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Abstract: Environmental pollution due to non-biodegradable materials mainly inorganic 
fractions are matter of concern since last two decades. Industrialization and urbanization 
are the two phenomena that are going unabated all over the world. Apart from the needs 
for these phenomena, one has to look into their negative impacts on the global 
environment and social life. Most important ailing effect of these global processes has 
been the generation of large quantities of industrial wastes. Major non-degradable 
pollutants of thermal power plants are heavy metals present in ash.  Arsenic, barium, 
copper, molybdenum and zinc are normally present in fly ash, besides these lots of other 
metals are also present in traces such as Ag, Al, As, Ca, Cd, Co, Cr, Cu, Fe, Mg, Hg, 
Mn, Mo, Ni, Pb, Se, Sn, Sr, Zn, etc. Therefore, the problems related with their safe 
management and disposal has become a major challenge. Second associated problem is 
the pressure on land, materials and resources to support the developmental activities, 
including infrastructure. Electricity generation in India predominately depends upon coal 
based power plant for a couple of coming decades. Coal based power plant requires coal 
of high calorific value to generate optimum heat consequently to generate electricity, in 
this process a buy product is generated which is a waste material and named as fly-ash or 
coal ash.  Current annual production of fly ash, a by-product of coal based thermal power 
plants (TPPs), is 120 million tonnes (MT).  At present, the disposal of generated fly ash 
is by either wet disposal or dry disposal. Some of the problems associated with fly ash 
are land required for disposal and toxicity associated with heavy metals leached to 
ground water. This review presents characteristic of fly ash and some aspects of its 
environmental impacts. 

Keywords: Thermal power plants, Fly ash, Heavy metals, Leaching, Environmental 
impacts. 
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INTRODUCTION  

Thermal power plant generates large amounts of fly ashes which contain toxic metals and 
environmental risks associated with this coal fly ash during wet storage in the ash ponds1. The 
disposal of coal fly ash subjects these metal rich materials to conditions that may result in further 
sequestration of the metals or to their release to the environment 2. The release and transport of trace 
metals from coal fly ash material is an area of environment concern because of the wet storage in the 
ash ponds3. The volatilization, melting, decomposition and the formation of new materials and 
oxidation are the main mechanisms to transfers the metals from coal to fly ash 4. The major    potential 
impacts of fly ash disposal either in ash pond or reused in the cement industry leads to leaching of 
potentially toxic substances into soils, surface water and groundwater. Environmental concerns 
regarding the potential contamination of soil, surface and ground water due to the presence of soluble 
metal species in the ash pond leachate is of great concern5.  

The soluble salt content in ashes is closely related to the coal properties and the age of the fly ash and 
also to the pH and other environmental conditions6. When fly ash interacts with water the principal 
process affecting the leaching process are dissolution of primary solids and precipitation of secondary 
solids as well as redox conditions, sorption and hydrolysis reactions 7. Leaching tests are used as tools 
to estimate the release potential of constituents from fly ash over a range of possible waste 
management activities, including during recycling or reuse, for assessing the efficacy of waste 
treatment processes, and after disposal8. The wet disposal of the fly ash into the ash ponds caused 
leaching of constituents from fly ash due to weathering. Some metals concentration is increased due 
to leaching of constituents from fly ash particles9. The continuous long term leaching experiments 
were carried out with the 3.4 kg of fly ash was suspended in 17 L of deionised water to simulate the 
ash ponding environment10. An 18 month survey was done to assess the environmental impacts of the 
Tennessee Valley Authority (TVA) coal ash spill in Kingston, Tennessee in 2008 to demonstrated the 
leaching experiments on the spilled TVA coal ash which revealed that leachable coal ash 
contaminants, particularly arsenic, selenium, boron, strontium and barium had different effects on the 
quality of impacted environments and the EPA has proposed regulations to manage coal ash 
disposal11-13.  

Ash pond releases are an environmental concern due to the potential leaching of toxic metals and 
metalloids from the ash to the water and the subsequent discharge of waters from the ponds. 
Numerous studies have examined the leaching potential of Se and As from fly ash due to their 
solubility and toxicity14-16. Metal mobility is controlled by the dissolution of primary solids and 
precipitation/sorption reactions. Class C fly ash has high calcium content and therefore alkaline 
conditions, which for adsorption reactions favour arsenic and selenium release from the fly ash17. 
Chemical characterization of solid waste can be determined using sequential extraction procedures. 
Such experiments are shown that arsenic and selenium leaching from alkaline fly ash was controlled 
by a calcium phase18-19. More than 65000 acre of land in India is occupied for storage of fly ash in ash 
storage ponds which is leading to the wide spread contamination of soil as well as surface and 
groundwater 20. The purpose of characterization of the ash basins waters of the thermal power plants 
can help identify constituents of concern from an environmental perspective 21.  

Characterization: Fly ash particles are very fine solid spheres with different chemical composition. 
Characteristics of fly ash depend on the coal used for its generation in thermal power plants. As the 
characteristics may differ even for particles in a given ash, characterization becomes important before 
any suggestion for its use. The following sections deals with several aspects of fly ash 
characterization. 
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CLASSIFICATION OF FLY ASH   

It is not very easy to classify a complex material such as fly ash through limited parameters. Joshi and 
Marsh22 studied the physical, chemical and mineralogical properties of some Canadian fly ashes and 
could not find a characterization parameter exclusively relating to the coal type though reactivity of 
the ash seemed to increase with its surface area. Kempska23 classified the fly ashes according to the 
type of coal, furnace design and chemical composition. Roy and Griffin24 proposed a classification 
system along with nomenclature for coal fly ash based on chemical composition, hydration pH and 
particle size distribution. Cereda et al. 25 observed that particles in fly ash could be grouped into 
several classes depending on the matrix as well as trace element composition. Watt 26 studied the 
characteristics of different fossil-fuel types of fly ash (coal, oil, peat, brown coal and oil shales) and 
observed the generation of large amounts of clinkers and fly ash during combustion; considerable 
amounts of gypsum and scrubber water were produced in flue gas cleaning and the amount of residue 
depended on the ash content and the sulphur content of the fuel. 

McCarthy et al.27 assembled a database of chemical, mineralogical and physical characteristics of 
North American fly ashes for utilisation and modelling their behaviour after disposal. Dudas and 
Warren 28 presented a submicroscopic model of fly ash particles. Howers et al. 29 studied fly ashes 
from 21 Kentucky power plants by grouping them according to the sulphur content of the feed coal. 
De Luxan et al. 30 characterised the fly ashes produced by thermoelectric power plants in Spain by 
physical, chemical and mineralogical properties. Furuya et al. 31 fractionated fly ash samples using 
nylon sieves and observed that size, density, element and morphological distribution gave insight into 
the softening property of ash, combustibility of coal, and coal combustion conditions. Mukai et al .32 

characterised a submicron coal ash chemically after density separation. Lu et al 33characterised a 
chemically modified fly ash by particle size distribution, valence of surface elements, surface 
topography, dispersion in an organic medium and affinity for water. Kosuge et al .34 classified fly ash 
into different groups on the basis of solubility in HCl solution. Rose35 characterised fly ash with 
respect to its inorganic ash sphere (IAS) to spheroidal carbonaceous particles (SCP) ratio. ASTM 
C618 36 specified two categories of fly ashes depending on the type of coal and the resultant chemical 
analyses. 

Class C fly ash: Fly ash produced from the burning of younger lignite or sub bituminous coal, in 
addition to having pozzolanic properties, also has some self-cementing properties. In the presence of 
water, Class C fly ash will harden and gain strength over time. Class C fly ash generally contains 
more than 20% lime (CaO). Unlike Class F, self-cementing Class C fly ash does not require an 
activator. Alkali and sulfate (SO4) contents are generally higher in Class C fly ashes. 

Class F fly ash:The burning of harder, older anthracite and bituminous coal typically produces Class 
F fly ash. This fly ash is pozzlanic in nature, and contains less than 20% lime (CaO). Possessing 
pozzolanic properties, the glassy silica and alumina of Class F fly ash requires a cementing agent, 
such as Portland cement, quicklime, or hydrated lime, with the presence of water in order to react and 
produce cementitious compounds. Alternatively, the addition of chemical activator such as Sodium 
Silicate (water glass) to a Class F ash can leads to the formation of a geopolymer. 

Notwithstanding the ASTM classification, based on the boiler operations further classified fly ash 
with two distinct categories: Low temperature (LT) fly ash: Generated out of combustion temperature 
below 900 o C. High temperature (HT) fly ash: Generated out of combustion temperature above 1000 o 

C. This threshold temperature demarcates the development of metakaolinite phases in the case of LT 
and the same constituents form as reactive glassy phases in the case of HT fly ash. LT fly ash is more 
reactive at early ages hence preferred for precast building materials such as bricks/blocks.  
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MORPHOLOGY AND STRUCTURE  

Zwozdziak et al. 37determined the size, shape, structure and mineralogical composition of fly ash 
using transition electron microscopy, electron diffraction and XRD. Miwa et al. 38 used a secondary 
ion mass spectrometer, X-ray micro-analyser and SEM to investigate the surface characteristics and 
depth profile of a coal fly ash. The results of ion microprobe depth profiles and X-ray imaging of 
elements on spattered surfaces of fly ash particles showed fairly good agreement. Small and Zoller 
39used the SEM technique to provide information on particle shape and origin, sample homogeneity 
and elemental composition which was not available from bulk analysis. SEM studies of Kawfherr and 
Lichtman 40 indicated similarities in submicron- and micron- sized particles of fly ash, both were 
spherical and contained Si, Al, K, Te, Ti, and S as the main components. Sun et al. 41 investigated the 
morphology of pulverised fly ash (PFA) through SEM and observed three kinds of particles: 
spherical, irregular, fused and porous carbon. Of these the spherical and irregular-fused PFA are of 
good quality and are suitable for cementitious building materials. 

 Structure Bellotto et al. 42 suggested XRD and Raman microfocus spectroscopy for structural 
characterisation. McCarthy et al. 43 used XRD while identifying the crystalline phases: quartz, 
periclase, ferrite spinel, anhydrite and lime in fresh ash as well as in ash buried 12 years before. Van 
Roode et al. 44 suggested using the XRD technique for the quantitative measurement of quartz, 
mullite, magnetite and haematite and the glass content by difference. Using XRD White and Case 45 
found mullite and silica as the major crystalline phases in fly ash. Mings et al. 46 developed techniques 
for the quantitative determination of the crystalline composition of fly ash by X-ray fluorescence and 
diffraction. These methods were fast, accurate and provide explanations of the behavioural 
characteristics of fly ash. Zelechower et al. 47 used EPMA and XRD techniques for determination of 
the phase composition of fly ashes. McCarthy and Solem 48 applied a protocol for semi-quantitative 
XRD analysis of fly ash in studies of the typical mineralogy of high- and low-calcium samples, the 
consistency of sample mineralogy from a typical power station, the partitioning of chemical 
constituents into crystalline phases, and crystalline phases relevant to the use of fly ash in concrete. 

Elemental analysis: Furuya et al. 49 studied a coal fly ash for elemental characterisation by 
spectrophotometry, ICP and SEM-energy dispersive X-ray analysis. Valkovic et al .50 analysed fly ash 
using X-ray emission spectrometry. Oishi67 analysed the fly ash for Zn, Co, Cr, Ni, Na, K, Mg, etc 
using ICP optical emission spectroscopy. Bellotto et al. 42 suggested PIXE and proton-induced 
gamma-ray emission for bulk elemental analyses, and X-ray photoelectron and Auger spectroscopy 
for surface elemental analyses. Sadasivan and Negi 51 used energy dispersive X-ray fluorescence to 
analyse major and minor trace elements in fly ash from coal-fired thermal power plants in India. The 
ash/coal ratios for various elements indicate that most are enriched, except for sulphur, which was 
depleted. Torok et al. 52 collected fly ash samples from Hungarian brown coal fuel power stations both 
before and from the electro filter as well as the chimney to examine as bulk or individual microscopic 
particles using different X-ray emissions methods; the toxic metal content in chimney ash was much 
higher than that of the filter ash. Beckwith 53 discussed the advantages and limitations of the analysis 
of coal fly ash by inductively coupled plasma atomic emission spectroscopy. Zelechower et al. 47 used 
the EPMA and XRD techniques for the determination of chemical composition of fly ashes.  

Mings et al. 46 found that X-ray fluorescence and diffraction methods for the quantitative 
determination of elemental composition of fly ash were fast, accurate and provide explanations of the 
behavioural characteristics of fly ash. Mishra et al. 54 developed a rapid X-ray fluorescence method 
for the routine analysis of fly ash to give matrix core values comparable to the wet chemical method. 
Neutron activation analysis studies by Hart et al. 55 indicated significant enrichment of all elements 
except Br in the fly ash relative to the coal, which contained 35% ash. Nerin et al 56 critically 
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evaluated the digestion of fly ash using concentrated acids including HClO4, HF and HNO3 for the 
analysis of As, Fe and Mn by atomic absorption spectrophotometry. Jojo et al .57 used the fission track 
technique to activate the uranium present in fly ash. McCarthy et al. 58 investigated a western fly ash 
by XRD and found higher CaO.MgO.SO3 contents and lower Al2O3.SiO2 contents compared with the 
eastern bitumen fly ashes. Seaverson et al. 59  used thermal desorption spectrometry (TDS) and FTIR 
photo acoustic spectroscopy techniques in combination to identify the water and -OH groups 
associated with four fly ashes. TGA data indicated that the loss-on-ignition in many of the ashes was 
not entirely due to the presence of unburned carbon. 

Available form of heavy metals: Bioavailable fraction of a metal is the most toxic form of heavy 
metal 60 because this fraction is generally absorbed by plants and enters the food chain. The plant 
available metal has been assessed by using various extracting media. 61, 62 Diethylene triamine penta 
acetic acid (DTPA) commonly used to measure plant available trace elements in soils 63, 64 found 50% 
of the cadmium from the soil is available for Corn seedlings. Higher concentration of DTPA extracted 
Cd and Pb than Cu, Cr, Ni and Zn was observed by Sawhney and Frink 65, 66  has reported that, of the 
metals present in soil only small amount i.e. < 7% is taken up by the vegetation.  

Methods of ash disposal: Two methods of disposal are being used, viz. dry disposal and wet 
disposal. 67 Dry disposals involve simply collection of ash in the bottom of ha0ppers of the 
mechanical and electrostatic precipitators 68. It is then taken through closed wagons or bags to 
disposal sites. Through, this is continuous system, its application is limited. While wet disposal 
system involves sucking of fly ash from the dust collectors. Converting it to slurry in proportion of 
60% water to 40% ash and then discharging it to the dumping area/disposal pond through pipe lines.  

In India, slurry is being disposed of on open ground or in ponds, and by landfilling. In developed 
countries landfilling, ponding, mine disposal 69 and discharge in ocean are common practices.70  

Disposal of ash to landfill sites raises a number of issues regarding its subsequent impact on the local 
environment 68. There are basically two stages in which ash based components might be mobilised to 
enter ground and surface waters:- 

(i) Leaching of the solution during hydraulic transport to lagoons.  
(ii)  In-situ leaching of ash after disposal.  

In developed countries discharge of ash is only permitted when its characteristic can be shown to fall 
within the limits of consent granted by the appropriate regulatory authority, while in India such 
standards are seldom adhered to during ash dumping.  

PROBLEMS POSED BY FLY ASH 

Bottom and fly ash produced by thermal power plants constitute nearly 31.72% of the quantity of coal 
consumed. Fly ash can travel up to 40 to 50 km in the down wind direction. It settles down 
subsequently causing land degradation, severe air and water pollution and disease in plants and 
animals, including human being. Obnoxious gases (viz. CO2, SO2, NOx and hydrocarbons) when 
coming in contact with fly ash, result into synergistic ecological chemical reactions which affect the 
fauna and flora in the adjoining region. Dust bowl conditions are invariably created in dry weather 
around the stack by which the nearby aquatic bodies often become murks at best and flaccid at worst 
during excessive humid period71 .The discharge of fly ash into lakes, rivers or ash bunds by inland 
stations and into the sea by coastal power stations disturb the ecology of the region.  

Air pollution due to fly ash: Fly ash produced during combustion of coal depends on the ash content 
in coal. Percentage of ash content in coal during this period has increased from 30-35% to 40-45% 
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and even more in certain cases 72 due to the poor quality of coal produced in the country. Several 
estimates suggest that the fly ash released into the atmosphere appears to be about 5 to 10% of the 
total ash in coal, and the solid waste generated in the form of ash after the combustion of coal is about 
25% to 30%. The presence of toxic trace metals in the fly ash particulates constitutes the greatest 
health hazard. Metals account for only 0.01% to 0.3% of all particulates in air, but their significance 
may be for greater due to their accumulation and possible synergistic effects in human tissue. Fly ash 
pollution at the coal based power plants in found within the house, and particulates which are spewed 
out of the chimney, can be carried by Wind for several miles 73  leaving in its wake a thin carpet of 
black particles on roads, trees, house, agricultural land, water system and even affects animals, 
vegetation, materials and ecology.  

Fly ash particulates vary from 0.1 micron to greater than 100 microns. The inverse relationship 
between fly ash particulate size and trace elements has been observed 74, 75 .Due to the increased 
concentration of toxic trace elements in finer fly ash particulates small particulate escaping emission 
stacks will have greater biological impacts. Depending on size of fly ash particulate, particles will be 
trapped in the mucous layer or in the alveoli. For particulate aerosols the position is more complex. 
Particles of 1.0 microns diameter or more tend to be deposited but only those less than about 7.0 
microns deposit in the conductive airways. Particles less than 0.1 microns deposit in the alveoli's. 
Most of the particles between 0.1 and less than 0.1 microns size are exhaled. However, the pattern and 
depth of inhaled materials may alter the deposition of particles.76   Inhalation of toxic metals is more 
harmful than ingestion by way of food or water.  

Impact on water system: By using control devices like scrubbers, mechanical and electrostatic 
precipitators etc., fly ash from the stack of coal based power plants can be removed to the extent of 98 
to 99.5%. Since there is no consistent trend of effective utilization of fly ash, the stock piles of fly ash 
will continue to grow as reliance upon coal as a fuel source increases. At present an estimated 8.14 
million tonnes fly ash produced in a year is disposed of in dry and wet methods. In a dry method, fill 
or dumping of fly ash on low laying area is practiced. In a wet method, fly ash is mixed with water 
and discharged the ash laden water into impounded ponds, lagoons, rivers or the sea.  

The dry dumping of fly ash in open beds or in land fill area keep the fly ash vulnerable to the action of 
rain water and winds. Strong winds can move particles of fly ash from dump sites to adjacent 
agricultural lands/food stuff or surfaces, drinking water bodies. Since less than 10% of fly ash 
constituents are considered water soluble at any times, surface association of toxic metals on fly ash 
can be a major source of water pollution. 77   The actual amount of toxic elements released from fly 
ash in natural water (pH 7 to 8.5) from stock piles of fly ash depends largely on the pH, bonding 
between the element and fly ash, its chemical form and the physicochemical properties of water.78  

It has been observed that a pH decrease causes some fraction of the trace elements (cations) to be 
released into the dissolved phase despite their strong electrostatic attraction to the ash surface. In 
addition, the organic matter present in water may bring some of the trace element in water by means 
of chelation and complexation reactions.79  Fly ash leaching experiment carried out at pH 4, pH 5, pH 
6, pH7, pH 8 and pH 9 slurries demonstrates that pH regulates the leaching process, and the fly ash 
leaching was increased with decreasing pH, while sorption capacity increased with increasing pH; but 
the total (final) soluble quantity of toxic metals was dependent upon final attained pH of the fly ash 
slurries.76  Studies conducted 80, 81 on trace elements content at different depths of fly ash bed indicates 
that  acidic rain fall on such disposal sites mobilizes toxic metals in higher concentration and changes 
the quality of surface and ground water table by leaching and percolation. Similar study conducted at 
different fly ash bed depths in a dry ash pond demonstrates that the lagooned ashes are virtually 
saturated with water and they would percolate quickly. It has been observed that the mobilization of 
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fly ash constituents were influenced by various environmental factors such as leaching, percolation, 
pH, age of ash, ion exchange, precipitation, sorption, deposition and transformation, and need to be 
studied in details. Inspite of the existing water quality standards, there are several constraints in 
implementing the guidelines. As such, there are not direct regulations on the disposal of ash into the 
water system. It becomes important to critically evaluate the impact of ash characteristics on the 
physico-chemical properties of water, the movement of trace elements in food chain, and its health 
impacts. Ash pond is the most preferred procedure of fly ash disposal, although dumping in flowing 
waters, lagoons and marine seas is also practiced.82   The quantity of ash would determine the size and 
design of the pond. There are two major problems associated with the disposal of ash in ponds: 

a. Acidic or alkaline nature of ash pond waters, quantities of suspended solids, and the trace 
metals on the effluents discharged to surface streams and  

b. Sedimentation of fly ash and leaching of trace metals from fly ash to ground water.  
 
In fly ash disposal basins, the elements are left to land for several months and thus results into: 

a. Continuous discharge of ash effluents and their long settling period lead to settling of fly ash 
particles.  

b. Release of large quantities of chemical constituents in water including potentially toxic heavy 
metals.  

Ash disposal basin is of pronounced importance because availability of the elements can influence 
their entry into the food chain of aquatic life.83, 84 The disposal of ash effluents along steam bed flow 
into the river offer greater scope of dilution of pollutants, depending upon the volumes of water used 
for disposal. In a river with year round flow, the discharge of ash effluents may pose significant 
problems in terms of its likely effect on the biota at the point of disposal.85 

Fly ash released in water-soil system by way of disposal in dry and wet methods are ultimately 
incorporated in biogeochemical cycles.86, 87, 88 The metabolic activity of microorganisms plays a 
significant part in the mobility of toxic elements in the environment. Micro-organisms are 
exceedingly versatile in the way they metabolize natural substances, and if they do not degrade a 
particular compound, then it is likely that higher organisms will have the capacity to do so. A study of 
microbial inter conversions of toxic compounds can contribute substantially to environmental science. 
Once the method is introduced into a microbial ecosystem, each formal valence state of that method is 
available for chemical or biochemical reactions.86 

The biochemical process of methylation of heavy metals and metalloids have received considerable 
attention in recent years.89 Methylation is believed to be a detoxification mechanisms for converting 
toxic ions to a more volatile form that will be released to the atmosphere. Several microbial species 
are capable of performing this transformation in soils and sediments under both aerobic and anaerobic 
conditions. Methylation forms of trace metal are frequently more toxic and are more readily adsorbed 
or absorbed by higher organisms than the inorganic form. Methylation of mercury by microbes in 
marine and fresh water sediments is the best documented case of this type of biological 
transformation90. As, Fe, Pb and Zn are also examples of other toxic elements that undergo 
methylation.  

Higher organisms including man are capable of affecting biotransformation of hazardous chemicals. 
Reactions of Cd and metallothionine in retention of this element in renal tissues have been reported.91  
However, biotransformation of toxic elements in the environment are particularly very important in 
determining the effect on man and other organisms because the molecular form and biochemistry of 
these transformed chemicals determine their availability, persistence, bioaccumulation and toxicity.92  
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Impact on soil system: The problem of soil pollution b y constantly settling fly ash particles in the 
vicinity of coal based power plants differ in a number of important aspects from those of water, or air 
pollution, especially the polluting fly ash particulate remain in place for relatively long periods of 
time unless removed or washed away. Soil poisoning occurs either due to the carriage of fly ash by 
winds to a father distance or by fallout from the atmosphere by rain. Fly ash is sometimes carried by 
wind to distances as far as 120 kilometres .93 The most limiting factors in fly ash utilization on land 
are unfavourable changes in chemical parameters like pH, salinity, and levels of certain trace 
elements. Most of the coal in the country gives rise to alkaline fly ashes, which have a certain but 
variable degree of neutralization capacity. It has been noted 94 that some have a neutralizing capacity 
equivalent to 20% that of agricultural lime stone, thus making it an excellent limiting material for 
acidic soils.  

Neutralizing capacity of the alkaline fly ash has been adequately reported in the literature.95 However, 
it has been suggested that, due to its relatively short term, low neutralizing capacity and high levels of 
potentially toxic trace elements, massive fly ash application on agricultural soil may have to be 
curtailed. Soil salinity and fly ash amendments have been directly correlated by Adriano et al.96 Fly 
ash as an amendment might alter many physical, chemical and biological properties of soils. Although 
rate of amendments and the initial physico-chemical properties are prerequisites to such changes, 
alteration in texture, bulk density, moisture-holding capacity, pH, soluble salts content, base 
saturation, exchange capacity hydraulic conductivity, temperature cohesiveness, erodability and 
elemental content could be expected.96 Column experiment study carried out 76  to understand the 
mechanism of leaching of trace elements by the action of acidic rain water on a fly ash/soil bed in a 
water environment, such as in a land fill area of fly ash disposal sites, indicates that pH regulates the 
change in available and total metal contents in layers of soils; and found a lower pH with lower total 
metals and higher available in soil and their release into leachate water were also found to be 
dependent on organic matter, cation exchange capacity, absorption/precipitation and subsequent 
mobility of heavy metals in soils in order of importance. The findings also illustrates that the metals 
content in the leachates water were proportional to the amounts of fly ash applied to the soil bed.  

Column experiments,97 in which certain heavy metals leach from impounded ash, then enter ground 
water by percolation through soils, a condition that is prevailing in ash pond, also demonstrates the 
findings similar to the column experiment set up for land fill area of fly ash disposal sites. It has been 
found that the Pozzolanic reaction of fly ash is more effective in acidic soils than in neutral or basic 
soils.82,76 At an addition rate of 8% by weight, fly ash increased the soil mixtures water holding 
capacity 98 while water holding capacity shows improvement with fly ash amendment. Soil hydraulic 
conductivity improved at lower rates of fly ash application but deteriorated when the rate of fly ash 
amendment exceeded 20% in calcareous soils and 10% in acidic soil.98 In fly ash is to be considered 
as a multi-nutrient carrier and soil conditioner, the effects on soil microorganisms must be given due 
consideration from the soil fertility and productivity point of view. In a pioneering study 99 on the 
impact if fly ash on soil microorganisms, it was observed that microbial activity got depressed at 
lower levels and significantly reduced at higher levels of fly ash application. Plant growth has often 
shown improvement under fly ash amended conditions but has also been depressed under unsuitable 
conditions 100, 101  fly ash alters the physical conditions of the soil and add several trace elements, 
making it difficult to ascertain the effect of an individual property on plant growth and crop yields. 
Field and Green house study indicates that fly ash may benefit plant growth. 98   In coal mine spoil 
areas; its application is towards correction of soil pH and other physical condition apart from creating 
a nutrient-rich medium for growth of soil cover like moss. As weathering continues higher plant 
species may be introduced with agricultural soils, the fly ash amendment is directed towards 
developing suitable agronomic practices to utilize this enormous waste in a useful manner.  
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IMPACT OF HEAVY METALS ON HUMAN HEALTH 

U.S. Environmental Protection Agency tested water samples after the spill; they found toxic heavy 
metals including arsenic, which they measured at 149 times the allowable standard for drinking water. 
Water samples also contained elevated levels of other toxic metals: lead, thallium, barium, cadmium, 
chromium, mercury, and nickel. the toxic contents of coal ash may vary depending on where the coal 
is mined, coal ash commonly contains some of the world’s deadliest toxic metals: arsenic, lead, 
mercury, cadmium, chromium and selenium.102 The most common threat that coal ash poses to public 
health comes from a less dramatic Scenario: the slow leakage of toxic pollution from disposal sites 
such as ponds and landfills. Toxic pollution, some of it cancer-causing, can and does escape from 
some of those sites, according to the EPA103. This occurs in a variety of ways, most frequently when 
coal ash comes into contact with water, allowing toxics to “leach” or dissolve out of the ash and 
percolate through water. Large quantities of coal ash are “recycled,” presenting another potential route 
of exposure to coal ash toxics. Some countries allow coal ash to be used as structural fill, agricultural 
soil additive, top layer on unpaved roads, fill for abandoned mines, spread on snowy roads, and even 
as cinders on school running tracks. These uses may expose coal ash to water, increasing the risk of 
leaching. Coal ash is also dangerous if inhaled, so some of these forms of recycling may endanger 
human health from airborne particles, even where no water is involved. It has identified for specific 
sites at which humans have been exposed to coal ash toxics, whether from drinking contaminated 
water, eating contaminated fish, or breathing fugitive dust.104We summarize here some common toxic 
contaminants present in coal ash which effects on the human health. 

Arsenic: Arsenic produces a variety of adverse health effects. Ingesting very high levels can result in 
death. Chronic exposure to arsenic in drinking water can cause several types of cancer, including skin 
cancer, bladder cancer, lung cancer and kidney cancer. Recent studies have linked arsenic ingestion to 
cardiovascular disease and diabetes mellitus105. Exposure to lower levels can cause nausea and 
vomiting, decreased production of red and white blood cells, and cardiovascular effects including 
abnormal heart rhythm, damage to blood vessels, and damage to the peripheral nervous system. 
According to the Agency for Toxic Substances and Disease Registry (ATSDR), there is some 
evidence that in childhood, long-term exposure to arsenic may result in lower IQ scores and exposure 
to arsenic in the womb and early childhood may increase mortality in young adults106. Reporting on a 
study in Taiwan of residents whose well water was contaminated with naturally occurring arsenic, the 
article found a “significant” trend of increased cases of urinary tract cancer as exposure levels 
increased107. In addition to drinking water, arsenic can enter the body via other pathways. Inhaling 
sawdust from construction with arsenic-treated lumber can greatly increase the danger of lung cancer, 
as it can be absorbed through the lungs. Inhaling arsenic from coal ash fugitive dust can likewise pose 
a danger to human health. Arsenic can also be absorbed through the skin, which is why its use in 
decks and play equipment was outlawed. Children who play near spilled coal ash or where there is 
fugitive dust may be at risk of arsenic exposure. 

Cadmium: Fortunately, oral ingestion of cadmium results in low levels of absorption. The lungs, 
however, readily absorb cadmium, so inhalation exposure results in much higher levels of absorption. 
This makes cadmium a potential hazard from coal ash dust, which may be released into the 
environment when dry coal ash is stored, loaded, transported, or kept in uncovered landfills. Chronic 
exposure can result in kidney disease and obstructive lung diseases such as emphysema. Cadmium 
may also be related to increased blood pressure (hypertension) and is a possible lung carcinogen. 
Cadmium affects calcium metabolism and can result in bone mineral loss and associated bone pain, 
osteoporosis and bone fractures. 
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Lead: Health effects associated with exposure to lead include, but are not limited to, neurotoxicity, 
developmental delays, hypertension, impaired hearing acuity, impaired haemoglobin synthesis, and 
male reproductive impairment108. Importantly, many of lead’s health effects may occur without overt 
signs of toxicity. Scientists have long recognized that children are particularly sensitive, with high 
levels of lead resulting in swelling of the brain, kidney disease, effects on haemoglobin and possible 
death. Adverse effects in children can also occur well before the usual term of chronic exposure can 
take place. Children under 6 years old have a high risk of exposure because of their more frequent 
hand-to-mouth behaviour. It is now well accepted that there is no safe level of lead exposure, 
particularly for children109. Harmful levels of lead exposure can result from drinking water 
contaminated by coal ash and from exposure to coal ash contaminated soils.  

Mercury: Mercury has the dangerous capacity to bioaccumulate, or build-up in animal tissue. When 
mercury leaches from coal ash into the soil or water, it is converted by bacteria into methylmercury, 
an organic form that can be absorbed by small organisms and the larger organisms that eat them. As it 
moves up the food chain, the concentration of methylmercury increases. When it has accumulated to 
high concentrations in fish, this becomes a major pathway for human exposure. Mercury is particulary 
toxic to the developing nervous system. Exposure during gestation, infancy, or childhood can cause 
developmental delays and abnormalities, reduced IQ and mental retardation, and behavioural 
problems. State agencies regularly issue fish consumption advisories to caution women of child-
bearing age and children against eating mercury-contaminated fish. The FDA has set a limit for safe 
consumption of 1 part per million of methylmercury in fish110. 

Selenium: Selenium is used by the body in a variety of cellular functions, too much can be harmful, 
as can too little. The recommended daily intake is 55 to 70 micrograms. Excess selenium intake can 
occur in both animals and humans living in areas with elevated selenium in the soil. Most grasses and 
grains do not accumulate selenium, but when an animal consumes plants that do accumulate selenium 
(some up to 10,000 mg/kg), they can develop a condition called the “blind staggers”111. Symptoms 
include depressed appetite, impaired vision, and staggering in circles. High exposures can ultimately 
lead to paralysis and death. Humans are susceptible to similar effects as well as additional 
neurological impacts. Selenium exposure also affects fish, which absorb the metal through their gills 
or by eating contaminated food sources such as worms. Extremely high levels of selenium have been 
found to accumulate in fish and amphibians living in coal ash-contaminated waters and wetlands, if 
they survive exposure to the toxin. As confirmed by laboratory studies, selenium accumulation can 
cause developmental abnormalities in fish and amphibians and has led to the death of entire local fish 
populations. Selenium is bioaccumulative, meaning it is passed up the food chain in increasing 
concentrations, and excessive amounts have been found in water snakes, small mammals, birds and 
humans. 

CONCLUSIONS 

The review deals with important aspects of fly ash which is the interesting waste material of this 
century. The chemical composition, morphology as well as the classification of fly ash depends on 
coal quality and size distribution of particles though reactivity of the ash seems to increase with 
surface area. X-ray diffraction and fluorescence are accurate techniques for the quantitative 
determination of elements which provide us explanations of its behavioural characteristics. Generally 
all fly ash samples are containing Fe, Al, S, Si and unburned carbon. Fly ash contains macro-nutrients 
such as N, P, and K and micro-nutrients such as Cu, Zn, Fe, and Mn in sufficient quantity for 
consideration for agricultural applications. Apart from these it also contains heavy metals like Pb, Hg, 
As, Cd, Se, Mo, Sc, Ni, V, and Zn in trace quantity. Fly ash can be characterized by cenospheres, 
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which have spheroidal morphology and a spongy structure leading to many industrial applications. 
Fly ash is an effective fill for airfields, pavements, and building bricks.Impacts of fly ash on air, land 
or ground water pollution may be balanced by minimizing its accumulation either by utilizing or 
subjecting it to a stabilization process.  Heavy metals in fly ash, however, can be immobilized by 
chelating agents. On treatment with water, rapid leaching of most of the trace metals takes place from 
the surface of ash particles. Alkali treatment of fly ash can be considered safe for its use in refilling of 
coalmines. Trace metal concentration in the leachate depends on fly ash weight/solution, pH and 
concentration of the elements. High calcium fly ashes are more hazardous and source of selenium. 
The impact of fly ash on ground water is mainly dependent on site conditions. Deeper wells are also a 
possible solution to the ground water problem.  
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