, and Zn) of the 

fully dissolved samples were conducted in the ICP-OES 

(Inductively Coupled Plasma Optical Emission Spectroscopy) 

(Perkin Elmer-Optima 7000 DV) in the range obtained by using 

the standards prepared using the multi-element stock solution 

(Merck 1000 ppm). Al was analyzed due to its existence in 

zeolite and the increase in Al concentration when zeolite mixed 

with the liquid. For statistical analysis, One Way ANOVA with 

Tukey’s HSD Test was used, and p<0.05 was considered as 

statistically significant. 

 

3. Results and discussion 

 

3.1. The samples had acceptable pH values in terms of 

reusability 

 

The pH values of the textile dyes were given in Table 1. 

When the values examined, the lowest pH value was determined 

as 7.16 for Direct Blue 200, while the highest pH value was 

determined as 9.88 for Direct Red 243. These values are not 

acidic, and therefore the remaining water samples of these most 

commonly used textile dyes can be reused after the wastewater 

treatment. 

 

 
 

Table 1 

pH values for colorants. 

 

 
*Those in parentheses are the scientific names. 

Dye pH 

Yellow PG (Direct Yellow 142) 9.57 

Red BWS (Direct Red 243) 9.88 

Blue 4BL (Direct Blue 200) 7.16 

Rose FR (Direct Red 227) 7.25 

WSF 800 1.0 7.29 
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Table 2 

Temporal changes in the heavy metal contents of the samples after the treatment with adsorbents (Al, Cd and Cu). 

. 

 

For discharged wastewaters, the maximum limit values for Al, Cd, Cu are 3, 5 and 5 mg L-1, respectively (Filiz, 2007; Kalipci and Ceylan, 2017). 

The values met in the regulation were written with italics. Asterisk “*” symbol shows the highest removal value for the 6th hour of the treatment 

for related heavy metals. 

 

 

 

 

 

 

3.2. The experimental samples contained harmful heavy 

metals 

 

The Al, Cd, Cu, Ni, Pb and Zn contents of the samples 

before and after the treatment are given in Table 2 and Table 3. 

Cd, Cu, Ni, Pb, and Zn were detected in the samples, while Cu 

and Zn were the most abundant ones. Furthermore, a massive 

increase in the Al concentration of the samples was observed in 

the samples treated with zeolite (Table 2 and Table 3). 

The high heavy metal content of the samples suggested that 

the wastewater generated in dye production cannot be directly 

discharged to the environment or reused without any treatment. 

Although wastewater treatment procedures bring additional 

costs to manufacturers, it is necessary to apply them thoroughly 

and in a controlled manner. 

 

3.3. The maximum removal was achieved at the 6th hour of the 

treatment 

 

We determined that the efficacy of the removal of heavy 

metals started to decrease after the 6th hour of the treatment. The 

adsorption of heavy metals reached a saturation point at the 6th 

hour of  the treatment  (p<0.05). The  desorption started after the  

 

 

 

 

 

 

6th hour, and therefore the concentrations of heavy metals 

started to re-increase in the samples (Table 1).  In other words, 

adsorbents should be separated from wastewater after the 6th 

hour of the treatment as a good practice criterion. 

 

3.4. Clay-zeolite-activated carbon mixture provided the best 

heavy metal removal according to the mean values compared 

to other groups but differences between the groups are not 

statistically significant 

 

In this study, zeolite and clay were tested as alternative 

materials to activated carbon which is the most commonly used 

material in wastewater treatment, to develop a more cost-

effective way. According to the mean values, clay provided 

much worse results compared to activated carbon while zeolite 

and active carbon+zeolite treatments also provided nearly the 

same results with activated carbon treatment (Table 1). 

However, Chaari et al. (2008) found that clay can have better 

performance compared to activated carbon in terms of lead 

adsorption when it is activated with sulphuric acid. This 

difference is probably due to the lack of clay activation in our 

study. We also determined that active carbon+zeolite mixture 

provided better  performance  compared to active carbon only in  

Aluminum Concentration (mg L-1) (mean ± SD) (0th Hour 32.88±5.99) 

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour 

Carbon 3.31±1.38 2.97±1.42 *2.70±1.40 2.92±1.42 

Zeolite 294±59.46 283.29±59.26 273.30±56.70 281.65±54 

Clay 15.14±5.14 13.64±5.30 12.23±4.47 13.43±4.60 

Carbon+Clay 11.35±4.68 9.91±4.30 8.97±3.90 9.40±4.09 

Carbon+Zeolite 237.92±56.95 225.88±53.03 216.47±48.99 224.40±49.48 

Clay+Zeolite 254.45±59.48 243.87±57.16 232.60±59.52 240.71±58.16 

Carbon+Clay+Zeolite 180.85±71.28 172.17±70.79 165.58±68.53 171.34±69.22 

Cadmium Concentration (mg L-1) (mean ± SD) (0th Hour 9.00±3.91) 

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour 

Carbon 0.77±0.35 0.70±0.35 0.66±0.35 0.68±0.35 

Zeolite 0.90±0.37 0.80±0.36 0.73±0.35 0.76±0.35 

Clay 5.03±2.37 4.64±2.00 4.25±1.76 4.45±1.86 

Carbon+Clay 1.83±0.81 1.60±0.81 1.42±0.68 1.48±0.72 

Carbon+Zeolite 0.82±0.33 0.72±0.32 0.65±0.33 0.70±0.33 

Clay+Zeolite 2.90±1.63 2.67±1.42 2.53±1.30 2.59±1.35 

Carbon+Clay+Zeolite 0.64±0.34 0.56±0.29 *0.50±0.28 0.55±0.29 

Copper Concentration (mg L-1) (mean ± SD) (0th Hour 643.74±27.24) 

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour 

Carbon 17.69±9.83 16.51±9.15 15.05±8.13 15.84±8.77 

Zeolite 20.61±11.12 18.94±9.66 16.76±8.47 17.22±8.67 

Clay 373.33±22.01 357.36±20.79 344.33±19.72 349.79±18.09 

Carbon+Clay 78.10±16.29 72.11±15.57 66.20±13.34 68.74±14.04 

Carbon+Zeolite 18.99±10.33 17.58±9.38 15.88±8.29 16.45±8.53 

Clay+Zeolite 129.72±31.82 120.49±31.47 110.95±30.92 114.84±32.03 

Carbon+Clay+Zeolite 16.54±9.20 15.32±8.65 *14.02±7.67 14.81±8.11 
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For discharged wastewaters, The maximum limit values for Al, Cd, Cu are 3, 5 and 5 mg L-1, respectively (Filiz, 2007; Kalipci and Ceylan, 2017). The values 

met in the regulation were written with italics. Asterisk “*” symbol shows the highest removal value for the 6th hour of the treatment for related 

heavy metals. 

Table 3 

Temporal changes in the heavy metal contents of the samples after the treatment with adsorbents (Pb, Ni and Zn). 

 

 

 

 

 

 

 

terms of cadmium removal (Table 1). 

Active carbon+clay+zeolite treatment was the most effective 

mixture for removing Cd, Cu, Ni, Pb, and Zn compared to other 

groups including activated carbon (Table 1). In other words, clay 

only improved the ability to remove heavy metals when it was 

combined with both zeolite and activated carbon because 

clay+carbon treatment and clay+zeolite treatment had lower 

treatment efficiencies compared to active carbon treatment and 

zeolite treatment, respectively. Mixtures can behave differently 

compared to their components, and our findings indicate a 

positive synergistic effect between clay, activated carbon, and 

zeolite in terms of the removal of heavy metals. Unfortunately, 

these findings were not statistically significant, probably due to 

high standard deviation values. We prepared 5 different samples 

with 5 different dyes for each of the seven treatment groups and 

calculated mean and standard deviation values for each group 

with them. This condition may lead to high standard deviations, 

and therefore experimental repetitions for each treatment group 

should be made with samples prepared by using the same dye in 

further studies. 

Some other researchers also studied composite adsorbents 

such as silica+activated carbon, clay+activated carbon 

composites  for   removing   heavy  metals  (Karnib et al., 2014;  

 

 

 

 

 

 

Pawar et al., 2018). Karnib et al. (2014) showed that the 

silica+activated carbon (2:3) composite provided a slightly 

higher Ni removal rate compared to activated carbon, while 

activated carbon had a significantly higher Ni removal rate 

compared to silica. However, we found that activated carbon 

provided higher Ni removal compared to the zeolite+activated 

carbon (1:1) mixture; this difference may be as a result of the 

difference between silicated materials and the ratio of 

components. 

 

3.5. The addition of zeolite in the samples for heavy metal 

removal increased the concentration Al as a probable adverse 

effect of HNO3 using in the experimental procedure 

 

Al is one of the most abundant metals in all soils, and its 

levels range between 0.45% to 10% (Kabata-Pendias and 

Pendias, 2001). Al cannot be absorbed by plants from the soil as 

long as the pH of soil does not range between 4-4.5 (Matsumoto, 

2000; Vardar et al., 2006). For the aquatic environment, the 

toxicity of Al is altered by the pH and physicochemical 

properties of water (Jaishankar et al., 2014). Al can causes 

growth problems in plants in acidic soil and disturbs the 

reproductive  system, respiratory system, cardiovascular system, 

Lead Concentration (mg L-1) (mean ± SD) (0th Hour 32.28±5.75) 

Time/Treatment 2th Hour 4ht Hour 6th Hour 8th Hour 

Carbon 2.48±1.25 2.23±1.26 2.05±1.23 2.19±1.29 

Zeolite 2.70±1.88 2.38±1.81 2.17±1.72 2.38±1.79 

Clay 19.97±5.92 17.63±5.01 14.85±4.12 16.13±4.73 

Carbon+Clay 7.16±2.55 6.12±2.52 5.52±2.53 5.76±2.48 

Carbon+Zeolite 2.64±1.56 2.43±1.44 2.23±1.43 2.39±1.47 

Clay+Zeolite 11.95±4.20 10.18±3.35 8.87±2.79 9.53±3.15 

Carbon+Clay+Zeolite 2.06±1.32 1.87±1.26 *1.68±1.17 1.82±1.24 

Nickel Concentration (mg L-1) (mean ± SD) (0th Hour 95.56±13.05) 

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour 

Carbon 3.66±1.21 3.18±1.15 2.98±1.15 3.14±1.16 

Zeolite 4.57±1.35 4.04±1.30 3.71±1.22 3.92±1.18 

Clay 47.54±3.19 41.66±3.06 36.04±3.40 39.19±2.53 

Carbon+Clay 16.41±5.37 14.16±4.47 12.18±4.16 12.95±4.41 

Carbon+Zeolite 3.91±1.38 3.57±1.27 3.26±1.22 3.45±1.31 

Clay+Zeolite 25.59±4.72 22.12±4.02 18.17±2.70 19.80±2.85 

Carbon+Clay+Zeolite 3.35±0.85 3.06±0.85 *2.86±0.80 3.01±0.79 

Zinc Concentration (mg L-1) (mean ± SD) (0th Hour 398.71±40.59) 

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour 

Carbon 12.44±3.18 11.31±2.85 10.06±2.20 10.63±2.56 

Zeolite 13.76±4.30 13.31±4.24 11.37±3.37 12.38±3.83 

Clay 153.34±39.73 143.90±38.29 133.31±36.70 137.87±35.74 

Carbon+Clay 43.68±16.22 39.48±15.55 34.65±14.01 36.33±14.30 

Carbon+Zeolite 13.01±3.77 11.52±2.86 10.44±2.35 11.33±2.77 

Clay+Zeolite 68.82±24.21 61.47±21.92 55.23±21.08 60.49±22.26 

Carbon+Clay+Zeolite 11.24±2.89 9.89±2.28 *8.89±1.64 9.77±2.24 
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endocrine system, blood, and gill structure of aquatic animals. It 

also has well-established toxic effects on human bone marrow, 

skeletal muscles, heart, liver, and brain for excess concentrations 

(Nayak, 2002). In our study, Al concentration in the samples 

increased after zeolite or zeolite containing mixtures applied to 

the samples.  

From this point of view, Al should be removed from the 

wastewater with an additional treatment step before discharge to 

avoid toxic concentrations of Al when zeolite is used for heavy 

metal removal However, this finding is controversial because 

other studies determined that zeolite only dissolved when the pH 

drop to below 2.0 and then Al concentration increase in the 

solution and even some researchers successfully removed Al by 

using zeolite (Wingenfelder et al., 2005; Abdullah, 2014). 

Although we found higher Al concentrations in the samples 

treated with zeolite or zeolite containing mixture, this condition 

is probably as a result of the addition of HNO3 during the 

experimental procedure. For further studies, the experimental 

procedure should be modified to eliminate this possibility. This 

condition may also be related to the content of the natural 

zeolite. 

 

4. Conclusion 
 

Our findings are promising for using clay, zeolite, and 

activated carbon in combination to obtain better heavy metal 

removal yield and to minimize wastewater treatment costs. 

Further studies should be designed for the experimental 

repetitions with low standard deviation values or conducted with 

a higher number of samples, and thus statistically significant 

results may be obtained. The molecular mechanisms under the 

synergistic interactions between clay, active carbon, and zeolite 

should be enlightened in terms of heavy metal removal from 

wastewater. We also found a significant threshold value for the 

duration of treatment, and this finding indicates that an optimum 

treatment duration exists and longer treatment is not better for 

every time. 

 

4.1. Limitations of the study 
 

Our sample number is limited, only 5 samples were 

included in the study for each material or mixture used in the 

treatment, and this low number of samples may be one of the 

limitations of the study. Another limitation of the study is that 

we prepared our samples in the laboratory to imitate textile 

factories’ wastewaters. Our samples only contained dye 

residues, while the real textile industry's wastewaters contain 

other pollutants, and their contents are more complex. 

Therefore, our study may only reflect the properties of real 

wastewater noncomprehensively. Although synthetic zeolites 

provide better results according to the literature, we used natural 

zeolite. This condition probably negatively affected our results. 

In other words, further studies should be designed for synthetic 

zeolite+activated carbon+clay mixtures to obtain better results. 

Also, we did not test the active carbon+clay+zeolite mixture for 

different concentrations of dyes. However, its heavy metal 

removal performance can be negatively affected by increasing 

pollutant concentrations. Thus, its heavy metal removal capacity 

per unit mass of the pollutants cannot be determined in this way 

when it is tested for only one concentration of heavy metals. 
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