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Abstract
Nitrate is one of the most widespread chemical contaminants found in groundwater across the
globe. The best known and documented human health risk associated with high levels of nitrates
in drinking water are methemoglobinemia and carcinogenetic due to N-nitroso compounds (NOC.
Adsorption is one of the most reliable and cost-effective method to remove nitrate contaminants
from drinking water obtained from groundwater. The natural zeolite was taken from Southern
Nations, Nationalities, and Peoples’ Region (SNNPR) and modified with ferric chloride (Fe-NZ).
The nature and morphology and elemental composition of sorbent was characterized by XRD,
SEM/EDX and Elemental analysis. The obtained results showed that the maximum percentage of
nitrate adsorption attained at equilibrium pH = 5, after 120 min of contact time, at a temperature
of 25 oC, initial concentration of NO3--N 11.3 mg/L, agitation speed of 200 rpm and with an
adsorbent dose of 1.5 g/100 ml was 89.56%.
Experimental data has been analyzed using the Freundlich and Langmuir isotherm fits the
experimental data very well and this confirms the monolayer coverage nitrate ion onto modified
zeolite particle. The maximum monolayer adsorption capacity of modified natural zeolite was
found to be 7.67mg/g at the optimized parameters. Therefore; the experimental results showed that
application of Fe-MNZ is a good adsorbent for treating groundwater that was contaminated with
nitrate.

Keywords: Adsorption, Groundwater, Nitrate, Modified Natural Zeolite, Removal Efficiency
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1. Introduction
1.1 Background
Groundwater serves as the main source of drinking water in rural communities and urban areas in
many parts of the world. An increment of industrial and agricultural activities has resulted in the
generation of toxic pollutants such as inorganic anions, metal ions, synthetic organic chemicals
which have increased public concern about the quality of groundwater’s. Inorganic anions are of
great importance since these are toxic and harmful to humans and animals even at very low
concentration (Salam et al., 2015).
Nitrate is one of the main environmental risks for surface and groundwater pollution. If nitrate is
not taken up by the plants and denitrified to N2O and N2, it was leaching to the subsoil layers and
ultimately to the groundwater because of its high solubility and low retention by soil particles. The
rate of leaching is governed by the soil properties and amount of water present in the soil system
(Gaikwad, 2016).
Nitrate is possibly the most widespread groundwater contaminant in the world, imposing a serious
threat to drinking water supplies and promoting eutrophication. Nitrate concentration above the
recommended value in drinking water can cause many health problems such as gastric cancer,
which results from the reduction of nitrate to nitrosamines in the stomach. Infants and pregnant
women are more potential hazard to the diseases caused by nitrate ion because of the potential
reduction of nitrate to nitrite ion, in the stomach of infants. The reduced nitrite ion can bind with
the hemoglobin of the babies and causes diminishing the transfer of oxygen to the body's cells.
This results in a bluish skin color often called methemoglobinemia or the blue baby syndrome.
Haemoglobin(Fe2+)(can combine with oxgyen)

oxgyen).
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→

Methaeglobine(cannot combine with

Some of the serious diseases that are documented in various studies are chronic inflammatory,
blue-baby, cancer, enema of eyelids, gastrointestinal, muscular, reproductive, neurological and
genetic malfunctions caused by nitrate (Nas and Berktay, 2006).
There are different methods that have been used to remove nitrate from aqueous solutions. Those
methods are biological processes (nitrification and denitrification), phytoremediation, reverse
osmosis, electrodialysis, adsorption, and ion exchange. Biological processes such as denitrification
are requiring specific bacteria, such as bacillus or thiobacillus denitrificans to reduce NO3- into N2
and formation of solid sludge. Chemical processes require adding chemicals which may release
toxic compounds into the environment. From the different method that haven been applied to the
removal of nitrate; adsorption with modified natural zeolites have attracted great attention and
recognized as highly effective materials for the removal of nitrate from water (Pavlović et al.,
2014).
Modified natural zeolite has been widely used to improve water quality due to its large specific
surface area and cation exchange capacity (CEC), low cost and mechanical strength. They
contribute to a cleaner, safe environment in a great number of ways. Since natural zeolites possess
permanent negative charges on their structural frameworks that are balanced by exchangeable
cations, they have high cation exchange capacity but have little or no affinity for anions (Zhan et
al., 2011).
One method of enhancing the adsorption of nitrate is by treating the adsorbents with acids to cause
protonation of the adsorbent surface, thereby increasing the positive surface charge density. The
elevated number of positive charges will absorb more negatively charged nitrate anions through
electrostatic attraction(Loganathan et al., 2013). Application of zeolites has been used as an
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environmental protection concerns and plays a significant role in reducing toxic waste and energy
consumption (Roxana et.al, 2008).

1.2. Statement of the problem
Contamination of water resources by nitrate has become a problem globally in recent decades. The
wide use of fertilizers in agriculture is one of the major sources of nitrate pollution (Divband
Hafshejani et al., 2016). Groundwater with nitrate concentration exceeding the threshold of 11.3
mg/L NO3--N or 50 mg/L NO3- is considered as contaminated due to human activities. The
Concentrations of NO3−N in groundwater have been increasing by 1–3 mg/L annually during the
last two decades throughout the world (Babiker et al., 2004).
High nitrate concentration in drinking water is considered as public health problem because nitrate
can undergo endogenous reduction to nitrite and nitrosation. of nitrites can form N-nitroso
compounds which are potent carcinogens(Tadesse et. al, 2015).
The research conducted around 1982 shown that the nitrate concentration of Dire Dawa ground
water was 230 mg/l NO3- in the city. On the other hand, water sampled by (MoWR ,2003) from
Dire Dawa food complex borehole (FBH) was analyzed and an even higher concentration the
previous study which was (266 mg/l) of nitrate was observed.
The nitrate concentration limit recommended by WHO and the European Union (WHO, 2011) as
well as Ethiopian water quality guide line (Ethiopian Drinking Water Quality Standard, 2013) is
50 mg/L of NO3-. According to (Mekonnen et al., 2015), the average nitrate concentration of well
waters collected and analyzed in Dire Dewa was (mean 104.8 and max. 271.6 mg/l with average
value of 188.2 mg/L). The result of different studies shown that the average nitrate concentration
in the well water was exceeding the WHO and Ethiopian drinking water guideline standard.

3

Human health risk associated with high levels of nitrates in drinking water are
methemoglobenemia or “blue-baby syndrome, which can affect infants under six months of age
and the potential formation of carcinogenic nitrosamine (Kumar et al, 2010).
For removal of nitrate from groundwater, adsorption has become one of the most economic and
effective method. The process is superior to many other methods of water reuse by virtue of its
possibility of reusing the used modified natural zeolite via regeneration. Thus, this process has
gained considerable interest during recent years (Gaikwad, 2016). This study was conducted at
laboratory scale and the factors that affect nitrate removal were evaluated and optimized Therefore,
the aim of this study was to investigate nitrate removal efficiency from water using modified
natural zeolite.

4

1.3. Objectives
1.3.1 General Objective
The general objective of this study is to remove nitrate from groundwater using modified natural
zeolite.
1.3.2 Specific Objectives
▪

To characterize the physicochemical properties of groundwater, unmodified natural and
modified zeolite.

▪ To characterize the physicochemical properties of natural zeolite and modified zeolite by
using a Scanning Electron Microscope (SEM), X-ray diffraction (XRD) and Elemental
Analyzer.
▪

To evaluate the effectiveness of modified natural zeolite for the removal of nitrate under
various experimental conditions: pH, temperature, adsorbent dose, contact time, initial
nitrate concentration, and agitation speed.

▪

To determine the adsorption isotherms and kinetics of nitrate on the modified zeolite.

1.4. Significance of the study
The results of this study gave an information about non-communicable diseases such as blue baby
syndrome and gastric cancers due to the pollution of groundwater. The result of this study also
used as an input for those who use ground water for bottling to check and label the concentration
of nitrate of the bottled water on the bottle for the regulating organization. Additionally; this study
is used as one mechanism of creating job opportunities for an individual as well as for factories to
modifying a zeolite from locally available zeolite and distribute for private and organization to
treated water as decentralized form.

5

2. Review Literature
2.1 Groundwater Resources
The type of water that exists in the pore spaces and fractures in rock and sediment beneath the
Earth's surface is groundwater. Groundwater as an upper, unsaturated zone where most of the pore
spaces are filled with air, and a deeper, saturated zone in which all the pore spaces are filled with
water (Danielopol, 1978).

2.2. Groundwater Quality Degradation
The groundwater quality varies from place to place due to natural and human factors which depend
on the nature of precipitation, geology, climate, biological, anthropogenic activities, and also
hydrogeochemical processes (Abate, 2015). The research conducted on different places of Dire
Dawa City Administration at different times was indicated that the level of groundwater pollution
is increasing at an alarming rate. The research conducted by Ketema (1982) shown as 230mg/l
NO3- concentration observed within Dire Dawa city. On the other hand, water sampled by MoWR
(2003) from Dire Dawa food complex borehole (FBH) was analyzed by EIGS-laboratory and an
even higher concentration (266 mg/l) of nitrate was observed.

2.3. Sources and Distribution of Nitrate in Ground Water
2.3.1 Nitrate
Nitrate contain one-part nitrogen and three parts oxygen which is designated by the symbol “NO3”. NO3- is the most common form of nitrogen found in water. NO3- coexists with other forms of
nitrogen in a complex cycle. Nitrate has no taste or smell in any type of water and can only be
detected through a chemical test (Heaton et al., 1999).

6

2.3.2. Natural Sources of Nitrate
Bedrock nitrogen and nitrogen leached from soils are the main sources of naturally occurring
nitrate. Surface water nitrate concentrations can be elevated in areas with significant bedrock
nitrogen (Holloway et al., 2002). During the early twentieth century, conversion of the study area’s
semiarid and arid natural landscape to irrigated agriculture may have mobilized two additional,
naturally occurring sources of nitrate. First, nitrate was released from drained wetlands at the time
of land conversion due to increased microbial activity in agricultural soils; that is, stable organic
forms of nitrogen. Second, nitrate salts that had accumulated over thousands of years in the
unsaturated zone below the grassland and desert soil root zone due to lack of significant natural
recharge were mobilized by irrigation (Walvoord et al., 2003).
2.3.3. Anthropogenic Sources of Nitrate in Groundwater
An increasing of population number, urbanization and increasing industrial activities are a
groundwater quality challenge in Dire Dawa City. There was no integrated approach for solid and
liquid waste management seems in the city. The pollution of Dire Dawa groundwater system is a
danger for the future sustainable domestic water supply of the city of Dire Dawa (Tsegay, 2017).

2.4. Status of Nitrate Contamination in Groundwater
2.4.1. Global Status
Nitrate concentration above permissible limits in drinking water sources is a common global
phenomenon Globally, mean nitrate levels have risen by an estimated 36% in global waterways
since 1990 with the highest increase seen in the Eastern Mediterranean and Africa, where nitrate
contamination has more than doubled. Several developed and developing countries have been
reported with elevated levels of nitrate in groundwater. The developed countries have lower
population density and hence different land use patterns to those of developing countries; still
7

similar trends of nitrate contamination in groundwater resources have been reported around the
world (Shukla and Saxena, 2018).
2.4.2. Status of Nitrate in Ethiopia
According to the British Geological Survey report; there was an indication of groundwater
pollution with nitrate and other pollutants in Ethiopia (British Geological Survey, 1996). The
nitrate concentrations are high in groundwater from several urban areas (especially around Dire
Dawa and Addis Ababa) as a result largely of leaking effluent from septic tanks. Nitrate
concentrations are likely to be worst in urban areas where the water tables are reasonably close to
the ground surface. Nitrate concentrations may also be increased in some of the saline
groundwater’s affected by evaporation.
From the retrospective study of spatial nitrate distribution in the drinking water sources found in
Ethiopia; the average concentration of nitrate in all the well water samples was above the national
standard and WHO threshold value (Mekonnen et al., 2015).

2.5. Major sources of nitrate in Dire Dawa City
2.5.1. Industrial activities
There are different major industries and small-scale manufacturing industries in the city of Dire
Dawa. These are Dire Dawa food complex, ELFORA meat processing, East Africa bottling (soft
drink), Dire Dawa Cement etc. These industries do not treat their effluent or liquid waste and
simply discharge in the open field, near by the dry river channel or sandy stream channel.
Additionally; most of the residents are settled in the center of the city and the center of the city is
highly populated around 350-500 per hectare which directly or indirectly contribute to the
groundwater pollution (Abate, 2010).
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2.5.2. Municipal Wastes
Dire Dawa city domestic wastes have been discharged directly into the open ditches and sandy
streams. The groundwater quality lose was intensifying by point sources such as septic tanks, pit
latrines and industrial effluents. Additionally; markets, cemeteries, fuel stations, garages and etc
the other groundwater pollution sources. Various types of solid waste generated from the market
centers of Dire Dwa city are various types and did not systematically collected. Such condition
may contribute its role for the worsening of groundwater in the city.
In Dire Dawa city, there is no central municipal sewerage system at present. One of the problems
facing urban settlements is the skill to cope with increasing quantity of both solid and liquid wastes,
in spite of the growing demand of the population. Urban settlements are facing with a serious of
health and environmental complications. The existing sanitations turn out to be worst due to
uncontrolled population increase and urbanization (Abate, 2010).
2.5.3. Agricultural Wastes
In the Dire Dawa City and its surrounding, there are numerous urban agricultural activities.
Generally, the agricultural inputs and by-products are the major constitutes of wastes and have a
chance to contribute for the groundwater pollution. Animal wastes are classified as solid and
liquid.

2.6. Human Health Effects Associated with High Nitrate Concentration in
Groundwater
Nitrate is found on the first rank in the formation of N-nitroso compounds (NOC), a class of genotoxic compounds, most of which are animal carcinogens. Nitrate is a stable and inert compound
that cannot be metabolized by human enzymes in the human body. However, the nitrate-reducing
activity of commensal bacteria may convert nitrate into nitrite and other bioactive nitrogen
9

compounds that affect physiological processes and human health. Nitrate is easily absorbed from
the upper gastrointestinal tract (Rivett et al., 2008).
Nitrate is possibly the most widespread groundwater contaminant in the world due to its highwater solubility. It imposing a serious threat to drinking water supplies and causing ecological
disturbances. The presence of elevated concentrations of nitrate (NO3−) in potable water has
become a serious concern worldwide over the past few decades. Nitrate is a water soluble ion that
does not readily bind to the soil causing it to be highly susceptible to run-off migration (Bhatnagar
et al., 2010).
The oxidation of normal Hb to metHb in human was occurred due to the reduction of nitrate to
nitrite. The main biological effect of nitrite in humans is that it takes place in, which is unable to
transport oxygen to the tissues. When the concentrations of metHb reach 10 % of normal Hb and
above, the reduced oxygen transport becomes clinically appeared. Such condition is termed as
methaemoglobinaemia that causes cyanosis and, at higher concentrations, asphyxia. An allowable
normal methaeomoglobinaemia level in humans is less than 2% and in infants under 3 months of
age, it is less than 3% (WHO, 2011).
2.6.1. Blue baby syndrome or Methaemoglobinaemia
Nitrate is reduced to nitrite happens in the digestive tract of infants and livestock. The nitrite binds
strongly to the hemoglobin in the blood causing the infant to suffer methemoglobinemia which
can be fatal (Maheshwari et al., 2012). The best-known human health risk associated with high
levels of nitrates in drinking water is methemoglobenemia or blue-baby syndrome.
Methemoglobenemia mostly affect infants under the age of six months. When infants take nitrate
rich water, enteric bacteria convert the elevated nitrate to nitrite. The converted nitrite competes
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with oxygen for active sites on hemoglobin and resulting in oxygen lacking. There are different
physiological factors that infants are predisposed to this effect. These are higher fluid intake per
body weight, a higher percentage of fetal hemoglobin and higher stomach pH, permitting survival
of reducing-type bacteria.
According to the world health organization report (WHO, 2003), Scientific studies published since
the 1950s consistently show methaemoglobinaemia in infants as the end-point of concern for
nitrate or nitrite exposure in humans. Nitrite, either directly ingested from drinking-water or
formed endogenously from nitrate, binds haemoglobin and disrupts its transport of oxygen to the
tissues, causing methaemoglobinaemia which is >2% methaemoglobin in blood. Due to its health
effects, the studies of nitrate exposure are important for assessing nitrite-induced
methaemoglobinaemia. Infants are more susceptible to methaemoglobinaemia because 1) A higher
pH, which allows greater bacterial invasion of the stomach and hence an enhanced conversion of
ingested nitrate to nitrite, 2) a greater fluid intake relative to body weight and 3) a higher proportion
of fetal Hb(which may be more rapidly oxidized to MetHb than to Hb) (Fewtrell, 2004).
According to (Knobeloch et al., 2000), blue baby syndrome is a potentially fatal condition that
occurs when the hemoglobin (Fe2+) in an infant's red blood cells is oxidized to methemoglobin
(Fe3+). The condition symptoms of cyanosis occurred is methemoglobin unable to transport
oxygen, Nitrate ion was reduced to nitrite ion in the human stomach and nitrite ion inter into the
bloodstream. Nitrite in the bloodstream is participate in the oxidation of haemoglobin (Hb) to
methaemoglobin (metHb). Then, Fe2+ present in the haem group is oxidized to its Fe3+ form, and
the remaining nitrite is involved in the oxidation of haemoglobin (Hb) to methaemoglobin
(metHb): The Fe3+ form does not allow oxygen transport, Fe2+ present in the haem group is
oxidized to its Fe3+ form, and the remaining nitrite binds firmly to this oxidized haem. The Fe3+
11

form does not allow oxygen transport, owing to the strong binding of oxygen (Eisenbrand et al.,
2009).
2.6.2. Carcinogenicity
Nitrate is ranked first in case of 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. However, the nitrate-reducing
activity of commensal bacteria may convert nitrate into nitrite and other bioactive nitrogen
compounds that affect physiological processes and human health. Nitrate is easily absorbed from
the upper gastrointestinal tract after ingestion. About 20% nitrate is converted to nitrite by bacteria
in the mouth from 25% which is actively excreted in saliva, This conversion can occur at other
sites including the distal small intestine and the colon (Ward et al., 2014).
2.6.3. Gastric Cancer
Under acidic conditions in the stomach, nitrite is protonated to nitrous acid (HNO2), which in turn
spontaneously yields dinitrogen trioxide (N2O3), nitric oxide (NO), and nitrogen dioxide (NO2).
Nitric oxide (NO) is a bioactive compound known to play a role in vasodilatation and in defense
against periodontal bacteria and other pathogens. N2O3, on the other hand, is a powerful nitrosating
agent capable of donating NO+ to secondary and tertiary amines to form potentially carcinogenic
N-nitrosamines (Cynthia D. et al., 1989). Alternatively, HNO2 can be protonated to H2NO2, which
reacts with amides to form N-nitrosamides. At neutral pH, nitrite can be reduced by bacterial
activity to form NO, which can react with molecular oxygen to form the nitrosating compounds
N2O3 and nitrogen tetroxide (N2O4). In addition to the acid-catalyzed and bacterial-catalyzed
formation of nitrosating agents, inducible NO synthase activity of inflammatory cells can also
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produce NO. This can increase the risk of gastric cancer under the conditions of low gastric acidity
(Ohshima and Bartsch, 1994).

2.7. Animal Health Effects Associated with High Nitrate Concentration
According to (Habboub and By, 2007), nitrate-contaminated water consumed by livestock has
resulted in nitrate poisoning. If the nitrate concentration is above 300 mg/L, nitrate poisoning may
result in animal death. As nitrate concentrations become low or below 300 mg/L, nitrate poisoning
can increase the incidence of still born calves, abortions, retained placenta, cystic ovaries, lower
milk production, reduced weight gains and vitamin A deficiency.
High nitrate ion concentrations in drinking water sources can cause to a potential risk to
environment and public health. Additionally, high nitrate ion concentrations are known to
stimulate heavy algal growth thus promoting the eutrophication in water bodies. After ingestion
of plants or water high in NO3−, acute poisoning may occur within 30min to 4h in cattle. Thus, the
problem occurs quickly and often the cattle are observed to be normal one day and found dead the
next day. An early symptom is salivation followed by frequent urination. An early symptom is
salivation followed by frequent urination, the cattle exhibit difficult breathing, increased
respiratory rate, and dark brown colored blood and mucous membranes. The animals then become
weak, reluctant to move, and have convulsions before they die (Bhatnagar and Sillanpää, 2011).
Nitrate poisoning is characterized by a brown coloration of the blood of the affected animal and
the color change can also be seen on mucous membranes and other body parts. Abortion and poor
milk production have been recorded for lactating cows (Maheshwari et al., 2012).
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2.8. Environmental Effects Associated with High Nitrate Concentration
The water quality is a major environmental problem throughout the world. An excessive use of
nitrogen fertilizers stimulates growth of aquatic plants and algae. Excessive growth of these
organisms can result in eutrophication, which may cause harmful algal blooms and fish mortality.
The deterioration of aquatic plants and animals have a negative impact on humans in terms of
reduced environmental quality, potential health risks and increased management. High NO3−
concentrations in drinking water sources can lead to a potential risk to environment (Bhatnagar &
Sillanpää, 2011).
Eutrophication means the enrichment of surface water with plant nutrients especially nitrogen and
phosphorus. Eutrophication occurs naturally and normally associated with anthropogenic sources
of nutrients. Eutrophication causes some undesirable consequences like the disappearance of the
penetration of light into the water. As the light penetration decreases, the productivity of plants
living in the deeper waters decreases. Secondly, the water becomes depleted in oxygen. Much
oxygen is consumed by the decomposers when the abundant algae was died and decomposed.
Also, the oxygen in the water is lowered by the lack of primary production in the darkened deeper
water. Essentially, the entire aquatic ecosystem changes with eutrophication (Zhao, 2015).

2.9. Nitrate Removal Methods
2.9.1 Biological denitrification
There are many bacteria that belonging to different genera that can grow an aerobically by reducing
ionic nitrogenous oxides to gaseous products. Nitrites can be served as the terminal electron
acceptors instead of oxygen and resulted in generation of ATP. Nitrate removal by means of
biological denitrification is usually the preferred solution for nitrate removal because it is
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transformed in gaseous nitrogen with a very high yield and low process cost. Such denitrification
was dissimilatory nitrate reduction (Schoeman and Steyn, 2003).
Nitrate reduction to nitrogen gas; NO3 - → NO2 - → NO → N2O → N2
The organism gains energy which was applied for the synthesis of a new cell mass and the
maintenance of the existing cell mass when electrons are transferred from the donor to the acceptor.
The enzymes associated with denitrification are synthesized under anaerobic or partially aerobic
conditions. Removal of nitrates from drinking water is an important task in order keep the
environment healthy by developing an area for research. Different technologies have been
developed in this area. But the technologies are not cost wised and environmentally friendly and
further optimization of current technologies is required. Biological denitrification reactor operation
in regard to microbiological characteristics of biologically denitrified water demands attention
(Archna, et al., 2012).
2.9.2 Reverse osmosis
Reverse osmosis is a physical process at which contaminants are removed by applying pressure to
direct raw water through a semi-permeable membrane allowing water to pass through while
retaining most of the dissolved minerals. Reverse osmosis requires a careful review of raw water
characteristics and pretreatment needs to prevent membranes from fouling, scaling, or degrading.
Removal of suspended solids is necessary to prevent membrane fouling, while the removal of
dissolved solids is necessary to prevent scaling and chemical degradation of the membrane.
Pretreatment is usually achieved by passing the water through a series of progressively finer filters
prior to the reverse osmosis membrane. Water passing through a reverse osmosis system will

15

usually require pH and other water quality adjustments to make the finished water less corrosive
to distribution system piping (Selecky et al., 2005).
2.9.3 Blending drinking water
Blending drinking water is another method to reduce nitrates in drinking water. It is a method to
mix contaminated water with clean water from another source to lower overall nitrate
concentration. Blended water is not safe for infants but is acceptable for livestock and healthy
adults (Self and Waskom, 2013).The disadvantage of this treatment method are capital costs can
be significant to plumb the low and high nitrate sources together before entry to the distribution
system.
2.9.4 Electrodialysis
Electrodialysis is an electrochemical process in which ions migrate through an ion-selective semipermeable membrane as a result of their attraction to the electrically charged membrane surface.
An anode (positive electrode) and a cathode (negative electrode) are used to charge the membrane
surfaces and to separate contaminant molecules into ions. The process based on the scientific fact
that electrical charges are attracted to opposite poles. Reduction in ions was obtained to justify the
removal process. A common electrodialysis system includes a membrane stack which layers
several cell pairs, each consisting of a cation transfer membrane, a demineralized flow spacer, an
anion transfer membrane, and a concentrate flow spacer (Habboub and By, 2007).
2.9.5. Phytoremediation
Phytoremediation is the process of using plants for partially remediate selected contaminants in
contaminated soil, sludge, sediment, ground water, surface water, and waste water. It utilizes a
variety of plant biological processes and the physical characteristics of plants to aid in site
remediation (Pivetz, 2001).
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Plants can remediate contaminants through one or more of four processes. These four processes
are; phytotransformation, phytoextraction, phytostabilization, and rhizofiltration. From the
mentioned processes, phytotransformation is the process most active in plant removal of nitrogen
compounds of interest. Heavy and tight soils may limit rooting depth as well, even with species
that are normally deep rooted, as can poorly drained soil conditions (Akwensioge, 2012).
2.9.6. Ion exchange
Ion exchange technology as a water treatment process is based on the exchange of contaminant
ion existing in water with a harmless ion attached to the ion exchange materials. The ion, attached
to the functional groups of the resin in its original form, is called counter-ion (Shelir Ebrahimi,
2015).
2.9.7. Adsorption
Adsorption process is generally considered better in water treatment because of convenience, ease
of operation and simplicity of design. Further, this process can remove/minimize different types
of organic and inorganic pollutants from the water or wastewater and thus it has a wider
applicability in water pollution control(Bhatnagar and Sillanpää, 2011).
This study focuses on the potential of modified natural zeolite as adsorbents for nitrate ion (NO3−)
removal from groundwater. A summary of this study data was based on different parameters such
as pH, temperature, adsorbent dosage, contact time, initial concentration of adsorbate, agitation
speed adsorption capacities, applicable adsorption isotherm models and kinetic models. The result
obtained was related with some of the latest important findings by different researchers.
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2.9.8 Methods comparison
The groundwater that can be contaminated with nitrate is primarily a problem once water is
abstracted and used for drinking water supply. In order to deal with nitrate contamination in
subsurface water, there are various alternative treatment methods that are used to reduce the
concentration of nitrate before it is used as drinking water (Zhao, 2015). Some of the nitrate
removal methods and their drawbacks are explained in Table 1.
Table 1. Comparison of different methods for treatment

Biological denitrification

Methods

Nitrate

Drawback

References

removal
efficiency
Little operating experience in the United States.
70 – 95%

Extensive piloting likely required (at least one-year of and

Steyn,

continuous operation). Several weeks required from star-up to 2003)
stable operation for new systems. Post treatment filtration and
disinfection required.
Expensive to install and maintain.
50 – 96%

Reverse osmosis

(Schoeman

(Schoeman

Disposal of concentrate and pretreatment waste streams may and
be difficult. Membranes are prone to fouling. Pre- and post- 2003)
treatment can make the process complex.
Changes in finished water pH potentially requiring pH
adjustment. Frequent membrane monitoring and maintenance
is required.
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Steyn,

Low water efficiency (10-25 percent) for low pressure
applications.

Blending drinking water

Capital costs can be significant to plumb the low and high (Self and
nitrate sources together before entry to the distribution system. Waskom,
Fluctuating nitrate concentrations in either source may require 2013)
adjustment to flow from one or both wells.

Electrodialysis

30 – 50%

Pretreatment required for high levels of Fe, Mn, H2S, chlorine, (Schoeman
or hardness. Changes in finished water pH potentially and
requiring pH adjustment.

Steyn,

2003)

Concentrate may require special disposal
Requires frequent monitoring for nitrate removal.
80 – 99%

(Schoeman

Requires storing large volumes of salt. Resins are susceptible and

Steyn,

Ion exchange

to organic fouling. May “dump” nitrate captured in the 2003)
exchange vessel when regeneration is not performed before all
the resin exchange sites are full, resulting in high
concentrations of nitrate in the treated water. Changes in
finished water pH potentially requiring pH adjustment.

Adsorption

93 %

Requires a saturated adsorbent disposal

(Bhatnagar

pH and temperature effects are important

and

Removal efficiency varies with different adsorbents

Sillanpää,
2011)
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2.10. Zeolite
Zeolites are aluminosilicate compounds that made up of three-dimensional framework of alumina
(AlO4) and silica (SiO4) molecules. A zeolite framework contains channels or interconnected pores
of voids of distinct sizes, in the range of 0.3-20 Å which are occupied by charge balancing cations
and water molecules. The presence of excess oxygen in the alumina molecules gives the
framework of a negative charge which can be balanced by trapping positively-charged ions
(cations) in cages of the structure. They have the ability to hold heavy metals; and especially
transition metal loaded zeolites, with their large surface area, acidic and shape selective properties
support adsorption (Bardakçi and Bahçeli, 2010).
Zeolites are hydrated aluminosilicates and highly porous with a rigid crystalline structure and a
network of interconnected tunnels and cages. The structures zeolites consist of a three-dimensional
framework which have a negatively charged lattice. The negative charge is balanced by cations
that are exchangeable with certain cations of the surrounding solutions. Based upon these facts and
according to some new definitions, zeolites are also clathrates or inclusion compounds, able to
host various guest substances in their versatile structure (Peterlik et al., 2011).
Natural zeolites can be used attractive adsorbents due their high ion-exchange capacity and
relatively high specific surface areas. They are widely important at this time because of their
relatively low prices and environmentally friendly. Zeolite’s unique market position has
progressed mostly by continued development of their ion exchange and adsorption properties and
especially through their surface treatment (Loganathan et al., 2013).
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3. Materials and Methods
3.1. Study Area and Sample collection
3.1.1 Study Area
Dire Dawa City is found at the eastern part of the Ethiopian Rift Valley and it covers 1500 Km2.
It lies between 09028`and 09049`N latitude and 41038`to 42019`E longitude.The city is situated at
1160 meter above sea level (Abate, 2010).

Figure 1. Map of study area
S1- Sabian Genda Kersa Area

S8 -Bore hole near to Ras Hotel

S4- Around Industry Zone

S9 - BH found in Ras Hotel

S7- BH in Dire Water Office

S12- BH found DDFC
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3.1.2 Sample collection
Samples were collected from Dire Dawa City at different areas of wells with the help of Dire Dawa
city water supply and sanitation authority using pre-cleaned plastic containers. Prior to sample
collection, the plastic containers were thoroughly rinsed with the groundwater that to be sampled.
The samples were carefully collected and stored at 5°C in the Icebox and transported to Addis
Ababa University Environmental Science Laboratory Room Refrigerator until being required for
analysis. Some of the samples were carefully transported to Ethiopian Water Works’ Construction
Enterprise and Ethiopian Public Health Institute Research center for groundwater quality
characterization.

3.2. Methodology
3.2.1. Preparation of Nitrate Standard Solution (Spectrophotometric method)
Nitrate ion concentration was determined by a standard method which is known as “Ultraviolet
Spectrophotometric Screening Method”. This method was followed exactly the procedure
described in the standard methods for the examination of water and wastewater or APHA-2005
method (Clescerl LS, 1998). The absorbance of nitrate ion at 220 nm was measured against
distilled water. The reason of the 220 nm wavelength was that NO3- is only absorbed at 220nm.
100 gram of Potassium nitrate haven been dried in oven-drier at 105 °C for 24 hours. Nitrate stock
solution of 1000 mg/L concentration was prepared by dissolving 0.163 g of pre-dried potassium
nitrate KNO3 (MARK GERMANY) weighed exactly and poured in a beaker that contain 100 ml
of distilled water. The solution was added to a 1,000 ml volumetric flask and dissolved in a distilled
water to make exactly 1,000 ml by adding 900 ml of distilled water. The concentration of the
standard solution was 100 mg/L and one ml of this solution contains 0.1 mg of nitrate ion (as NO3-
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-N). Prepare NO3– calibration standards in the range of 0 to 30.5 mg/L NO3–-N by diluting to 50
mL according to the following volumes of intermediate nitrate solution: 0, 2.00, 4.00, 6.00 . . .
16.0 mL. To prevent the interference of hydroxide and carbonate ion with nitrate ion, 1mL of HCl
which had a concertation 1M was added to 50 ml of nitrate sample solution and mixed thoroughly.
Nitrate concentration ([NO3--N mg/L]) was determined using the ultraviolet spectrophotometric
screening method (APHA, 2005). Samples were analyzed using an Ultraviolet-Visible (UV-VIS)
Spectrophotometer in the ultraviolet (UV) range at wavelength of 220nm because NO3- is only
absorbed at wavelength. The absorbance of a calibration curve developed using standards of
known nitrate concentration produced from a standard solution was used to calculate the unknown
concentration of sample (APHA, 2005). For this analysis, 67 series UV-VIS spectrophotometer
have been used and all measurements were read against distilled water set at zero absorbance as a
blank.
From the calibration curve analysis of Figure 2, the regression statistics and the calibration
equation (i.e., the gradient and the intercept) can be used to estimate the concentration of the
analyte in the groundwater samples.
Y = mx + b

------------------------ Equation

1

Therefore, from the calibration curve, the equation y = 0.0832*x – 0.0722 and the regression
coefficient (R2) value was 0.9927. Since the value of R2 was approximately closer to 1, there was
a stronger correlation between the y and x values. The calibration curve equation was used to
calculate the unknown concentration of the groundwater sample during the adsorption process
reference (Prichard and Barwick, 2003).
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Table 2. Spectrophotometric data used for calibration curve
Desired Concentration Volume

Volume

Absorbance at

(NO3—N) ion mg/mL

DI H2O (mL)

220 nm

Stock (mL)

0

0

50

0

4

2

48

0.302

8

4

46

0.611

12

6

44

0.871

16

8

42

1.128

20

10

40

1.511

24

12

38

1.901

28

14

36

2.335

30.5

16

34

2.543
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Figure 2. Calibration curve for nitrate ion analysis
3.2.2. Groundwater characterization
1L of groundwater sample was taken from Dire Dawa City with plastic bottles from each different
site. 1mL of HCl, which had a concertation of 1M, was added to each groundwater sample solution
and mixed thoroughly to prevent the interference of hydroxide and carbonate ion with nitrate ion.
The concentration of groundwater was analyzed using UV-Visible spectrophotometer in the
laboratory room. The sample was taken to Addis Ababa University Environmental science
Laboratory room within 24 hours. 10 mL from each collected sample was taken and poured in
Quartz cuvette of UV-Visible spectrophotometer. .
3.2.3. Modification of natural zeolite
Natural zeolites usually have little or no affinity for anions and exhibit low adsorption for organics
in aqueous solution due to the net negative charge on their framework or structure. Modification
of natural zeolite is widely employed to change their surface properties. In the past, many
investigations have been conducted on modification of natural zeolite with cationic surfactants and
then use to remove multiple types of contaminants from water (Mažeikiene et al, 2010).
Natural zeolitic tuff used in this work was obtained from Alamura Mountain deposit that was found
nearer to Hawassa city in SNNPR region, Ethiopia. According to the report of Ethiopian geological
Survey, natural zeolitic tuff contained different minerals such as rhyolite, feldspar and quartz.
There are also other different types of Natural zeolite that was found on Alamura and Tabor
mountain(Geological Servey of Ethiopia, 2010).
The natural zeolite sample was crushed by using laboratory mortar and pestle and sieved with
standard sieve of 150 μm. The screened zeolite has been washed with double distilled water till its
turbidity in water was eliminated and neutralized. The washed and cleared zeolite sample was
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dried in an oven drier at 105 0C for 24 hours. After 24 hours, the dried sample was taken from an
oven drier and immediately put in a desiccator in order to preserving from moisture. Then, 60.00
g of dried sample was placed in 200 ml of 0.15 molar solution of FeCl3. The suspension was placed
on hot plate with magnetically stirred for 3 hours at 80 0C. The obtained Fe-modified NZ was then
washed with deionized water until the turbidity was completely disappeared. The washed Femodified natural zeolite was dried in an oven drier at 105 0C for 24 hrs. Finally, the dried sample
was taken from an oven drier after 24 hours and immediately put in a desiccator in order to
preserving from moisture-until required for the next step.

Figure 3. Natural Zeolite collected from Tabor Mountain Hawassa Area, SNNP Regional State
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3.2.4 Optimization of Parameters
3.2.4.1. Optimization of pH
To find an optimum pH value, the adsorption process was done at a pH value of 3, 4, 5, 6, 7, 8 and
9. The other Parameters (T= 25 0C, 200 rpm, 1.5 g, 11.3 mg/L NO3- - N) were made constant.
100mL of the groundwater sample was measured and poured in seven Erlenmeyer flasks. The pH
of the sample in each flask to be adjusted separately at 3, 4, 5, 6, 7, 8, and 9 by adding 0.1N NaOH
and 0.1N HCl solution. Then, 1.5 g of modified natural zeolite was added separately in each flask.
Each flask that contain the sample was put in thermostat shaker and shaken at 200 rpm for 2-hour.
Finally, the concentration of the solution in each sample was measured using 67 series UV/VIS
spectrophotometer.
3.2.4.2. Optimization of temperature
In order to get an optimum temperature, the adsorption process was done at different temperature
of 20, 25, 30, 35, 40 and 45 o C. The other Parameters (pH=5, 2-hour, 1.5 g, 11.3 mg/L NO3-) were
made constant. 100mL of the groundwater sample was measured and poured in five Erlenmeyer
flasks separately. The pH value of the sample in each flask to be adjusted at 5 by adding 0.1N
NaOH and 0.1N HCl solution. Then, 1.5 g of modified natural zeolite was added to each flask that
contain groundwater sample. The flasks were put in thermostat shaker and shaken for 2-hour. The
thermostat shaker to be adjusted at different temperature. Finally, the concentration of the sample
in each flask was measured using 67 series UV/VIS spectrophotometer.
3.2.4.3. Optimization of adsorbent dose
The adsorption capacity of zeolite was carried out with different amount of modified natural zeolite
to evaluate its removal efficiency towards nitrate. To optimize the amount of modified natural
zeolite, the adsorption process was done at modified natural zeolite (adsorbent dosage) of 0.5, 1.0,
1.5, 2.0, 2.5 and 3.0 gram. The other Parameters (pH = 5, T= 25 0C, 200 rpm, 11.3 mg/L NO3--N)
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were made constant. 100mL of the groundwater sample was measured and poured separately in
six Erlenmeyer flasks separately. The pH of the sample in each Erlenmeyer flask to be adjusted at
5 by adding 0.1N NaOH and 0.1N HCl solution. Then, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 gram the of
modified natural zeolite was added separately in six flasks that contain the sample. Then, the flasks
were put in thermostat shaker and shaken at 200 rpm for 2-hour. Finally, the concentration of each
sample in different flasks was measured using 67 series UV/VIS spectrophotometer.
3.2.4.4. Optimization of contact time
To find an optimum contact time, the adsorption process was done at a contact time of 30, 60, 90,
120, 150 and 180 minutes. The other Parameters (pH =5, T= 25 0C, 200 rpm, 1.5 g, 11.3 mg/L
NO3--N) were made constant. 100mL of the groundwater sample was measured and poured in six
Erlenmeyer flasks separately. The pH of each sample different flasks to be adjusted at 5 by adding
0.1N NaOH and 0.1N HCl solution. Then, 1.5 g of modified natural zeolite was mixed with nitrate
solutions. The mixture was shaken at 200 rpm and 25 °C at the desired contact time. Then,
concentration of the solution in each flask was measured using 67 series UV/VIS
spectrophotometer.
3.2.4.5. Optimization of agitation speed
In order to get an optimum agitation speed, the adsorption process was done at an agitation speed
of 100, 150, 200, 250 and 300 rpm. The other Parameters (T= 25 0C, 2-hour, 1.5 g, 11.3 mg/L
NO3--N) were made constant. 100mL of the groundwater sample was measured and poured
separately in five Erlenmeyer flasks. The pH of each sample in different flask to be adjusted at 5
by adding 0.1N NaOH and 0.1N HCl solution. Then, 1.5 g of modified natural zeolite was mixed
with groundwater sample solution found in different flask. The mixture at each flask was put in
the thermostat shaker and shaken at different rpm for 2-hour until reached the desired agitation
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speed. Then, concentration of the solution in each flask was measured with 67 series UV/VIS
spectrophotometer.
3.2.4.6. Optimization of initial nitrate concentration
To optimize amount of nitrate adsorbed onto modified natural zeolite, the adsorption process was
started at an initial nitrate (NO3-N) concentration of 8.0, 11.3, 15.0, 18.0, 20.0, 25.0 and 27.1 11.3
mg/L NO3--N. The other Parameters (pH=5, T= 25 0C, 200 rpm, 1.5 g,) were made constant.
100mL of the groundwater sample was measured and poured in seven Erlenmeyer flasks
separately. The pH of each sample in different flask to be adjusted at 5 by adding 0.1N NaOH and
0.1N HCl solution. Then, 1.5 g of modified natural zeolite was added to the solution found in
different flask. Then, the mixture was put in thermostat shaker and shaken at 200 rpm for 2-hour.
Finally, the concentration of each sample in different flask was measured with 67 series UV/VIS
spectrophotometer.

3.3. Data Analysis and Interpretation
I used Origin 8 software and Microsoft excel to draw the graph and analyses the data that was
measured in UV-Visible spectrophotometer. Also, the XRD raw data was analyzed and interpreted
graphically with Jade6.5 and origin 8 software.

3.4. Calculation
3.4.1. Nitrate adsorption study
After an optimization of different parameters from the conducted experiments conducted, the
effectiveness of each step in the removal of nitrate was checked by using different calculations
(Mazarji et al, 2017). The nitrate removal percentage was calculated as follows:
Removal Efficiency(%) =

(𝐶𝑜−𝐶𝑒)
𝐶𝑜

𝑥 100 …………………………. Equation 2
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where C0 and Ce are the initial and equilibrium nitrate concentrations in the solutions respectively.
Each experiment was triplicated to determine the reproducibility of the measurements and the
average values are taken to calculate the unknown concentration of the groundwater sample from
absorbance value.
The adsorption capacity of modified zeolite at equilibrium qe (mg/g) was calculated according to
the following equation:
qe =

(𝐶𝑂 −𝐶𝑒 )V
W

……………………. Equation 3

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 in liter (L) and ‘W’ is the mass of dry adsorbent
(modified zeolite) used (g).
3.4.2. Adsorption Isotherm study
Adsorption isotherms or commonly equilibrium data, are an important in the basic design of
adsorption systems, and are critical in optimizing the use of adsorbents. It also explains the
relationship between the amount of a substance adsorbed at constant temperature and its
concentration in the equilibrium solution. To optimize the design of an adsorption system for
evaluating the removal efficiency of nitrate from groundwater, it is essential to establish the most
appropriate correlation for the equilibrium curves. There are many isotherm equations that are
available. Freundlich and Langmuir isotherms are used in case of water and wastewater treatment.
Therefore; I used Langmuir and Freundlich models for this study. In this study, both models were
employed to analyze the relationship between the amount of nitrate ion adsorbed and its
equilibrium concentration.
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3.4.2.1. Langmuir adsorption isotherm
Langmuir adsorption isotherm states that adsorption takes place at specific homogeneous sites
within the adsorbent, and it has been used successfully for many adsorption processes of
monolayer. The linearized Langmuir equation is represented as follows (Langmuir, 1918);
Ce
qe

=

Ce
qm

+

1

…………………………. Equation 4

kL.qm

where, Ce is the equilibrium concentration of the adsorbate (mg/l), qm is maximum sorption
capacity for complete monolayer (mg/g), qe is the amount of adsorbate adsorbed per unit mass of
adsorbate (mg/g), and KL is Langmuir constant
3.4.2.2. Freundlich adsorption isotherm
The Freundlich isotherm is an equation on the descriptions of heterogeneous systems. The wellknown logarithmic form of Freundlich model (Hasan, 1987) is given by the following equation:
1

log 𝑞𝑒 = log 𝐾𝑓 + ( ) log 𝐶𝑒
𝑛

………………………….…

Equation 5

The Freundlich constants such as Kf and 1/n are related to adsorption capacity and adsorption
intensity of the sorbent respectively. Log Kf is the intercept of the linear equation while 1/n is the
slope of the graph. qe is the amount of nitrate adsorbed at equilibrium (mg/g) and Ce is the
equilibrium concentration of the adsorbate.
3.4.3. Adsorption kinetic study
The kinetic study of adsorption is desirable and it provides information about the mechanism of
adsorption which is important for the adsorption efficiency process. The applicability of the
pseudo-first-order and pseudo-second-order model was tested for the adsorption of nitrate onto the
modified natural zeolite.
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3.4.3.1. pseudo–first order
The pseudo–first order kinetic equation given by Lagergren is commonly used to the adsorption
of liquid/solid system based on adsorbent capacity. According to this model, one adsorbate species
reacts with one active site on adsorbent surface. The linearized form of the pseudo-first order
kinetic equation is expressed as following equation 6:
k

1
log(q e − q t ) = logq e − 2.303

………………………

Equation 6

where, qe and qt are the amount adsorbed at equilibrium and at time t, respectively (mg/g), k1 is
the rate constant of pseudo-first order adsorption (L/min).
3.4.3.2. pseudo - second order
Pseudo-second-order equation formulated from the adsorption equilibrium(Ho & Mckay, 2000).
The equation can be expressed in Eq. (7):
t
qt

=

1
k2 qe

+
2

t
qe

--------------------------------------------------------------------- Equation 7

The constants can be determined from calculation by plotting of t/qt against t.
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4. Results and Discussions
4.1 Characterization of Groundwater
Table 3 shown that the groundwater is collected from different parts of Dire Dawa City. The
laboratory results of S-1, S-8, S-9 and Dire Dawa Food Complex are 75.44, 63.66, 132.37 and
101.23 mg/L respectively. From this data, the nitrate concentration was greater than the WHO
and Ethiopian standard value, maximum allowable NO3- -N concentration 11.3 mg/L.
From the table of Appendix 3; physicochemical characterization groundwater water, the total
alkalinity such as CaCO3, total hardness as CaCO3, Ca2+, NO3-, and bicarbonate ion have the
concentration value of 300, 510, 81.6, 74.95 and 366 mg/L respectively. Therefore, the
concentration of the mentioned species was above the maximum allowable limit value that have
been given by both WHO and Ethiopian standard (WHO,2003). But this study was focus only on
the concentration of the nitrate ion in the groundwater. The average nitrate ion concentration was
74.95 mg/L; which was above the standard value.
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Test well

Around Industry Zone

8.97

39.74

below MAC

Bore hole found the compound of

6.37

28.22

below MAC

14.37

63.66

Above MAC

name

pw10
S-7

Pw16

Dire Dawa City Water Office.
S-8

Pw22

Bore hole found around Ras Hotel
and one source for water supply

S-9

-

Ras Hotel

29.98

132.37

Above MAC

S-12

-

DDFC

22.85

101.23

Above MAC

34

mg/l

S-4

MAC is 50

Above MAC

standard

75.44

Ethiopian

17.03

WHO/

Sabian Genda Kersa Area

in mg/l

Sample site

Pw13(06)

In mg/l

Sample code

S-1

NO3-N conc.

Samples

NO3 ion conc.

Table 3. Nitrate ion concentration analysis for selected sites

4.2. Characterization of zeolite
4.2.1. Characterization of Unmodified Natural Zeolite with Scanning Electron Microscope
(SEM)
The morphology of untreated natural zeolite was analyzed by using scanning electron micrographs
(SEM) and their images are shown in figure 4 a and b. The SEM micrograph of unmodified natural
zeolite clearly shows that the particles are highly tighten together and a very less pore size on the
surface of unmodified zeolite. This was due to the presence of impurities and the water molecules
in structure of unmodified zeolite.

a)

b)

Figure 4. Scanning Electron Microscope image of unmodified natural zeolite a) 50 µm and b) 10
µm
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4.2.2. Characterization of Modified Zeolite with Scanning Electron Microscope (SEM)
The SEM micrograph of modified natural zeolite in figure 5 a and b clearly shows that there was
a highly porous in the structure of modified zeolite after the modification with ferric chloride. The
occurrence of high pore volume and surface area on the modified zeolite was takes place due to
removal impurities and water molecules from the structure of zeolite. The modification of natural
zeolite with ferric chloride causes surface modifications, structural transformation and loss of
structural water molecules, which ultimately affect the adsorption of properties of natural zeolite.
Similar result was reported by (Chatterjee et al, 2009).
a)

b)

Figure 5. Scanning Electron Microscope image of modified natural zeolite a) 50 m and b) 10
m
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4.2.3. Characterization of Zeolite with X-ray Diffraction (XRD)
The XRD pattern of unmodified natural zeolite was analyzed by using Jade6.5 software and its
characterization results was shown in the display of Figure 6. The results obtained from the XRD
analysis indicated that there are sharp and symmetric peaks which gives clear indication that the
sample was a well crystalline. Similar result was reported by (Vimonses et al. , 2009).

[S 4_Theta_2-Theta.asc]
3:d= 3.2877/2T= 27.168/55.3%/B= 0.307

4:d= 3.1673/2T= 28.222/100.0%/B= 0.538

Intensity(Counts)

1500

1000
2:d= 3.6643/2T= 24.331/35.9%/B= 0.598
1:d= 4.1479/2T= 21.458/20.0%/B= 0.339

500

0
10

20

30

40

50

Two-Theta (deg)

Figure 6. X-Ray Diffraction spectrum for unmodified natural zeolite
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The XRD pattern of modified zeolite was analyzed by using Jade6.5 software and its
characterization results was shown on the display of Figure 7. The results obtained from the XRD
analysis indicated that there are sharp and symmetric peaks which gives clear indication that the
samples are well crystalline modified zeolite. Similar result was reported by (Vimonses et al. ,
2009).

[S 3_Theta_2-Theta.asc]
2:d= 3.3214/2T= 26.887/31.5%/B= 0.155

2000
3:d= 3.2071/2T= 27.865/100.0%/B= 0.548

4:d= 3.1830/2T= 28.080/60.5%/B= 0.382

Intensity(Counts)

1500

1:d= 4.2112/2T= 21.132/17.0%/B= 0.226

1000

500

0
10

20

30

40

50

Two-Theta (deg)

Figure 7. X-Ray Diffraction spectrum for modified natural zeolite
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4.3. Elemental Analysis of Zeolite
The result of AAS and EDX elemental compositions for unmodified natural zeolite was presented
in Table 4. The result showed that there are cationic elements such as Na, Ca and Mg in the natural
zeolite framework. Silicon was the most abundant element present in the natural zeolite. The
percentage of Si, Al and Fe were 27.31, 7.99 and 2.51 respectively. The ratio of Si/Al in
unmodified natural zeolite was 3.42.
Table 4. Elemental composition of unmodified natural zeolites
Chemical Composition

Si

Al

Fe

Na

K

Ca

Mg

Percentage (%)

27.31

7.99

2.51

4.8

1.2

10.02

0.52

The elemental analysis result of modified natural zeolite from AAS and EDX was shown in table
5. The percentage of elemental composition of Si, Al and Fe are 21.31, 4.56 and 10.58 respectively.
The contents of Si and Al was decreased while that of Fe became increased. This result was
indicated that both Si and Al was exchanged with iron (Fe) from the comparison of table 4 and 5.
This made that the ferric chloride modified natural zeolite has a highly positive characteristic due
the replacement of Si and Al with Fe. The higher adsorption by Fe-modified natural zeolite was
due to the higher positive surface charge produced by Fe impregnation. Similar result was reported
by the researcher (Doula, 2006).
The cation content of natural zeolite such as (Na, Mg and Ca) decreased after ferric chloride
modification. Therefore, the existence of Na, Mg and Ca cation can be considered as impurities in
the natural zeolite. Pore volume and surface area can be increased by removing the mentioned
impurities. Similar results was reported by (Waluyo et al., 2017) on the study of modification of
natural zeolite as a catalyst for steam reforming of toluene.
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The Si/Al ratio in case of unmodified natural zeolite was 3.42 while in case of modified natural
zeolite, Si/Al ratio became 4.67. An increase of Si/Al ratio showed there was the low-hydrophilic
characteristic of the modified natural zeolites. This enhancement improves the capability of the
natural zeolites as adsorbents or catalysts. This result was similar with the result reported by
(Kalaruban et al., 2016). Additionally; similar result was reported by (Islam and Patel, 2007) that
have done on the evaluation of removal efficiency of fluoride from aqueous solution using quick
lime.
Table 5. Elemental composition of modified natural zeolite
Chemical Composition

Si

Al

Fe

Percentage (%)

21.31 4.56

40

Na

K

10.58 3.33 4.10

Ca

Mg

3.02 0.00

4.4. Nitrate Adsorption Studies
4.4.1. Effect of pH
From the above Figure 8, the highest nitrate adsorption, which was 6.65 mg/g, occurred at pH 5.
The adsorption of nitrate ions was increased with increasing pH until reaching maximum pH value
of 5. The decrease of nitrate adsorption below pH= 5 may be related to the competition of chloride
(Cl−) ions (from adding HCl acid to adjust the pH) with nitrate anions. As the pH value of the
system decreases, the number of positive charged sites on modified natural zeolite increases, thus
nitrate ions were adsorbed on the surface of modified natural zeolite due to electrostatic attraction.
There was a decrease of the nitrate removal efficiency after reaching the maximum pH value. The
progressive decrease of nitrate removal efficiency at pH greater than 5 is possibly due to the
electrostatic repulsion of nitrate ion to the negatively charged surface of modified natural zeolite
as well as the composition for active sites by excessive amount of hydroxyl ions. This was may
cause the electrostatic repulsion of anionic nitrate by the negatively charged modified natural
zeolite at higher pH value. It can be due to higher competition between nitrate and hydroxide ions
for same sites on adsorbent’s surface. Similar results were also reported by other researchers
(Mazarji et al, 2017, Divband et al., 2016 and Bhatnagar et al., 2010).
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Table 6. Effect of pH on nitrate removal by modified natural zeolite
pH

Nitrate

NO3- -N

removal

Conc. at

efficiency

equilibriu

(%)

m(mg/L)

Triplication

Absorbance at
220 nm

1

2

3

Mean

SD

3

47.52

5.93

0.420

0.422

0.421

0.421

0.001

0.421 ± 0.001

4

74.33

2.90

0.172

0.168

0.167

0.169

0.003

0.169 ± 0.003

5

88.32

1.32

0.034

0.035

0.045

0.038

0.006

0.038 ± 0.006

6

73.72

2.97

0.177

0.180

0.168

0.175

0.006

0.175 ± 0.006

7

67.34

3.69

0.231

0.238

0.236

0.235

0.004

0.235 ± 0.004

8

53.36

5.27

0.369

0.368

0.361

0.366

0.004

0.366 ± 0.004

9

48.56

5.81

0.418

0.403

0.412

0.411

0.008

0.411 ± 0.008

Figure 8. Effect of pH on nitrate removal by modified natural zeolite
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4.4.2. Effect of temperature
It was observed in Figure 9 that with an increase in temperature from 20 oC to 25 oC, nitrate
removal efficiency increases from 67.0 to 86.5%. An increment might be due to the increased
interaction between nitrate ions and active site on the surface of modified zeolite. However, when
the temperature was further increased or beyond 25 o C, the removal efficiency of nitrate became
decreased. This may be due to an increase in the solubility of nitrate ions in water rather than
adsorbed on the zeolite surface. Similar results was reported by the researchers (Hafshejani et al.,
2016).
Table 7. Effect of Temperature on nitrate removal
Temp.

Nitrate

NO3- -N Conc.

(0C)

removal

at

efficiency

equilibrium

(%)

(mg/L)

Triplication

Absorbance
at 220 nm

1

2

3

Mean

SD

20

67.0

3.73

0.239 0.241 0.234

0.238

0.004 0.238 ± 0.004

25

86.5

1.53

0.054 0.048 0.063

0.055

0.007 0.055 ± 0.007

30

75.0

2.82

0.161 0.166 0.159

0.162

0.005 0.162 ± 0.004

35

60.0

4.52

0.301 0.304 0.307

0.304

0.003 0.304 ± 0.003

40

53.0

5.31

0.373 0.369 0.368

0.370

0.003 0.370 ± 0.003

45

48.0

5.88

0.413 0.417 0.421

0.417

0.004 0.417 ± 0.004
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Figure 9. Effect of Temperature on nitrate removal
4.4.3. Effect of adsorbent dosage
The effect of variation of adsorbent dose on percentage removal of nitrate from aqueous solution
with MNZ used in this study was graphically shown in Figure 10. The nitrate removal increases
with an increase in the amount of modified natural zeolite and at a value of 1.5 g gave the best
adsorption performance. The number of active sites relates to adsorbent mass and sorption
performance. It was clear that an increase in adsorbent mass resulted in an increase in the removal
of nitrates from water. The results showed that as the adsorbent dosage increases from 0.5 to 1.5
g/100 ml, the nitrate removal efficiency increases from 78 to 89.0%. This might be due to the fact
that the increased percentage removal of nitrate with increasing modified natural zeolite dose
provided the availability of more active surfaces sites of the adsorbent for adsorption. However, it
is observed that as the adsorbent mass increases from 1.5 to 3 mg/100 ml, there was no significant
change in percentage removal of nitrate due to overlapping of active sites at higher dosage. The
overlapping of active sites at higher adsorbent masses resulting in reduced effective surface area
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required for sorption. This observation was agrees with the literatures reported by (Mike M. et al
2014 and Onyango et al., 2010).
However, the decreased adsorption capacity might be attributed to the decreased total surface area
of the adsorbent caused by the increase in adsorbent dose at constant nitrate concentration and
volume. This finding was similar with the result reported by (Mazarji et al., 2017, Islam and Patel,
2009).
Table 8. Effect of adsorbent dosage on nitrate removal by modified natural zeolite
Adsorbent

Nitrate

NO3- -N Conc.

Dosage

removal

at equilibrium

(gram)

efficiency

(mg/L)

Absorbance at
Triplication

220 nm

(%)
1

2

3

Mean

SD

0.5

78.00

2.49

0.135 0.141 0.129

0.135

0.006

0.135 ± 0.006

1.0

85.00

1.70

0.075 0.067 0.065

0.069

0.005

0.069 ± 0.005

1.5

89.00

1.24

0.029 0.038 0.026

0.031

0.006

0.031 ± 0.006

2.0

88.76

1.27

0.034 0.033 0.032

0.033

0.001

0.033 ± 0.001

2.5

88.50

1.30

0.035 0.040 0.033

0.036

0.004

0.036 ± 0.004

3.0

87.90

1.37

0.044 0.041 0.041

0.042

0.002

0.042 ± 0.002
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Figure 10. Effect of adsorbent dosage on nitrate removal by modified natural zeolite
4.4.4. Effect of contact time
The result of figure 11 showed that, the percentage of nitrate removal increased from 36.02 to
88.67% with increasing contact time from 30 to 120 minute. The equilibrium of adsorption reached
after a contact time of 120 minute and the maximum adsorption of nitrate became 88.67% at the
contact time of 2 hours. Removal efficiency of nitrate was increased due to the high initial
concentration of solute gradient and all the adsorbent sites were vacant. An increase of removal
efficiency may be due to the fact that the nitrate ions get an appropriate time to bind on the reactive
sites of the modified natural zeolite surface. Before the equilibrium time reached, there was a
sufficient vacant and active site on the surface of modified zeolite. A further increase in contact
time did not cause a change in nitrate adsorption stay almost constant. This was due to all the active
sites on the modified zeolite were occupied. The observation of this study was agreed with the
literature reported by (Salam et al., 2015).
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As the time increases beyond 2-hour, the active sites of modified zeolite became filled with the
adsorbate molecules and the repulsive force between solute molecules and bulk phase did not
change and the vacant sites remain constant with time. The obtained results for maximum
adsorption was agree with the nitrate removal study on the red mud that was reported by
(Cengeloglu et al., 2006 and Luu et al, 2018).
Table 9. Effect of contact time on nitrate removal by modified natural zeolite
Contact

Nitrate

NO3- -N Conc.

Time

removal

at equilibrium

(min.)

efficiency

(mg/L)

Triplication

Absorbance
at 220 nm

(%)
1

2

3

Mean

SD

30

36.02

7.23

0.522

0.531

0.534 0.529 0.006 0.529 ± 0.006

60

49.11

5.75

0.411

0.408

0.399 0.406 0.006 0.406 ± 0.006

90

68.67

3.54

0.219

0.217

0.230 0.222 0.007 0.222 ± 0.007

120

88.67

1.28

0.036

0.031

0.035 0.034 0.003 0.034 ± 0.003

150

88.01

1.35

0.040

0.037

0.043 0.040 0.003 0.040 ± 0.003

180

88.00

1.36

0.042

0.042

0.039 0.041 0.002 0.041 ± 0.002
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Figure 11. Effect of contact time on nitrate removal
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4.4.5. Effect of agitation speed
The influence of agitation speed on adsorption of nitrate ion on MNZ was studied by changing the
speed of agitation from 100 to 300 rpm and result was given in Figure 12. From the figure, it is
evident that the removal of nitrate ion increases from 78 to 88.76% with the increase in agitation
speed from 100 to 200 rpm. This situation can cause a consequence of the decrease of the boundary
layer thickness around the adsorbent and this can cause the particles in the solution result in
increasing of the degree of mixing. Additionally; it may be explained by the fact that an increasing
of agitation speed decreases the boundary layer resistance in the bulk for mass transfer and
increases the driving force of nitrate ions towards the adsorbent. An appropriate agitation speed
makes the collision between the adsorbent and adsorbate to became effective. The result of this
study was agreed with the study of (Al-Qodah, 2000) which have been done on adsorption of dyes
using shale oil ash.
As agitation speed became above 200 rpm, there was a very slightly decrease of removal efficiency
from 88.76 to 85.5%. It may be assumed that there was a highly disturbance of the external
boundary of the adsorbent and this effect can be attributed to the increased of turbulence. In this
case, it may cause an effect on the lack of an appropriate collision of between adsorbent and
adsorbate particles. The external boundary of adsorbent did not dominantly control the overall
adsorption process as the agitation speed beyond the optimum or 200 rpm. Similar result was
reported by (Kundu & Gupta, 2006).
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Table 10. Effect of Agitation speed on nitrate removal
Agitation

Nitrate

NO3- -N Conc.

Speed

removal

at equilibrium

(rpm)

efficiency

(mg/L)

Triplication

Absorbance at
220 nm

(%)

1

2

3

Mean

SD

100

78.00

2.49

0.135

0.139

0.131

0.135

0.004

0.135 ± 0.004

150

84.00

1.81

0.074

0.081

0.079

0.078

0.004

0.078 ± 0.004

200

88.76

1.27

0.035

0.033

0.034

0.034

0.003

0.024 ± 0.001

250

87.00

1.47

0.047

0.052

0.051

0.050

0.003

0.050 ± 0.003

300

85.50

1.64

0.058

0.065

0.069

0.064

0.006

0.064 ± 0.006

Figure 12. Effect of Agitation speed on nitrate removal
50

4.4.6. Effect of initial concentrations
The result obtained from the influence of initial nitrate concentration on the removal efficiency of
nitrate was presented in graphical form in Fig 13. As it was observed from the above graph, the
percentage of nitrate removal was increased from 79 to 89.56% as nitrate concentration increased
from 8.0 to 11.3 mg/L NO3-N. The increase in nitrate adsorption was due to the increased of
availability of NO3- ion and presence of vacant binding sites on adsorbent surface. At low initial
concentration of nitrate ions, more binding sites are available, but as concentration increases the
number of ions competing for available binding sites in the adsorbent increased. Also, it was due
to the increase in the driving force of the nitrate ion concentration gradient, as an increase in the
initial nitrate concentration. However, it is clear from the above figure that, the maximum nitrate
removal takes place when the initial concentration was at 11.3 mg/L NO3-N. The higher the nitrate
ion concentration is, the stronger the driving force of the concentration gradient, and therefore the
higher the adsorption capacity. Similar results have been reported by (Weng et al., 2009).
As the initial nitrate ion concentration increased from 11.3 to 27.1 mg/L NO3-N, the removal
efficiency decreased from 89.56 to 40.0 %. Because, most of the NO3- is left unabsorbed due to
saturation of the adsorption sites. This result was similar with the result reported by (Islam and
Patel, 2007).

51

Table 11. Effect of initial concentration on nitrate removal by modified natural zeolite
Initial

Nitrate

NO3- -N Conc.

Absorbance at

conc.

removal

at

220 nm

(mg/L) efficiency
(%)

equilibrium

Triplication

(mg/L)
1

2

3

Mean

SD

8.0

79.03

2.37

0.122 0.125 0.128 0.125 0.003

0.125 ± 0.003

11.3

89.56

1.18

0.021 0.030 0.027 0.026 0.005

0.026 ± 0.005

15.0

76.02

2.71

0.159 0.155 0.145 0.153 0.007

0.153 ± 0.007

18.0

64.00

4.07

0.266 0.270 0.262 0.266 0.004

0.266 ± 0.004

20.0

58.00

4.75

0.319 0.322 0.328 0.323 0.005

0.323 ± 0.005

25.0

50.97

5.54

0.388 0.385 0.394 0.389 0.005

0.389 ± 0.005

27.1

40.00

6.78

0.493 0.490 0.493 0.492 0.002

0.492 ± 0.002
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Figure 13. Effect of initial concentration on nitrate removal by modified natural zeolite
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4.4.7. Adsorption Isotherms
4.4.7.1. Langmuir Isotherm

Figure 14. Langmuir isotherm for the adsorption of nitrate at 25 °C using modified natural
zeolite
Linear Langmuir adsorption isotherms is presented in Fig. 14. The values of qm and kL of linear
expression were calculated from the slopes and intercept of the linear plot of shows a plot of Ce
versus Ce/qe. Therefore; 1/ qm is the slope and 1/qm. KL is an intercept. From the linear
regression equation y = 0.1304x - 0.0538, the value of slope and intercept is 7.67 and 2.32
respectively. The calculated value of qm is approximately equal to 8 mg/g.
The correlation coefficient(R2) value obtained from Fig.14 is 0.9997. The Langmuir isotherm fits
the experimental data very well confirms the monolayer coverage nitrate ion onto modified zeolite
particle and also the homogenous distribution of active sites on the adsorbent. Similar result was
reported by (Meroufel et al., 2013).
The good correlation also indicated that the adsorption took place at the binding sites on the surface
of the modified zeolite, which is considered as monolayer adsorption. Similar result was reported
by (Chatterjee et al., 2009).
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4.4.7.2. Freundlich Isotherm
The Linear regression equation for Freundlich adsorption isotherm is shown on Figure 15 and
shows a plot of log qe versus log Ce. The values of Kf and 1/n are calculated from the intercept and
slope respectively which are recorded in table 12.

Figure 15. Freundlich isotherm for the adsorption of nitrate at 25 °C using MNZ
The plot of log Ce versus log qe gave straight line from Figure 15 with correlation coefficient of
0.8707. It is found that the correlation coefficient, R2, value for the Freundlich model is 0.8707.
The calculated data did not fit well with the Freundlich isotherm model did not fit with the data.
This indicated that the there was no multi-layer adsorption or lack of heterogeneity on the surface
of modified zeolite. The constants such as 1/n is the slope and log KF are the intercept.
respectively. The values of KF and n were calculated from the intercepts and the slopes. There
values are equal to 0.793 and -2.348 respectively. The magnitude of n shows nitrate ion is easily
separated from water and indicates unfavorable adsorption. The study of this result was agree with
the result reported by (Igwe and Abia, 2007).
55

Table 12. Langmuir and Freundlich isotherm parameters for the adsorption of nitrate onto the
MNZ (pH = 5, T°= 25 °C)
Isotherm

Parameter

Values

RL

0.038

qm(mg/g)

8

KL

2.32

R2

0.9997

Kf

0.793

R2

0.8707

n

-2.348

Langmuir

Freundlich

From table 12, the correlation coefficient(R2) value obtained from Langmuir isotherm is 0.9997
while that of Freundlich isotherm is 0.8707. This was indicated that the experimental data was
well fitted Langmuir isotherm and the adsorbent has a homogeneous surface. This result was
agreed with the result reported by (Chatterjee et al., 2009).
4.4.8. Adsorption kinetics
The applicability of the pseudo-first-order and pseudo-second-order model was tested for the
adsorption of nitrate onto the modified natural zeolite. The best-fit model was selected depend on
the correlation coefficient (R2) values of linear regression.
4.4.8.1. Pseudo-first-order
Applicability of the pseudo-first order kinetic was examined by plotting log(qe-qt) vs t as shown
in Figure 16. From the calculated values, the result shown that the adsorption of MNZ follow the
pseudo-first order kinetic equation for different initial concentrations and the regression values
are given in Table 13.
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Figure 16. Pseudo-first-order kinetic plots
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4.4.8.2. Pseudo-second-order
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0
-200
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y = -11.923x + 696.73
R² = 0.4603

-600
-800
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20

40

60

80
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Figure 17. Pseudo-second-order kinetic plots
Table 13. Kinetic models rate constants for adsorption of nitrate on MNZ
Kinetic Model

Pseudo –first - order

Pseudo – second - order

Parameter

Values

K1(min-1)

0.016

R2

0.9458

qe (mg/g)

3.1100

K2 (g/mg.min)

0.2040

R2

0.4603

qe (mg/g)

0.0840

The adsorption isotherm model that best-fit was selected based on the theoretical or calculated (qe
(cal)) uptake and linear correlation coefficient (R2) values. The values obtained by pseudo-firstorder model as shown on Figure 16, were found to be in good agreement with experimental data
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and can be used to favorably explain the nitrate sorption on modified natural zeolite. The rate
equations and the related values are given in Table 13. The linear form of pseudo-first order model,
equation (6), was tested as a plot of log(qe–qt) versus t and is shown in figure 16. From the plotted
graph, the value of the regression coefficient, R2, is equal to 0.95. it can be concluded that the
pseudo-first order model describes the nitrate kinetic data. The study of this observation is agree
with that of previous researchers (Onyango et al., 2010). The calculated values of qe and k1 are
3.11 mg∙g-1 and 0.016 min-1, respectively from the above table 13.
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5. Conclusions
In this study, the current status of nitrate concentration in groundwater of some selected bore hole
of Dire Dawa City was measured and has the nitrate ion concentration above the WHO and
Ethiopian drinking water standard. The low cost and easily available natural zeolite were modified
with 0.15 M of ferric chloride in order to remove nitrate from groundwater.
the result of modified zeolite showed that, Fe- modified natural zeolite contain 10.58% of Fe, has
high surface area and high pore size than unmodified natural zeolite.
The adsorption of nitrate on modified zeolite was found to be depend on pH of the solution,
temperature, adsorbent dosage, contact time, agitation speed and the range of initial NO3− -N
concentrations. The maximum nitrate removal efficiency occurred at pH = 5, 25 oC and an
adsorbent dosage of 1.5 g/100ml.
From the groundwater purification experiment, the result indicated that the maximum nitrate
removal efficiency of modified zeolite became 89.56 %. Ferric chloride modified zeolite can serve
as a potential sorbent for NO3− sorption from groundwater which environmentally friendly. An
increased adsorption capacity of modified zeolite is considered to be due to the removal of surface
impurities, an increase of iron (III)-modified zeolite’s surface area and pore volume.
The Langmuir isotherm fits the experimental data very well and this confirms the monolayer
coverage nitrate ion onto modified zeolite particle.
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6. Recommendations
More research will be required to apply this study on the rural and urban area at which there was
high nitrate ion concentration in groundwater.
More research is needed in the field of regeneration of used modified zeolite and environmentally
safe disposal of NO3− after desorption.
This study was considered to be the starting idea in order to conduct a pilot study either on
centralized or decentralized form to develop the removal of nitrate.
Further study must be required for the adsorption capacity of modified zeolite on microorganisms
in addition to the nitrate removal from groundwater.
Application of rules and regulation will be a key component ensure the success of the legislative
and groundwater pollution control approach for reducing nitrate inputs to the environment.
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Appendix 1. Ethiopian Drinking Water Quality Standards
Parameter

unit

Ethiopian

WHO Guideline

Standard

Value (1993)

Electrical Conductivity (EC) at 25 0C

µS/cm

-

500

Turbidity

NTU

5

5

Color

TCU

15

15

-

Colorless

Colorless

Calcium ion, Ca2+

mg/L

75

Chloride ion, Cl-

mg/L

250

250

Copper (as Cu)

mg/L

2

1

Residual free chlorine

mg/L

0.5

0.6 - 1

Sulphate (as SO42-)

mg/L

250

250

Fluoride (as F-)

mg/L

1.5

1.5

Ammonia (NH3)

mg/L

0.1

1.5

Nitrite (as NO2-)

mg/L

3

3

Iron (as Fe)

mg/L

0.3

0.3

Manganese (as Mn)

mg/L

0.5

0.1

Magnesium (as Mg)

mg/L

50

pH meter

6.5 – 8.5

6.5 – 8.5

Total Alkalinity (TA)

mg/L

200

200

Nitrate (NO3-)

mg/L

50

50

Arsenic (As)

mg/L

0.05

0.01

Odor and Taste

pH

69

Potassium (as K)

mg/L

1.5

Sodium as (Na)

mg/L

200

200

Cadmium (Cd)

mg/L

0.01

0.03

Hexavalent Chromium (Cr+6)

mg/L

0.05

0.05

Aluminum (Al)

mg/L

0.2

0.2

Chromium (as Cr)

mg/L

0.05

0.05

Lead (as Pb)

mg/L

0.01

0.01

Selenium (as Se)

mg/L

0.01

0.01

Boron (as B)

mg/L

0.3

0.3

Zink (Zn)

mg/L

5

5

Total Mercury (Hg)

mg/L

0.001

0.001

Total Coliform

N/100 ml

0

0

E. coli

N/100 ml

0

0

70

Appendix 2. Permissible limit of nitrate in drinking water by different
Country/organization
Country/Organization

WHO

Concentration as

Concentration

NO3- – N(mg/l)

as NO3- (mg/l)

Source

11.3

50

(WHO, 2011)

10

45

(EPA, 2009)

European Union

11.3

50

(EU, 2014)

Ethiopian Drinking Water

11.3

50

(Ethiopian Drinking

United States
Environmental Protection
Agency

Quality Standard

Water Quality
Standard, 2013)

71

Standard(a)

(APHA) 20th

Odor

-

2150 B

objectionable

3

Taste

-

-

Tasteless

4

Settleable Solids

-

2540 F

-

Present

5

Floating Solids

-

-

-

Absent

6

Suspended Solids

-

-

-

Absent

7

Turbidity

NTU

2130 B

5.0(a)

0.6

8

Total Dissolved Solids (TDS)

mg/L

2540 C

1000(b)

758.00

9

Electrical Conductivity (EC)

µS/cm

2520 B

1400(b)

1090.00

pH

4500-H+B

6.5 – 8.5(a)

7.65

11 Alkalinity as CaCO3

mg/L

2320 B

-

0.00

12 Total Alkalinity as CaCO3

mg/L

2320 B

200(a)

300.00

13 Total Hardness as CaCO3

mg/L

2340 C

300(a)

510.00

14 Total Silica (SiO2)

mg/L

4500-SiO2 B

-

21.69

15 Ammonium ion, NH4+

mg/L

4500-NH3 B

1.5(a)

0.00

16 Calcium ion, Ca2+

mg/L

3500-Ca B

75(a)

81.76

17 Magnesium ion, Mg2+

mg/L

3500-Mg B

50(a)

0.00

Value(b)

2

Colorless

Guideline
Result

-

WHO

-

Ethiopian

Appearance

Edition

Parameter

1

unit

S..N

Test Method

Appendix 3. Physico-chemical Characterization of groundwater

Colorless

at 25 0C
10 pH at 25 0C

72

18 Chloride ion, Cl-

mg/L

4500-Cl- B

250(a)

103.97

19 Nitrite ion, NO2-

mg/L

4500-NO2+ B

3.0(a)

0.00

20 Nitrate ion, NO3-

mg/L

4500-NO3+ B

50(a)

74.95

21 Fluoride ion, F-

mg/L

4500-F- D

1.5(a)

0.40

22 Bicarbonate ion, HCO3-

mg/L

2320 B

-

366.00

23 Carbonate ion, CO32-

mg/L

2320 B

-

0.00

24 Sulfate ion, SO42-

mg/L

4500-SO42- E

250(a)

-

25 Orthophosphate ion, PO43-

mg/L

4500-P D

-

0.00
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