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Abstract- This paper presents impact of stubble burning on the quality of ambient air. Concentration of various pollutants such 
as Particulate Matter, Sulphur Dioxide, Nitrogen Dioxide, Ozone, Carbon Monoxide were monitored during stubble burning 
and its values were compared with the non stubble burning period. Also the impact of various pollutants on the environment 
and health were studied and the Indian Government policies which are being implemented along with few recommendations 
which can be practised to prevent stubble burning are discussed in the paper. 
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I. INTRODUCTION 
 
Stubble burning is defined as a method of removing 
dry stubble by burning it before ploughing. India is an 
agrarian country and generates a large quantity of 
agricultural wastes. This amount will increase in 
future as with growing population there is a need to 
increase the productivity also. Agricultural residues 
are the biomass left in the field after harvesting of the 
economic components i.e., grain. Agricultural crop 
residues are burnt during the months of October and 
November each year in the Indo-Gangetic Plains (IGP) 
which has significant impact on greenhouse gas 
emissions and aerosol loading. The IGP in India 
covers 20% geoFigureical area and contributes 42% to 
the total food grains production and holds nearly 40% 
of the total population. In the IGP region of India, 12 
million hectares is accounted for rice & wheat crop 
rotation and harvesting of these crops with combine 
harvesters is very popular with the farmers of Punjab, 
Haryana and western Uttar Pradesh.  
 
II. IMPACTS OF STUBBLE BURNING 
 
A. ON-FIELD IMPACT 
The on field impact of burning includes removal of a 
large portion of the organic material causing loss to 
cultivation. The burning of paddy straw leads to loss of 
precious nutrients as nearly 25% nitrogen and 
phosphorus, 50% sulphur and 75% of potassium 
uptake from soil are retained in the crop residues. It 
has been estimated that burning of 1 tonne of paddy 
straw accounts for loss of 5.5 kg nitrogen, 2.3 kg 
phosphorus, 25 kg potassium and 1.2 kg sulphur, 
besides organic carbon (Source: PAU). An estimated 
12 megatons of CO2, a greenhouse gas, is released in 
the air. 
 
B. OFF-FIELD IMPACT 
The off field impacts are related to human health due 
to general air quality degradation resulting in 
aggravation of respiratory (like cough, asthma, 
bronchitis), eye and skin diseases increasing 
individuals’ disease mitigation expenses and also 

affecting ones’ working capacity. Burning at times 
also causes poor visibility and increases the incidences 
of road accidents. 
 
C. SOCIO - ECONOMIC IMPACTS 
 
The economic costs associated with the negative 
health impacts of widespread rice stubble burning in 
Punjab were estimated only on the basis of the costs of 
medical and mitigation expenditure and the 
opportunity cost of workdays lost. On this basis, health 
costs from rice stubble burning in rural areas of Punjab 
are estimated at 76.09 million annually. Applying 
this cost to the total quantity of stubble burnt in Punjab 
each year of 16 million tonnes (i.e. 80 per cent of 20 
million tonnes), gives an estimate of health costs that 
average 4.75 per tonne. These losses should be 
considered the lower bound of the health damages 
caused by the increased air pollution level in rural 
Punjab. They would be much higher if expenses on 
averting activities, productivity loss due to illness, 
monetary value of discomfort and utility could be 
counted and the economic cost of motor vehicle 
accidents caused by low visibility. 
 
III. AREA OF STUDY 
 
Bathinda District is in the north-western region of 
India and is a part of the Indo-Gangetic alluvial plains. 
The exact cartoFigureic co-ordinates of Bathinda 
are 30.20°N and 74.95°E. It has an average elevation 
of 201 metres (660 ft). Bathinda's climate correspond 
to semi arid with high variation between summer and 
winter temperatures. In this region on an average 
production of rice per acre is 28 quintals, and total 
amount of stubble generated from paddy per acre was 
around 15 -20 quintals, respectively. Out of this, more 
than 80 percent is burnt in the open field and less than 
10 percent was incorporated using rotavator while rest 
is used for other purposes. The parameters which were 
analysed in this region to study the impact of stubble 
burning include the following as mentioned in the 
table 1 along with their permissible concentration 
limits as prescribed by the Central Pollution Control 
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Board for National Ambient Air Quality and 
measurement techniques. 
 
IV. DATASETS AND METHODOLOGY 
 
The monitoring was conducted with usage of 
Environment S.A. instruments mobile in which 
concentration of PM10, PM2.5, Sulphur Dioxide, 
Carbon Monoxide, Nitrogen Dioxide, Ozone, 
Ammonia and Benzene were monitored. 
 

 
Study of the ambient air quality - base data 

 
The maximum and average concentration of various 
parameters which were monitored during 8th 
September, 2014 to 12th October, 2014 to collect the 
base data (i.e. concentration of various parameters 
which exist in this region are shown here: 
 

Table 1 – Permissible concentration of various pollutants in 
ambient air and methods of measurement. 

 

Table 2- The details of the areas onto which stubble was burnt 

 
 
A.  CONCENTRATION OF PARAMETERS  
     DURING STUBBLE BURNING 
 
Given the severity of the stubble burning problem, the 
ambient air quality monitoring was conducted on 01st 
November, 2014 in Ramsara Village, Dabwali Road, 
Bathinda. It is pertinent to mention here that Ramsara 
is more of a cotton belt, but some areas were also sown 
under paddy. The wind direction was slightly towards 
the south east direction and during monitoring the 
stubble was being burnt at a distance ranging from 0.2 
km to 1 km. Low wind speed coupled with low wind 
direction  fluctuation implies that the impact of 
polluting activities remain confined to its close 
vicinity. The Environment S.A. apparatus were 
operated at 12:15 P.M. and the same got stabilised in 
45 minutes. The van carrying the apparatus was 
installed on the road and was being operated with the 
help of generator set as no availability of electric 
switch etc. was present on site.  
The concentrations of various parameters obtained on 
the day of stubble burning (i.e. on 01st November, 
2014) monitored with the help of Environment S.A. 
apparatus for various parameters is provided in the 
table 1. 
The distance of the farm land from the van containing 
the apparatus for measuring the quality of ambient air, 
area of land and time during which the stubble was 
burnt is provided in the table 2.  
 

 
Figure 1- Base Concentration of various parameters in the 

study area 
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V. DISCUSSION 
 
The details of the results obtained after conducting 
continuous ambient air quality monitoring at village 
Ramsara located in Distt. Bathinda along with possible 
reasons are discussed below – 
A ground level study was deliberated to analyze the 
contribution of rice crop stubble burning practices on 
concentration levels of various pollutants such as 
PM10, PM2.5, SO2, NOx, CO, Ozone (O3), NH3 and 
Benzene. The fire to the stubble was given in 3 
different time periods i.e. at2:00 P.M., 2:30 P.M. and 
3:00 P.M. It is pertinent to mention here that the 
concentration of PM10 and PM2.5 is more in the area, 
where monitoring of stubble burning was conducted 
and the reason for the same is the sandy texture of the 
soil and wind borne dust emissions in the region 
which, and the same have been reported in an EIA 
study conducted by reputed agency in 1998, 2000 and 
2014 respectively. The results obtained during stubble 
burning periods were compared to the non-stubble 
burning periods and the detailed report is mentioned 
here.  
 
CONCENTRATION OF PM10  
 
The concentration of particulate matter in the said area 
usually remains above the prescribed standards of 
100µg/Nm3. The average concentration achieved 
during base data collection (i.e. form 8th September, 
2014 – 12th October, 2014) was 139.6 µg/Nm3 and 
maximum concentration achieved was 195.58 µg/Nm3 
in the said area.  
 

 
Figure-2 – Concentrations of PM10 in the Ambient Air in the 

area of study 
 

 
Figure-3: Concentrations of PM2.5 in the ambient air in the area 

of study 

However during stubble burning the maximum 
concentration levels achieved (425µg/Nm3) which 
was much beyond the prescribed limits.  
 
CONCENTRATION OF PM 2.5 
The concentration of particulate matter in the said area 
usually remains above the prescribed standards of 60 
µg/Nm3. The average concentration achieved during 
base data collection was 53.98 µg/Nm3 and maximum 
concentration achieved was 93.55 µg/Nm3 in the said 
area. However during stubble burning the maximum 
concentration levels achieved (144.29 µg/Nm3) which 
were much beyond the prescribed limits.  
 

 
Figure-4: Concentrations of Sulphur dioxide in the ambient air 

in the area of study 
 

 
Figure-5: Concentrations of carbon monoxide in the ambient 

air in the area of study. 
 
CONCENTRATION OF SULPHUR DIOXIDE 
The concentration of sulphur dioxide during stubble 
burning reached 39.85 µg/Nm3, which is below the 
permissible limit prescribed by the CPCB (80 
µg/Nm3) but still much beyond the average (2.08 
µg/Nm3) and maximum (3.15 µg/Nm3) concentration 
usually achieved in the area. The concentration of 
sulphur dioxide in the ambient air started reducing as 
stubble was completely burnt around 3:15 P.M  
 
CONCENTRATION OF NITROGEN DIOXIDE 
The concentration of nitrogen dioxide during stubble 
burning reached 80.83 µg/Nm3, which is slightly 
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above the permissible limit prescribed by the CPCB 
(80 µg/Nm3) and is much beyond the average (12.62 
µg/Nm3) and maximum (15.35 µg/Nm3) concentration 
usually achieved in the area.  It is also pertinent to 
mention here that the concentration of NO2 during the 
presence of sunlight gets converted to ozone 
(troposphere ozone), hence the concentration of 
nitrogen dioxide is less in the presence of sunlight (i.e. 
from 1:00 P.M. to 4:00 P.M) during stubble burning , 
but as the time proceeds towards the evening, the rays 
of sun are not that direct, and the concentration of 
nitrogen dioxide increases, which is due to non 
conversion of nitrogen dioxide into ozone in the 
absence of sunlight. 
 

 
Figure-6: Concentrations of ozone in the ambient air in the area 

of study 
 

 
Figure-7: Concentrations of Ammonia in the ambient air in the 

area of study 
 
It clearly indicates that concentration of nitrogen 
dioxide increases during stubble burning and its 
impact also stays in the atmosphere for longer 
durations. 
 
CONCENTRATION OF OZONE 
 
The concentration of ozone in the troposphere 
increases when the stubble is burnt and the maximum 
concentration during monitoring reached 96.32 
µg/Nm3 close to the permissible limit prescribed by 
the CPCB (100 µg/Nm3).  

 
Figure-8: Concentrations of nitrogen dioxide in the ambient air 

in the area of study 
 

 
Figure 9: Concentration of benzene in the ambient air in the 

area of study 
 
The concentration of ozone in the said area usually 
have an average value of 26.43 µg/Nm3 and the 
maximum value reached in the study conducted from 
08th Sep- 12th Oct, 2014 was 51.66 µg/Nm3 . It is also 
pertinent to mention here that the concentration of 
ozone in the evening decreases as nitrogen dioxide 
does not gets converted in to ozone in the absence of 
sunlight. 
It clearly indicates that concentration of ozone 
increases drastically during stubble burning and its 
impact also stays in the atmosphere for longer 
durations 
 
CONCENTRATION OF CARBON-MONOXIDE 
 
The concentration of carbon monoxide during stubble 
burning reached 5.99 mg/Nm3, which is above the 
permissible limit prescribed by the CPCB (2 mg/Nm3), 
and is much beyond the average (0.51 mg/Nm3) and 
maximum (1.13 mg/Nm3) concentration usually 
achieved in this area.   
It clearly indicates that concentration of carbon 
monoxide increases during stubble burning and its 
impact also stays in the atmosphere for longer 
durations 
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CONCENTRATION OF AMMONIA 
 
The concentration of ammonia during stubble burning 
reached 34.48 µg/Nm3, which is though below the 
permissible limit prescribed by the CPCB (400 
µg/Nm3), but is much beyond the average (11.51 
µg/Nm3) and maximum (14.32 µg/Nm3) concentration 
usually achieved in this area.   
It clearly indicates that concentration of Ammonia 
increases drastically during stubble burning and its 
impact also stays in the atmosphere for longer 
durations 
 
CONCENTRATION OF BENZENE 
 
The concentration of benzene during stubble burning 
reached 1.68 µg/Nm3, which is though below the 
permissible limit prescribed by the CPCB (5 µg/Nm3), 
but is much beyond the average (0.07 µg/Nm3) and 
maximum (0.09 µg/Nm3) concentration usually 
achieved in this area.  In the recent report published by 
Dr. Vinayak Sinha (IISER), it was reported that 
benzenoids concentration increased 3 fold when 
stubble burning was taking place in comparison to the 
previous non stubble burning periods.  
 
CONCLUSION 
 
The statistics shows that gaseous pollutants such as 
SO2, Benzene, Ammonia and Ozone remained well 
within the permissible limit prescribed under National 
Ambient Air Quality Standards (NAAQS) by the 
CPCB, however the concentration of carbon 
monoxide and NO2 crossed the limits set by the 
NAAQS and the concentration of particulate matters 
PM10 & PM2.5, was much beyond the permissible limit 
when the monitoring was conducted in the stubble 
burning area in comparison to the average and 
maximum values which usually remain in the area.  
The overall impact of the parameters (which were 
monitored) increased during the time when stubble 
burning was taking place in the surrounding, thereby 
polluting the environment and affecting the health of 
the living beings.  

The results prove that the straw management for 
sustainable development is the need of the hour. Thus, 
the government and agricultural agencies involved 
need to create the perfect basic needs such as logistics 
facilities (machinery and straw storage centres etc.), 
courses and training, especially for farmers and 
officials as well as research and development for the 
straw development as a whole. However, farmers 
would be more interested in participating in straw 
development projects if the incentives provided are 
worth the effort they do in agricultural fields. More 
attractive incentives will open up a wide range of 
farmers and community involvement in a holistic 
manner to the development and will become more 
competitive. 
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