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Abstract— High amounts of Ammonical Nitrogen is one of 

the major factors that pose problem during the treatment of 

Industrial Wastewaters. The goal of reducing the values of 

(NH4+N) well within the legal discharge standards is not only 

a difficult job, but can also become expensive if process 

optimization is not performed correctly. In this particular 

study, the effluent was obtained from a major agrochemical 

company in India, whose (NH4+N) content lingered around 

(180 to 250) ppm. Presently, Sodium  hypochlorite dosing is 

administered to lower down the Ammonical Nitrogen, but 

due to the fact that this process is not an eco-friendly one, the 

search for a better process having more advantages over 

Hypochlorite treatment led  to option of Electrochemical 

Oxidation process. The aim of this study is to analyse the 

applicability and efficiency of (Electrochemical Oxidation) 

process to lower the Ammonical Nitrogen concentration 

below 50ppm. Electrode material remained same during the 

experiment whereas the values of voltage, pH were 

optimized. Five values of voltage and five values of pH were 

fixed for the study. We saw a 98% reduction in the 

Ammonical nitrogen content within a time period of (180 

minutes), which upon power and cost calculation, also proved 

to be cheaper than the Hypochlorite treatment that was 

originally followed by the Industry. 
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I. INTRODUCTION 

Nowadays, most of the water bodies around the world are 

polluted and some of them are heavily polluted. Ammonia 

contamination of water bodies is a widespread environment 

problem among all the water pollutants. The water containing 

the Ammonical nitrogen when discharged into open bodies 

like rivers, streams, lakes, etc. will cause eutrophication and 

also disrupts aquatic ecosystems in a severe manner. Well –

developed methods such as biological processes, air stripping 

and breakpoint chlorination have been applied to remove 

ammonia from some domestic and industrial wastewaters. 

Unfortunately, it is not easily inhibited by the toxicity of 

industrial wastewater, but it is also very sensitive to 

temperature variation. The other methods such as air stripping 

or breakpoint chlorination method increases the total 

dissolved solids (TDS) in the resultant treated water reduces 

the possibility of water reuse. Due to the shortage of fresh 

water, seawater has been used for cooling and sanitation in 

many coastal cities. This approach increases the chloride 

content, as well as the salinity and conductivity in 

wastewater. This presents favorable conditions for using 

electrochemical oxidation for wastewater treatment, a method 

that has proved promising in recent years. 

 Electrochemical oxidation process is not an 

uncommon word when it comes to reduction of different 

types of organic and non-organic polluting species from 

waste water. Being a tested method, it is used vastly for the 

foresaid purpose and has produces fairly good results 

worldwide. Electrochemical oxidation is a process, whose 

driving force for the reduction of pollutants from waste water 

is the Voltage applied through a number of electrodes placed 

closely to each other. The number of electrodes can vary 

depending upon the need and amount of the quantity of waste 

water to be treated. When the voltage is applied to the 

wastewater, certain Redox reactions take place in the water 

due to the impurities and pollutants present. Those redox 

reactions are the root cause of reduction of the pollutants. 

 The term "redox" means the reduction-oxidation. It 

is the name given to electrochemical processes which 

includes electron transfer between a molecules also it can 

include the exchange of ions in its oxidation state. Foresaid 

reaction can happen with the application of an external 

voltage or by the release of certain chemical energy. 

Oxidation and reduction define the change of oxidation state 

that happen in the atoms, ions or molecules which indulge in 

an electrochemical reaction. 

 Normally, oxidation state is the hypothesized charge 

which is said to be possessed by an atom, if the bonds to every 

element within atom were completely ionic. If an atom 

donates an electron to other atom or ion has its oxidation state 

raised also the negatively charges electron experiences a fall 

in its oxidation state .The above mentioned process take place 

in a reaction chamber, which is known as electrochemical 

cell. 

 Electrochemical cell can be defined as a device 

having the ability of generating electrical energy from 

chemical reactions, it can also be used for conducting 

chemical reactions by the introduction of electrical energy. A 

familiar type of an electrochemical cell is a conventional 1.5 

– volt cell which is available on all departmental stores. 

 An electrochemical cell possess of two half-cells. 

Each half-cell consists of an electrode and an electrolyte. 

Both of the two half-cells may use the similar electrolyte, or 

they may use different electrolytes. The chemical reactions in 

the cell may involve the electrolyte, the electrodes, or an 

external substance (as in fuel cells that may use hydrogen gas 

as a reactant). In a full electrochemical cell, species from one 

half-cell lose electrons (oxidation) to their electrode while 

species from the other half-cell gain electrons (reduction) 

from their electrode. 

 Ammonia (NH3) is a very commonly produced 

commercial chemical in the world. It is widely used in 

industry and commerce, this also remains present in the 

nature in different forms. Ammonia is vital for a lot of 

biological processes and used to initialize amino acid and 

nucleotide synthesis ammonia is a part of nitrogen cycle and 

lifeline for a lot of microbes, which tells about its role in 

environment. Ammonia is also generated as a byproduct of 
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rotting organic matter, including plants, animals and wastes. 

Nearly, 80% of the ammonia generated by companies is used 

for the agriculture as fertilizer. 

 Ammonia is also used for refrigeration gas, for 

cleaning of the water supplies, and in the manufacture of 

plastics, explosives, textiles, pesticides, dyes and different 

chemical compounds. It is found in many houses and also in 

industrial cleaning solutions. Household cleaning solutions 

that are based on ammonia are made by mixing ammonia gas 

and water.  This ammonia content can vary between 5 and 

10% ammonia. Industrial based cleaning solution having base 

as ammonia can possess ammonia up to 25 percent or higher, 

which is considered to be corrosive. Most people are affected 

by ammonia on inhalation of the compound of the gas or 

vapors. 

 Ammonia being present naturally, exposure may 

occur from these sources. The vast application of ammonia 

on farms and in industrial and commercial places refers to 

that exposure can occur from an accident or from a terrorist 

attack. Anhydrous ammonia gas being lighter compared to air 

consequently will rise, so that it will dissipate and would not 

settle in areas that are low lying but whenever water is present 

(such as high relative humidity), the liquefied anhydrous 

ammonia gas forms vapors that are heavier than air. These 

vapors may spread along the ground or into low-lying areas 

with poor airflow where people may become exposed. 

 Till date, no antidote for ammonia poisoning has 

been found, but ammonia's effects can be treated, and 

generally victims get better recovery. Immediate cleaning of 

skin and eyes with large amounts of water is of utmost 

importance. Treatment consists of supportive measures and 

can include administration of humidified oxygen, 

bronchodilators and airway management. Ingested ammonia 

is diluted with milk or water. Ammonical nitrogen (NH3-N), 

used to measure the quantity of Ammonia, a toxic pollutant, 

which is often found in landfill leachate and in waste 

products, like sewage, natural fertilizers and other liquids of 

organic nature. 

 It also can be used to determine the health of water 

in places like rivers or lakes, or in artificial water reservoirs. 

This word is very popular in waste water treatment and water 

cleaning systems. Ammonia causes poisoning in humans and 

disrupt the equilibrium of water systems. The values of 

Ammonical nitrogen in water or waste liquids are measured 

in milligram per liter or PPM and are used to specify water 

treatment systems and facilities. Sewage treatment plants, 

having lower values, generally remove 80% and sometimes 

more and reach Ammonical nitrogen values of 250 mg/L and 

even less sometimes. 

II. MATERIAL & METHODS 

Electrochemical Oxidation process in terms of wastewater 

treatment can be defined as device having the ability of 

breaking down the pollutant present in the wastewater into 

simpler compounds with the help of electrical energy. This 

technology is applied to remove the Ammonical nitrogen 

from wastewater. For the process, basic laboratory 

equipments are needed, different types of electrodes, wires, 

nuts and bolts, etc. Batch experiments were conducted in an 

electrochemical oxidation apparatus. Here, the apparatus is 

equipped with pairs of anode and cathode. The electrodes 

were suspended in the effluent containing Ammonical 

nitrogen with the help of a support. The anodes and cathodes 

are placed vertically and the electrodes are kept parallel to 

each other. A complete electrochemical oxidation cell is 

designed in our laboratory for testing the Ammonical 

nitrogen containing effluent. The parameters such as 

Ammonical nitrogen for the effluent are tested. Direct current 

is supplied to the voltage of 0-10V at a constant current. The 

influencing factors of electrochemical oxidation of effluent 

containing Ammonical nitrogen are pH, sodium chloride 

dosage, current density, temperature respectively. Thus, all 

the factors are kept constant except one. Keeping one factor 

varying, note down the results. 

 The Electrochemical Oxidation method consists of 

carrying out the oxidation reaction at the anode where 

pollutants are transferred into non-toxic substances, by 

decomposition into simpler compounds or transferring into 

oxidation form. Electrochemical Oxidation of pollutants can 

take place through two different oxidation mechanisms as 

shown in the figure: (1) Direct anodic Oxidation (2) Indirect 

anodic Oxidation 

A. Direct Oxidation 

Direct oxidation of pollutants takes place in two steps: (1) 

diffusion of pollutants from the bulk solution to the anode 

surface and (2) oxidation of pollutants at the anode surface. 

Consequently, the efficiency of the electrochemical process 

will depend on the relationship between mass transfer of the 

substrate and electron transfer at the electrode surface. The 

rate of electron transfer is determined by the electrode activity 

and current density. 

B. Indirect Oxidation 

During indirect electrochemical oxidation, a strong oxidizing 

agent is electro-generated at the anode surface and then 

destroys the pollutants in the bulk solution. The most 

common electrochemical oxidant is probably chlorine which 

is formed by the oxidation of chloride at the anode. 

 For the designing of Electrochemical Oxidation 

System, the electrode material, cell and    operating conditions 

have to be taken into account. 

C. Electrode 

The choice of electrode material is of very importance as it 

affects the selectivity and the efficiency of the process. The 

electrode must have the following properties: 

 
Fig. 2: Properties of Electrode 
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 From the Literature Survey, many electrodes which 

are suitable for our study is separated. A detailed study about 

the electrode regarding the current density, power 

consumption etc. are carried out. 

D. Cell Configuration 

In cell configuration, it is very important to maintain the high 

mass transfer rates as the main reactions that take place in 

electrochemical oxidation processes take place on electrode 

surfaces. For improving the mass transfer to the surface of 

electrode surfaces, many methods are available such as gas 

sparging, high fluid velocity, use of baffles and incorporation 

of various types of turbulence promoters. When it is to be 

done in Industrial scale, then the common methods are 

employed. 

E. Operating Conditions 

There are many parameters and conditions governing the 

electrochemical oxidation process such as current density, 

temperature, pH value, concentration of electrolyte, 

concentration of pollutants, etc. The effect of current density 

on the treatment efficiency depends on the characteristics of 

the effluent to be treated. The use of higher current density 

result in higher operating costs due to the increase in energy 

consumption. The effect of temperature on the overall 

efficiency of the electro-oxidation process has been studied 

and it is found that the direct oxidation remains unaffected by 

the temperature and mediated oxidation gets affected by the 

temperature. The pH value, like temperature affects mostly 

indirect oxidation processes. 

F. Setup 

Batch experiments were conducted in an electrochemical 

oxidation apparatus. Here, the apparatus is equipped with 

pairs of anode and cathode. The electrodes were suspended in 

the effluent containing Ammonical nitrogen with the help of 

a support. The total effective surface area of the anode was 

calculated according to the equation. The current density is 

based on the area. The anodes and cathodes are placed 

vertically and the electrodes are kept parallel to each other. 

G. Experimental Procedure 

The batch experiments are first carried out in beaker 

apparatus. Later, the experiments are carried out in an 

electrochemical oxidation apparatus. A complete 

electrochemical oxidation cell is designed in our laboratory 

for testing the Ammonical nitrogen containing effluent. We 

tested the parameters such as Ammonical nitrogen for the 

effluent from UPL unit-1. Direct current is supplied to the 

voltage of 0-10V at a constant current. The influencing 

factors of electrochemical oxidation of effluent containing 

Ammonical nitrogen are pH, sodium chloride dosage, current 

density, temperature respectively. Thus, we will keep all the 

factors constant except one. We will keep varying one factor 

and note down the result. 

 
Fig. 1: Electrochemical Oxidation Setup 

 
Fig. 2: Ammonical Distillation Setup 

III. OBSERVATION 

The table shows the reduction, power consumption, current 

density and cost to treat 1kL of effluent at different voltages 

like 3, 3.5, 4.1, 4.5 and 5. It is clear from the table that as the 

voltage increases the reduction in Ammonical nitrogen will 

also increase. At 4.5 voltage, the reduction efficiency is 

96.66% at a cost of 78 ₹/kL and at 5 voltage, the reduction 

efficiency is 97.53% at a cost of 118.35 ₹/kL. Therefore, the 

voltage is optimized at 4.5 voltage. 

SR

NO 
(V) 

t 

(MI

N) 

P(kW) 

Current 

Density 

(A/m2) 

NH3-N 

Cost 

(₹/1kL

) 

1. 3 180 18 240 42% 11.25 

2. 3.5 180 30.8 352 51.93% 19 

3. 4.1 180 95.53 932 93.41% 59.5 

4. 4.5 180 
124.9

2 
1110 96.66% 78 

5. 5 180 
189.4

5 
1515.6 97.53% 118.35 

Table 1: 

The graph shows the reduction in Ammonical Nitrogen at 

optimum voltage of 4.5 V. 

 
Fig. 3: 



Removal of Ammonical Nitrogen from Effluent through Electrochemical Oxidation Process 

 (IJSRD/Vol. 6/Issue 05/2018/226) 

 

 All rights reserved by www.ijsrd.com 1002 

 The voltage is optimized at 4.5 as it gives good 

reduction for a feasible cost. At the optimized voltage, the 

reduction is studied for different pH like 3, 5, 7, 9 and 11. The 

below table shows the data for the Reduction efficiency, 

power, cost for treating per kL. As per the reduction graph, as 

the pH increases the reduction efficiency will also increase. It 

is observed that at a voltage of 4.5V and pH of 9, the 

reduction efficiency is 98.6% at a cost of 32.5 ₹/kL. 

SRNO (V) pH t (MIN) P (kW) NH3-N 
COST 

(₹/1kL) 

1. 4.5 3 180 0.00270 62.3% 20.25 

2. 4.5 5 180 0.00342 75% 25.5 

3. 4.5 7 180 0.00378 96.4% 28.25 

4. 4.5 9 180 0.00434 98.6% 32.5 

5. 4.5 11 180 0.00545 99.53% 40.75 

Table 2: 

The graph shows the reduction efficiency at a voltage of 4.5 

and pH of 9. 

 
Fig. 4: 

IV. CONCLUSION 

Electrochemical Oxidation Process provides a promising 

alternative for the removal of Ammonical Nitrogen from the 

effluent. After carrying out several experiments, it was 

observed that at a voltage of 4.5 V and pH of 9, a reduction 

of 98.6% is achieved within 3 hours. The energy consumption 

required for the reduction is found to be 0.01302 kWhr. With 

the help of electrochemical oxidation Process, Ammonical 

Nitrogen can be reduced at a cost of 32 ₹/kL. In this study, 

voltage and pH is only optimized. If other parameters like 

current density, temperature, ampere etc are optimized we 

can reduce the cost of treatment. The cost of electrode also 

plays an important role for the application of this method. In 

this study, Titanium electrode coated with Ruthenium 

trichloride is used. It is available in the form of rods, wires, 

plates, mesh, etc. The cost of Titanium Electrode depends 

upon the size, thickness, type of the electrode, durability, 

metal oxide coated. The advantages of using Titanium coated 

with Rhuthenium trichloride electrode are as follow: 

 One time investment electrodes: It can be recoated for a 

fraction which is worn out. According to the study, 

Oxidation- Reduction occurs at Anode, so same 

electrodes can be used for anode and cathode and it can 

be interchanged within a period of time thereby 

increasing the life span of electrode. 

 As electrodes are Titanium based, there is no build-up of 

lead and other heavy contaminants. 

 Electrodes are environmentally friendly, no hazardous 

waste are produced. 

 Save energy consumption. 

 High corroision resistance of electrodes makes forlong 

lasting performance. 

 Thus, Electrochemical Oxidation Method can prove to be 

a promising process for reducing the ammonical nitrogen 

from the effleunt. 
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