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Abstract: Parichha thermal power plant consumes annually 3.4 million tons of coal and the annual production
capacity  of  the  plant  is 2.78 billion KWh. The thermal power plant uses 10,000 tons of coal and discharges
4000  tons  of  fly and bottom ash daily to the disposal site.  It  uses D, E and  F  grade  coal  ranges  between
35-48%.The chemical composition of fly ash includes major (>1%), minor (1-0.1%) and trace (<0.1%) elements.
Ash samples were collected from a dumping site (fly ash) and an electronic precipitator (ESP) of a 640MW
thermal power station for characterization and its effects on vegetation.
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INTRODUCTION MATERIALS AND METHOS

It is coal fired power station and emitting huge Study Area: The present study was conducted around
quantity of fly ash particles which are deposited on the ash disposal sites of Parichha thermal power station.
surrounding agricultural lands. Fly ash is produced as a It is situated in Jhansi district of Uttar Pradesh, India. The
result of coal combustion in thermal power station and Parichha thermal power station of Uttar Pradesh is
discharged in ash ponds. The emission of fly ash from the situated at a height of about 240 meter above mean sea
stacks into the atmosphere is controlled by particulate level (amsl). The power station is owned by central
devices such as scrubbers, mechanical and electrostatic government, is a coal fired station located on National
precipitators (ESP). It has four units and equipped with highway No 25 on the northern bank of Betwa river in
two  stacks,  out  of  which  again  only one is installed Jhansi district. Normal slope of the region is observed
with electrostatic precipitators (ESP) of 99.7% efficiency. from southwest to northwest to north east direction.
Fly ash was finer in texture, lower in pH a generally richer Jhansi district is situated 24° 11’ N to 25 57’ N latitude
in nutrients than the fly ash collected from dumping sites. and 78° 10’ E to 79° 23’ E longitude in the semi arid region
The main uses of this material as outlined by [1], in order of the country.
of decreasing tones are manufacturing of  cement, mine
fire centre, antiskid an winter roads, soil conditioner, fill Laboratory Method: Bottom ash collected from at the
material, air  port  pavement,  fertilizer filler, rubber filler bottom of a fire box. The particle from flue gases and the
and asphaltic water course aggregates. Presently,  the particulate material captured by mechanical and
ash at  both  plants is not usefully used and is disposed electrostatic  precipitator  (ESP)  constitute  the fly ash.
of at the dumping sites in the vicinity of the plants which The residues from mechanical precipitator and
cover  an  area  of  about  200  hectares   of  agriculturally electrostatic precipitator are sucked out with the help of
productive land. The collected residues may adversely vacuum pumps and are mixed with water to from slurry
affect the environment by mobilizing their hazardous which is disposed of through concrete pipes at the
constitutes. The potential health and environmental dumping  sites  near the power plants. With time, the
consequences of increasing coal utilization and coal water  of the slurry either evaporates surface. Bulk
residue production [2]. However, little work [3] has been samples of this stabilized fly ash (about 2 years old) from
reported in India on physico chemical properties of fly the dumping site fresh samples of ash directly from ESP
ash, its effects on vegetation. ash were collected from 640 MW capacity of Parichha
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thermal power station Jhansi for characterization. The pH
and EC of the fly ash were extracting measured in 1:5
extract [4]. Duplicate samples of the fly ash and ESP ash
were analyzed for organic carbon [5], particle size
(International pipette method) and bulk density and
saturation moisture percentage [6]. Available N (KMnO -4

H SO ), (0.05MNaHCO ), K (1MNH OAc) was determined2 4 3 4

by the standard methods described by Jackson. The water
soluble constitutes (1:5 and 1:10) were determined by
equilibrating air dried samples of fly ash and ESP ash with
demonized water on a mechanical shaker for 24 hours after
which they were filtered through Whatmann No.42 filter
paper and the clear extracts were analyzed for pH, EC, Ca,
Mg, K, Na, CO  and HCO  methods for analysis involved3 3

-2 -

the following techniques volumetric titrimetry for Ca and
Mg using EDTA and appropriate indicator, acid titration
for K, Na, CO  and HCO flame photometry for and3 3

-2 -

coulometery for Cl. The DTPA extractable cation, Fe, Mn,
Zn, Cu, Pb, Ni, As and Cr were determined by the method
out lined by [7] and analyzed total metal concentration like
Cr, Zn, Fe, Mn, Pb, Mo, Ni and Cd were analyzed in fly
ash and ESP ash samples using Atomic Absorption
Spectrophotometer. 0.5 gm of fly ash sample was
dissolved in 20 ml of (1:4) nitric: percloric acid. The
samples were allowed to digest till the white colored
solution if formed. When the samples got completely
digested distilled water was added to the samples and
were allowed to cool. These filtered were directly used for
analysis on Atomic Absorption Spectrophotometer model
Perkin Elmer 3500 at the Wild life Institute of Dehradun,
India. International soil reference materials were used to
prepare calibration curves for different trace metals and to
check the accuracy of the analytical data. The detection
limits for all the trace elements were better than 1 mg/ml
[8]. Atomic absorption spectrophotometric techniques
were used for the analyses of major components such as
SiO , SO , Al  O , Fe O , MgO, CaO, Na O, K O and TiO .2 3 2 3 2 3 2 2 2

The equipment was calibrated at the beginning and end of
each testing session by injecting various volumes of the
standard solution by the analyst.

RESULTS

Physicochemical  Characteristics:  Fly  ash  samples
were  collected  in  15  May  2007  and  analyzed  for
different parameters. Data in Table 1 Atomic absorption
spectrophotometric techniques were used for the
analyses of major components such as SiO , SO , Al  O ,2 3 2 3

Fe O , MgO, CaO, Na O, K O and TiO . The equipment2 3 2 2 2

was  calibrated  at  the beginning and end of each testing

Table 1: Major Elemental Concentrations of the Collected Fly Ash
Samples from Thermal Power Plant

Elements Concentration of fly ash (%)
SiO 56.602

SO 2.223

 Al O 22.262 3

Fe O 8.142 3

MgO 1.17
CaO 12.14
Na O 1.002

K O 0.902

TiO 1.612

Table 2: General chemical characteristics of the fly ash
Parameters Fly ash
pH (1:2) 6.50
pH (1:1) 6.11
EC  (1:2) (dS/m ) 0.33H2O

-1

EC  (1:1) 0.23H2O

Bulk density (g /cc) 0.98
Water holding capacity (%) 66.80
Cation exchange capacity (%) 3.52
Sand (%) 65.90
Silt (%) 1.00
Clay (%) 10.50

Table 3: Metal concentration in fly ash of Parichha thermal power station
Metals Fly ash
Cu (Total) 24.30
Cu (DTPA) 1.40
Zn (Total) 44.70
Zn (DTPA) 0.95
Mn (Total) 318.40
Mn (DTPA) 1.20
Pb (Total) 1.70
Pb (DTPA) 0.61
Ni (Total) 43.90
Ni (DTPA) 0.30
Co (Total) bdl
Co (DTPA) bdl
Cd (Total) bdl
Cd(Total) bdl
Cr(Total) bdl
Cr (DTPA) bdl
Note: - bdl (below detection limit) Co and Cd were found below detection
level (<0.09 mg/l); bdl of Co and Cr (Co= 0.05 mg/L; Cr=0.5 mg/kg) all
values are mg/L

session by injecting various volumes of the standard
solution by the analyst. Show that the fly ash from the
dumping site was dominated by coarse particles and
constituted of 65.9, 1.0 and 10.5% respectively of the
particles equal to diameters of sand, silt and clay
fractions. The selective physical and chemical properties
of the fly ash of Parichha Thermal Power Station (PTPS)
are shown in Table 2. The pH of fly ash 6.52 it is generally
highly alkaline due to low sulfur content of coal and
presence  of  hydroxides  and  carbonates  of  calcium  and



Global J. Environ. Res., 3 (2): 102-105, 2009

104

magnesium [9]. The soluble salt content of fly ash is released from fly ash induce hazardous effects in plant
measured by an assessment of electrical conductivity (EC) roots and the rhizosphere. Increased soil pH resulted in a
of water Extract. The average EC  (1:1) and EC  (1:2.5) loss of applied and indigenous N. Significant reduction inH2O H2O

were found as 0.33 and 0.23 dS/m , respectively. The level formation of nodules in leguminous plants was noticed-1

of organic carbon in fly ash was found to be less than 1% which may be attributed to fly ash toxicity. Stunted
and bulk density was found less than 1 g/cc. growth, weak feeling of seeds and early etiolation of

The DTPA-extractable heavy metals contents in leaves are noticed which may referred to the toxic effects
Table 3  fly  ash  were  relatively  low  and  in the of specific fly ash constituents in plants such as B, As,
following order: Cu (1.4 mg kg-1)>Mn (1.2 mg kg-1)>Zn Se, Mo, Al and Cd. These elements are readily available to
(0.95 mg kg-1)> Pb (0.61 mg kg-1)>Ni (0.3 mg kg-1)>Cr=Co plants and accumulate in the tissues [10]. Plants have
(bdl).  The proportion of DTPA-extractable Mn to total various intracellular sites and /or metabolisms, hence may
Mn  (0.4%)  is  very  low,  indicating  that  most   of  the readily suffer fro the additive and synergistic effects of
Mn is strongly bound in fly ash primary minerals. The different toxic metals present in fly ash. An increase in
bioavailability form constituted 2.1% of total Zn, 5.7% of available Ca and Mg in the absence of an increase K may
total Cu and 3.6% of total Pb and 1.4% of Ni. When antagonize plant K uptake and eventually causing K
considering the total metal concentrations in fly ash, Mn deficiencies. The impact of fly ash on plants has been also
(318.4 mg kg-1) was the most abundant metal followed by investigates in selected fly ash disposal sites with minimal
Zn (44.7 mg kg-1)>Cu (24.3 mg kg-1)> Ni (43.9 mg kg-1)> natural revegetation. It is evident that fly ash has a dual
Pb (31.7 mg kg-1). Co and Cr were below the detection effects in various plants i.e. promotion and inhibition of
limit, while concentration of Fe was not analyzed [11]. growth in a dose dependant manner. Some toxic

DISCUSSION and metals namely Ni, As, Cd, Cr, Pb, Se, Zn, Cu etc.

Effects of Fly Ash on Vegetation: Accumulated fly ash on towards the poor growth of many vegetables including
guard cell surface of leaves stimulates the regulation tomato due to continuous deposition of fly ash in the
mechanism of stomatal opening and closer, thereby crop lands around the thermal power station. Fly ash
affecting  normal  respiration  and  photosynthetic rate. disposal operations at power station affected the
Fly ash particles are very fine and thus tend to remain elemental uptake of a wide range of wild plants including
airborne for a long period. Fly ash dust under certain aquatic species. It is generally observed that most of the
conditions of humidity, sticks to leaves or fruits and vegetation at fly ash disposal site showing suppressed
promotes chemicals as well as physical injuries, small growth which may be due to severe deficiency in nitrogen
necrotic dark brown spots appear on the leaves of many in the fly ash rich soil [12,13]. 
vegetables [9]. Higher amount on foliar deposition of fly During the field survey it appears that trees such as
ash resulted in decreased transpiration rate due to barrier Acacia catechu, A. nilotica, Albizia procera, Azadirachta
created by a thicker layer. Thicker layer of fly ash interfere indica, Butea monosperma, Dalbergia sissoo, Shorea
with the light required for photosynthesis and thus robusta, Syzigium cumunii, Ficus religiosa, Tamarindus
reduce  the  photosynthetic  rate. Leaves laden with fly indica, Ziziphus jujuba, Madhuca indica, Eucalyptus
ash  absorb  heat   more  effectively  and  consequently globulus, Morus Alba Leucaena lucocephala, Cassia
the increased leaf temperature results in increased fistula, Delonix regia and Mangifera indica have high
transpiration rates. Changes in soil properties caused by tolerance power than other species growing in this area.
fly ash may directly or indirectly affect microbial activity Similarly, some herbaceous species such as Phaseolus
and the root growth of plants. The high amount of aureus, P. mungo, Pisum sativum, Cajanus cajan,
deposition of fly ash during sowing season reduced seed Agropyron ryens, Festuca, Melilotus, are thriving better
germination as well as seedling growth and development. than others. Typha latifolia, Eichhornia crassips and
Due to continuous deposition of fly ash on agriculture Hydro polyrhiza were found to grow efficiently in fly ash
lands the crop productivity has been drastically reduced. laden effluents in the lagoons. Some grasses such as
The excess levels of soluble elements released from fly Chrysopogon fulvus, Bothriochloa pertusa, B. intermedia
ash induce hazardous effects in plant roots and the Cynodon dactylon and Cenchrus setigerus covering more
rhizosphere. Due to the excess levels soluble elements effectively on the ground. 

compounds, namely dibenzofuran and dibenzo-p-dioxine

Reported to occur in fly ash, might have contributed
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CONCLUSION 4. Jackson, M.L., 1967. Soil chemical analysis. Asian

Fly ash contains basic mineral elements, which make 5. Walkley, A. and C.A. Black, 1934 An examination of
it similar to the earth crust. Its addition to soil results in the degtjareff method for determining soil organic
agronomic benefits enabling raising a green cover and matter and a proposed modification of the chromic
even  growing  of  crops  on  nutrient  deficit  soils  and acid titration method. Soil. Sci., 37: 29-38.
can  be successfully used to correct the soil pH. The 6. Black, C.A., 1965 Methods for Soil Analysis,
major concerns associated with coal burnt fly ash are (American  Society  of  Agronomy,  Madison,  WI,),
enhanced rate of production; it’s under utilization for civil Part 2, pp: 1562-1565.
construction activities, associated air and water pollution 7. Lindsay, W.L. and W.A. Norwell, 1978. Development
problems  and  fly  ash mound management for storage. of a DTPA soil test for zinc, iron, manganese and
Fly ash incorporation in agricultural field by its carriage copper. Soil Sci. Soc. Am. J.. 42: 421-428. 
from  fly  ash  moulds/  chimneys  due  to  wind and 8. Govil, PK., T. Gnaeswara Rao and R. Rao, 1997
rainfall actions modifies the soil and crop canopy Environmental monitoring of toxic elements in an
environments, thereby influencing the crop yield. An industrial development area: a case study. In
ecosystem consists of a recycling structure that has no Abstract vol 3, International Conference on Analysis
environmental impact on nature. of Geological and Environmental Materials, Vail,
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