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Abstract: Environmental pollution due to non-biodegradableéemals mainly inorganic
fractions are matter of concern since last two desalndustrialization and urbanization
are the two phenomena that are going unabatededitbe world. Apart from the needs
for these phenomena, one has to look into theiratie® impacts on the global
environment and social life. Most important ailiaffect of these global processes has
been the generation of large quantities of indaistwastes. Major non-degradable
pollutants of thermal power plants are heavy mebaésent in ash. Arsenic, barium,
copper, molybdenum and zinc are normally presefiyiash, besides these lots of other
metals are also present in traces such as Ag, #,Ga, Cd, Co, Cr, Cu, Fe, Mg, Hg,
Mn, Mo, Ni, Pb, Se, Sn, Sr, Zn, etc. Therefore, pneblems related with their safe
management and disposal has become a major chall8egond associated problem is
the pressure on land, materials and resourcespposguthe developmental activities,
including infrastructure. Electricity generationlimdia predominately depends upon coal
based power plant for a couple of coming decadeal kased power plant requires coal
of high calorific value to generate optimum heatsaguently to generate electricity, in
this process a buy product is generated whichnasie material and named as fly-ash or
coal ash. Current annual production of fly ashy-groduct of coal based thermal power
plants (TPPs), is 120 million tonnes (MT). At pres the disposal of generated fly ash
is by either wet disposal or dry disposal. Somé¢hefproblems associated with fly ash
are land required for disposal and toxicity asgediawith heavy metals leached to
ground water. This review presents characteristiflyoash and some aspects of its
environmental impacts.

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

Thermal power plant generates large amounts of ajpes which contain toxic metals and
environmental risks associated with this coal fsh aluring wet storage in the ash pdndghe
disposal of coal fly ash subjects these metal nelterials to conditions that may result in further
sequestration of the metals or to their releastdcenvironment. The release and transport of trace
metals from coal fly ash material is an area ofimmment concern because of the wet storage in the
ash ponds The volatilization, melting, decomposition ance tformation of new materials and
oxidation are the main mechanisms to transfersrals from coal to fly ash The major potential
impacts of fly ash disposal either in ash pondewsed in the cement industry leads to leaching of
potentially toxic substances into soils, surfacetewaand groundwater. Environmental concerns
regarding the potential contamination of soil, aaef and ground water due to the presence of soluble
metal species in the ash pond leachate is of goratern.

The soluble salt content in ashes is closely réltighe coal properties and the age of the flyash
also to the pH and other environmental condifioliéhen fly ash interacts with water the principal
process affecting the leaching process are dissnlof primary solids and precipitation of secondar
solids as well as redox conditions, sorption andrblysis reactiond. Leaching tests are used as tools
to estimate the release potential of constituentenffly ash over a range of possible waste
management activities, including during recycling reuse, for assessing the efficacy of waste
treatment processes, and after disfodgie wet disposal of the fly ash into the ash gooaused
leaching of constituents from fly ash due to weaftite Some metals concentration is increased due
to leaching of constituents from fly ash partiéleBhe continuous long term leaching experiments
were carried out with the 3.4 kg of fly ash waspsmled in 17 L of deionised water to simulate the
ash ponding environmefit An 18 month survey was done to assess the emvéntal impacts of the
Tennessee Valley Authority (TVA) coal ash spillkingston, Tennessee in 2008 to demonstrated the
leaching experiments on the spilled TVA coal ashicihrevealed that leachable coal ash
contaminants, particularly arsenic, selenium, bpostrontium and barium had different effects on the
quality of impacted environments and the EPA hasppsed regulations to manage coal ash
disposal™*?

Ash pond releases are an environmental concerrtaltiee potential leaching of toxic metals and
metalloids from the ash to the water and the subm®qdischarge of waters from the ponds.
Numerous studies have examined the leaching pateotiSe and As from fly ash due to their
solubility and toxicity**® Metal mobility is controlled by the dissolutiorf primary solids and
precipitation/sorption reactions. Class C fly asis thigh calcium content and therefore alkaline
conditions, which for adsorption reactions favowseaic and selenium release from the fly*ash
Chemical characterization of solid waste can berdehed using sequential extraction procedures.
Such experiments are shown that arsenic and seldeiaching from alkaline fly ash was controlled
by a calcium phas&'®. More than 65000 acre of land in India is occugi@dstorage of fly ash in ash
storage ponds which is leading to the wide spreattagnination of soil as well as surface and
groundwater®. The purpose of characterization of the ash basitsrs of the thermal power plants
can help identify constituents of concern from am®nmental perspective.

Characterization: Fly ash particles are very fine solid spherehwifferent chemical composition.
Characteristics of fly ash depend on the coal dseds generation in thermal power plants. As the
characteristics may differ even for particles igigen ash, characterization becomes important befor
any suggestion for its use. The following sectiothsals with several aspects of fly ash
characterization.
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CLASSIFICATION OF FLY ASH

It is not very easy to classify a complex matesiath as fly ash through limited parameters. Jasthi a
MarstH? studied the physical, chemical and mineralogicabprties of some Canadian fly ashes and
could not find a characterization parameter exetlgirelating to the coal type though reactivity of
the ash seemed to increase with its surface ammpkk&’ classified the fly ashes according to the
type of coal, furnace design and chemical compwsitRoy and Griffii’ proposed a classification
system along with nomenclature for coal fly asheblasn chemical composition, hydration pH and
particle size distribution. Ceredat al ?° observed that particles in fly ash could be groujed
several classes depending on the matrix as weltaae element composition. Waftstudied the
characteristics of different fossil-fuel types of &sh (coal, oil, peat, brown coal and oil shaks)l
observed the generation of large amounts of clglerd fly ash during combustion; considerable
amounts of gypsum and scrubber water were productdge gas cleaning and the amount of residue
depended on the ash content and the sulphur carftém fuel.

McCarthy et al®’ assembled a database of chemical, mineralogicalpagdical characteristics of
North American fly ashes for utilisation and mouwg]l their behaviour after disposal. Dudas and
Warren?® presented a submicroscopic model of fly ash pagicHowerset al * studied fly ashes
from 21 Kentucky power plants by grouping them adow to the sulphur content of the feed coal.
De Luxanet al * characterised the fly ashes produced by thermiielgmwer plants in Spain by
physical, chemical and mineralogical propertiesuffa et al. ** fractionated fly ash samples using
nylon sieves and observed that size, density, eleare morphological distribution gave insight into
the softening property of ash, combustibility otaand coal combustion conditions. Muleial >
characterised a submicron coal ash chemically aféesity separation. Lu et &characterised a
chemically modified fly ash by particle size dibtrtion, valence of surface elements, surface
topography, dispersion in an organic medium anihiafffor water. Kosuget al ** classified fly ash
into different groups on the basis of solubility HCI solution. Ros® characterised fly ash with
respect to its inorganic ash sphere (IAS) to sptlatracarbonaceous particles (SCP) ratio. ASTM
C618%* specified two categories of fly ashes dependinghertype of coal and the resultant chemical
analyses.

Class C fly ash: Fly ash produced from the burning of younger lignir sub bituminous coal, in
addition to having pozzolanic properties, also $@®e self-cementing properties. In the presence of
water, Class C fly ash will harden and gain striermter time. Class C fly ash generally contains
more than 20% lime (CaO). Unlike Class F, self-cating Class C fly ash does not require an
activator. Alkali and sulfate (Sfpcontents are generally higher in Class C fly ashe

Class F fly ash:The burning of harder, older anthracite and bitwuascoal typically produces Class

F fly ash. This fly ash is pozzlanic in nature, amahtains less than 20% lime (CaO). Possessing
pozzolanic properties, the glassy silica and alamih Class F fly ash requires a cementing agent,
such as Portland cement, quicklime, or hydratee liwith the presence of water in order to react and
produce cementitious compounds. Alternatively, dkdition of chemical activator such as Sodium
Silicate (water glass) to a Class F ash can leatietformation of a geopolymer

Notwithstanding the ASTM classification, based be boiler operations further classified fly ash
with two distinct categories: Low temperature (lfli))ash: Generated out of combustion temperature
below 900° C. High temperature (HT) fly ash: Generated outafibustion temperature above 1600
C. This threshold temperature demarcates the dewelot of metakaolinite phases in the case of LT
and the same constituents form as reactive glassyes in the case of HT fly ash. LT fly ash is more
reactive at early ages hence preferred for préealsting materials such as bricks/blocks.
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MORPHOLOGY AND STRUCTURE

Zwozdziaket al *’determined the size, shape, structure and minecalogomposition of fly ash
using transition electron microscopy, electronrdiffion and XRD. Miwaet al *® used a secondary
ion mass spectrometer, X-ray micro-analyser and $&Mvestigate the surface characteristics and
depth profile of a coal fly ash. The results of imicroprobe depth profiles and X-ray imaging of
elements on spattered surfaces of fly ash partsihesved fairly good agreement. Small and Zoller
*used the SEM technique to provide information ortigla shape and origin, sample homogeneity
and elemental composition which was not availatdenfbulk analysis. SEM studies of Kawfherr and
Lichtman *° indicated similarities in submicron- and micronzesl particles of fly ash, both were
spherical and contained Si, Al, K, Te, Ti, and Stesmain components. Sehal ** investigated the
morphology of pulverised fly ash (PFA) through SEMd observed three kinds of particles:
spherical, irregular, fused and porous carbon.h@$e the spherical and irregular-fused PFA are of
good quality and are suitable for cementitiousding materials.

Structure Bellottoet al ** suggested XRD and Raman microfocus spectroscopystfactural

characterisation. McCarthy et df used XRD while identifying the crystalline phasegiartz,
periclase, ferrite spinel, anhydrite and lime iesft ash as well as in ash buried 12 years befae. V
Roodeet al. * suggested using the XRD technique for the quaivitamneasurement of quartz,
mullite, magnetite and haematite and the glasseooiity difference. Using XRD White and Cé3e
found mullite and silica as the major crystallifepes in fly ash. Mingst al *° developed techniques
for the quantitative determination of the crystalicomposition of fly ash by X-ray fluorescence and
diffraction. These methods were fast, accurate pnovide explanations of the behavioural
characteristics of fly ash. Zelechowatral *" used EPMA and XRD techniques for determination of
the phase composition of fly ashes. McCarthy aniér88® applied a protocol for semi-quantitative
XRD analysis of fly ash in studies of the typicaheralogy of high- and low-calcium samples, the
consistency of sample mineralogy from a typical povstation, the partitioning of chemical
constituents into crystalline phases, and cryse&liihases relevant to the use of fly ash in coacret

Elemental analysis Furuyaet al. *° studied a coal fly ash for elemental charactddraby

spectrophotometry, ICP and SEM-energy dispersivay<analysis. Valkoviet al *° analysed fly ash
using X-ray emission spectrometry. Oishi67 analythedfly ash for Zn, Co, Cr, Ni, Na, K, Mg, etc
using ICP optical emission spectroscopy. Bellattoal ** suggested PIXE and proton-induced
gamma-ray emission for bulk elemental analyses,Xnay photoelectron and Auger spectroscopy
for surface elemental analyses. Sadasivan and Negied energy dispersive X-ray fluorescence to
analyse major and minor trace elements in fly asimfcoal-fired thermal power plants in India. The
ash/coal ratios for various elements indicate thast are enriched, except for sulphur, which was
depleted. Torolet al * collected fly ash samples from Hungarian browrl éeel power stations both
before and from the electro filter as well as thammey to examine as bulk or individual microscopic
particles using different X-ray emissions methdds; toxic metal content in chimney ash was much
higher than that of the filter ash. Beckwiftdiscussed the advantages and limitations of thiysisa

of coal fly ash by inductively coupled plasma atominission spectroscopy. Zelechoweal *’ used
the EPMA and XRD techniques for the determinatibor@mical composition of fly ashes.

Mings et al * found that X-ray fluorescence and diffraction noeth for the quantitative
determination of elemental composition of fly askrevfast, accurate and provide explanations of the
behavioural characteristics of fly ash. Misltaal >* developed a rapid X-ray fluorescence method
for the routine analysis of fly ash to give mattixre values comparable to the wet chemical method.
Neutron activation analysis studies by Heirtal ** indicated significant enrichment of all elements
except Br in the fly ash relative to the coal, whicontained 35% ash. Nerigt al *® critically
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evaluated the digestion of fly ash using conceedratcids including HCIE HF and HNQ for the
analysis of As, Fe and Mn by atomic absorption sppbotometry. Jojet al > used the fission track
technique to activate the uranium present in fly. AdcCarthyet al.*® investigated a western fly ash
by XRD and found higher CaO.MgO.$0ontents and lower ADs.SiO, contents compared with the
eastern bitumen fly ashes. Seaversbal.*® used thermal desorption spectrometry (TDS) andrRFTI
photo acoustic spectroscopy techniques in comioinato identify the water and -OH groups
associated with four fly ashes. TGA data indicdted 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 hgav
metal ®° because this fraction is generally absorbed bytgland enters the food chain. The plant
available metal has been assessed by using vaigracting media®® ® Diethylene triamine penta
acetic acid (DTPA) commonly used to measure plaatable trace elements in soffs®* found 50%

of the cadmium from the soil is available for Ceeedlings. Higher concentration of DTPA extracted
Cd and Pb than Cu, Cr, Ni and Zn was observed mhBay and Frink> °® has reported that, of the
metals present in soil only small amount i.e. <ig%aken up by the vegetation.

Methods of ash disposal: Two methods of disposal are being used, viz. dspabal and wet
disposal.®” Dry disposals involve simply collection of ash ihe bottom of haOppers of the
mechanical and electrostatic precipitat8ts It is then taken through closed wagons or bags to
disposal sites. Through, this is continuous systisnapplication is limited. While wet disposal
system involves sucking of fly ash from the dudtemtors. Converting it to slurry in proportion of
60% water to 40% ash and then discharging it tatheping area/disposal pond through pipe lines.

In India, slurry is being disposed of on open gbuam in ponds, and by landfilling. In developed
countries landfilling, ponding, mine dispo§ahnd discharge in ocean are common pracffces.

Disposal of ash to landfill sites raises a numbéssues regarding its subsequent impact on tha loc
environmenf®. There are basically two stages in which ash basatbonents might be mobilised to
enter ground and surface waters:-

() Leaching of the solution during hydraulic transportagoons.
(if) In-situ leaching of ash after disposal.

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

PROBLEMSPOSED BY FLY ASH

Bottom and fly ash produced by thermal power plaotsstitute nearly 31.72% of the quantity of coal
consumed. Fly ash can travel up to 40 to 50 kmhim down wind direction. It settles down
subsequently causing land degradation, severengirvaater pollution and disease in plants and
animals, including human being. Obnoxious gases. @, SO, NOx and hydrocarbons) when
coming in contact with fly ash, result into synstg ecological chemical reactions which affect the
fauna and flora in the adjoining region. Dust bawhditions are invariably created in dry weather
around the stack by which the nearby aquatic baofien become murks at best and flaccid at worst
during excessive humid periddThe discharge of fly ash into lakes, rivers dn asinds by inland
stations and into the sea by coastal power statistgrb the ecology of the region.

Air pollution dueto fly ash: Fly ash produced during combustion of coal depemdthe ash content
in coal. Percentage of ash content in coal duttg period has increased from 30-35% to 40-45%

JECET; March 2014-May 2014; Sec. B; Vol.3.No.2, 921-937. 925



Coal Fly... Sunil K.Pandey.

and even more in certain caségue to the poor quality of coal produced in thentoy. Several
estimates suggest that the fly ash released ist@timosphere appears to be about 5 to 10% of the
total ash in coal, and the solid waste generatélderiorm of ash after the combustion of coal isub
25% to 30%. The presence of toxic trace metaldhénfly ash particulates constitutes the greatest
health hazard. Metals account for only 0.01% t&®O@ all particulates in air, but their significanc
may be for greater due to their accumulation arssibte synergistic effects in human tissue. Fly ash
pollution at the coal based power plants in fourithiw the house, and particulates which are spewed
out of the chimney, can be carried by Wind for saveiles” leaving in its wake a thin carpet of
black particles on roads, trees, house, agricultiarad, water system and even affects animals,
vegetation, materials and ecology.

Fly ash particulates vary from 0.1 micron to gredatean 100 microns. The inverse relationship
between fly ash particulate size and trace elemeassbeen observéd ™ .Due to the increased
concentration of toxic trace elements in finerdlsh particulates small particulate escaping enmissio
stacks will have greater biological impacts. Depegan size of fly ash particulate, particles viié
trapped in the mucous layer or in the alveoli. particulate aerosols the position is more complex.
Particles of 1.0 microns diameter or more tend dodbposited but only those less than about 7.0
microns deposit in the conductive airways. Paridess than 0.1 microns deposit in the alveoli's.
Most of the particles between 0.1 and less thamfictons size are exhaled. However, the pattern and
depth of inhaled materials may alter the depositibparticles’® 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, mechanaad electrostatic
precipitators etc., fly ash from the stack of doated power plants can be removed to the exte&38 of

to 99.5%. Since there is no consistent trend @ogiffe utilization of fly ash, the stock piles bf &sh

will continue to grow as reliance upon coal as & Bource increases. At present an estimated 8.14
million tonnes fly ash produced in a year is diggbsf in dry and wet methods. In a dry method, fill
or dumping of fly ash on low laying area is praeticin a wet method, fly ash is mixed with water
and discharged the ash laden water into impoundadsp lagoons, rivers or the sea.

The dry dumping of fly ash in open beds or in |filcdrea keep the fly ash vulnerable to the actién
rain water and winds. Strong winds can move padiaf fly ash from dump sites to adjacent
agricultural lands/food stuff or surfaces, drinkimgter bodies. Since less than 10% of fly ash
constituents are considered water soluble at angsti surface association of toxic metals on fly ash
can be a major source of water polluti6h. The actual amount of toxic elements releaseuh filg

ash in natural water (pH 7 to 8.5) from stock pikédly ash depends largely on the pH, bonding
between the element and fly ash, its chemical fanchthe physicochemical properties of wéter.

It has been observed that a pH decrease causesfamnen of the trace elements (cations) to be
released into the dissolved phase despite thaingtelectrostatic attraction to the ash surface. In
addition, the organic matter present in water nréiygbsome of the trace element in water by means
of chelation and complexation reactidisFly ash leaching experiment carried out at pigH 5, pH

6, pH7, pH 8 and pH 9 slurries demonstrates thatqgtlates the leaching process, and the fly ash
leaching was increased with decreasing pH, whitptimm capacity increased with increasing pH; but
the total (final) soluble quantity of toxic metalss dependent upon final attained pH of the fly ash
slurries’ Studies conductet] # on trace elements content at different depthyaish bed indicates
that acidic rain fall on such disposal sites nmab8g toxic metals in higher concentration and ckang
the quality of surface and ground water table laghéng and percolation. Similar study conducted at
different fly ash bed depths in a dry ash pond dwtrates that the lagooned ashes are virtually
saturated with water and they would percolate dyidk has been observed that the mobilization of
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fly ash constituents were influenced by variousimmental factors such as leaching, percolation,
pH, age of ash, ion exchange, precipitation, sonptdeposition and transformation, and need to be
studied in details. Inspite of the existing waterlity standards, there are several constraints in
implementing the guidelines. As such, there aredireict regulations on the disposal of ash into the
water system. It becomes important to criticallyaleate the impact of ash characteristics on the
physico-chemical properties of water, the movenwritace elements in food chain, and its health
impacts. Ash pond is the most preferred procedtify @sh disposal, although dumping in flowing
waters, lagoons and marine seas is also practicéthe quantity of ash would determine the size and
design of the pond. There are two major probleras@ated with the disposal of ash in ponds:

a. Acidic or alkaline nature of ash pond waters, qii@st of suspended solids, and the trace
metals on the effluents discharged to surface rssend
b. Sedimentation of fly ash and leaching of trace madtam fly ash to ground water.

In fly ash disposal basins, the elements areddfind for several months and thus results into:

a. Continuous discharge of ash effluents and theig lesttling period lead to settling of fly ash
particles.

b. Release of large quantities of chemical constituentvater including potentially toxic heavy
metals.

Ash disposal basin is of pronounced importance umeavailability of the elements can influence

their entry into the food chain of aquatic ffe® The disposal of ash effluents along steam bed flow
into the river offer greater scope of dilution afllptants, depending upon the volumes of water used
for disposal. In a river with year round flow, théscharge of ash effluents may pose significant
problems in terms of its likely effect on the biatizthe point of disposét.

Fly ash released in water-soil system by way opatial in dry and wet methods are ultimately
incorporated in biogeochemical cycf8s®” ® The metabolic activity of microorganisms plays a
significant part in the mobility of toxic elemenis the environment. Micro-organisms are
exceedingly versatile in the way they metabolizéura substances, and if they do not degrade a
particular compound, then it is likely that higleeganisms will have the capacity to do so. A stafly
microbial inter conversions of toxic compounds cantribute substantially to environmental science.
Once the method is introduced into a microbial gs@sn, each formal valence state of that method is
available for chemical or biochemical reactiéhs.

The biochemical process of methylation of heavyaiseand metalloids have received considerable
attention in recent yeaf8 Methylation is believed to be a detoxification magisms for converting
toxic ions to a more volatile form that will be eaked to the atmosphere. Several microbial species
are capable of performing this transformation itssand sediments under both aerobic and anaerobic
conditions. Methylation forms of trace metal areginently more toxic and are more readily adsorbed
or absorbed by higher organisms than the inorgbomim. Methylation of mercury by microbes in
marine and fresh water sediments is the best daueehecase of this type of biological
transformatio. As, Fe, Pb and Zn are also examples of otherctekkments that undergo
methylation.

Higher organisms including man are capable of &iffgdviotransformation of hazardous chemicals.
Reactions of Cd and metallothionine in retentionhi$ element in renal tissues have been repdtted.
However, biotransformation of toxic elements in #vevironment are particularly very important in

determining the effect on man and other organisetabse the molecular form and biochemistry of
these transformed chemicals determine their a\lilglpersistence, bioaccumulation and toxicity.
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Impact on soil system: The problem of soil pollution b y constantly settjifly ash particles in the
vicinity of coal based power plants differ in a ruen of important aspects from those of water, or ai
pollution, especially the polluting fly ash partiate remain in place for relatively long periods of
time unless removed or washed away. Soil poisoaowyrs either due to the carriage of fly ash by
winds to a father distance or by fallout from thmasphere by rain. Fly ash is sometimes carried by
wind to distances as far as 120 kilometféshe most limiting factors in fly ash utilizatiom dand
are unfavourable changes in chemical parametees pid, salinity, and levels of certain trace
elements. Most of the coal in the country gives tis alkaline fly ashes, which have a certain but
variable degree of neutralization capacity. It hasn noted* that some have a neutralizing capacity
equivalent to 20% that of agricultural lime stottays making it an excellent limiting material for
acidic solls.

Neutralizing capacity of the alkaline fly ash haeb adequately reported in the literatirdowever,

it has been suggested that, due to its relativedytserm, low neutralizing capacity and high levef
potentially toxic trace elements, massive fly agipliaation on agricultural soil may have to be
curtailed. Soil salinity and fly ash amendmentsehheen directly correlated by Adriano ef%Fly

ash as an amendment might alter many physical, icaéand biological properties of soils. Although
rate of amendments and the initial physico-chemjraberties are prerequisites to such changes,
alteration in texture, bulk density, moisture-holgli capacity, pH, soluble salts content, base
saturation, exchange capacity hydraulic condugtiviemperature cohesiveness, erodability and
elemental content could be expecte@olumn experiment study carried diit to understand the
mechanism of leaching of trace elements by themdif acidic rain water on a fly ash/soil bed in a
water environment, such as in a land fill arealpfish disposal sites, indicates that pH regultites
change in available and total metal contents ierayf soils; and found a lower pH with lower total
metals and higher available in soil and their redeénto leachate water were also found to be
dependent on organic matter, cation exchange dgpadsorption/precipitation and subsequent
mobility of heavy metals in soils in order of impmmce. The findings also illustrates that the nsetal
content in the leachates water were proportiontiécamounts of fly ash applied to the soil bed.

Column experiment¥, in which certain heavy metals leach from impoundsH, then enter ground
water by percolation through soils, a conditiont tisaprevailing in ash pond, also demonstrates the
findings similar to the column experiment set uplémd fill area of fly ash disposal sites. It Heesen
found that the Pozzolanic reaction of fly ash isreneffective in acidic soils than in neutral oribas
soils®7® At an addition rate of 8% by weight, fly ash iresed the soil mixtures water holding
capacity®® while water holding capacity shows improvementwiiy ash amendment. Soil hydraulic
conductivity improved at lower rates of fly ash Bggtion but deteriorated when the rate of fly ash
amendment exceeded 20% in calcareous soils andri@dic soil?® In fly ash is to be considered
as a multi-nutrient carrier and soil conditiondse effects on soil microorganisms must be given due
consideration from the soil fertility and produdtyvpoint of view. In a pioneering study on the
impact if fly ash on soil microorganisms, it wassebved that microbial activity got depressed at
lower levels and significantly reduced at higharele of fly ash application. Plant growth has often
shown improvement under fly ash amended conditimrishas also been depressed under unsuitable
conditions™® '°* fly ash alters the physical conditions of thel smid add several trace elements,
making it difficult to ascertain the effect of amdividual property on plant growth and crop yields.
Field and Green house study indicates that flyraal benefit plant growt?® In coal mine spoil
areas; its application is towards correction of pbi and other physical condition apart from cnegti

a nutrient-rich medium for growth of soil coverdiknoss. As weathering continues higher plant
species may be introduced with agricultural soitee fly ash amendment is directed towards
developing suitable agronomic practices to utithie enormous waste in a useful manner.
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IMPACT OF HEAVY METALSON HUMAN HEALTH

U.S. Environmental Protection Agency tested wasnmes after the spill; they found toxic heavy
metals including arsenic, which they measured Attildes the allowable standard for drinking water.
Water samples also contained elevated levels @rdixic metals: lead, thallium, barium, cadmium,
chromium, mercury, and nickel. the toxic conterftsaml ash may vary depending on where the coal
is mined, coal ash commonly contains some of thedigodeadliest toxic metals: arsenic, lead,
mercury, cadmium, chromium and selenit?iThe most common threat that coal ash poses tacpubl
health comes from a less dramatic Scenario: the Eakage of toxic pollution from disposal sites
such as ponds and landfills. Toxic pollution, soofiét cancer-causing, can and does escape from
some of those sites, according to the E®AThis occurs in a variety of ways, most frequemtilyen
coal ash comes into contact with water, allowingid® to “leach” or dissolve out of the ash and
percolate through water. Large quantities of cellae “recycled,” presenting another potentiategou
of exposure to coal ash toxics. Some countriesvadioal ash to be used as structural fill, agriqaltu
soil additive, top layer on unpaved roads, fill &drandoned mines, spread on snowy roads, and even
as cinders on school running tracks. These usesexjagse coal ash to water, increasing the risk of
leaching. Coal ash is also dangerous if inhaleds@pe of these forms of recycling may endanger
human health from airborne particles, even wherevater is involved. It has identified for specific
sites at which humans have been exposed to coaloaits, whether from drinking contaminated
water, eating contaminated fish, or breathing fugitlust:®We summarize here some common toxic
contaminants present in coal ash which effectherhtiman health.

Arsenic: Arsenic produces a variety of adverse health effdngesting very high levels can result in
death. Chronic exposure to arsenic in drinking wes® cause several types of cancer, including skin
cancer, bladder cancer, lung cancer and kidneyecaRecent studies have linked arsenic ingestion to
cardiovascular disease and diabetes mefftugExposure to lower levels can cause nausea and
vomiting, decreased production of red and whiteo#dleells, and cardiovascular effects including
abnormal heart rhythm, damage to blood vessels,damdage to the peripheral nervous system.
According to the Agency for Toxic Substances andeBse Registry (ATSDR), there is some
evidence that in childhood, long-term exposurerse@ic may result in lower 1Q scores and exposure
to arsenic in the womb and early childhood mayease mortality in young aduit& Reporting on a
study in Taiwan of residents whose well water wagt@minated with naturally occurring arsenic, the
article found a “significant” trend of increasedsea of urinary tract cancer as exposure levels
increasef’. In addition to drinking water, arsenic can erttex body via other pathways. Inhaling
sawdust from construction with arsenic-treated lemtan greatly increase the danger of lung cancer,
as it can be absorbed through the lungs. Inhalisgnéc from coal ash fugitive dust can likewisegyos
a danger to human health. Arsenic can also be ladddhrough the skin, which is why its use in
decks and play equipment was outlawed. Children plag near spilled coal ash or where there is
fugitive dust may be at risk of arsenic exposure.

Cadmium: Fortunately, oral ingestion of cadmium results aw llevels of absorption. The lungs,
however, readily absorb cadmium, so inhalation eyp® results in much higher levels of absorption.
This makes cadmium a potential hazard from coal és$t, which may be released into the
environment when dry coal ash is stored, loadessported, or kept in uncovered landfills. Chronic
exposure can result in kidney disease and obstautiing diseases such as emphysema. Cadmium
may also be related to increased blood pressungeftgnsion) and is a possible lung carcinogen.
Cadmium affects calcium metabolism and can resulicne mineral loss and associated bone pain,
osteoporosis and bone fractures.
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Lead: Health effects associated with exposure to leallidie; but are not limited to, neurotoxicity,
developmental delays, hypertension, impaired hgaaituity, impaired haemoglobin synthesis, and
male reproductive impairméfit Importantly, many of lead’s health effects magucwithout overt
signs of toxicity. Scientists have long recognizbdt children are particularly sensitive, with high
levels of lead resulting in swelling of the brakimdney disease, effects on haemoglobin and possible
death. Adverse effects in children can also occeit efore the usual term of chronic exposure can
take place. Children under 6 years old have a hgof exposure because of their more frequent
hand-to-mouth behaviour. It is now well acceptedttthere is no safe level of lead exposure,
particularly for childref?®. Harmful levels of lead exposure can result frominking water
contaminated by coal ash and from exposure toasfatontaminated soils.

Mercury: Mercury has the dangerous capacity to bioaccumubatbuild-up in animal tissue. When
mercury leaches from coal ash into the soil or wates converted by bacteria into methylmercury,
an organic form that can be absorbed by small esgenand the larger organisms that eat them. As it
moves up the food chain, the concentration of metbscury increases. When it has accumulated to
high concentrations in fish, this becomes a magdhyway for human exposure. Mercury is particulary
toxic to the developing nervous system. Exposumngugestation, infancy, or childhood can cause
developmental delays and abnormalities, reducedai@d mental retardation, and behavioural
problems. State agencies regularly issue fish ecopsan advisories to caution women of child-
bearing age and children against eating mercuryacainated fish. The FDA has set a limit for safe
consumption of 1 part per million of methylmercimyfish*™.

Selenium: Selenium is used by the body in a variety of calldlinctions, too much can be harmful,
as can too little. The recommended daily intakB5g0 70 micrograms. Excess selenium intake can
occur in both animals and humans living in aredh wievated selenium in the soil. Most grasses and
grains do not accumulate selenium, but when anarionsumes plants that do accumulate selenium
(some up to 10,000 mg/kg), they can develop a tiondcalled the “blind staggerS™. Symptoms
include depressed appetite, impaired vision, aadgstring in circles. High exposures can ultimately
lead to paralysis and death. Humans are susceptiblsimilar effects as well as additional
neurological impacts. Selenium exposure also &fesh, which absorb the metal through their gills
or by eating contaminated food sources such as sidextremely high levels of selenium have been
found to accumulate in fish and amphibians livingcoal ash-contaminated waters and wetlands, if
they survive exposure to the toxin. As confirmedl&lyoratory studies, selenium accumulation can
cause developmental abnormalities in fish and abigihé and has led to the death of entire local fish
populations. Selenium is bioaccumulative, meanings ipassed up the food chain in increasing
concentrations, and excessive amounts have beed fouwater snakes, small mammals, birds and
humans.

CONCLUSIONS

The review deals with important aspects of fly agfich is the interesting waste material of this
century. The chemical composition, morphology adl a® the classification of fly ash depends on
coal quality and size distribution of particles uigb reactivity of the ash seems to increase with
surface area. X-ray diffraction and fluorescence accurate techniques for the quantitative
determination of elements which provide us expianatof its behavioural characteristics. Generally
all fly ash samples are containing Fe, Al, S, Qi anburned carbon. Fly ash contains macro-nutrients
such as N, P, and K and micro-nutrients such asZdy,Fe, and Mn in sufficient quantity for
consideration for agricultural applications. Apfram these it also contains heavy metals like Rijg, H
As, Cd, Se, Mo, Sc, Ni, V, and Zn in trace quantily ash can be characterized by cenospheres,
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which have spheroidal morphology and a spongy stradeading to many industrial applications.
Fly ash is an effective fill for airfields, paventepand building bricks.Impacts of fly ash on &and

or ground water pollution may be balanced by miring its accumulation either by utilizing or
subjecting it to a stabilization process. Heawytaisein fly ash, however, can be immobilized by
chelating agents. On treatment with water, rapgdhéng of most of the trace metals takes place from
the surface of ash patrticles. Alkali treatmentlpfaish can be considered safe for its use in iredilbf
coalmines. Trace metal concentration in the leackiapends on fly ash weight/solution, pH and
concentration of the elements. High calcium flyesslare more hazardous and source of selenium.
The impact of fly ash on ground water is mainly elegient on site conditions. Deeper wells are also a
possible solution to the ground water problem.
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