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ABSTRACT 

Ground water sources in some part of Ethiopia contain nitrate level beyond the permissible limit 

which can cause public health problems. Hence, the concentration of nitrate in drinking water 

should be removed to prevent health problems associated with high level of nitrate. 

Nanomaterial assisted removal of pollutants from drinking water and wastewater has got great 

attention. This study aimed to evaluate the removal of nitrate using zeolite and zeolite-ZnO nano 

composite. Zeolite-ZnO nano composite was prepared using co-precipitation method. The 

physico-chemical characteristics of the nano materials were determined using XRD, SEM and 

FTIR. The results revealed that; Zeolite-ZnO nanocomposites with 13.12 nm particle size have 

successfully been loaded into zeolite. In addition, its chemical composition was determined using 

AAS. The removal efficiency of nitrate from both spiked and real water was studied using batch 

experiment. The removal of nitrate was investigated as function of adsorbent dose, pH, initial 

concentration of nitrate, contact time, and agitation speed.  Moreover, the adsorption isotherm 

and kinetics were also determined for both nitrate spiked and real water. The results showed that 

the removal of nitrate from spiked water was 95% at optimum dose of 0.5, pH 5, initial nitrate 

concentration of 50 mg/L, contact time of 1hour and agitation speed of 160 rpm. The removal 

efficiency of nitrate from spiked and real water was found to be 95% and 93% respectively. The 

removal nitrate from both sources have been fitted well by the Langmuir isotherm model with 

correlation coefficients of R
2
= 0.990 and 0.988, respectively. Thus, indicating to the 

applicability of monolayer coverage of the nitrate ion on the surface of the nano composite. The 

results found in adsorption kinetics study revealed that  the adsorption of nitrate in both spiked 

and real water  follows pseudo second order model with correlation coefficient of R
2
=0.988.  

The removal efficiency of nitrate in this study was compared to other chemical methods of water 

and wastewater analysis including available nano adsorbents. The work results might find 

application in reducing nitrate concentration in drinking water and meets the standards of water 

quality.  

Keywords: Adsorption isotherm, Batch adsorption experiment, Nanocomposite, Nitrate ion, 

Zeolite, Zinc Oxide  
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1.  INTRODUCTION 

1.1 Background of the Study 

Consumption of water consisting of pathogenic organisms and toxic chemicals can impacts 

human health.  This is why the  United Nations (UN) stated that safe and clean drinking water is 

a human right (Gleick, 1998). Importance of  safe water is  not only for drinking, but also for 

cooking, sanitation and hygiene. Lack of safe water directly contributes to the upholding of 

underdevelopment for many countries. On the other hand, clean water deficiency is  an  

increasing problem  both in well  developed and developing countries due to environmental 

pollution (Bouwer, 2002).  Although drinking water coverage has increased worldwide, access to 

reliable water quality is still a challenge. WHO (2014) stated that there was no assurance that 

people who get water from an improved source will get it free of contamination.   

Groundwater is the major sources of drinking water in Ethiopia. Water from dug well, borehole 

and spring are the source of drinking water in the peripheral parts of the country. These supplies 

also provide the population with water during the failure of the distribution network fed by the 

reservoirs (Alemayehu, 2001).  Investigations in developing countries on safe drinking water are 

partly focused on chemical agents that have been associated with adverse health effects 

(Shannon et al., 2010).  One of these chemicals of concern is nitrate. Nitrates may occur 

naturally in groundwater but seldom exceeding a concentration of 2 mg/L as nitrogen. 

Nitrate can contaminate groundwater due to its mobility (ability to penetrate hundreds of feet 

into aquifers. Septic systems, agricultural fertilizers and unprotected wastes are considered to be 

major factors to groundwater contamination by nitrate (McQuillan, 2004). Around 61 million 

Ethiopians lack access to safe water and 65 million lack access to improved sanitation. Of those 

who lack access to improved sanitation, nearly 27 million practice open defecation  (WHO, 

2014). Even though Ethiopia successfully met its Millennium Development Goal of 2015, but it 

fell some way short of achieving its MDG target for sanitation (WHO, 2015). The country is 

underperforming the 2030 Millennium Development Goal on  water and sanitation.  According 

to World Environmental performance index (2018), Ethiopia ranked  163 from 180 nations.  
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Risks to human health associated with high levels of nitrate in drinking water include thyroid 

gland dysfunction, gastric cancer, and decrease in the capacity of blood to transport oxygen (also 

called methemoglobinemia) in infants below six months old (Manassaram et al., 2010). As result 

of the health problems associated with nitrate pollution in water, there are several methods 

conventionally used to remove nitrate from drinking water and industrial effluents. The 

conventional methods used include ion exchange, biological denitrification,  reverse osmosis and  

electrodialysis (Dahab, 1988).   

These processes have significant disadvantages such as poor efficiency of  nitrate removal, high 

reagent cost and energy requirements, and generation of toxic sludge or other waste products that 

require disposal (Oturan & Aaron, 2014). On the other hand, chemical adsorption is by far most 

versatile and effective method for removing any contaminants like nitrate, especially, if the 

surface of adsorbent is modified with metals and metallic oxides (Bhatnagar et al., 2008). This 

solves the problem of high sludge production and  disposal, and renders the removal process of 

nitrate  more economically viable and low energy consumption.  

Nanomaterial  is emerged as new technology and an alternative adsorbent for the contaminants   

removal due to its large surface area, magnetic property, electron transfer, technical efficiency, 

cost effectiveness and easy for preparation (Ye et al., 2016). However, there is few practice on 

application of nanomaterial for drinking and wastewater treatment. In this study adsorption of 

zeolite was improved by modification with zinc oxide nanoparticle for nitrate removal from 

spiked and groundwater. 

1.2. Statement of the Problem 

Lack of access to safe and clean water is basic reason for unimproved health status. Safe and 

clean water provision is the problem both in urban and rural areas of developing countries 

including Ethiopia. The Ethiopian population with access to safe drinking-water between 1990 to 

2008 fell by 11 percent. Pollution of springs and protected dug wells was the main reason for the 

decrement(Rob ES Bain et al., 2012). There are indications that groundwater in many urban 

areas of Ethiopia may have already been contaminated by chemicals.  
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The retrospective study of nitrate in the drinking water revealed maximum value of 69.6 mg/L 

and 327.3 mg/L NO3
-
in spring and well water in Addis Ababa respectively (Andualem, et.al., 

2014). A meta-analysis of groundwater contamination by nitrates at  African scale reported that 

117-260 NO3
- 
(mg/L) concentration at  central and south east of  Ethiopia (Ouedraogo, Defourny, 

& Vanclooster, 2016). Water in the central part of the main Ethiopian rift  is also polluted with in 

organic chemicals including nitrate (Alemayehu, 2000).   

It is also reported that nitrate concentrations are high in ground water from several urban  areas 

such as Dire Dawa and Addis Ababa, where the water tables are close to the ground surface 

(i.e.10-15 meters) due to leaking effluent from septic tanks system (Graham & Polizzotto, 2013). 

This align with the UN report (1989) which indicates high  nitrate concentrations in ground 

water from several  urban areas are resulting from mainly leaking effluent from septic tanks. In 

2008/09 the level of nitrate at the central sections of the minor aquifer is 112 mg/L. This is more 

than twice the WHO recommended maximum limit of 50 mg/L (Abay, 2010).  

In Ethiopia over 60% of the communicable diseases are due to poor environmental health 

conditions arising from unsafe and poor hygienic and sanitation practices (Meride & Ayenew, 

2016).  A rapid assessment of drinking water quality in Ethiopia showed that 32% of the wells 

are contaminated with nitrate (Akale et al., 2017). Poor quality of groundwater in the country is 

due to improper waste management, agricultural activities, poor sanitation, and low levels of 

hygiene (Beyene, Legesse, Triest, & Kloos, 2009). Therefore groundwater resources in the 

country may have been exposed to large-scale contamination by nitration  possibly through the 

numerous pit latrines, application of inorganic fertilizer and poor waste management.   

Studies have been conducted in Ethiopia to remove nitrate from water. Acid modified Ethiopian 

Bentonite clay was used to remove nitrate from water in batch experiment. With 2.0 gram of the 

adsorbent, 80% of 250 mg/L nitrate aqua solution was removed at pH 5, 90 minutes contact time  

shaking speed of 250 rpm and adsorption temperature of 30 
o 

C.  Surface modification  of the 

clay with HCl increased the adsorption  efficiency  (Wasse Bekele & Fernandez, 2014). 

Consumption of high amount adsorbent (high amount of H
+
 in the solution) limited the 

adsorption process to acidic range (Guo & Rockstraw, 2007).  
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Zinc Oxide nanoparticle has been used for nitrate removal from drinking water and resulted 

highest removal efficiency than other metal oxides (Baruah et al., 2012). But the fear is that zinc 

metal ion may be  migrate into the water and contaminate it (Chen et al., 2016). In addition, 

using metal oxide nanoparticle solely as adsorbent may increase the risk of metallic ion 

contamination in drinking water (Westerhoff et al., 2016). On the other hand, zeolites can be 

used to remove nitrate from water (Guan et al., 2010),  even if its adsorption efficiency is  lower 

than that of Zinc Oxide. Additionally, there are four classes of nanoscale materials with a broad 

range of physico-chemical properties that make them particular attractive as separation and 

reaction media for water purification. These are metal containing nanocomposites, carbonaceous 

nanomaterials, zeolites and dendrimers (Savage & Diallo, 2005).  

 In this research, composites  of Zinc Oxides nanoparticle and synthetic zeolite powder was 

aimed to increase nitrate removal due to  selectivity of zinc towards nitrate than other anions 

(Jain et al., 2015). The synthetic zeolite was  used to eliminate adverse influence for alkaline pH 

on nitrate removal and  to coat the metal oxide nanoparticle in order to minimize its possible 

migration into the water. For this study, bore hole water was sampled from Dire Dawa City, 

Ethiopia. It is one of the area  groundwater is contaminated with  nitrate (Tilahun & Merkel, 

2010).  

1.3 Basic Research Questions 

Nitrate can reach both surface water and groundwater as a consequence of agricultural activity 

(including excess application of inorganic nitrogenous fertilizers and  manures),wastewater 

treatment and from oxidation of nitrogenous waste  products in human and animal excreta, 

including septic tanks(Majumdar & Gupta, 2000). In and around areas of high urbanization and 

industrialization, municipal and industrial wastes may contribute  high levels of nitrate to the 

groundwater (Talma & Vogel, 1983). Both inorganic sources of nitrate like fertilizer, nitrogen 

oxides from utilities and automobiles, leguminous crops that fix atmospheric nitrogen, and 

organic sources such as animal and human waste are transformed to nitrate by mineralization, 

hydrolysis, and bacterial nitrification. Nitrate not taken up by plants or denitrified migrates to 

streams and groundwater (Ward et al., 2005). Based on the above information, this study will 

answer the following questions.  
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a) Why is it needed to activate zeolite with ZnO nano-particle for nitrate removal from  

water? 

b) Is the Zeolite activated with ZnO nano-particle efficient enough to remove nitrate ion 

from groundwater and meet the standards?  

c) At what optimum pH, adsorbent dose, initial nitrate ion concentration, and contact time 

does the adsorption become higher?  

1.4 Objectives 

General Objective 

The general objective of this study was to remove nitrate from spiked and ground water using 

Zeolite-Zinc Oxide nanocomposites.   

Specific Objectives   

o  To synthesize Zeolite-Zinc Oxide nanocomposites and characterize it in terms of the 

particle size, functional group, morphology and chemical composition.   

o To determine optimum dose of nanocomposites, pH, initial nitrate concentration, contact 

time, agitation, and to compare the adsorption efficiency of the pure Zeolite powder with 

the nanoparticle. 

o To determine the adsorption isotherm  

o To determine the adsorption kinetics of the nanocomposite  

1.5 Significance of the Study 

Many technologies for the removal of nitrate from drinking and industrial wastewaters suffer 

from certain drawbacks such as high operational costs and energy, and large volume of sludge 

production that contains toxic and hazardous chemicals which is corrosive to pipelines. 

Therefore, there is a need to develop comparably efficient, low sludge production, economically 

viable process and environmental friendly technologies from available materials, which can 

remove nitrate from water. To develop such a technology, it is very important to know the 

concentration of nitrate in the drinking water sources, especially groundwater since high level of 
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nitrate can cause methemoglobinemia carcinogenesis on human health. The present study will 

provide information regarding the nitrate removal from both synthetic and groundwater using 

Zeolite-Zinc Oxide nanocomposites. The data generated is expected to have high significance to 

municipal water administrators, environmental regulators and industries in their effort to upgrade 

or newly establish effluent treatment plants. This study can also be input for further studies.  
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2. LITERATURE REVIEW 

2.1  History  of Drinking Water Quality Testing  

"Water is life‖ is such a common expression that we use it almost as a formula. However, that 

phrase is probably one of the most powerfully true messages the whole creation bears witness to. 

 The earth is 2/3 water and Water makes up about 60% of the body weight in men and 55% of weight 

in women ((Miller, 2006). A baby is composed of about 70% to 80% water while the elderly are 

composed of around 45% (Caroline & Surgeons, 2015),  then it goes without saying that no life can 

be sustained without water. Water safety and quality are fundamental to human development and 

well-being. Providing access to safe water is one of the most effective instruments in promoting 

health and reducing poverty.  

In the late 19th century, water professionals and consumers throughout the world used tastes and 

odors to assess water quality. ―Stinky‖ water containing septic odors and algal-by-products were 

driving forces for the formation of the American Water Works Association in the 1890s 

((Dietrich, 2006). In the early 20th century, advances in microbiology, microscopes and public 

health caused sanitation and disinfection to become drivers for water quality ((Simões, 2011).  In 

the mid and late 20th century, scientific advances in chemistry and analytical instrumentation 

enabled monitoring of inorganic and organic chemicals in drinking water ((Bogdal et al., 2009). 

Upon discovering that some of these chemicals were toxicants, regulations of chemical species 

became another focus for water quality and In the late 20th century, the drinking water industry 

rediscovered aesthetics and began to adapt sensory-assessment methods from the food and 

beverage industry so that microbe-safe, chemical-safe, and palatable product could be delivered 

to consumers ((Sadiq et al., 2004).  

At the beginning of the 21
st
century, all of factors including microbiology, chemicals, and 

aesthetics are foci for consumers, water producers, and regulatory agencies related to the 

delivery of safe drinking water. As drinking water comes from ground water (aquifers), streams, 

rivers, and lakes, protecting these drinking water sources is key to sustaining safe drinking water 

supplies (Dillon, 2005).  

https://www.epa.gov/sourcewaterprotection#self
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2.2 Sources  of Drinking water 

There are different potable water sources for human life. Groundwater, surface water and 

Groundwater is the water found underground in the cracks and spaces in soil, sand and rock, and 

stored in and moves slowly through geologic formations of soil, sand and rocks called aquifers. It 

is one of the earth’s most important resources for human life and its quality depends upon the 

geological environment, human activity, natural movement, recovery and utilization ((Pfister et 

al., 2009). It is also the world’s most extracted raw material with withdrawal rates in the range of 

982 km3/year ((Hassan et al., 2016). The total volume of fresh groundwater stored on earth is 

believed to be in the region of 8–10 million km3, which is more than 2000 times the current 

annual withdrawal of surface water and groundwater combined ((Margat & Van der Gun, 2013).  

Groundwater is often cheaper, more convenient and less vulnerable to pollution than surface 

water. Therefore, it is commonly used for public water supplies ((Bretzler & Johnson, 2015). It 

makes up about twenty percent of the world's fresh water supply, which is about 0.61% of the 

entire world's water, including oceans and permanent ice. In other words, global groundwater 

storage is roughly equal to the total amount of freshwater stored in the snow and ice pack, 

including the north and south poles. It  is a precious source of drinking water that provides 

relatively high quality water and this makes it an important resource that can act as a natural 

storage that can buffer against shortages of surface water, as in during times of drought ((Ford et 

al., 2009). This is why it provides almost half of all drinking water worldwide and the sole 

source of drinking water for many rural communities and some large cities. (Smith et al., 2016).  

Ground water is preferable over surface water for a number of reasons. First of all, ground water 

is reliable during droughts, while surface water can be quickly depleted. In general, it is easier 

and cheaper to treat than surface water, because it tends to be less polluted. Through wells, 

ground water can be tapped where it is need, whereas surface waters are concentrated in lakes 

and streams (Brindha et al., 2014). Generally, quality of groundwater is equally important to its 

quantity owing to the suitability of water for various purposes; Hence, evaluation of the 

groundwater quality is essential not only for use by present generation but also for future 

consumption (Madhav et al., 2018). 

https://en.wikipedia.org/wiki/Water_pollution
https://en.wikipedia.org/wiki/Fresh_water
https://en.wikipedia.org/wiki/Surface_water
https://en.wikipedia.org/wiki/Drought
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Groundwater is considered the centerpiece of improved drinking-water provision in many parts 

of Africa (MacDonald et al., 2009). It is also the  largest and most important water resource in 

the continent and any expanding urban areas in sub-Saharan Africa are dependent on it for at 

least some, and many cases the majority, of domestic water supply (Adelana & Macdonald, 

2008). Groundwater is the critical resource for human survival and economic development in 

extensive drought-prone areas of south-eastern, eastern and western Africa, especially where the 

average rainfall is less than 1,000 mm/annum and the proximity of groundwater sources, and the 

related reduced infrastructure costs, makes groundwater an ideal resource to target for urban 

water-resource development (Moreau & Foster, 2006).  

2.3 Pollution of Ground water  

Water pollution is a major problem in developing countries; especially the regions where people 

depend on groundwater for drinking. The quality of water in rivers and underground has 

deteriorated, due to pollution by waste and contaminants from cities, industry and agriculture 

(Robert et al., 2014). Increasing of water consumption and water pollution restrict human access 

to clean water and the most common contaminants are microorganisms, suspended particles, 

colloidal materials, pesticides and various dissolved metallic and non-metallic substances 

(Schewe et al., 2014). Among these compounds, anionic pollutants like fluoride and nitrate 

contamination in groundwater has been recognized as one of the serious problem worldwide 

(Singh & Mukherjee, 2015). 

2.3.1 Nitrate contamination in Groundwater 

Nitrate (NO3
−
) is one of the integral parts in the growth of life. It is essential for the growth of 

many plants species, including most of those which are edible, but it becomes a problem if it gets 

into water in which it is not required (Maathuis, 2009). It  is a water soluble ion that does not 

readily bind to the soil causing it to be highly susceptible to run-off migration ((Nuhoglu et al., 

2002). High solubility of nitrate in water can lead to a widespread groundwater nitrate pollution 

that causes drastic risk for supplies of dinking waters and ecological disorders (McAdam & Judd, 

2006).  Nitrate, nitrite (NO2-), ammonia (NH3), and organically bound forms of nitrogen (Org-
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N) are the species of concern for water resource management around the globe (Shah & Mitch, 

2011). .  

Nitrate concentrations in surface water and especially in groundwater have increased rapidly in 

all parts of the world since last few decades(A. Liu et al., 2005).On a global scale, major 

problems of water quality can be characterized by pathogenic agents, organic pollution, 

Salinization, nitrate pollution, heavy metals, industrial organics, acid mine drainage and 

hydrological modification. 

In Africa, the major issues of pollution in order of importance are: nitrate pollution, pathogenic 

agents, organic pollution, salinisation, and acid mine drainage (Xu and Usher, 2006). The levels 

exceeding this background limit are an indicator of nitrate contamination, primarily through 

various anthropogenic activities (Wongsanit et al., 2015). Nitrate levels in many aquifers are 

increasing beyond maximum drinking water standard and that the problem of exposure of the 

world population to high nitrate inputs will become more pressing particularly in the developing 

nations(Gideon et al., 2009). Groundwater nitrate exceeds drinking water specifications in many 

parts of the southern African region and Case studies in some of these areas show the extent of 

nitrate pollution (G Tredoux & Talma, 2006).  

2.4. Sources of  Nitrate contamination in groundwater  

In order to control and manage water quality, an understanding of groundwater pollution and 

identification of the factors affecting nitrate concentration in the groundwater are important. 

Based on this fact, there are two source of nitrate pollution in groundwater; point source and 

non-point sources (Almasri, 2007).  

2.4.1 Point Source 

Point sources of nitrogen are also contribute to nitrate pollution of groundwater and the major 

point sources include septic tanks and dairy lagoons(Pastén et al., 2014). These sources also 

includes wastewaters and urban runoff, disposal of untreated sanitary and industrial wastes in 

unsafe manner, leakage in septic systems, landfill leachate, airborne nitrogen compounds given 

off by industry and automobiles, which are deposited on the land in precipitation and dry 
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particles (Sullivan et al., 2005). Many studies have shown high concentrations of nitrate in areas 

with septic tanks (McQuillan, 2004). Contaminants from animal wastes can enter the 

environment through pathways such as through leakage from poorly constructed manure 

lagoons, or during major precipitation events resulting in either overflow of lagoons and runoff 

from recent applications of waste to farm fields, or atmospheric deposition followed by dry or 

wet fallout(Baram et al., 2012).  

2.4.2 Non-point source 

Nitrogen is a vital nutrient to enhance plant growth. This fact has motivated the intensive use of 

nitrogen-based fertilizers to boost up the productivity of crops. This is why the primary cause of 

nitrate pollution is excessive use of nitrogenous fertilizers in agricultural sector. It  includes over 

application and improper timing of nitrogenous fertilizer, manure and leguminous crops 

(Lockhart et al., 2013). This cause the nitrates to leach into the groundwater when nitrogen-rich 

fertilizer application exceeds the plant demand and the denitrification capacity of the soil, 

nitrogen can leach to groundwater usually in the form of nitrate which is highly mobile with little 

sorption(Shamrukh et al., 2001). 

Nitrogen is commonly a limiting factor for the production of food. Humankind has sought 

different ways to increase crop production to provide food to sustain a growing population. This 

has led to the development of synthetic fertilizer production based on the Haber–Bosch process 

(Erisman et al., 2008). Even if the industrial fixation of N2 is essential for food production, it is 

not without costs for the environment and human health. The amount of reactive nitrogen (oxides 

of nitrogen, NH3,N2O)  used to produce food is on average about 10-fold higher than its 

consumption, owing to inefficiencies in the food production-processing-consumption chain 

(Sutton et al., 2011). Agricultural sources of reactive nitrogen  produce atmospheric emissions of 

ammonia, nitrogen oxides (NOx) and nitrous oxide (N2O) from agriculture to the air, and nitrate 

to groundwater (Galloway et al., 2008). 

In addition to agricultural practices, nonpoint sources of nitrogen involve precipitation, irrigation 

with groundwater containing nitrogen, and dry deposition (Lockhart et al., 2013).With nonpoint 
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sources, groundwater quality may be depleted over time due to the cumulative effects of several 

years of practice(Tomer & Burkart, 2003). 

2.5 Health Effect of Nitrate contamination in Drinking water 

The concern about nitrate in drinking water was begun in the early 1970 when the USA 

appointed a committee on nitrate accumulation which had to study the accumulation of nitrate in 

the environment. In 1985, the WHO expressed concern about the worldwide rising trends of 

nitrate in groundwater (G Tredoux et al., 2000). Now a days the extensive use of on-site 

sanitation may lead to elevated concentrations of nitrate in the underlying groundwater. Two 

diseases have been associated with consumption of water containing high nitrate concentrations 

(Canter, 2019), These are: 

Methemoglobinemia (infantile cyanosis) 

The most susceptible population to nitrate/nitrite toxicity is infants less than four months of age(Kross, 

2002).Their high sensitivity is due to a combination of factors: higher gastric pH which allows 

greater bacterial activity in the stomach and subsequent enhanced conversion of ingested nitrate 

to nitrite(Lundber et al., 2004).  Higher proportion of fetal haemoglobin which is more readily 

oxidized to methemoglobin than adult haemoglobin, and infant NADH- dependent 

methemoglobin reductase (the enzyme responsible for converting methemoglobin to normal 

globin) has about half the activity of  the adult  enzyme  (Thomas & Lumb, 2012). 

The acute toxicity of nitrate occurs as a result of its reduction to nitrite, a process that can occur 

under specific conditions in the stomach and saliva. The nitrite ion formed oxidizes iron in the 

haemoglobin molecule from ferrous (Fe
2+

) to ferric (Fe
3+

). This means Nitrite coverts oxygen-

carrying hemoglobin to methemoglobin, which then cannot transfer oxygen. The resulting 

condition is methemoglobinemia, or the so-called blue baby syndrome. The resultant 

methaemoglobin is incapable of reversibly binding oxygen, and consequently anoxia or death 

may ensue if the condition is left untreated (Savino et al., 2006). Boiling of drinking water to kill 

bacteria (a common practice in rural areas) concentrates the nitrate that is present in the drinking 

water(Kross, 2002).  
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Carcinogenesis 

Nitrate is a precursor in the formation of N-nitroso compounds (NOC), a class of genotoxic 

compounds, most of which are animal carcinogens. In the human body, nitrate is a stable, inert 

compound that cannot be metabolized by human enzymes.  On the other hand, nitrate generally 

has a low human toxicity, but becomes a hazard when it is reduced to nitrite by bacterial action 

in the human gastrointestinal tract.  After ingestion, nitrate is readily absorbed from the upper 

gastrointestinal tract. Up to 25% is actively excreted in saliva, where about 20% is converted to 

nitrite by bacteria in the mouth. This conversion can occur at other sites including the distal 

small intestine and the colon(Lundberg et al., 2008).    

These Nitrites (and indirectly nitrates) can react with amines and amides to form nitrosamines 

and nitrosamides. Most N-nitroso compounds tested have proved to be carcinogenic. Elevated 

nitrate concentrations in drinking water can also causes stomach cancer in adults(Ward et al., 

2005). Based on this, permissible limit of nitrate in drinking water given by different agencies;  

the US Environmental Protection Agency with 10 mg/l NO3-N (45 mg/l NO3
-
) (Patil et al., 

2012), World Health Organization with 11 mg/l NO3
-
-N (50 mg/l NO3

-
) (WHO, 2011), and 

Bureau of Indian standard  with 45 mg/l NO3
-
 Standard (2012).Other health effects of high 

concentration nitrate in drinking water include disruption of thyroid function(Pearce & 

Braverman, 2009), birth defects (Brender et al., 2013), and  developmental disorders in 

children(Karr, 2012).   

2.6 Nitrate Pollution in Ethiopia  

Nitrate pollution is also concerning problem in Ethiopia. A rapid assessment of drinking water 

quality in Ethiopia showed that the nitrate and fluoride concentration of more than 30% of water 

sources exceeded the WHO drinking water quality standards  

Nationwide pit latrine (toilet facilities that directly transmit human waste into the ground) 

utilization stands at 86% of the urban and 29.4% of the rural population of the country. In 

contrast, only 8 % of the population of the city of Addis Ababa, the capital city with a population 

of about three million, use flush/pour toilet connected to a sewer system. The rest of the city's 

population uses forms of pit latrines which are either individual family type or shared communal 
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ones. The large-scale use of pit latrines in urban areas poses a serious risk to groundwater quality 

(Abay, 2010). Because pit latrines directly transmit human waste into the ground, they expose 

groundwater to contamination (Drewko, 2012).  

The pollution is mainly observed in urbanization and high populated area of the country. With a 

high population density, coupled with high number of pit latrines, Addis Ababa and Dire Dawa 

city administrations are perhaps at a higher risk of groundwater contamination due to human 

waste. This risk may not solely be attributed to urbanization and its concomitant problems, but it 

can also be due to the general assumption, among water professionals, that water particularly 

from deep wells is of good quality and may not need monitoring (Beyene et al., 2009). 

Nowadays, nitrate contamination in groundwater has become a widely concerned environmental 

problem in Ethiopia and the spatial distribution of nitrate indicated that the southeast and south 

part of the study area has the maximum nitrate concentration of 88 mg/L at Dire Dawa City 

administration (Sahele et al., 2018). 

2.7 Methods of Nitrate removal from Water 

There are various treatment options for nitrate contaminated potable water (Jensen, 2015),and 

among these: ion exchange (Samatya et al., 2006), Biological denitrification(Soares, 2000), 

Reverse Osmosis (Malaeb & Ayoub, 2011) and chemical adsorption(Tofighy & Mohammadi, 

2012).  

2.7.1 Ion Exchange Method 

This method is used for small public water supplies and uses a strong base anion exchange resin, 

which is regenerated with common salt. The chloride ion (Cl
-
)  of the salt molecule is utilized by 

the anion exchange site, the sodium ion (Na
+
) ion passes right through the resin bed and does not 

affect the process. Entering water anions, including nitrate, are exchanged for chloride on a 

strong-base anion resin(Pintar et al.,2001). Even if this method is technically and economically 

effective, it has significant problems. The most notable of which is disposal of the spent 

regenerant brine containing nitrate and excess NaCl. Additional problems, such as increased 

corrosivety and negative health effects are associated with the increase in chloride content of the 
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product water. Sulfate ion in the raw water is troublesome because it can result in short 

exhaustion runs with standard anion resins, which all prefer sulfate to nitrate at the ionic 

strength(Elmidaoui et al., 2001).  

2.7.2 Biological Denitrification 

In this process nitrates are converted into harmless nitrogen gas and small concentrations of 

nitrous and nitric oxides as denitrifying bacteria use nitrate in place of dissolved oxygen 

(DO)(Vasiliadou et al., 2006). This anoxic reaction requires that organic carbon be added to the 

water to provide the necessary energy for the bacteria and most denitrifying systems use methyl 

alcohol as the carbon source for economical and operational, i.e. for  low solids 

production(Gerardi, 2003). This method of nitrate removal have not been used for water supplies 

because the process requires careful control to prevent organics breakthrough and the process  

can only be considered as a pretreatment process because additional treatment to remove residual 

organics will be required to meet current drinking water standards (Lee & Rittmann, 2000).  

2.7.3 Reverse Osmosis 

Reverse osmosis is a water purification method that uses a partially permeable membrane to 

remove ions, unwanted molecules and larger particles from drinking water (Shannon et al., 

2010). In this process, an applied pressure is used to overcome osmotic pressure( a colligative 

property that is driven by chemical potential differences of the solvent, a thermodynamic 

parameter and the required pressure will be dependent on the concentration of solute in the feed 

water. The collected concentrate is high in nitrate and other rejected constituents (salts) and 

requires appropriate disposal (Böddeker, 2008). However, this method requires effluent nitrate 

concentrations require monitoring to ensure compliance and to assess membrane performance 

and also have some disadvantages such as high capital cost, high pretreatment and energy 

demand,  and large waste volume (low water recovery) which demands high cost of disposal 

(Simate et al., 2011).   

https://en.wikipedia.org/wiki/Water_purification
https://en.wikipedia.org/wiki/Partially_permeable_membrane
https://en.wikipedia.org/wiki/Ion
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Osmotic_pressure
https://en.wikipedia.org/wiki/Colligative_property
https://en.wikipedia.org/wiki/Colligative_property
https://en.wikipedia.org/wiki/Chemical_potential
https://en.wikipedia.org/wiki/Thermodynamic
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2.7.4 Electrodialysis (ED) 

Electrodialysis is a desalting process driven by an electrical potential difference between 

oppositely charged electrodes. Ions are transferred by electric current flow through cation and 

anion membranes, depending on ion charge, from a less concentrated solution to a more 

concentrated one, leaving a demineralized stream (Ganzi et al., 2001). Similar to Reverse 

Osmosis, water treatment by electrodialysis is also limited to soft waters due to membrane 

sealing problems. It means that this technology needs pre-treatment (Einav et al., 2003). 

To minimize membrane sealing and reduce the need of pretreatment, use of a modified ED 

method known as electrodialysis reversal (EDR) was investigated (Dermentzis & Ouzounis, 

2008). Electrodialysis reversal (EDR) is an electrodialysis process in which the electrical polarity 

of the electrodes is reversed on a set time cycle, there by reversing the direction flow of ions in 

the system providing fouling control. However, operating electrodialysis reversal is more 

complicated and needs close monitoring (Lazarova et al., 2008). This makes electrodialysis is a 

more complex system than reverse osmosis and demands high energy and cost (Charcosset, 

2009). 

 To reduce the energy and costs associated, increasing the efficiency of the system by 

maximizing the amount of nitrate removed per membrane area was investigated(Baeza et al., 

2002). To achieve this, electrodialysis method was developed by modifying the membranes to 

anion exchange membranes that could selectively remove nitrate (Kabayl et al., 2007). A full 

scale electrodialysis plant using anion exchange membrane was designed and built  by Austrian 

Energy in 1997. The plant removed 60% of the feed water nitrate, but after several months of 

operation the plant was shut down due to the problems associated with waste disposal in the local 

sewage  treatment system (Hell et al., 1998).  

2.7.5 Chemical Adsorption 

Chemical adsorption is a technique based on the fixing of the harmful elements on the material 

surface; this fixing can be either by catchments on pores or by chemical reaction and this method 

has been shown to be the better economical and efficient alternative among the methods used for 
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the nitrate ion removal from waste and drinking water due to its convenience in removing trace 

ions, ease of operation and not complicated design (Rezaei et al., 2016). A good adsorbent 

should provide high capacity and selectivity to the pollutants. Different types of adsorbents such 

as clay, zeolite, chitosan, agricultural wastes, industrial wastes and carbon based adsorbents have 

been suggested for nitrate removal (Bhatnagar & Sillanpää, 2011). To increase the adsorption 

capacity of adsorbents, modification of adsorbent is needed. Based on the application, there are 

different methods to modify adsorbent surface which make the surface more accessible to variety 

of adsorbate.  

Modification methods of adsorbent surface can be categorized into different groups such as 

chemical, physical, biological and electrochemical modifications (Çeçen & Aktas, 2011). 

Chemical modification methods can be divided into two major groups. The first method is  

generation of  acidic or basic groups on the adsorbent surface (Bhatnagar et al., 2013). The 

second modification method is surface impregnation which can be done with active metals and 

their oxides (Asfaram et al., 2015). Modification of adsorbents such as clay, zeolite, chitosan, 

agricultural wastes, industrial wastes and carbon based adsorbents by metal or metal oxide ions 

would provide high affinity for any negative ions such as nitrate. This is  due to providing porous 

media that is charged with positive ions (Z. Wang et al., 2014). 

2.8 Nanomaterial for the removal of  Nitrate 

Chemical coagulation, sedimentation and filtration processes of drinking water treatment faces 

many challenges from municipal to community. This is from use of concentrated and hazardous 

chemicals that are not selective in removing contaminants and also difficult in managing 

complex residual waste streams (Sotero-Santos et al., 2005). To solve this problem, nanomaterial 

or nanoscale adsorbent (10
−9

 m size) is discovered. The nanomaterials have various 

environmental applications including microbial detection and monitoring, source recovery, and  

environmental remediation (W.-T. Liu, 2006).  

The importance of nanomaterial in water treatment is become increasing due to the unique 

properties of adsorbent arise at the nanoscale (Bottero et al., 2006). These properties can be used 

to purify drinking water.   The unique properties  include magnetism, high surface area, selective 
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surface reactivity, surface catalysis, rapid ion delivery, photo catalysis, dielectric properties, 

electrical conductivity and super hydrophobicity (Qu et al., 2012). In addition, Nanomaterials 

with excellent adsorption properties have two main characteristics.  These characteristics are 

their innate surface area and external functionalization. There are also some factors that 

determine the adsorption efficiency of nanocomposites and these factors include adsorption 

activity, location of atoms on surface, and high surface binding energy (Anjum et al., 2016). 

As particle size decreases, the proportion of atoms located at the surface increases, which raises 

its tendency to adsorb, interact and react with other atoms, molecules and complexes to achieve 

charge stabilization (Crane & Scott, 2012). Due to their small surface area, small size range (1-

100 nm), and high catalytic properties, nanocomposites are emerging as an alternative to 

conventional treatments for removal of nitrate from drinking water and wastewater. Nitrate on 

reduction releases ammonia (NH3), nitrogen gas (N2), nitrite (NO2
-
),and ammonium(NH4

+
). The 

products formed differ based on the type of the nanomaterial used (Qu et al., 2012). . 

With surface chemical modification techniques, zeolite can remove anions from water. 

Treatment of zeolite with cationic surfactant dramatically alters their surface chemistry from a 

net negative to positive charge and surfactant modified zeolite with a positive charge will attract 

anionic contaminants like nitrates by electrostatic interactions (Loganathan et al., 2013). 

Synthetic detergent grade zeolites are the principle alternative to phosphate type builders, used in 

household detergents and softening the washing water by calcium ion exchange. As a detergent 

builder, Zeolite type-A was developed specifically as an environmentally preferable alternative 

to phosphate builders, which can cause eutrophication of freshwater bodies by nourishing 

excessive amounts of algae (Sharma, 2014). For this research, powder of  4A Zeolite detergent 

grade (Sodium Alimino Silicate, type-A) was purchased. It is characterized by the formula  

[(Na
+

12(H2O)27|8[Al12Si12O48] (Julbe & Drobek, 2016).  

On the other hand, zeolites exhibit a negatively charged framework due to the presence of 

alumina, which is counter-balanced by positive cations resulting in a strong electrostatic field on 

the internal surface.(Russo et al., 2014). On the other hand,  Synthetic zeolites exhibit higher 

sorption capacity than natural zeolites due to their more developed surface area (Bustamante et 

al., 2014). These cations can be exchanged to fine-tune the pore size or the adsorption 
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characteristics. For instance, the sodium form of zeolite A has a pore opening of approximately 4 

Angstrom (4 x 10–10 m), called 4A molecular sieve. If the sodium ion is exchanged with the 

larger ions, the pore opening is reduced and the ion exchange with other cations can be used for 

particular separation purposes (Tiwari, 2007). In aqueous solution, Na
+
 is easily to be exchanged 

with other cations such as Silver, copper and Zinc in a Na-Zeolite (Top & Ülkü, 2004). For this 

study, Na
+
 was replaced by Zinc which later oxidized to Zinc Oxide on the surface of the 

Zeolite-A to improve nitrate ion removal from water (Schick et al., 2012). In this study,  Zinc 

Oxide attached on the zeolite surface and other metal oxides present improves  nitrate removal 

by reduction in the adsorption process.    

2.9 Factors affecting Nitrate removal  

To the high solubility of nitrate in water, several factors can affect its adsorption in many 

methods of removal. These factors are amount of nanomaterial, pH of the media, initial nitrate 

concentration, contact time and agitation (Islam & Patel, 2010).  

Effect of Nanomaterial dose: The adsorption efficiency increases with the adsorbent dose.  

However, dose of nanoparticle beyond the steady state do not improve adsorption due to 

overlapping of active sites (Öztürk & Bektaş, 2004). At lower dosage of adsorbents, there are 

insufficient active sites that the adsorbate can easily occupy  (Daifullah et al., 2007).  

Effect of pH: The pH of the solution is a very important parameter in the study of the adsorption 

of nitrate ions by nanomaterials.  The influence of pH on anion exchange reaction is mainly due 

to the competition between hydroxyl ions and anions (Shukla et al., 2002).  When pH of the 

solution increases the adsorption capacity for nitrate decreases due to negatively charged surface 

sites on the adsorbent did not favor nitrate due to the electrostatic repulsion (Cengeloglu et al., 

2006). To get high adsorption capacity it is crucial to modify the adsorbent with amphoteric 

oxides such as aluminum oxide, Zinc oxide and Tin oxide  (Pujari et al.,, 2014). Amphoteric 

compound is one that can react as either an acid or a base, hence they improve nitrate removal 

from water at both acidic and basic media.  
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Effect of Initial Nitrate concentration: At low concentration the ratio of surface active sites to 

the nitrate ions in the solution is high. This allows  all nitrate ions to  interact with the adsorbent 

and  removed quickly from the solution (Islam & Patel, 2010). In other words, The decrease in 

removal efficiency at higher initial nitrate concentrations is due to the saturation of the most 

active sites of the adsorbent ( Huang et al., 2002).  

Effect of Contact time :  Contact time is an  important parameter to determine the equilibrium 

time of adsorption process (Kilic et al., 2011). The initial rapid rate of adsorption may be due to 

the availability of vacant active surfaces of the adsorbents for the nitrogen species in the solution. 

The later slow adsorption rate could be due to the electrostatic hindrance caused by already 

adsorbed nitrogen species and the slow pore diffusion of the ions (Ogata etal, 2015).  

In general, the initial rate of adsorption is fast, and then a slower adsorption would follow as the 

available adsorption sites are slowly decreased. This is due to a large number of unoccupied 

surface sites are available for adsorption during the initial stage.  After ascends of time the 

remaining unoccupied surface sites are difficult to be occupied because of  to repulsive forces 

between the solute molecules on the solid and bulk phases (Babaei et al., 2018).  

Effect of agitation speed: Nitrate is adsorbed faster at higher shaking rate due to interaction of 

active sites and nitrate ions (Chabani et al., 2007). The increase in adsorption capacity at a higher 

agitation speed could be explained in terms of the reduction of boundary layer thickness around 

the adsorbent particles (Hosni & Srasra, 2008). In general, with increasing agitation speed, the 

concentrations of nitrate ions near the adsorbent surface would be increased.  A higher shaking 

speed can also encouraged a better mass transfer of nitrate  ions from bulk solution to the surface 

of the adsorbent and shortened the adsorption equilibrium time (Bhaumik & Mondal, 2015). 

However, highest agitation speed slowly allows nitrate ions near the adsorbent surface to 

decrease  and makes adsorption to become low (Karimaian et al., 2013).  
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2.10 Adsorption Isotherm  

Isotherms are the equilibrium relations between the concentration of adsorbate on the solid phase 

and its concentration in the liquid phase (Kinniburgh, 1986). From these isotherms the maximum 

adsorption capacity at equilibrium qe (mg/g), (El Qada et al., 2006) can be calculated according 

to the equation;  

......................................................................(1) 

where Co and Ce (mg/L) are the liquid-phase concentrations of nitrate initially and at 

equilibrium respectively. V is the volume of the solution (L) and W is the mass of dry adsorbent 

used. These adsorption data has been subjected to Langmuir and Freundlich models as they are 

the most common isotherms describing solid-liquid adsorption system. 

Langmuir Adsorption Isotherm 

The Langmuir adsorption isotherm assumes mono layer adsorption onto a uniform adsorbent 

surface with energetically identical sorption sites  based on the following four assumptions 

(Jovanović & Janaćković, 1991);  

1) Adsorbent surface consists of a certain number of active sites (proportional to the surface 

area), at each of which only one molecule may be adsorbed. 

2) No lateral interaction between the adsorbed molecules, thus the heat of adsorption is 

constant and independent of coverage. 

3) The adsorbed molecule remains at the site of adsorption until it is desorbed(i.e. the 

adsorption is localized) and  

4) At maximum adsorption, only a monolayer is formed: molecules of adsorbate do not 

deposit on the other, already adsorbed, molecules of adsorbate, only on the free surface of 

adsorbent. 
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The linear form of Langmuir isotherm equation is given by:  

or    ............................(2) 

and then,  

 

Where Ce is the equilibrium concentration of the adsorbate (mg/L), qe is the amount of 

adsorbate per unit mass of adsorbent (mg/g), Q
o
 and b are Langmuir constants related to 

adsorption capacity and rate of adsorption. The constants can be determined from a plot of 1/qe 

versus 1/Ce, as 1/K is value of intercept, and 1/KQ
o 

is slope.  Further, the essential 

characteristics of the Langmuir isotherm can be described by a separation factor RL; which is 

defined by the equation: 

  ............................................................(4) 

Where Co is the initial concentration of nitrate (in ppm or mg/L) and b is the Langmuir constant 

(in g/L). The value of separation factor RL, indicates the isotherms shape and the nature of the 

adsorption process is unfavorable (RL>1), linear (RL=1), favorable (0< RL< 1) and irreversible 

(RL= 0) (Hanumantharao et al., 2011). 

Freundlich adsorption Isotherm 

The Freundlich’s isotherm reminds that of the Langmuir one, however, it differs by lack of the 

straight proportionality line between the amounts of the adsorbed substance, the gas pressure in 

the range of low pressures (Theodore & Ricci, 2010). It describes equilibrium adsorption on 

heterogeneous surfaces and hence does not assume mono layer capacity. The well-known 

logarithmic form of the Freundlich isotherm expression is given by the equation (Appel, 1973):  

  ...........................................(5)  
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KF and n are Freundlich constants with n giving an indication of how favorable the adsorption 

process is. KF ((mg/g) (L/mg) 1/n) is related with adsorption capacity of the adsorbent. The 

slope (1/n) ranging between 0 and 1 is a measure of surface heterogeneity, becoming more 

heterogeneous as its value gets closer to zero. A value for (n) below one indicates a normal 

Langmuir isotherm, while (n) above one is indicative of efficient adsorption (Mbadcam et al., 

2009).  

2.11 Adsorption Kinetics    

Adsorption kinetics is the measure of the adsorption uptake with respect to time at a constant 

pressure or concentration and is employed to measure the diffusion of adsorbate in the pores 

(Weber & Morris, 1963). Kinetic models are used to investigate the mechanism of sorption and 

potential rate controlling steps, which is helpful for selecting optimum operating conditions for 

the full-scale batch process (Meroufel et al., 2013). The adsorption mechanism depends on the 

physical and chemical characteristics of adsorbent and adsorbate, pH of medium, and contact 

time. The pseudo second order model has been commonly used to describe chemical adsorption 

process of pollutants from aqueous solutions in recent study. Linear regressions are  used to 

determine the best fitting kinetic model (Crini, 2008).  

Pseudo-first order kinetics which usually describes the initial stage of the adsorption process and 

pseudo-second-order kinetics which gives good description of the whole adsorption process and 

based on the adsorption capacity. The agreement between the models, predicted values and 

experimental data was expressed by the correlation coefficients (R
2
). Model with relatively high 

correlation coefficients value is fit for describing the adsorption kinetics process (Vadivelan & 

Kumar, 2005).  

Pseudo-first-order model 

The pseudo-first-order rate expression based on solid capacity is generally expressed as 

follows(Simonin, 2016).  
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Where, qe is the amount of adsorbate adsorbed at equilibrium (mg/g), qt is the amount adsorbed 

at time t (mg/g), k1 is the rate constant of first order adsorption (min
-1

). After integration and 

applying boundary conditions, t = 0 to t and qt= 0 to qe; the integrated form of equation (5) 

becomes:  

 

Value of adsorption rate constant k1 for the adsorbate adsorption onto adsorbent was determined 

from the straight line plot of log (qe – qt) against t.  

Pseudo-second-order model  

The pseudo-second order kinetic was presented as (Ho et al., 2005): 

.................................................. (8) 

Where, K2 is the rate constant of second order-adsorption (g/mg.min). For the same boundary 

conditions the integrated form of equation (8) becomes: 

  ..........................................................(9) 

The initial sorption rate, h (mg/ g. min), at t = 0 is defined as:  

 

Where, K2 and h values were determined from the slope and intercept of the plots of t/q against 

t. 
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3. MATERIALS AND METHODS 

3.1 Chemicals and Reagents  

All chemicals were analytical grade and collected from chemical shops in Addis Ababa. The 

chemicals used in this study include: Zinc sulfate heptahydrate  (ZnSO4.7H2O 99%, ACS, ISO, 

UK), Ethanol (96%, BP, UK), HCl (37%, BHD, Poole England),  Sodium hydroxide (NaOH 

99%, ISO 9001, China), Sodium Chloride salt, Potassium Nitrate (KNO3 99%, ACS, WKG 

Germany), pH 7 buffer solution (BDH), deionized water, distilled water and Zeolite powder 

detergent agent (Zeolite 4A 99.9%, China).  

3.2 Apparatus and Equipments 

The instruments and materials used in this study were: Fourier Transform Infrared Spectroscopy 

(FT-IR), X-ray diffraction (XRD), Scanning electron microscopy, (SEM) Ultra Violet-Visible 

Spectroscopy, ultraviolet spectrophotometer, Atomic Absorption Spectroscopy (AAS),Flame 

Photometer, pH-meter (Hach), Oven, Furnace (Heraeus), Mechanical shaker, round bottom flask 

(Borosilicate 250 mL), Waterbath, Desiccator, Sieve (0.2 mm),  Whatman no.1 filter paper, 

Graduated cylinder, volumetric flask (100 mL), Conical flask, Measuring cylinder, plastic bottle 

(150 mL), Icebox, digital balance, Cuvette (quartz), Micropipette, beakers  and glass road.    

3.3 Experimental Design 

 The experiment was carried out in batch by optimizing one parameter and kept constant for 

subsequent experiment. After optimization of all parameters, the adsorption efficiency of zeolite 

powder was compared to the prepared nanocomposites.  Finally, the optimized parameters was 

used to determine the isotherm and kinetics of nitrate removal by zeolite-ZnO nanocomposites.  

 

 

 

 

http://www.endmemo.com/chem/compound/znso47h2o.php
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Table 1. Experimental design  

Round 

 

Parameters to 

be optimized  

Dose of the 

nanocomposite

s (gram) 

pH Nitrate 

concentrati

on (mg/L)  

Contact 

time 

(min) 

Agitatio

n (rpm) 

1 Dose  0.1-2.5 7 100 60 200 

2 pH  Constant 3,5,7,9,11 100 60 200 

3 Initial  nitrate 

concentration   

Constant Constant 50-175 (for 

synthetic 

water) 

60 200 

4 Contact time Constant Constant Constant 20- 140 200 

5 Agitation speed Constant Constant Constant Constant 100-220 

6  Comparing 

removal 

efficiency of 

nitrate using  

zeolite powder 

and 

nanocomposites 

 

Constant 

 

constant 

 

constant 

 

constant 

 

constant 

7 Isotherm  Constant  Constant 50-175 (for    

spiked 

water) 

Constant Constant 

8 Kinetics Constant  Constant  Constant  20-140  Constant  

 

3.3.1  Preparation of Zeolite-Zinc Oxide nanocomposites 

The Zeolite powder was activated by ZnO through the following procedure. 5 gram of Zeolite 

powder was dispersed into 100 ml deionized water in a 250 ml round bottom flask volume. 

Equivalent amount of 5 wt % of ZnO ( 17.15 gram of ZnSO4.7H2O)  was added to the 

suspension to be in  1:1 ratio.  The slurry was stirred at 80 
o
C for 5 hours for ion exchange and to 

get Zn
2+

 exchanged Zeolite. The pH of suspension was adjusted to 11 by using diluted sodium 

hydroxide solution (0.1 M). After 2 h, the product was filtered and washed extensively by 

deionized water for removing the sulphate residual before dried at 60 
o
C overnight. Lastly, the 

final product calcined for 2 hours at 450 
o
C in furnace.   
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3.3.2 Characterization of  Zeolite powder  and zeolite-ZnO nanocomposites 

Particle size, functional group and morphology of Zeolite powder and zeolite-ZnO  

nanocomposites were characterized using Powder X-ray diffraction (PXRD), Fourier transform 

Infrared (FTIR) and Scanning Electron Microscope (SEM) respectively. 

3.3.3 Chemical characterization of Zeolite and Zeolite -ZnO nanocomposites  

The analytical methods used for chemical composition of the prepared nanocomposites include 

LiBO2 fusion, HF attack, Gravimetric, UV-Spectrophotometer, Colorimetric and Atomic 

Absorption Spectroscopy (AAS). Lithium Meta borate fusion (LiBO2) is a reagent used to melt 

(fuse) the sample in furnace at 95 
o
C for 45 minutes and this method was used for the final 

analysis of metal oxides such as  Iron Oxide, Calcium Oxide, Magnesium Oxide, Sodium Oxide, 

Potassium Oxide  and Manganese Oxide. HF attack method was used to break strong bonds of 

Silicon and oxygen by using Hydrofluoric acid for analysis by AAS. Phosphorus pentoxide and 

titanium oxide were analyzed by UV-spectrophotometer (Colorimetric method) and dihydrogen 

monoxide was analyzed by drying the sample in an oven at 105 
o
C over night. LOI (loss on 

ignition), was carbon dioxide gas lost on ignition in furnace at 950 
o
C for duration of 45 minutes.  

Cation exchange capacity of zeolite powder was determined using ammonium acetate saturation 

(AMAS) method. In this study, 5 gram of zeolite powder was measured and transferred to filter 

funnel placed on 250 mL volumetric flask. The sample washed 8 times with 25 mL of aliquot 

(1M ammonium acetate + 96% ethanol, in 1:1 ratio). The filtrate was marked to volume with 

distilled water, and the leachate kept for cation determination (Na, K, Ca, and Mg). 250 mL 

conical flask placed under filter funnel, the sample on the filter paper washed 4 times with 25 mL 

of ethanol to remove excess salt, and the filtrate discarded. The adsorbed ammonium was 

displaced by percolation with 10% sodium chlorides solution of saturated sample on the filter 

paper to make a total of 100 mL. Then the filtrate is collected in 250 mL plastic bottle.  This 

filtrate is used for cation exchange capacity determination by distillation. The leachate (NaCl 

percolate) filtrate was transferred from plastic bottles to a 500 mL Kjeldahl flask. 10 mL of 1N 

NaOH solution was added to the Kjeldahl flask and immediately connected to the distillation 

apparatus. About 75 mL of the NaCl percolate was distilled over the 15 mL of 0.2 N H2SO4 
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solution in the 250 mL erlenmeyer flask until the volume of filtrate was reach 100-150 ML 

within the erlenmeyer flask. Finally, the distillate was titrated with 0.1 N NaOH using methyl red 

indicator until color changes from purple to yellow.  

Calculation of CEC 

  ................................................(11) 

Where: 

a = mL of 0.1 N NaOH required for titration of sample 

b = mL of 0.1 N NaOH required for titration of blank 

S = weight of sample in gram (5 g) 

N = normality of the NaOH (0.1 N) 

mcf = moisture correction factor  

3.3.4 Particle size determination and phase identification 

Powder X-ray diffraction (PXRD) of diffraction energy between 0 to 700 intensity and 

diffraction angle (2θ) of 10 to 60 degree was applied to characterize zeolite powder and the 

prepared nanocomposites. According to Bragg's law (λ= 2d sin θ), a beam of x-rays with 

wavelength is diffracted by crystalline specimen, where d is the interplanar distance and λ is the 

wavelength of the X-rays. The intensity of the diffracted beam is measured as a function of the 

diffraction angle (2θ) and the specimen’s orientation. The diffraction pattern can be used to 

identify the phases and their structural characteristics.  

A shift in the X-ray peak positions indicates a change in d-spacing caused by a change in lattice constants. 

Inhomogeneous strains vary from crystallite to crystallite or even within a single crystallite. Since XRD 

gives averaged information from all such crystallite volumes, it leads to broadening of the 
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diffraction peaks, which increases with increase in sinθ. Peak broadening can also be due to the 

fine crystallite size, which is independent of sinθ (Pradeep et al., 2013).    

The crystallite size, D can be calculated using Scherrer's equation: 

 

where  D= crystallites size (nm), K = 0.9 (Scherer constant), λ = 0.15406 (wave length of the x-

ray source, and = Full Width at Half Maximum (FWHM) ,in radians, and θ= angle of 

diffraction.   

3.3.5 Functional group analysis  

The functional group of both zeolite and zeolite-ZnO nanocomposites was characterized using 

Fourier transform infrared (FT-IR). The FT-IR spectra was recorded in the range 500 to 4000 

cm
-1

 for both materials.  

3.3.6 Morphology 

The surface structure of both pure zeolite and prepared nanocomposites was imaged using 

scanning electron microscope (Joshi et al., 2008).  

3.4 Preparation of Nitrate Stock Solution 

Stock solution of nitrate (1000 mg/LNO3
-
) was prepared by dissolving 1.63 g of 99%  analytical 

grade KNO3  in distilled water. For appropriate dilution, 500 mg/L Potassium nitrate was 

prepared by measuring 125 mL of 1000 mg/L KNO3 into 500 mL volumetric flask. For spiked 

solution, different nitrate concentrations of 50 (mg/L), 75 (mg/L), 100 (mg/L), 125 (mg/L), 150 

(mg/L) and 175 (mg/L) were prepared by diluting  10 mL, 15 mL, 20 mL, 25mL, 30mL, and 35 

mL from 500 mg/L KNO3. The  standard solution were marked with distilled water.  
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 Estimation of Calibration Curve for nitrate ion analysis 

Standard working solutions were prepared by diluting 500 mg/L nitrate solution into 100 mg/L, 

and further diluted to 10 mg/L KNO3 solution. The standard solutions with different nitrate 

concentrations from 1 - 7 mg/L were prepared by diluting 10 mg/L KNO3 with distilled water.  

Table 2. Absorbance of standard solutions for Spectrophotometric analysis of nitrate.  

Standard solution 

of  NO3
- 
(mg/L) 

Absorbance 

at 220 nm 

Absorbance 

at 275 nm 

Net NO3
- 
absorbance 

(abs 220 nm - 2x abs 

275 nm) 

Blank 0 0 0 

 1.0 0.011 0.001 0.009 

 

2.0 0.022 0.002 0.018 

 

3.0 0.037 0.003 0.031 

 

4.0 0.049 0.004 0.04 

 

5.0 0.061 0.005 0.051 

 

6.0 0.072 0.006 0.06 

 

7.0 0.089 0.007 0.075 

 

Fig 1. Calibration curve for nitrate analysis using UV-Visible Spectrophotometer 
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3.5 Water Sample Collection 

The borehole water sample was collected from Dire Dawa city, east of Ethiopia. During 

sampling clean plastic container was used to protect the water from any contamination.  The 

plastic containers were brought into ice bag to maintain the temperature of water sample. Initial  

nitrate concentration in the water samples was measured  by UV-Visible Spectrophotometric 

method, according to Standard Method of Water and Wastewater analysis (Apha, 2005). The 

sampling area was shown on Figure 1.  

 

Fig 2. Map of groundwater Sampling area 
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3. 6 Characterizing water sample 

Nitrate concentration in aqua solution and groundwater was determined by a standard method 

called ―Ultraviolet Spectrophotometric Screening Method‖. It is APHA  method (4500 NO3
-
-B) 

that followed exactly the procedure described in the standard methods for the examination of 

water and wastewater, . This technique is used for screening samples that have low organic 

matter contents, i.e., uncontaminated natural waters and potable water supplies. Measurement of 

UV absorption at 220 nm enables rapid determination of nitrate ion in water. This is due to the 

fact that dissolved organic matter also may absorb UV radiation at 220 nm and nitrate does not 

absorb at 275 nm. A second measurement made at 275 nm may be used to correct the NO3
- 

value.  

Nitrate ion absorbance at 220 nm will be measured against distilled water background and at 275 

nm to determine interference with dissolved organic matter. Net absorbance due to NO3
-
ions will 

be calculated by the equation:  Absorbance due to NO3
-
 = Abs220 - [2×Abs275] 

3.7  Determination of Adsorption Efficiency  

Batch adsorption experiments were carried out at ambient conditions of pressure and temperature 

due to its simplicity and reliability. The batch adsorption studies were carried out at constant 

contact time. The amount of nitrate adsorbed on zeolite-ZnO nanocomposites known after 

comparing concentration of nitrate before and after treatment. The percentage removal of NO3
-
 

was calculated by the following equation: 

        

Where Co and Ce are the NO3
-
initial concentration (mg/L), and concentration (mg/L) at 

equilibrium respectively. 
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 3.8 Optimization of  Nitrate Adsorption  

For both nitrate concentrations in simulated and real water (groundwater),  several factors which 

can affect adsorption of nitrate on zeolite-ZnO nanocomposites were optimized. In all 

optimization process, 1mL of 1N HCl was added to the water in order to decompose organic 

matter available in the sample.  

3.8.1 Effect of nanocomposites dosage  

To investigate the effect of dosage on adsorption of nitrate ions, 0.1g –2.5 g of zeolite-ZnO 

nanocomposites was added into 50 mL of 100 mg/L spiked nitrate solution and 95 mg/L nitrate 

concentration of real water. The solution was adjusted to pH=7 using 0.1N Hydrochloric acid 

and 0.1M sodium hydroxide. After shaking for an hour at agitation speed of 200 rpm, each 

nitrate solution with varying adsorbent dosage were filtered using Whatman no.1filter paper.  

The nitrate concentration in the filtrate was analyzed immediately using UV-Visible 

spectrophotometer, the experiment was performed in triplicate and average result was used to  

calculate the amount of nitrate ion concentration removed.   

3.8.2 Effect of pH   

Adsorption of nitrate by zeolite-ZnO nanocomposites was investigated at pH 3, 5, 7, 9 and 11. In 

both simulated water with nitrate concentration of 100 mg/L and real water with 95 mg/L nitrate 

concentration, 50 mL was measured into 150 mL plastic bottles. The pH varied as desired, by 

using 0.01N HCl and 0.01M NaOH.  After the desired pH fixed for nitrate solution, the 

optimized dose of the nanocomposites was added to the solutions and shaken for an hour at 

agitation speed of 200 rpm. The content was filtered using Whatman no.1filter paper. The nitrate 

concentration in the filtrate was analyzed immediately using UV-Visible spectrophotometer. The 

experiment was performed in triplicate and average result was used to calculate the amount of 

nitrate concentration removed.   
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3.8.3 Effect of Initial nitrate ion concentration  

In simulation experiment, effect of initial nitrate ion concentration on the adsorption process was 

investigated by taking  nitrate solutions with different concentrations (50 mg/L, 75 mg/L, 100 

mg/L, 125 mg/L, 150 and 175 mg/L). For the removal of nitrate from groundwater, 95 mg/L of 

nitrate concentration was  diluted with distilled water to 50 (mg/L), 65 (mg/L) and 80 (mg/L). In 

both cases 50 mL nitrate solution was measured into 150 mL polyethylene plastic bottle, 

adjusted to optimized pH and mixed with optimized dose of nanocomposites. The mixture were 

shaken for an hour at agitation speed of 200 rpm. Finally the content was filtered using Whatman 

no.1filter paper and the absorbance of filtrates was recorded and amount of nitrate removal was 

determined using UV-Visible spectrophotometer.  

3.8.4 Effect of contact time  

The effect of contact time was investigated by measuring50 mL of optimized initial nitrate 

concentrations of both aqua solution  and groundwater sample  into 150 mL polyethylene plastic 

bottle. The solution was adjusted to the optimized pH, and  optimized dose of zeolite-zinc oxide 

nanocomposites was added to each bottles.  The content was shaken for time interval  20 minutes 

to 180 minutes at agitation speed of 200 rpm. Lastly, the content was filtered using Whatman 

no.1filter paper  and the absorbance of filtrates was recorded and amount of nitrate removal was 

determined using UV-Visible spectrophotometer.  

3.8.5 Effect of Agitation  

Effect of agitation was studied under constant dose of nanocomposites, water pH, nitrate 

concentration and contact time. In this experiment 50 mL of nitrate solution  (in both simulation  

and real water experiment) was measured into 150 mL polyethylene plastic bottle.                   

The content was shaken for an hour at agitation speed  in the range of 100 rpm -220 rpm.      

After shaking, the content was filtered using Whatman no.1 filter paper, the 

nitrate concentration remained within the filtrate was determined by UV-Visible 

spectrophotometer.  
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3.8.6 Comparing  adsorption Efficiency of   zeolite powder  and zeolite-ZnO 

nanocomposites  

Nitrate adsorption efficiency of both zeolite powder and prepared nanocomposites was 

investigated in both spiked and real water nitrate concentration with all optimized parameters. 

During this study 50 mL of optimized initial nitrate concentration was added into 150mL 

polyethylene plastic bottle with all optimized parameters (dosage, pH, contact time, and 

agitation).  After shaking, the content was filtered and absorbance of nitrate was run using UV-

Visible Spectrophotometer.   

3.9  Adsorption Isotherm and Kinetic Study 

To establish the adsorption capacity of zeolite-ZnO nanocomposites,  experimental data was 

fitted against two parameter isotherm equations (Langmuir, and Freundlich, isotherm equations). 

The adsorption isotherms were done to relate the adsorbate concentration in the bulk and the 

adsorbed amount at the interface or to describe distribution of metal ions between the liquid 

phase and the solid phase. The isotherm results were analyzed using the Langmuir, and 

Freundlich isotherms. The kinetics of Nitrate ions adsorption process onto zeolite-ZnO 

nanocomposites was analyzed using pseudo-first-order and pseudo second- order kinetic models.  

Adsorption Isotherm  

For nitrate spiked water, equilibrium isotherms were studied by taking 50 mL of nitrate solution 

of 50, 75, 100, 125, 150 and175 mg/L in 150 mL white polyethylene plastic bottles. These  all 

done under constant parameters.  The obtained adsorption equilibrium data for adsorption of 

nitrate onto zeolite-ZnO nanocomposites was analyzed using Langmuir and Freundlich isotherm 

models. The two models was used to describe the relationship between the amounts of nitrate 

adsorbed and its equilibrium concentration in solution. The nitrate concentration was analyzed 

using UV-Visible spectrophotometer at net of  220 and 275nm. The adsorption capacity at 

equilibrium qe (mg/g) was calculated according to equation 
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Where Co and Ce (mg/L) are the liquid-phase concentrations of nitrate initially and at 

equilibrium respectively. V is the volume of the solution (L) and W is the mass of dry adsorbent 

used (gram).  The same procedure was followed for real water, but concentration of nitrate was 

varied by dilution as 50, 65, 80  and 95 mg/L. 

Kinetic study  

Kinetic models have been used to investigate the mechanism of sorption and potential rate 

controlling steps, which is helpful for selecting optimum operating conditions for the full-scale 

batch process (Meroufel et al., 2013). Kinetic study of the adsorption was conducted at constant 

nanocomposite dose, pH, nitrate concentration, contact time and agitation speed. This is done by 

taking 50 mL of nitrate solution with initial concentration of 50 mg/L in 150 mL polyethylene 

plastic bottles. 1mL of 1N HCl was added to each solution to decompose available organic 

matter in the water. Solutions were shaken, withdrawn,  filtered and analyzed by UV-Visible 

spectrophotometer  at time interval of 20, 40, 60, 80, 100, 120 and 140 minutes. For the kinetics 

of nitrate adsorption on zeolite-ZnO nanocomposites,  two kinetic models were applied. The 

agreement between the models, predicted values and experimental data was expressed by the 

correlation coefficients (R
2
). Model with relatively high correlation coefficients value is fit for 

describing the adsorption kinetics process (Vadivelan & Kumar, 2005). The same procedure was 

followed for the kinetics of nitrate adsorption from groundwater on zeolite-ZnO nanocomposites. 

3.10 Data Analysis 

All data generated were average triplicate and analyzed using Microsoft excel. PowDLL 

software was used to convert the XRD and FT-IR data into excel form. ImageJ-software was 

used to analyze the SEM images of both zeolite powder and the prepared nanocomposites. 

Origin 8 software was used in plotting graphs and patterns of XRD and FT-IR data. Then  the 

particle size and phase identification was done using Match software version 2.  
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4. RESULTS AND DISCUSSION 

4.1Characteristics of zeolite and zeolite-ZnO nanocomposites 

4.1.1 Chemical Characteristics   

Zeolite powder have Cation exchange capacity of 17 meq/g, electrical conductivity of 0.0536 

millisimens (mS) and pH of 10.6. The chemical composition of Zeolite-ZnO nanoparticle are 

shown in Table 3. The composition are shown as oxides and the major composition was SiO2 

(16.4%), followed by ZnO (10.6%),CaO (8.04%) and MgO (6.4%). It contain also Fe2O3 (1.2%), 

Na2O (1.76%), K2O (0.26%) and MnO (0.16%). In addition, the nanoparticle contain small 

amount of Al2O3, P2O5 and TiO2.  

Table 3 Chemical composition of Zeolite-ZnO nanocomposites (%) 

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O MnO ZnO P2O5 TiO2 H2O LOI 

16.4 0.01 1.2 8.04 6.4 1.76 1.26 0.16 10.6 0.01 0.01 1.27 12.5 
 

4.1.2 Phase Identification and particle size determination 

The PXRD test was performed for both zeolite powder  and the prepared nanocomposites (Fig.3 

A and B). The pattern shows that the zeolite peaks (Fig.3A) have a typical hexagonal shape  

referring to the Ref code 96-153-5999 data. Moreover, new peaks appeared on zeolite-ZnO 

pattern (Fig 3B)  are belong to Zinc Oxide.  

In the patterns of Zeolite-Zinc Oxide nanoparticle (Fig.3B), the changing of relative peaks 

intensity and small shift to the higher diffraction angles indicate the small compression of zeolite 

without changing hexagonal crystalline structure in the presence of ZnO nanocomposites. This is 

referred to the Ref code 96-230-0115.  The new peak appeared at 36.4
o
 with miller Indices value 

(101) is related to the Zinc Oxide (Fereshteh et al., 2013). Any ZnO nanoparticle peaks were not 

observed in the XRD pattern of zeolite-zinc Oxide nanoparticle above 60
o
, meaning that the ZnO  

nanoparticle is confined inside the zeolite (Wang et al., 2016).  
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               Fig. 3 A) X-ray diffraction pattern of Zeolite  

 

Fig. 3 B) X-ray diffraction pattern of zeolite-ZnO nanocomposites 
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Particle size of the zeolite powder and average crystallite sizes of the prepared nanocomposites 

were calculated using Scherrer equation. The peaks were selected based on their intensities.  

Table 4. Particle size of zeolite 

No. of peaks 

with 

maximum  

Intensity 

Peak positions 

(2 Theta) 

FWHM 

(radians) 

Crystallite size 

(nm) 

1 31.48 0.24 35.91  

 

Fig 4. Maximum peak of Zeolite for particle size calculation 

Table 5. Average crystallites size of zeolite-ZnO nanocomposites  

No. of 

maximum 

peaks 

Peak positions 

(2 Theta) 

FWHM 

(radians) 

Crystallite size 

(nm) 

Average 

Crystallites size 

(nm) 

 

4 

30.3 1.37282 6.26  

13.12 nm  
33.58 0.7818 11.08 

36.92 0.7669 11.4 

57.26 0.39789 23.77 
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Fig 5.Maximum peak of zeolite-ZnO nanocomposites selected for average crystallites size 

calculation 

4.1.3 Functional group  Analysis 

The FT-IR patterns of both zeolite and the prepared nanocomposites were shown on Figure 6. On 

Figure 6A, the vibration bands at 3349 cm
-1

 and 1648 cm
-1

 represent O-H stretching  due to the 

H2O interporous structure of hydrogen bonding. The other band at 965 cm
-1

 and 548-459 cm
-1

 

represents the stretching vibration of Si-O and Si-O-Si bending vibration respectively (Shameli 

et al., 2011).  

By comparing the FT-IR spectrum of the prepared nanocomposites  (Fig.6B) with that of Zeolite 

spectrum (Fig 6A), it can be concluded that small decrease in the peak intensity;  broadening and 

shifting the peak at 357 cm
-1

 to 353 cm
-1

 is evident for presence of Zinc Oxide nanoparticle and 

can be assigned to Zn-O bond in the Zinc Oxide nanoparticle (Lihitkar et al., 2012). The 

decreasing in the peak intensities and small shift in the positions of the peaks in FTIR spectrum 

indicated that Zinc Oxide nanoparticles were precipitated on the crystal structure in porous 

system of Zeolite. These results agree with previous reported study (Meneau et al., 2003).  
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Fig 6A. Fourier transform infrared spectra of  Zeolite powder 

 

Fig 6B. Fourier transform infrared (FTIR) spectra of prepared Zeolite-ZnO nanoparticle 
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4.1.4 Morphology 

Figure 7 shows the scanning microscope images of both zeolite and zeolite-ZnO 

nanocomposites. The image of zeolite (Fig 7A) demonstrates smooth surface and the typical 

cubic structure for zeolite which is a cubic shape.  On the other hand, the surface of  the zeolite-

ZnO nanocomposites has granular shapes, which indicates the attachment of Zinc Oxide 

nanocomposites on  the surface of zeolite (Fig.7B) (Samaele et al., 2010). There are also some 

white colour on the SEM image of the prepared nanoparticle  which is due to the present of ZnO 

nanocomposites well distributed and attached in zeolite (Zhang et al., 2018).  

  

   

Fig. 7A) SEM images of zeolite powder 
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Fig.7B) SEM images of Zeolite-ZnO nanocomposites  
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4.2. Effect of different parameters on Adsorption of nitrate from Spiked water  

4.2.1 Effect of nanocomposite dose 

Figure 8 shows the variation of nitrate removal by different dosage of zeolite-ZnO 

nanocomposites.  In this study, the maximum nitrate removal efficiency (90%) was observed at 

optimum dose of 0.5 g nanocomposites.  The initial increase in adsorption capacity from 64 -

90%  is attributed to the larger surface area and more adsorption sites that introduced by 

increasing the number of adsorbent particles from 0.1 to 0.5 g. On the other hand, the decrease in 

the percentage of adsorption ( from 90-79.5%) with increasing the adsorbent dosage from 0.5  to 

2.5 g  was  due the aggregation of active sites (high adsorbent dose) as a result the surface area of 

the adsorbent will decrease, it may also be due to either the insufficiency of nitrate ions in 

solution comparing to the available binding sites or interference between higher adsorbed dose 

and binding sites.  

Studies shows that using granular activated carbon  modified with iron Nanoparticle, the nitrate 

removal efficiency from water was increased from 63.8 to 82.85% when the mass of adsorbent 

increased from 0.2 to 1.0 g (Kamarehie et al., 2018). It is also reported that Fe2O3 

nanocomposites coated on activated carbon had maximum nitrate removal efficiency (95.56%) at 

dosage of 0.53 g (Mehrabi et al., 2015). 
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Fig 8. Effect of Zeolite-ZnO nanocomposites dose on the nitrate removal from synthetic  

water  

4.2.2 Effect of pH 

Figure 9 shows effect of variation in pH on the removal of nitrate from synthetic water. The 

removal efficiency of nitrate increased in the range of pH 3-5 from 89 % and 93.5% respectively. 

It is known that zeolite-ZnO nanocomposites is a metal oxide adsorbent containing different 

types of metal oxides in the structure.  The increase in H+ concentration promoted the electron 

transfer between ZnO and nitrate ions, and consequently can result the formation of hydroxyl ion 

precipitate on the surface of zeolite.  At pH 3, interaction of hydrogen ion with hydroxylated 

surfaces might decreased the removal efficiency. This is because of these oxides might develop 

charge on the surface and deactivate the nanoparticle surface. The interaction between nitrate ion 

and metal oxide can be modeled by assuming ligand exchange reactions as: 

MO + H
+ 

↔ MOH ...............................................(1) 

MOH + H
+   

↔  MOH2
+
 .......................................(2) 

MOH2
+ 

  NO3
-
  ↔ MOH-NO3

-
  or MNO3 + H2O ..........................(3) 

                  (where M represent metal ions (Na and K in the synthetic zeolite). 
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Highest nitrate removal observed at pH 5 (93.5%) was due to low concentration of H+ in the 

solution that might promote rapid interaction of nitrate ion with metal ions. On the other hand, 

higher nitrate removal (86 %) at neutral pH was due to adsorption of free nitrate on the surface of 

zeolite.  In the pH range of  9-11, the nitrate removal is decreased from 73% to 64%. This 

correlated with presence of hydroxyl ions that compete with nitrate ion for the active sites. In 

other words the active sites might be  precipitated at high pH  by reacting with hydroxyl ion.   

Other study revealed that removal  of  50 mg/L nitrate from spiked water  using 1.0 gram of  

nanoscale zero-valent iron at pH 4 increased the removal efficiency increased to 80% at 1 hour of 

equilibrium time (Ziajahromi, et al.,2012).  

 

                        Fig 9. Variation of nitrate removal at different pH values 

4.2.3 Effect of initial nitrate concentration 

Figure 10 shows the variation of nitrate removal efficiency with variation of nitrate 

concentration. The removal efficiency of nitrate was decreased as nitrate concentration increases 

from 75 mg/L -175 mg/L. This might be due to the limitation of adsorption sites on the adsorbent 
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surface. The obtained higher uptake of nitrate at low concentration (95%), w might be related to 

the availability of more active sites.  

It is reported that using 0.6 g of granular activated carbon modified with iron nanocomposites 

maximum nitrate removal efficiency was increased for initial nitrate concentration between 

25mg/L-100 mg/L, but decreased and gradually became constant  when the initial nitrate 

concentration went beyond 100 mg/L (Kalantary et al., 2016).  

 

 

Fig 10. Effect of variation in nitrate concentration on removal efficiency 

4.2.4 Effect of contact time 

Effect of variation in contact on nitrate removal was shown on figure 11. Nitrate removal 

efficiency slightly increased from 89 to 91% as contact time increased from 20 minute to 40 

minute. This might be due to the a large number of vacant surface sites are available for 

adsorption at the initial stage. When the contact time increased from 80 minutes to 140 minutes, 

nitrate removal has slightly decreased and became constant. might  This phenomenon might be 
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attributed as remaining vacant surface sites are difficult to be occupied due to repulsive force 

between the solute molecules on the solid and bulk phases . The high removal  efficiency of 

nitrate (94.5) was observed at contact time of 60 minutes. This shows the adsorption  reached 

equilibrium time.  

Other study also reported that reduction of nitrate by copper-coated zerovalent iron  

nanocomposites resulted in more than 80% nitrate reduction in the equilibrium time within 

1 hour (Sparis et al., 2013). 

 

 

Fig 11. The effect  of contact time variation on the  nitrate removal efficiency  

4.2.5 Effect of agitation  

Figure 12  shows effect of shaking speed on the nitrate removal efficiency. The obtained result 

suggested that highest uptake of nitrate was takes place between 140 rpm - 180 rpm with 92% 

nitrate removal efficiency. At the beginning of 100 - 120 rpm, the adsorption process increased 
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until 140 rpm. This might be due  to low shaking speed that leads to low collision between 

nitrate and active surface of adsorbent. Agitation speed after 180 rpm decreased the removal 

efficiency from 92 to 87%. This might be due to high collision between the nanoparticle and 

nitrate ion. This can allow nitrate adsorbed on the surface to dissolve back.  As shaking speed 

increased from 140 -180 rpm,  the adsorption became constant (92% removal). This might 

indicate average shaking speed that led  the adsorption to equilibrium.  

 

Fig 12. Effect of agitation variation  on the removal of nitrate   

4.2.6 Comparison between  adsorption efficiency of  zeolite powder and 

zeolite-ZnO nanocomposites 

Nitrate removal efficiency of both zeolite powder and zeolite-ZnO nanocomposites shown on 

Figure 13. This comparison was performed using optimized parameters. It is observed that 

zeolite powder has lower removal efficiency (70.3%). This is might be due to low surface area of 

the zeolite powder (35.91 nm) than the prepared nanocomposites. In addition, interaction of 

nitrate ion with active sites of zeolite powder might be limited to few functional groups of metal 

oxides.   However,  high nitrate uptake  (91.7%) of zeolite-ZnO nanoparticle observed from the 
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experiment. This is due to presence of  ZnO nanoparticle on the surface of zeolite  that increased 

amphoteric character of adsorbent surface.  This phenomenon might be also related to high 

surface area of the nanoparticle (low crystallite  size, (13.12 nm). The statistical analysis (table 6 

) also indicates that here is significant difference between zeolite and zeolite-ZnO nanocomposite 

for the nitrate removal (p<0.05).  

 

 

Fig 13. Nitrate removal efficiency of pure zeolite and zeolite-ZnO nanocomposites 

Table 6. Statistical analysis of zeolite and zeolite-ZnO nanocomposite for nitrate removal 

from spiked water 

ANOVA 

Removal 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between Groups .070 1 .070 136.29

0 

.000 

Within Groups .002 4 .001   

Total .072 5    
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4.3 Adsorption isotherms 

The obtained adsorption equilibrium data for adsorption of nitrate onto zeolite-ZnO 

nanocomposites was shown in table 7. The data was analyzed using both Langmuir and 

Freundlich isotherm models, which correspond to homogenous and heterogeneous adsorbent 

surfaces, respectively.  

Table 7. Effect of nanocomposite concentration on the removal of nitrate and calculation of 

adsorption isotherms 

Nitrate 
concentration 
(mg/L) 

Ce Qe % 
removal 

Ce/qe Log Ce Log qe 

50 2.5 4.75 95 0.526 0.3797 0.6766 

75 5.55 6.945 92.6 0.799 0.740 0.8416 

100 10.5 8.95 89.5 1.17 1.0211 0.951 

125 20 10.5 84 1.904 1.301 1.0211 

150 30 12 80 2.5 1.477 1.079 

175 40.25 13.47 77 2.988 1.604 1.129 

Adsorption Isotherm modeling  

Adsorption isotherm of nitrate removal by zeolite-ZnO nanocomposite has shown on figure 14. 

In this study, adsorption isotherm was conducted for different initial nitrate concentrations at 

pH5, 0.5 g adsorbent dose,  60 min contact time and agitation speed of 160 rpm.  
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Fig 14. Adsorption isotherm of nitrate onto zeolite-ZnO nanocomposites 

4.3.1  Langmuir Adsorption Isotherm 

As shown on figure 15, Langmuir isotherm  plotted by fraction of equilibrium concentration of 

nitrate in the water with equilibrium concentration of nitrate at adsorbent site against equilibrium 

nitrate concentration in the water.  

 

Fig 15.Langmuir plot for  nitrate adsorption onto zeolite-ZnO nanocomposites  
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4.3.2 Freundlich adsorption Isotherm  

The graph of Freundlich isotherm plotted as logarithm of nitrate adsorbed  at equilibrium on the 

nanocomposites versus logarithm nitrate concentration in the solution at equilibrium (Fig.16) 

 

Fig 16.Freundlich plot for nitrate adsorption onto  zeolite-ZnO nanocomposites  

Table 8 - Freundlich and Langmuir Isotherm data 

Langmuir Isotherm Freundlich Isotherm 

                                                          Parameters 

RL Qo (mg/g) b (L/mg) R
2
 KF(mg/g) L/mg)

1/n
 n R

2
 

0.012 7.3 0.12 0.990 1.4 1.24 0.844 

From Table 8 it can be seen that the value of n= 1.24 that is in range set by Freundlich model 

which is between 1 and 10 showing favorable adsorption of nitrate onto the zeolite-ZnO 

nanocomposite prepared in this study. At the same time, the separation factor RL = 0.012, is in 

the range 0 < RL < 1, which indicates a favorable adsorption process. In view of correlation 

coefficient, R
2
 value for Langmuir more close to 1 than the value for Freundlich model and thus 

the data best fit with Langmuir model. This suggests there is homogenous adsorption of nitrate 

on the zeolite-ZnO nanocomposites. 
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4.4 Adsorption kinetics 

For the kinetics of nitrate adsorption onto zeolite-ZnO nanocomposites two kinetic models were 

applied. Pseudo-first order kinetics which usually describes the initial stage of the adsorption 

process and pseudo-second-order kinetics which gives good description of the whole adsorption 

process and based on the adsorption capacity. The agreement between the models, predicted 

values and experimental data was expressed by the correlation coefficients (R
2
). Model with 

relatively high correlation coefficients value is fit for describing the adsorption kinetics process.  

In this study, adsorption kinetics was conducted with 50 mg/L nitrate solution of pH 5, 0.5 g 

nanocomposites dose, agitation speed at 160rpm and qe = 4.75 (from batch adsorption) at 

different time intervals.  The experimental result was summarized in the table 9. 

Table 9. Calculated Data for Adsorption Kinetics 

time(min) removal 

(%) 

(mg/l) 

in 

filtrate 

Ce(mg/L) qe(mg/g) qt qe-qt ln(qe-

qt) 

t/qt 

20 88 12 6 4.75 4.4 0.35 -1 4.54 

40 90 10 5 4.75 4.5 0.25 -1.38 8.88 

60 93 7 3.5 4.75 4.65 0.1 -2.3 12.9 

80 91 9 4.5 4.75 4.55 0.2 -1.6 17.6 

100 88 12 6 4.75 4.4 0.35 -2.94 22.7 

120 87 13 6.5 4.75 4.35 0.4 -3.9 27.58 

140 87 13 6.5 4.75 4.35 0.4 -3.9 32.18 

4.4.1 Pseudo-first order  

Pseudo-first order plot and rate constants of nitrate sorption onto zeolite-ZnO nanocomposites 

was shown on figure 17 and table 10 respectively.   The value of adsorption rate constant k1, for 

the adsorbate adsorption onto adsorbent was determined from the straight line plot of ln (qe – qt) 

against t.   
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Fig 17. Pseudo-first order plot of nitrate sorption onto zeolite-ZnO nanocomposites 

Table 10. Pseudo first order model rate constants for zeolite-ZnO nanocomposites 

R
2
 K1 qe 

(mg/g) 

Nitrate concentration 

(mg/L) 

Dose of zeolite-ZnO 

nanocomposites (gram) 

0.875 0.03 4.75          50          0.5  

From table 10, it can be concluded that, the data were fitted with a poor correlation coefficient 

(R
2
=0.851), indicating that the rate of removal of nitrate ion onto the nanocomposites  does not 

follow the pseudo-first-order equation. 

4.4.2 Pseudo-second-order model 

Pseudo- second order plot of nitrate sorption onto the nanocomposites and rate constants were  

shown on figure 18 and table 10 respectively.  The value of adsorption rate constant, K2 and h 

for the adsorbate adsorption onto adsorbent was determined from the slope and intercept of the 

plots of t/q against t.  
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Fig 18. Pseudo-second order plot of nitrate sorption onto zeolite-ZnO nanocomposites 

Table 11. Pseudo -second order model rate constants for Zeolite-ZnO nanocomposites. 

R
2
 h K2 qe(mg/g) NO3

-
 concentration 

(mg/L) 

Dose of zeolite-ZnO 

nanocomposites (gram) 

0.998 5.12 0.227 4.65          50            0.5  

 Table 11 shows the sorption of nitrate onto the nanocomposites which followed the pseudo-

second-order kinetic model. This is due to good correlation coefficient (R
2
= 0.998). A good 

agreement with this adsorption model was confirmed by the similar value of calculated qe and 

the experimental one. The best fit to the pseudo-second order kinetic indicated that the 

adsorption mechanism depended on the adsorbate and adsorbent which is in agreement with the 

reported by Lima et al., (2008). 
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4.5 Comparison of different Adsorbents and their Optimum Parameters for Nitrate 

Removal from Spiked water 

Several studies conducted to remove nitrate from water using different optimum parameters were 

discussed in this section. 

 For example, Bhatnagar et al (2010) studied that a 50 % of 10 mg/L initial nitrate concentration 

was removed using 1.0 gram of Nano-alumina at pH 4.4 and contact time of 1 hour. In this study, 

the dose of nano-alumina is high in relation to the nitrate concentration and not economically 

feasible as the removal efficiency was small. At pH 5.1, activated carbon composited with  Fe2O3 

of 0.53 gram dose have removed 95.56% of 69 mg/L nitrate with contact time of 1 hour (Mehrabi 

et al., 2015). It is feasible economically and technically due to higher removal with low 

adsorbent dosage. High nitrate concentration from water can be removed by this method only at 

stated pH value.  

Other study by Teimouri et al., (2016) showed that 0.5 gram of Chitosan/Zeolite/nano ZrO2  

removed 82.5% of 10 mg/L nitrate at pH 3 and contact time of 30 minutes. It is clear that the 

adsorbent is not able to  remove higher nitrate concentration at the stated dose. On the other 

hand, this work cannot be applied for drinking water treatment as the process needs acidic media.  

It is also not applicable in wastewater treatment due to the adsorbent is limited to low nitrate 

concentration.  

Dosage of 4.0 gram Granular activated carbon modified by NaOH removed 76% of 40 mg/L 

nitrate at pH 5 and contact time of 2 hours was studied by  Mazarji et al., (2017). In this study  

the removal efficiency was limited to slightly acidic pH. Hence, it cannot also be used to treat 

nitrate contaminated drinking water. High consumption of adsorbent and  long contact time may 

trigger dissociation of the adsorbed nitrate on the surface.  

Another study by Kamarehie et al., (2018) showed that in more acidic media (pH2) and 40 

minutes of contact time, 1.0 gram of Granular activated carbon modified with iron 

nanocomposites was able to remove 97.76% of 150 mg/L initial nitrate concentration in aqua 

solution. In this study the high nitrate removal, short contact time and low adsorbent dose along 

the high initial nitrate concentration make this process the best method for high nitrate removal. 
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However, acidic media of the adsorption process can limit to use this method for treating nitrate 

contaminated drinking water.  

In this study 0.5 gram of zeolite-ZnO nanocomposites removed 95% and 81% of 50 mg/L initial 

nitrate concentration in nitrate spiked water within 1 hour contact time at pH 5 and 7 

respectively. The pH range, shortage of contact time and removal of high nitrate concentration 

makes this experiment more relevant than other studies discussed above.  This work implies 

prepared nanocomposites can remove nitrate from real water . It would be also applicable to 

remove nitrate ion form wastewater at desired pH in remediation of the environment.  

4.6   Nitrate Removal from Ground water using Zeolite-ZnO   

Nanocomposites  

Before nitrate removal experiments, the water sample were characterized.   

Table 12.Physico-chemical characteristics of the water sample 

Parameter Unit Test Method (APHA 

20
th

 Edition) 
Standard Results 

Turbidity NTU 2130B 5.0 
(a)

 0.26 

Total Dissolved Solids (TDS) mg/L 2540C 1000
(a)

 838.00 

Electrical Conductivity (EC) at 

25 
o
C 

μS/cm 2520B 1400 
(b)

 1202.00 

pH at 25 
o
C - 4500-H

+
B 6.5-8.5

(a)
 7.22 

Total Alkalinity as CaCO3 mg/L 2320B 200
(a)

 300.00 

Total Hardness as CaCO3 mg/L 2340C 300
(a)

 496.00 

Total Silica (SiO2) mg/L 4500- SiO2B - 21.41 

Ammonium ion, NH4
+
 mg/L 4500-NH3 B 1.5

(a)
 1.55 

Sodium ion, Na
+
 mg/L 3500- Na

+
 B 200

(a)
 50.00 

Potassium ion, K
+
 mg/L 3500- K

+
B 1.5(

 a)
 27.50 

Calcium ion, Ca
2+

 mg/L 3500-Ca B 75(
 a)

 121.84 

Magnesium ion, Mg
2+

 mg/L 3500-Mg  B 50
(a)

 46.69 

Chloride ion, Cl
-
 mg/L 4500-Cl

-
B 250

(a)
 91.97 

Nitrite ion, NO2
-
 mg/L 4500-NO2B 3.0

(a)
 0.02 

Nitrate ion, NO3
-
 mg/L 4500-NO3B 50

(a)
 95.38 

Bicarbonate ion, HCO3
-
 mg/L 2320B - 366.00 

Flouride ion, F
-
 mg/L 4500-F D 1.5

(a)
 0.41 

                                        (a) = Ethiopian Standard, (b) = WHO Guideline  
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4.6.1 Effect of different parameters on removal of nitrate from Groundwater 

using Zeolite-ZnO nanocomposite 

 4.6.1.1 Effect of zeolite-ZnO nanocomposite dose 

Variation of nitrate removal efficiency with different doses of zeolite-ZnO nanocomposites was 

shown on figure 19. There is increase in removal of nitrate when the dose increased from 0.1-

0.25 gram. This resulted increase in removal efficiency (62 -75%) and it might be due to addition 

of more free active sites of the nanocomposites with the dose. However, as adsorbent dose 

increased from 1.0 to 2.5 gram, the removal efficiency decreased from 85 to 66 %. This might be 

due to the aggregation of high adsorbent dose. The aggregation can result  overlap of active sites 

on the nanoparticle surface (Farasati et al., 2013).  Higher uptake of nitrate (87%) at 0.5 g dose 

of the nanoparticle indicates the adsorption process reached the equilibrium. Therefore, 0.5 gram 

dose of the nanocomposites was selected for all subsequent experiments. In spiked water, nitrate 

removal efficiency was 90 % which might be indicate the interference of chlorine on nitrate 

removal from groundwater to decrease.  

It is also reported that, Zerovalent iron supported on Polystyrene resins of 2.4 gram removed 

975% of initial 50 mg/L nitrate concentration at pH 5 (Jiang et al., 2011) 

 

Fig 19. Effect of the nanocomposites dose on the removal of nitrate from groundwater 
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4.6.1.2 Effect of pH   

The effect of water pH ranging from 3-11 on nitrate removal were presented in figure 20. In 

acidic range the removal efficiency increased from 80 to 89%. The intervention (competence for 

active site) of rival anions such as chloride ion and carbonate might decreased the removal 

efficiency at pH value of 3. As pH value raised from 7-11 the nitrate removal efficiency 

decreased from 84 to 62%. This factor might also be played a role for the decrement of nitrate 

removal efficiency when compared to the nitrate spiked water which was 93.5% removal. 

Formation of hydroxyl ion during adsorption process might be the reason for the small 

decrement in removal efficiency. High nitrate removal at pH value of 5 might be due to low 

concentration of hydrogen ion in the solution that made nitrate ion free for adsorption. Based on 

these facts, pH 5 was selected for other subsequent expeeriments.  

Other study revealed that at pH value of 5.5 above 90% of  10 mg/L nitrate was removed from 

water using 5-200 mg dosage of amino-silica coated magnetic nanocomposites modified with 

Ni(II)- metalloporphyrin (Poursaberi et al., 2012).  

 

Fig 20. The pH influence on the removal efficiency of nitrate  
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4.6.1.3  Effect of initial nitrate ion concentration 

Figure 21 point up the influence of initial nitrate concentration on removal efficiency. High 

removal efficiency was related to low concentration of nitrate (50 mg/L). This high uptake of 

nitrate at low concentration might be due to the availability of more active sites on the 

nanocomposites' surface in relation to smaller number of nitrate ion. Removal efficiency of the 

nitrate decreased with concentration increasing from 65 - 95 mg/L. This might be due to 

occupation of active sites on the nanocomposites and excess nitrate ions remain in the solution.  

Therefore, nitrate concentration of 50 mg/L was selected for the remain subsequent experiments. 

 

Fig 21. Variation of initial nitrate ion concentration the removal efficiency  
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4.6.1.4 Effect of contact time 

 

The influence of contact time variation  on the removal efficiency of nitrate was shown on figure 

22. At the beginning the removal efficiency increases with contact time until 60 minutes. This 

phenomenon might be due to more contact chance of nitrate with nanocomposites is getting to 

equilibrium. The removal efficiency was  then slightly decreased and becomes constant until 100 

minutes.  

In other study removal of  60 mg/L nitrate by 0.5 gram of Fe
0
/Pd/Cu nano-composite in 

groundwater at pH 5 was revealed the removal efficiency of 61.73% at contact time of 60 

minutes ( Liu et al., 2014). 

 

Fig 22. Effect of contact time on the   sorption of nitrate onto  zeolite-ZnO nanocomposites.  

 

 



62 
 

4.6.1.5  Effect of Agitation  

 

Figure 23 shows effect of different shaking speed on nitrate removal efficiency. Shaking speed 

from 100 to 140 indicates increase in removal efficiency. This might be due to increasing of 

contact chance between the active sites of nanocomposites and nitrate ion. As shaking speed 

increased from 180 to 220 rpm removal efficiency slightly decreased from 90 to 87.5% and 

becoming constant. This might be related to the occupied active sites on the nanocomposites 

releasing nitrate ion back to water due to high collision.   

 

Fig 23. Influence of variation in agitation speed on the removal efficiency of nitrate by 

zeolite-ZnO nanocomposites  
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4.6.1.6  Comparing adsorption efficiency  of  Zeolite powder and Zeolite-ZnO 

nanocomposites 

On figure 24, nitrate removal efficiency of zeolite powder was compared with that of zeolite-

ZnO nanocomposites. These was conducted under constant parameters (after optimization of all 

parameters). The result revealed that zeolite-ZnO nanocomposites has high nitrate removal  

(92.6%). This might be due to presence of Zinc Oxide nanoparticle on the zeolite  surface.   

Removal efficiency of pure zeolite powder was 78%. This might be due to the metal oxides 

present in the zeolite are less selective to nitrate ion. The statistical data (table 13) also shows 

that there is significant difference between zeolite and zeolite-ZnO nanocomposite for the nitrate 

removal (p<0.05).  

Nitrate removal from both spiked and groundwater by the nanocomposite reveals related removal 

efficiency (91.7% and 92.6%) respectively. This might be due to selective nature of zinc (from 

the nanocomposite) towards nitrate than other anions. For zeolite, the nitrate removal efficiency 

was 70.3% and 78% in spiked and groundwater respectively. This might be due to presence of 

more hydrogen ion in the form of bicarbonate ion in groundwater. The hydrogen ion might 

facilitate the electron transfer between nitrate ion and active sites on the zeolite.    

 

Fig 24. Adsorption efficiency comparison of  Zeolite and Zeolite-ZnO nanoparticle 
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Table 13. Statistical analysis for zeolite and zeolite-ZnO nanocomposite for nitrate removal 

from groundwater 

ANOVA 

Removal 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Between 

Groups 

.032 1 .032 62.452 .001 

Within Groups .002 4 .001   

Total .034 5    

 

4.7 Adsorption isotherms 

The obtained data for adsorption of nitrate onto zeolite-ZnO nanocomposites was shown on table 

14. The adsorption isotherms were conducted by using 0.5 gram of the nanocomposites and 

different nitrate concentrations (50 - 95 mg/L) at pH 5, contact time of 60 minutes and agitation 

speed of 160 rpm.  

Table 14. Effect of the nanocomposite concentration on the removal of nitrate from 

groundwater and data for calculation of adsorption isotherms 

Nitrate ion 

concentrations 

(mg/L) 

 

Ce 

 

Qe 

 

% 

removal 

 

Ce/qe 

 

Log Ce 

 

Log qe 

50 3.48 4.65 93 0.748 0.541 0.667 

65 7 6 89 1.166 0.845 0.778 

80 8.6 7.14 86 1.2 0.934 0.853 

95 15 8 84 1.87 1.176 0.903 

Adsorption Isotherm modeling  

Figure 25 shows isotherm  by the  equilibrium relations between the concentration of nitrate on 

the solid phase and in the liquid phase.  The adsorption data was analyzed by Langmuir and 

Freundlich models as they are the most common isotherms describing solid-liquid adsorption 
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system. The graph was plotted as concentration of the nanocomposite at equilibrium (qe) against 

equilibrium concentration of nitrate (Ce).  

 

Fig 25. Adsorption isotherm of nitrate onto zeolite-ZnO nanoparticle 

 

 4.7.1 Langmuir Adsorption Isotherm 

Figure 26 shows the fraction of nitrate remained at equilibrium in the solution to that of adsorbed 

on the solid phase was plotted against the adsorbate in the liquid phase.   
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Fig 26.Langmuir plot for nitrate sorption onto zeolite-ZnO nanocomposites. 

4.7.2 Freundlich adsorption Isotherm 

The change in amount of nitrate concentration adsorbed at equilibrium versus the change in 

amount of nitrate remain in the water was plotted (Fig 27).  

 

 

Fig  27.Freundlich plot for nitrate sorption onto  zeolite-ZnO nanocomposites  
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Table 15.Freundlich and Langmuir Isotherm data 

Langmuir Isotherm Freundlich Isotherm 

                                                          Parameters 

RL Qo 

(mg/g) 

b 

(L/mg) 

R
2
 KF(mg/g) 

L/mg)
1/n

 

N R
2
 

0.15 1.04 0.13 0.988 4.16 4.76 0.961 

From table 15,  it can be seen that the value of n= 4.76 that is in the range set by Freundlich 

model which is between 1 and 10. This shows favorability  of nitrate adsorption onto the zeolite-

zinc oxide nanocomposite prepared in this study. At the same time, the separation factor RL = 

0.15 is in the range 0 < RL < 1, which indicates a favorable adsorption process. In view of 

correlation coefficient, R
2
 value for Langmuir more close to 1 than the value for Freundlich 

model and thus the data best fit with Langmuir isotherm model. This showed homogenous 

adsorption of  nitrate adsorption onto zeolite-ZnO nanocomposite.  

4.8 Adsorption kinetics 

In this study adsorption kinetics was conducted with 0.5 g dose of nanocomposites,  50 mg/L 

nitrate in the water sample at pH 5 and  agitation speed of 180 rpm.   The equilibrium adsorption 

capacity of the nanocomposites, qe of 4 mg/g (from batch adsorption) was used in the calculation 

of kinetics at time intervals between 20 - 120 minutes. The obtained data were presented in table 

16.   

Table 16. Data for Adsorption Kinetics 

time(min) removal 

% 

Ce(mg/L) qe(mg/g) qt qe-qt log(qe-qt) t/qt 

20 75 11 4 3.4 0.6 -0.221 5.88 

40 86 6.4 4 3.86 0.14 -0.853 10.36 

60 89 4.8 4 4.02 -0.02 -1.698 14.92 

80 87 5.7 4 3.93 0.07 - 1.155 20.356 

100 86 6 4 3.9 0.1 - 1 25.64 

120 85 6.77 4 3.82 0.18 -0.744 31.41 
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For the kinetics of nitrate adsorption on Zeolite-ZnO nanoparticle  both pseudo-first and second 

kinetic models were applied.  

4.8.1  Pseudo-first-order model 

The difference of adsorption at  equilibrium and at time t, was plotted against  contact time 

(Fig.28) 

 

Fig 28.Pseudo-first order plot of nitrate sorption onto zeolite-ZnO nanocomposites 

Table 17. Pseudo first order model rate constants for Zeolite-ZnOxide nanocomposites 

R
2
 K1 qe 

(mg/g) 

Nitrate 

concentration 

(mg/L) 

Dose of the nanocomposites  

(gram) 

0.548 0.28 4 50 0.5 

From table 17, it can be concluded that the pseudo-first order data were fitted with a poor 

correlation coefficient (R
2
=0.548). This indicated that the rate of removal of nitrate ion onto 

zeolite-ZnO  nanocomposites does not follow the pseudo-first-order equation. 
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4.8.2  Pseudo-second-order model 

Figure 29 shows the plot of  ratio of contact time to adsorption change at time t, versus contact 

time. The equilibrium adsorption capacity, qe (experimental), and adsorption constant, k2 were 

determined from the intercept and slope of plot of t/qt versus time.  

 

Fig 29. Pseudo-second order plot of nitrate sorption onto zeolite-ZnO nanocomposites 

Table 18. Pseudo -second order model rate constants for Zeolite-ZnO nanocomposites 

R
2
 h K2 qe 

(mg/g) 

NO3
-
 

concentration 

(mg/L) 

Dose of the 

nanocomposites  (gram) 

0.997 3.2 0.201 4.02 50 0.5 

As shown on table 18, the correlation coefficient of examined data was very good (R
2
= 0.997). 

This shows that the sorption of nitrate onto the nanoparticle followed the pseudo-second-order 

kinetic model. A good agreement with this adsorption model was confirmed by the similar value 

of calculated qe (4 mg/g) and the experimental  (4.02 mg/g). The best fit to the pseudo-second 

order kinetic indicated that the adsorption mechanism depended on the adsorbate and adsorbent.  
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4.9 Comparison of different adsorbents and their optimum parameters for 

nitrate ion removal from Drinking water 

In this present work, at 1 hour of contact time , 0.5 gram of zeolite- ZnO nanocomposites was 

able to remove 93% and 83.6% of 50 mg/L nitrate concentration from groundwater at  pH 5 and 

pH 7 respectively.  This shows the prepared nanocomposites can be applied to remove excess 

nitrate from drinking water at normal pH of groundwater . Small dose of the nanocomposites, 

high removal efficiency and short contact time will also makes this study important to remove 

nitrate from real water.   

Many chemical adsorption method were studied to remove nitrate from real water at different 

optimum parameters.  The following paragraphs compare the present work with previous studies.  

According to Onyango et al.(2010), at pH=2, 1.5 gram of Hexadecyltrimethyl 

ammonium(HDTMA)- modified natural zeolite removed 100% of 50 mg/L nitrate from water  at 

24 hours of contact time. The nitrate removal efficiency was 100%.   The limitation of this study 

is that it was limited to more acidic range and contact time is very long. The advantage is the 

presence of HDTMA that can increase the functional groups in natural zeolite to facilitate the 

removal. It was also very good  green synthesis of adsorbent which is environmentally  friend. 

In other study 0.5 gram of Hydrochloric acid-activated Biochar  removed 75 % of 41.3 mg/L of  

nitrate concentration at pH4 and contact time of 24 hours (Chintala et al., 2013). This also makes 

the method difficult to use for drinking water treatment due to high acidic range. Additionally,  

contact time was very long.  

Ensie et al. (2014) also reported that 0.4 gram of Nano SiO2–FeOOH–Fe core–shell adsorbent 

removed 99.84% of  64 mg/L nitrate from drinking water at pH 3 and 30 minutes contact time. 

High removal efficiency, low dose of the nanoparticle and short contact time makes this study to 

show the importance of nanomaterial for water treatment. However, it is difficult to apply this 

research for removal of nitrate from drinking water at the stated pH range.  

Other adsorption study by Golestanifar et al. (2016) showed that 70 % of 50 mg/L  nitrate 

concentration was removed using 0.5 gram of Iron-modified pumice at pH 5 and 1 hour contact 
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time (Golestanifar, Asadi, Alinezhad, Haybati, & Vosoughi, 2016). The limitation of this study is 

that low removal efficiency and acidic range of the media. However, green synthesis of the 

adsorbent and contact time are the points to be appreciated.  
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5. Conclusion and Recommendation 

5.1 Conclusion 

In this research, zeolite-ZnO nanocomposites were prepared and characterized in terms of  phase, 

functional group and morphology. This nanocomposites was evaluated for the removal of nitrate 

from both synthetic water and real water at ambient conditions in batch adsorption system. The 

optimum parameters for nitrate ion removal in both cases were pH= 5, dose =0.5 g, 50 mg/L 

initial nitrate ion concentration, 60 minutes contact time and 160 agitation speed (rpm) with 95% 

and 93% removal for aqua solution and groundwater respectively. Langmuir adsorption isotherm 

model provided a better fit for both adsorption of nitrate onto the prepared nanocomposites in 

both synthetic and real water. The adsorption kinetics indicated that; the adsorption mechanism 

followed the pseudo second-order model. The obtained results revealed that Zeolite-ZnO 

nanocomposite was found to have high adsorption capacity and it could be employed as an 

efficient and low- cost adsorbent for removal of nitrate ion from water. This study was an 

important input to improve level of nitrate concentration to the drinking water standards . The 

work results also might find application in nitrate removal from both waste water and real water 

for environmental remediation.  

5.2 Recommendation 

This research demonstrated that zeolite-ZnO nanocomposites have great capacity to remove 

nitrate from both synthetic and drinking water. Based on this, the following recommendations 

will be great addition to expand and apply the nanocomposites for water treatment.  

1. Further study should be conducted to apply nitrate removal in large scale water supplies 

using Zeolite-ZnO nanocomposites. 

2. Removal of nitrate by this method at different pH of water solutions might indicate that this 

system can be applied for wastewater treatment at preferred pH level.   

3. It is important to consider the effect of temperature and pore size of the nanocomposites in 

future studies.  
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7. Appendix 

Appendix 1: Schematic diagram of Zeolite-Zinc Oxide nanoparticle preparation 

 

 

 

              

                    

Filtration and washing with deionized water 

Oven drying 

Calcination at 450 oC 
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Appendix 2:  Data sheet for Zeolite XRD pattern 

Entry # 96-153-5999 

  

 Phase classification 

Name   (Ca0.5 Sr0.5) Si2 

Formula   Ca0.5Si2Sr0.5 

I/Icor   7.760000 

Sample Name   1535998 

Quality   C (calculated) 

  

References 

  

 Publication 

Bibliography   Eisenmann B., Riekel C., Schaefer H., Weiss A., "Zur Kenntnis ternaerer Disilicide der Erdalkalimetalle", Zeitschrift fuer 

Anorganische und Allgemeine Chemie 372, 325-331 (1970) 

 Origin of data 

Source of entry   COD (Crystallography Open Database)  

Link to orig. 

entry 

  1535998 

  

Crystal structure 

  

 Crystallographic data 

Space group   P -3 m 1 (164) 

Crystal system   trigonal (hexagonal axes) 

Cell 

parameters 

  a= 3.9100 Å c= 5.1500 Å 

Z   1 

Atom 

coordinates 

  Element Oxid. x y z Bi Focc 

Sr  0.000 0.000 0.000 1.000000 0.500000 

Si  0.333 0.667 0.568 1.000000 1.000000 

Ca  0.000 0.000 0.000 1.000000 0.500000 
 

  

Diffraction data 

  

 Diffraction lines 

   d [Å] Int. h k l Mult. 

5.1500 8.1 0 0 1 2 

3.3862 120.4 1 0 0 6 

2.8294 1000.0 0 1 1 6 

2.5750 151.6 0 0 2 2 

http://www.crystallography.net/
http://www.crystallography.net/cif/1/53/59/1535998.cif
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2.0497 146.9 0 1 2 6 

1.9550 261.4 1 1 0 6 

1.8277 5.1 1 1 1 12 

1.7167 8.8 0 0 3 2 

1.6931 14.0 2 0 0 6 

1.6084 149.9 0 2 1 6 

1.5571 159.8 1 1 2 12 

1.5311 108.3 0 1 3 6 

1.4147 36.7 0 2 2 6 

1.2899 16.8 1 1 3 12 

1.2875 3.9 0 0 4 2 

1.2798 9.0 2 1 0 12 

1.2421 109.0 1 2 1 12 

1.2054 42.6 0 2 3 6 

1.2034 39.9 0 1 4 6 

1.1461 32.7 1 2 2 12 

1.1287 33.2 3 0 0 6 

1.1025 0.6 0 3 1 6 

1.0753 12.2 1 1 4 12 

1.0338 35.8 0 3 2 6 

1.0300 5.1 0 0 5 2 

1.0261 50.9 1 2 3 12 

1.0248 23.9 0 2 4 6 
 

  

 Experimental 

  

 Physical Properties 

Calc. density   2.92200 g/cm³ 

 FWHM                    0.24  

Remarks 

  

 Remarks 

Comments   - Diffraction pattern calculated by Match!.  

- I/Icor calculated by Match!.  
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Appendix - 3:  Data sheet for zeolite-ZnO nanoparticle XRD patterns 

Entry # 96-230-0115 

  

 Phase classification 

Name   zinc_oxide 

Formula   OZn 

I/Icor   7.130000 

Sample 

Name 

  2300114 

Quality   C (calculated) 

  

References 

  

 Publication 

Bibliography   Sowa Heidrun, Ahsbahs Hans, "High-pressure X-ray investigation of zincite ZnO single crystals using diamond anvils with an 

improved shape", Journal of Applied Crystallography 39(2), 169-175 (2006) 

 Origin of data 

Source of 

entry 

  COD (Crystallography Open Database)  

Link to orig. 

entry 

  2300114 

  

Crystal structure 

  

 Crystallographic data 

Space group   P 63 m c (186) 

Crystal 

system 

  hexagonal 

Cell 

parameters 

  a= 3.2190 Å c= 5.1489 Å 

Cell meas. 

conditions 

  T= 293.0 K 

Z   2 

Atom 

coordinates 

  Element Oxid. x y z Bi Focc U11 U22 U33 U12 U13 U23 

Zn  0.333 0.667 0.000 0.544000 1.000000 0.007100 0.007100 0.006500 0.003500 0.000000 0.000000 

O  0.333 0.667 0.382 0.631000 1.000000 0.008000 0.008000 0.007000 0.004100 0.000000 0.000000 
 

  

Diffraction data 

  

 Diffraction lines 

   d [Å] Int. h k l Mult. 

http://www.crystallography.net/
http://www.crystallography.net/cif/2/30/01/2300114.cif
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2.7877 518.6 1 0 0 6 

2.5745 392.4 0 0 2 2 

2.4515 1000.0 1 0 1 12 

1.8913 219.9 0 1 2 12 

1.6095 326.4 1 1 0 6 

1.5362 0.0 1 1 1 12 

1.4615 300.2 0 1 3 12 

1.3939 45.9 2 0 0 6 

1.3647 257.8 1 1 2 12 

1.3454 133.0 2 0 1 12 

1.2872 22.2 0 0 4 2 

1.2257 42.2 2 0 2 12 

1.1740 0.0 1 1 3 12 

1.1687 23.4 0 1 4 12 

1.0820 94.7 0 2 3 12 

1.0537 32.2 2 1 0 12 

1.0323 107.5 2 1 1 24 
 

  

Experimental 

  

 Physical Properties 

Calc. density   5.84900 g/cm³ 

Color   colourless 

  

Remarks 

  

 Remarks 

Comments   - Diffraction pattern calculated by Match!.  

- I/Icor calculated by Match!.  
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Appendix 4: XRD pattern of zeolite with Reference number 
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Appendix 5: XRD pattern of zeolite-ZnO nanoparticle with Reference number 

 

 


