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Introduction

Rapid urbanization, industrialization and consequent
increase in energy demands have triggered increased
atmospheric pollution worldwide (Mage ., 1996; Rai

., 2011). Coal is the most utilised fossil fuel in the world
contributing about 37% of its energy generation capacity
(USEIA, 2014). The combustion products from coal fired
thermal power plants contain volatile gaseous pollutants
(CO , SO and NO ) and non volatile particulate matter (fly
ash). Industrial coal combustion process discharge huge
quantity of fine particulate matter to the atmosphere
(Jayasekher, 2009). Fly ash contaminates air, soil, as well as,
water resources to varying degree and possess serious
hazards to man and other biological organisms. Burning of
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poor quality coal having low calorific value (35-40%) and
high ash content (55-60%) exert adverse effects on the
environment (Mishra, 2004).

Air pollution often acts as a serious environmental
stress to crop plants (Rajput and Agrawal, 2004). In most of
the Indian cities concentration of phytotoxic air pollutants
often exceed the toxic limits (Trivedi ., 2003; CPCB,
2009). Toxicity caused by SO to biochemical functions and
cell structure of plants result in reduction of growth (Tripathi
and Gautam, 2007). Most of the physiological processes such
as photosynthesis, respiration, stomatal activity,
transpiration and translocation are adversely affected by SO
(Agrawal and Deepak, 2003). Exposure of sulphur dioxide on
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different crop plants were found to decrease yield by 5-48%
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In the present study, ambient air quality was monitored during July to November 2013 in the
vicinity of Bellary Thermal Power Sation (BTPS), Karnataka to assess the impact of pollutants
emitted from power plant on the productivity of maize ( L.). Atmospheric pollutant load
were measured in five different villages at varying distances and directions from thermal power
plant, with the village farthest away from BTPS (Yelubenchi) as control. Maize yield was also
estimated in these locations and correlated to the pollutant concentrations. It was found that, both
particulate matter and SO which are indicators of emissions from coal-fueled power plants were
highest in Thimmalapur village located in the predominant down wind direction. A significant
reduction in maize yield was noticed (8197 to 6509 kg ha for seed and 14041 to 9933 kg ha for
stover) across the gradient in distance and direction from BTPS which might be influenced by the
pollutants emitted. The implications of these observations are further discussed in the paper.
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Table 2 :

Month Temperature (ºC) Relative humidity (%) Wind Wind Rainfall

Max. Min. Max. Min.
speed (ms ) direction (mm)

Meteorological parameters measured at BTPS, Kudithini

June-2013 28.30 26.63 66.83 64.69 6.07 SE 250.00
July-2013 30.45 23.45 73.32 71.64 6.41 SE 41.60
August-2013 30.55 23.13 69.86 68.08 5.63 SE 38.40
September-2013 30.80 23.40 68.01 65.93 4.43 W 90.40
October-2013 30.74 23.06 83.00 53.00 6.00 SSE 224.00
November-2013 30.27 19.73 85.00 44.00 5.00 SE 0.00
December-2013 29.97 17.26 79.26 34.35 5.10 SE 0.00

-1

Table 1 :

Name of village Distance from BTPS (km) Direction Latitude and Longitude

Details of sampling locations

Thimmalapur 2 NW 15°13’20" N, 76°43’15" E
Sultanpur 2 W 15°10’41" N, 76°43’15" E
Kudithini 2.5 E 15°12’02" N, 76°44’58" E
Hosadaroji 6 NW 15°13’07" N, 76°42’54" E
Yelubenchi 8 N 15°14’36" N, 76°44’23" E

(Chakrabarthi 2014).et al.,

Compared to large number of studies available on the
disposal and managerial aspects of fly ash, and on the impact
of fly ash and other pollutants on crops through controlled
application experiments, studies that report impact of
emissions from thermal plants are meagre. The available
studies report adverse impact of power plant emissions on
crop growth and productivity. Chauhan and Joshi (2010)
observed that reduction in wheat and mustard yield grown at
polluted sites correlated directly with the ambient pollutants
concentration SO , NO , SPM and RSPM at the sites.
Apparent reductions in rice and wheat yield were noticed in
field around the power plant (Chakrabarthi , 2014). The
observed impacts were influenced by the direction of
prevailing wind that play a major role in dispersal of
pollutants, and the impacts gradually decreased with distance
(Cicek and Koparal, 2004). In view of the above, the present
study was carried out to assess ambient atmospheric pollutant
concentrations and the effect of fly ash and gaseous
pollutants on crop productivity, taking maize as test crop in
the adjoining areas of Bellary Thermal Power Station,
Karnataka (India).

: Bellary Thermal Power Station (BTPS) running
under Karnataka Thermal Power Corporation Limited
(KTPCL) is located at Kudithini village in Bellary taluk of
Bellary district, Karnataka, India at 15 11' 58'' N latitude and
76º 43' 23'' E longitude. The power plant has an installed
capacity of 1000 MW in two units of 500 MW each,
commissioned in 2008 and 2012 respectively. Around 7000

in-situ
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Materials and Methods

Study area

o

metric tonnes of coal is consumed by each unit of the power
plant daily. Indigenous coal blended with imported coal in
the ratio 70:30 is used as fuel source. The fuel has sulphur
content of 0.40%, ash content of 34% and gross calorific
value of 4740 kcal kg (KTPCL, 2010).

Based on the predominant wind
direction which determines dispersion of pollutants and also
considering the availability of farm lands for soil and crop
growth studies, five villages (Table 1) were selected at
varying distances within a radius of 8 km from the Bellary
Thermal Power Plant. Emissions from other factories located
in the area could be excluded from interfering with the
sampling at these sites. The sampling spanned over pre-
monsoon, monsoon and post-monsoon seasons in 2013
(June- November) and temperatures during that time were
moderate with relatively high humidity (Table 2). The soil
type in the area was well drained very fine montmorillonitic
typic chromuserts. Fields having soil of uniform texture &
colour were selected, care was also paid to avoid fields which
were surrounded by trees to avoid shade effect.

The parameters
considered for air pollution assessment were suspended
particulate matter (SPM), respirable suspended particulate
matter (RSPM or PM  ), sulphur dioxide (SO ) and oxides of
nitrogen (NO ). Respirable dust sampler of Envirotech model
APM 460 BL (CSRI-NEERI technology) was used for
sampling of air pollutants. Air samplers were placed in the
immediate vicinity of the farmlands where crop productivity
was assessed. Care was taken to ensure that the samplers were
placed at a height of at least 6 m above the ground level to get
reliable atmospheric sample. Particulate matter was collected

-1

Sampling locations :

Estimation of atmospheric pollutants :
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on Whatman glass microfiber filter papers (size 20.3 X 25.4
cm) by drawing air through a cyclone at a controlled flow rate
of 1.2-1.4 m min in the sampler. Gaseous pollutants were
absorbed in solutions kept inside impingers in the sampler by
maintaining flow rate of 0.3 to 3.0 lmin . Sampling was done
fortnightly interval for duration of 4 hr, thus two samples
were collected for each location per month. Ambient
atmospheric sulphur dioxide was quantitatively estimated as
per modified method of West and Geake (1956) and NO by
the modified method of Jacob and Hochheiser method
(1968). PM (RSPM) and SPM were calculated by dividing
the weight gain of the filter after sampling by the volume of
air sampled (Robson and Foster, 1962; Olin and Kurz, 1975
and CPCB, 2009)

Farmers of each study area
ready to grow maize were contacted, and inputs (seeds of 900
M Gold variety of maize, fertilizers, pesticides etc) were
provided for raising the crop. In each location, four
replications were maintained in farmer's field to reduce the
error variance. Land was ploughed thoroughly and seeds
were placed at 5 cm depth on the seed bed. Care was taken to
ensure uniform soil and crop management practice across the
locations. Seeds were sown uniformily on 25 July 2013 and
harvested on 30 November 2013. Crop was raised in an area
of at least one acre, and observations were made from plots of
4 x 3 m area from each replication. After harvest of the crop
from the plots, seed and stover were separated, dried and
weighed. Seed and stover weights thus obtained were used
for correlation studies.

: One way ANOVA was carried out to
know the effect of pollutants on seed and stover yield across
the locations and interpreted as per method of Gomez and
Gomez (1984). Atmospheric pollutant concentration was
used to describe the spatial and temporal variation of
pollutant dispersal, and used for correlation studies.

Ambient atmospheric pollutants were present in
highest concentrations in Thimmalapur village located at a
distance of 2 km in the north-west direction of BTPS,
followed by Kudithini village at 2.5 km in east direction. In
both the locations, distance in addition to direction could be
the key factors as corroborated by the meteorological
observations, especially the wind direction (Table 2). During
the study period, the predominant wind direction was south-
east (windward) direction whose effect on pollutant dispersal
was noticed in north-west (leeward) direction.

In India, Central Pollution Control Board has
recommended National Ambient Air Quality Standards limit
values for PM as 100 μgm for 24 hr average and 60 μgm
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Estimation of maize crop yield :

Statistical analysis

Results and Discussion

for annual mean concentration to reduce any health risk
(CPCB, 2009). All the PM values recorded in the vicinity of
BTPS were well within the prescribed 24 hr average limit.
The SPM concentrations were lower as compared to the
values reported from various industrial areas of India (341-
603 μgm ) (Sharma, 2010; Sekhar, 2013 and Yadav
2013). In the month of August both SPM and PM exhibited
highest concentrations in Thimmalapur village located in the
northwest direction of BTPS at a distance of 2 km from the
power plant, followed by Kudithini village at 2.5 km in east
direction (Fig. 1 and Fig. 2). The lowest values for
particulates were observed in Yelubenchi which was the
farthest (8 km) sampling site from the power station.
Particulate pollutants were found highest in Kudithini during
September 2013 and lowest in Yelubenchi. These
observations correspond to the wind directions recorded in
August and September (Table 2).

Highest concentrations of all the pollutants were
recorded in Sultanpur during October 2013 and lowest in
Hosadaroji and Yelubenchi. The major wind direction for
October was east and south east and hence, Sultanpur located
at 2 km in west direction had the highest pollutant levels.
RSPM values were lower as compared to August and
September months (Fig. 2) due to higher rainfall (224 mm) in
October which might have washed away the fine particles.
All the pollutants were present in quite moderate levels as
compared to the CPCB standards also due to the rainy
weather of the month which might have diluted the pollutant
load in atmosphere (Table 2). During November, the major
down wind direction being north-west, Thimmalapur village,
recorded highest concentration of pollutants followed by
Sultanpur. All the pollutants were present in low levels as
compared to the CPCB standards in November too, due to the
post-monsoon weather and cleaning up of atmosphere due to
heavy rainfall in the previous month.

Concentrations of sulphur dioxide which is another
indicator of emissions from the coal fueled power plants were
also higher in Thimmalapur during August 2013 (Fig. 3).
These results are in resonance with the meteorological
observations for August 2013 which showed that the
predominant wind direction for the month was south-east
(Table 2). The lowest values for SO were observed in
Yelubenchi which was the farthest (8 km) sampling site from
the power station. However, NO concentrations were high
even in Yelubenchi (Fig. 4) which could be attributed to
extraneous factors including interference from vehicular
emissions. For the month of September 2013, NO values
were extremely close to the prescribed upper limit of 80 μgm

at Kudithini, indicating pollution from alternate sources
including vehicular traffic. For the months of September and
October also the gaseous pollutants followed a similar trend
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as that of particulate matter with greater concentrations
corresponding to the downwind direction.

Sulphur dioxide and nitrous oxide contents reported
in the present study were comparable to the observations
around thermal power plant by Popescu (2012), but
slightly higher than those reported by Chauhan and Joshi
(2010). For SO , Central Pollution Control Board has
prescribed a 24 hr limit of 80 μgm . SO recorded at all the
study sites were lower than this limit, though on the higher
side compared to data from other Indian cities. This might be
due to emissions from the power plant which uses sulphur
containing coal as fuel source. Recommended NO limit was
also 80 μgm for 24 hr, but this was on the higher side at all
locations, and sometimes exceeded the limits due to
contribution of vehicles in addition to industrial sources.

The analysis of atmospheric pollutants from August
to November (2013) thus points to a higher incidence of
pollutant gases and particulates in Thimmalapur village due
to the prevailing winds. Sultanpur sampling site in west
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direction and Kudithini village in east, which were in close
proximity to BTPS, also showed considerable presence of the
pollutants analysed. Hosadaroji and Yelubenchi were
comparatively shielded from the pollutant dispersion due to
their distance, as well as, direction from BTPS. However, the
level of pollutants, especially PM and SO which are of
concern from coal based power plants were mostly well
below the prescribed limit, while SPM and NOx were present
in higher concentrations due to combination of various
factors including power plant emissions and vehicular
emissions. The results of the study also reinforce the
observations from similar reports showing decreasing trend
of particulate matter with distance (Pandey, 1983) and
prevailing wind direction (Dragovic 2013; Nenadovic

2010).

Productivity of maize was significantly affected by
the pollutant concentrations as manifested in the substantial
decrease in grain and stover yields in villages nearest to
power plant (Fig. 5). Maize yield was significantly lower in
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Fig. 1 : Changes in ambient atmospheric SPM concentration across the
season
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Fig. 2 : Changes in ambient atmospheric RSPM concentration across the
season
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Thimmalapur (6509 kg ha ) as compared to Yelubenchi
(8197 kg ha ). A similar trend was also observed in case of
stover yield, which significantly decreased from 14041 kg
ha to 9933 kgha along the distance gradient. Correlation
analysis (Table 3) between the pollutant concentrations and
maize yield showed that seed yield was negatively correlated
with ambient SPM (r = -0.96), RSPM (r = -0.91) and SO (r = -
0.97) concentrations. Similarly, a high significant negative
correlation was observed between stover yield with
concentrations of SPM (r = -0.99), RSPM (r = -0.89), SO (r =
-0.91) and NO (r = -0.96).

In the BTPS context, the major factors behind maize
yield reduction appeared to be SPM and NOx which were
contributed from multiple sources including power
generation and traffic. Visual observations in farmer's fields
in downwind direction in close proximity of the power station
revealed deposition of flyash particles on the leaf surfaces of
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maize crop. Such deposits could interfere with vital
physiological processes like photosynthesis and stomatal
conductance which would possibly lead to reduced yield. A
continuous deposition of fly ash on soil causes podzzolanic
effect which may also ultimately result in reduced yield
(Tümüklu 2008). Prolonged exposure to SO could also
suppress plant growth through inhibition of photosynthesis.
SO in combination with other pollutants, especially NO
caused synergistic effect on plants (Ashenden and Mansfield,
1978). Though our study restricted to one cropping season, it
clearly points to the urgent need of adoption of more stringent
environmental quality monitoring by the power plant.

We are thankful to the Karnataka Thermal Power Co-
operation Limited for providing financial assistance and
logistic support to carry out the research.
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