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ABSTRACT 
 

The oxides nitrogen (NOx) exist in five different forms, each having a definite life time in 
the environment. Because of the comparatively longer life time of nitrogen peroxide (NO2) 
and nitric oxide (NO) , the accumulation of these gases in the environment cause serious 
environmental hazards namely acid rain , smog formation and depletion of ozone layer 
having far reaching consequences. These gases have both natural and anthropogenic origin 
(the later being much higher than the former). These interact both biotic and abiotic 
components of the environment. In this paper an attempt is made to discuss various sources 
of nitrogen oxide (NOx) release , mechanism of interaction with different components of 
environment, detrimental effects of their interaction and some remedial measures to reduce 
the level of nitrogen oxides in the environment.  
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INTRODUCTION 

Air pollution is considered as one of the 
most dangerous and common kind of 
pollution which has created a catastrophe in 
the entire living world1-5. Out of all the air 
pollutants, oxides of nitrogen (NOx) are 
potent pollutants which cause varieties of 
environmental hazards directly or indirectly 
in a number of ways. NOx exists as nitrous 
oxide (N2O), nitric oxide (NO), nitrogen 
trioxide (N2O3), nitrogen peroxide (NO2) and 
nitrogen penatoxide (N2O5)2. The atmos-
pheric  background  concentration  of  N2O ,  

NO, and N2O are 0.225 ppm, 0.1 to 2 ppm 
and 0.5 to 4 ppm respectively6-7. Although 
the concentration of N2O is significant in the 
atmosphere, NO and NO2 are very important 
from air pollution point of view and these are 
usually represented together as NOx8. The 
average residence time of time of NO and 
NO2 in the atmosphere are 4 days and 3 days 
respectively. About 95% of NOx is released 
to the atmosphere as NO8.  

Sources of nitrogen oxides 
Oxides of nitrogen are released to the 

atmosphere mainly through anthropogenic 
activities and partly through natural process. * Author for correspondence 
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Anthropogenic sources : 
Anthropogenic activities release about 

7105  tonnes of NOx every year2,3,8. As per 
statistics NOx released in urban areas may be 
10 to 100 times more as compared to rural 
areas which also vary with the intensity of 
sunlight and traffic density at a given point 
of time6. Some important anthropogenic 
sources include: 

i) Combustion of coal, oil, gasoline, 
natural  gases; 

ii) By products of some chemical 
manufacturing industries like HNO3 
and H2SO4  etc; 

iii) Thermal power plants, 
iv) Supersonic air-craft exhaust, 
v) Nuclear explosion, 
vi) Manufacture of nylon intermediates, 
vii) From automobile exhaust, incine-

rator, furnace stacks etc. 

Natural sources : 
In addition to anthropogenic activities, 

natural processes also release a lot of NOx to 
the environment. Some natural processes 
include6,9,10: 

i) Microbial action on earth surface : 
Microorganisms reduce N2O under anaerobic 
condition producing NO and NO2 . Natural 
sources action discharges 5x10³ tonnes of 
NOx every year. 

ii) Photochemical reactions in the 
atmosphere mediated by cosmic ray. 

iii) Volcanic eruption. 
Some reactions showing generation of 

different oxides of nitrogen are given below: 

N2 + O2    Co17651210  2NO 

2NO + O2  2NO2 

O2   )242( nmh  O+O 

NO + O   NO2 

2NO2+O  N2O5 

Consequences of NOx accumulation 
The accumulation of oxides of nitrogen 

in the environment causes varieties of 
hazards like acid rain, depletion of ozone 
layer, smog formation etc2,11. 

1. Acid rain: 
The accumulated oxides of nitrogen react 

with atmospheric moisture giving acids like 
nitric acid (HNO3) and nitrous acid (HNO2) 
which precipitate along with rain water 
causing acid rain. Acid rain has tremendous 
detrimental effect on both living and non-
living world. 

2NO+O3  N2O3+O2 

N2O3+H2O  2HNO2 (Nitrous acid) 

NO2 + O3   )298( nmh  NO+ O 

HNO2 + O  HNO3 

2NO2 + O3  N2O5+O2 

N2O5 + H2O  2HNO3 (Nitric acid) 

2. Depletion of ozone layer : 

The accumulated oxides of nitrogen 
move up and react with ozone layer causing 
its depletion2,12. Such a process of depletion 
allows the passage of dreaded UV radiation 
through ozone layer towards the surface of 
earth. UV radiation brings about drastic 
changes in physicochemical and biological 
properties of living organisms thereby 
causing mass destruction. 

NO + O3  NO2+ O2 
2NO2 +O3  N2O5 + O2 
N2O + O3   2 NO2 

3. Smog formation: 
The accumulation of excess amount of 

NO and NO2 induces smog formation which 



Journal of Environmental Research And Development Vol. 4 No. 3, January-March 2010 

 
 

805

contains a number of harmful reactive 
species like free radicals(oH

.
 , 



O 2,
.- RCOo. 

HOo.
etc) , PAN (peroxy acyl nitrate)   

etc3,12-14. 
Biochemical Effects 

The oxides of nitrogen and their 
secondary products, (oH

.
 , 



O 2,
.- RCOo. 

HOo., O3, PAN etc) interact with different 
biomolecules like lipids , proteins, nucleic 
acids etc causing severe physiological 
disorders in living organisms2,3,6,14. Some 
biochemical impacts of NOx are outlined 
below : 

i) NOx oxidize cellular lipids. 
ii) These interact with different cellular 

enzymes thereby causing their 
destruction ; 

iii) These develop interaction with 
haemoglobin thereby reducing the 
efficiency of oxygen transport ; 

iv) An increase in the concentration of 
NOx and their prolonged exposures 
cause pulmonary fibrosis, lung 
cancer etc.  

v) Higher concentration of NOx brings 
about loss of photosynthetic activity.  

vi) Prolonged exposure of plants to NOx 
causes chlorosis and induces plant 
senescence. 

Control of NOx level 
In view of the detrimental effects of NOx 

on different living organisms, it is necessary 
to keep the level of NOx below the threshold 
limiting value. Some important control 
measures to reduce the level of NOx in the 
environment are outlined below  

1. Modification of combustion process : 
NOx released from power plants can be 
reduced up to 10% by two stage combustion 
Processes3,6. 

i) The fuel is fired at a high 
temperature mixing with sub-
stoichiometric amount of air (about 
90– 95%) air relatively. This process 
reduces the amount of NO in the 
absence of oxygen. 

ii) The fuel brunt out is completed at a 
relatively low temperature below 
1500K in excess air which does not 
allow the formation of NO. 

2. Gas effluent treatment methods 3: 
a) Use of catalytic converter : Catalytic 

converters should be used to control 
automotive emission of NOx. Catalytic 
converter decomposes NOx to nitrogen and 
oxygen in presence of suitable catalysts like 
Fe2O3,Cr2O3,Co3O4 or CuO. 

NOx   )(  Catalyst  N2+O2 . 
b) Selective catalytic reduction6 : 
i. NOx is reduced to nitrogen in presence 

of suitable catalyst and reducing agent. The 
usual catalysts are Pt, Fe2O3, Copper 
chromite , Iron chromite etc. 

and reducing agents are H2, CO, NH3 etc. 

2NO2 + 2H2  Catalyst  N2+2H2O 

2NO + 2CO  Catalyst  N2+2CO2 

6 NO + 4NH3  Catalyst 5N2 + 6H2O. 

c) Scrubbing method 3:  
This method involves physical processes 

like absorption and adsorption.  
a) In absorption scrubbing , the effluent 

gas containing NOx is passed through a 
scrubbing tower. The scrubbing tower 
contain acidic (H2SO4) or alkaline solution 
[Ca(OH)2 or Mg(OH)2] solution . In the 
process, NO is converted into NO3 which is 
readily absorbed. 

NO2 + NO   N2O3. 
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NOx is eliminated as per the following 
processes : 

i.  Reaction of NO and NO2 
NO + NO2  N2O3 
N2O3+2H2SO4   2NO.HSO4 + H2O 
ii  Decomposition of reaction product      
2NO.HSO4 + ½ O2 + H2O            
2H2SO4 +  2NO2 
NO2 is used in the manufacture of HNO3. 
b) In adsorption scrubber , solid 

adsorbents like activated carbon silica gel, 
molecular shieves, ion exchange resins , 
MnO2 etc. are used to adsorb NOx (NO2,) 

Adsorbent + NOx Adsorbent – NOx. 
3. Reduction of NOx emission from 

stationary combustion sources can be done 
by modification of operation conditions. The 
combustion modification techniques involve 
controlling air , injecting water during comb-
ustion, recirculating fuel gases and / or by 
altering design of firing chamber. 

4. Government should take stringent 
action against industries discharging higher 
amount of NOx into environment than the 
level prescribed by Pollution Control Board. 

CONCLUSION 
From the above discussion , it is clear 

that the oxides of nitrogen have severe 
detrimental effects directly on living org-
anisms and indirectly on nonliving compo-
nents of environment (through acid rain). 
Since it is not possible to reduce the level of 
NOx released from natural sources, steps 
should be taken to minimize the level NOx 
released from anthropogenic activities by 
adopting suitable techniques discussed 
above. 
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