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ABSTRACT

Over the past decade, acid precipitation (acidification of rain water) has been transformed from a
relatively unobserved area of scientific inquiry into a serious environmental problem of
transboundary nature. Alternatively it has become a major regional, national, and international
issue of concern. A large variety of chemical wastes such as sulfur and nitrogen oxides (which
produce acid rain), ammonia, ozone, metals, and hydrocarbons are added to our atmosphere from
numerous human activities like burning of fossil fuels. Some of these emitted chemical wastes have
breached sustainable concentrations levels in industrialized and urbanized regions of the globe
resulting in ecological crisis of high order. The problem of acid rain is perhaps one of the main
environmental and debatable issues facing the community of people not only of the industrialized
nations but also the fast developing economies of the world. In this research paper | am presenting
a balanced approach to understand wide array of opinions on the current state of knowledge in
acid precipitation research with respect to examination source of acid rain, its advantages,
disadvantages, atmospheric processes, environmental effects, measurement procedure, legal, and
political perspectives surrounding the acid precipitation. This study attempts to decode acid
precipitation, its Indian context, its comparison with international laws, and its impacts on
humanity.

Key words: Acid rain, Environment Pollution, Sustainability,reipitation, Sulphur Oxide,
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INTRODUCTION

Acid rain has destroyed forests, lakes, and liteoughout the United Stateand many other
developed countries around the world. Numerousessif concern to research scientists also have a
significant impact on the perception of generalyafion and as such Political, Economic, Social,
Technological, Legal, and Environmental issues (RES often revolve around questions that can
be resolved only through scientific inquest andysis. Such questions frequently arise from man’s
unabated use of natural resources and their eaptwit by use of technology. One environmental
issue in which technology and industrialization ltasated at least part of the problem and is
currently attracting growing public attention andestific research is that of acid precipitation.
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While acid precipitation is a major barrier to suiséble environment today, it is causing growing
concern around the world; however public percestioithe problem vary.
Since the beginning of civilization, human beingsd exploited various natural resources for their
advantage. On one side this kind of developmentesalir lives easier, but on the other hand it
results into pollution by release of harmful subs&s into the environment. Burning of fossil fuels
in industries, transport sector, rapid industretian, and unabated urbanization have led to iserea
in concentrations of gaseous and particulate @oilstin the atmosphere leading to increased air
pollution™". Acid precipitation or acid rain is one of the maegvere environmental problems
whose origin or formation is due to growing air lpobn both due to natural activity (volcano
eruption) and anthropogenic sources (Industrialssimns). One of the most direct effects of acid
rain is on aquatic ecosystems. Acid rain is thentgiven to increased acidity of rain due to the
effects of gases (from industrial and natural psses) which dissolve in rainwater to form various
acids. Alternatively the term "acid rain" is useddescribe rain, snow or fog that has been polluted
by acid in the atmosphere during the water cydtes one of the most dangerous and widespread
forms of pollution.
Rain water is never totally pure. It always consagome impurities from dust particles or from
absorbing gases from the air. Robert Angus Smigh fised this term in 1872 to describe the acidic
nature of rain around industrial town of ManchestgK. in a paper entitledThe air and rain
beginning of chemical climatology”. Scientists often refer to “acid deposition” asnare accurate
term for acid rain. Along with the wet depositidrete are also dry depositions of acids, which can
be transformed into salts in the soil and causestirae environmental damage, as do the wet
deposits. Dry deposition generally occurs clostheopoint of emission. Wet deposition, however,
may occur thousands of kilometers away from thgiwal source of emission. The problem of acid
rain is widely believed to result from certain aspberic gases (primarily carbon dioxide, sulphur
dioxide, and nitrogen oxides) come in contact wititer in the atmosphere or on the ground and
are chemically converted to acidic substances. @n&lplay a major role in several of these acid-
forming processes.
The acidity or alkalinity of a liquid is usually ragured by itgpH level. The difference between
regular precipitation and acid precipitation is fgkelevel. pH is a symbol indicating how acidic or
basic a solution is in ratios of relative concetbraof hydrogen ions in a solution. g scale is
used to determine if a specific solution is aclidasic. Any number above seven is considered to
be basic and nay number below seven is considerbd acidic. ApH from 6.5 to 8, is considered
the safe zone. Acid rain is precipitatiothat has a pH of less than the normal pH of rdin Rain
that presents a concentration of idn greater than 2.5 and pH value is less tharissodnsidered
acid*. The lower theH of rain water, the greater is its acidic charad®ain'spH level is lowered
by pollutants emitted by utilities and industfieNormal rainwater has gH of around 5.6 because
it naturally absorbs carbon dioxide in the'dw form a mild carbonic acid.
CO, + H,O >H,CO; (carbonic acid)

Other gases, primarily oxides of sulphur and n#rggare converted to strong acids (sulphuric and
nitric acids). Although rain is naturally slighticidic because of carbon dioxide, natural emissions
of sulphur and nitrogen oxides, certain organiadsciand human activities can makes it more
acidic. Small amount of nitric acid is also respblesfor the acidity of normal rainwater, which is
produced by the oxidation of nitrogen in presenfc@ater during lightening storms.

2N, + 50, + 2H,0 2>4HNGO; (nitric acid)
The principal natural phenomena that contributed-acoducing gases to the atmosphere are
emissions from volcanoes and from biological preesghat occur on the land, in wetlands, and in
the oceans. The effects of acidic deposits have detected in glacial ice thousands of years old in
remote parts of the globe. Principal human souacesndustrial and power-generating plants and
transportation vehicles. The gases may be caruedreds of miles in the atmosphere before they
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are converted to acids and deposited. Since thesindl revolution, emissions of sulphur and
nitrogen oxides to the atmosphere have increasehlistrial and energy-generating facilities that
burn fossil fuels, primarily coal, are the prindimources of increased sulphur oxides. These
sources, plus the transportation sector, are thjermaginators of increased nitrogen oxides. The
problem of acid rain not only has increased witlpydation and industrial growth, it has become
more widespread. The use of tall smokestacks taceetbcal pollution has contributed to the spread
of acid rain by releasing gases into regional aphesc circulatio"”™" .

The same remote glaciers that provide evidenceatfral variability in acidic deposition show in
their more recently formed layers the increaseasiépn caused by human activity during the past
half century. On the surface, the argument of cauis used, that steps should not be taken unless
backed up by a high degree of technological preath that doubt is no longer present, or at least
that the doubt is not large enough to outweighdbst of action. Beneath this scientific, logical,
ordered sheen however is the self centered ingecésan industry which does not want to change
the status quo, one of predictability and secunigguired ultimately for economic growth and
shareholder contentedness. Fundamental to the arguagainst providing flue gas emission
reduction technology is the high cost associatet this, compounded by lack of knowledge on the
cause — pathway — impact linkage.

Due to the interactions of these acids with otlmrstituents of the atmosphere, hydrosphere, and
lithosphere, protons are released causing inciieatbe soil acidity. Lowering of soil pH mobilizes
and leaches away nutrient cations and increasakalaility of toxic heavy metals. Soils contain
many substances including aluminum, calcium andnmasigm. When acid compounds enter soils,
there is some plant uptake, and some of the congsommove into ground and surface waters. Still
others stick to soil particles and, in doing s@laee calcium and magnesium, which dissolve and
enter ground and surface waters during rains aodmslt. Acids also mobilize aluminum which is
abundant in soils in a harmless, organic form. Oreleased, however, the organic form is
converted to inorganic aluminum, which is toxiclti@ng organisms. Such changes in the soil
chemical characteristics reduce the soll fertilighich ultimately causes the negative impact on
growth and productivity of forest trees and croanps.

Aquatic species are affected both by episodic amdnic acidification. The more acidic a lake or
stream becomes, the fewer species it can suppoidifisation of water bodies causes large scale
negative impact on aquatic organisms includingefsshrhis reduction in biodiversity matters. As
diversity is diminished, ecosystems become ledsestand productive. When diversity is lost, the
quality of life for all is diminished, and there asgreater risk that critical parts of the cycldifef

will fail ™. Acidification has some indirect effects on hunhaalth also. Acid rain affects each and
every components of ecosystemcid precipitation may increase human exposure deesal
potentially toxic metals by increasing metal cortcations in major pathways to man, particularly
food and water, and irome instances by enhancing the conversion of rsp&dies to more toxic
forms.

The acid rain scenario is repeated and magnifietthencase of COemissions and the suspected
anthropogenically induced enhanced greenhouse teffReductions in emissions of acidic
compounds have been followed by reductions in déposand chemical improvements in some
soils and waters have been documetiteBut despite the emissions reductions, the probdém
devastated forests, lakes, streams, and ecosysdigam® acid rain has not been solved. A growing
body of research evidence shows that without smamt additional cuts in acid rain-forming
emissions many of the problems associated with @aid will persist for many, more decades to
come. The needed reductions can come today fromxtans of energy options including expansion
of the nation’s use of energy efficiency, cleanesgable, cleaner fuels and pollution control
equipment.
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MATERIALSAND METHODS

HISTORICAL BACKGROUND OF ACID PRECIPITATION

Robert Angus Smith of England coined the term aaid in 1852. Term was recognized in 1972
after 20 years and slowly the western industriatldvbecame more and more familiar with this
term. He reported that ammonium carbonate [NEO;] was in the air over farming area,
ammonium sulfate in the suburbs and sulfuric anidhie city. They dissolved in rain and rain
became to be strong acidic. It literally impliesteange toward more acidic conditions of rain, fog
or snow affecting the lakes, rivers, ground waderl, and forest land. Such changes may occur as a
result of slow geo-biological processes occurringnature or faster episodic emissions from
volcanic eruptions.

Of late, rapid industrialization all over the glolbas resulted in acid forming gases into the
atmosphere. In sixties and seventies this phenomassumed alarming proportion affecting the
main industrial countries of North America and Epgoignoring national and international
boundaries. The nature and volume of acid precugases evolved from different countries and
their trans-boundary movements horrified the westgorld and their conscious and concerted
efforts could arrest the damage in time. These nreashave been effective to some extent but
through monitoring and R&D work in this continue énjoy priority in national and international
scenario. Acid Rain is a form of air pollution isreently a subject of great controversy because of
its worldwide environmental damages. For the kast years, this phenomenon has brought
destruction to thousands of lakes and streams énUhited Staté¥, Canadd", and parts of
Europé™. Acid rain is formed when oxides of nitrogen audfite combine with moisture in the
atmosphere to make nitric and sulphuric acids. s€leeids can be carried away far from its origin.
This report contains the cause, effects, andisolsito acid rairt™

SOURCES OF ACID RAIN

The two primary sources of acid rain are sulphwxidie (SQ), and oxides of nitrogen (NOXx).
Sulphur dioxide is a colourless, prudent gas rel@éass a by-product of combusted fossil fuels
containing sulphur. The man-made sources of &0issions are the burning of coal and petroleum
and various industrial proces8esA variety of industrial processes, such as thpction of iron
and steel, utility factories, and crude oil prooeggroduce this gas. In iron and steel production,
the smelting of metal sulfate ore, produces purtam&his causes the release of sulphur dioxide.
Metals such as zinc, nickel, and copper are comymaistiained by this process. Sulphur dioxide can
also be emitted into the atmosphere by naturalstiss or means. This ten percent of all sulphur
dioxide emission comes from volcanoes, sea spréankn, and rotting vegetatith The
principal natural phenomena that contribute acmpcing gases to the atmosphere are emissions
from volcanoes and from biological processes teatioon the land, in wetlands, and in the oceans.
The effects of acidic deposits have been detecteglacial ice thousands of years old in remote
parts of the globe. Principal human sources areusinl and power-generating plants and
transportation vehicles. The gases may be caruedreds of miles in the atmosphere before they
are converted to acids and deposited.

The other chemical that is also chiefly responsfblethe make-up of acid rain is nitrogen oxide.
Oxides of nitrogen are a term used to describe ammgpound of nitrogen with any amount of
oxygen atoms. Nitrogen monoxide and nitrogen diexare all oxides of nitrogen. These gases are
by-products of firing processes of extreme highgeratures (automobiles, utility plants), and in
chemical industries (fertilizer production). Natlprocesses such as bacterial action in soilsfore
fires, volcanic action, and lightning make up fiygercent of nitrogen oxide emission.
Transportation makes up 43 percent, and 32 pebetongs to industrial combustidfi. Though in
India, it is not as big a problem, but industrieidarain is a substantial problem in China, Eastern
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Europe, Russia and areas coming under down-winoh fleem. All these areas burn sulfur-
containing coal to generate heat and electfitityNitrogen oxide is a dangerous gas by itself. This
gas attacks the membranes of the respiratory orgadsincreases the likelihood of respiratory
illness. It also contributes to destruction of cz@md forms smog. Nitrogen oxide can spread far
from the location it was originated by acid rain.

ACID RAIN: SCIENTIFIC ANALYSIS

Not only does the acidity of acid precipitation de@d on emission levels, but also on the chemical
mixtures in which sulphur dioxide and nitrogen e@sdnteract in the atmosphere. Sulphur dioxide
and nitrogen oxides go through several complexsstéghemical reactions before they become the
acids found in acid rain. The steps are brokenndiodo two phases, gas phase and aqueous phase.
There are various potential reactions that canriaurte to the oxidation of sulphur dioxide in the
atmosphere each having varying degrees of sucOesspossibility is photo-oxidation of sulphuric
dioxide by means of ultraviolet light. This procasses light form the electromagnetic spectrum.
This causes the loss of by two oxygen atoms. Tée&ction was found to be an insignificant
contributor to the formation of sulphuric acid. &cend and more common process is when sulphur
dioxide reacts with moisture found in the atmospheéWhen this happens, sulfate dioxide
immediately oxidizes to form a sulfite ion.

SOx(9) + Gx(g) >SOs(9)

Afterwards, it becomes sulphuric acid when it joivith hydrogen atoms in the air.

SOs(g) + HO(I) >H2SOu(aq)
This reaction occurs quickly, therefore the formatiof sulphur dioxide in the atmosphere is
assumed to lead this type of oxidation to becomphsuic acid. Another common reaction for
sulphur dioxide to become sulphuric acid is by atimh by ozone. The presence of oxidizing
agents and the characteristics of the reactiorctaffthe rate of acid generatidh This reaction
occurs at a preferable rate and is sometimes tlire ¢oatributor to the oxidation of sulphuric acid.
This, hydroxy radical is produced by the photodegosition of the ozone and is very highly
reactive with any species (type of chemical compisinit does not require a catalyst and it is
approximately 110 times more abundant in the atim&sp than molecular oxygen. Other
insignificant reactions include oxidation by protlot alkene-zone reactions, oxidation by reaction
of NxOy species, oxidation by reactive oxygen transiestsl oxidation by peroxy radicals. These
reactions unfortunately prove to be insignificamt ¥arious reasons. All the reactions mentioned so
far, are gas phase reactions. In the aqueous pkaf#hur dioxide exists as three species:

[S(IV)] > [SOx(ag)] + [HSO?] + [SO*]

This dissociation occurs in a two part process:

SO, (ag)> H" + HSO"

HSO” (ag)> H' + SQ*
The oxidation process of aqueous sulphur dioxideblecular oxygen relies on metal catalyst such
as iron and manganese. This reaction is unlikeraiRidation process, which occurs by hydrogen
peroxide. It requires an additional formation of antermediate (A, for example
peroxymonosulphurous acid ion. This formationhisven below.

HSG; + H,O, 2> A" + H,O

A"+ H-> HSO,

Sulphur dioxide oxidation is most common in clowatgl especially in heavily polluted air where
compounds such as ammonia and ozone are in abwnd@hese catalysts help convert more
sulphur dioxide into sulphuric acid. But all sulptdioxides is not converted to sulphuric acid. In
fact, a substantial amount can float up into teasphere, transport to another area and return to
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earth unconverted. Like sulphur dioxide, nitrogaides rise into the atmosphere and are oxidized
in clouds to form nitric or nitrous acid. Thesacgons are catalyzed in heavily polluted clouds
where traces of iron, manganese, ammonia, and 9gdrperoxide are present. Nitrogen oxides
rise into the atmosphere mainly from automobileagt. In the atmosphere it reacts with water to
from nitric or nitrous acid.
NO2(g) + HO(l) > HNOs(aq) + HNQ(aq) [gas phase]
In the aqueous phase there are three equilibkadp in mind for the oxidation of nitrogen oxide.
2NOx(g) + HO(l) > 2H" + NO* + NO¥

NO(g) + NO(g) + HO(l) > 2H" + 2NO~

3NO,(g) + HO(I) > 2H" + 2NG" + NO(g)
These reactions are limited by the partial pressofenitrogen oxides present in the atmosphere,
and the low solubility of nitrogen oxides, increasereaction rate occurs only with the use of a
metal catalyst, similar to those used in the agse@xidation of sulphur dioxide.

EFFECT OF ACID PRECIPITATION ON AQUATIC ECOSYSTEMS

The interactions between living organisms and tierastry of their aquatic habitats are extremely
complex. The effects of acid deposition on watealigy although complicated and variable, have
been well documented. Impacts from these acidicpoamds in the atmosphere can occur directly,
by deposition on the water surface, or indiredily,contact with one or more components of the
terrestrial ecosystem before reaching any aqugtites). The interactions of acid deposition with
the terrestrial ecosystem, including vegetationl, smd bedrock, result in chemical alterations of
the waters draining these watersheds, eventuddyira conditions in the lakes downstream. If the
number of one species or group of species chamgesponse to acidification, then the ecosystem
of the entire water body is likely to be affectédough the predator-prey relationships of the food
web. At first, the effects of acid deposition mag &imost imperceptible, but as acidity increases,
more and more species of plants and animals deatidesappear.

As the water pH approaches 6.0, crustaceans, syseul some plankton species begin to disappear.
As pH approaches 5.0, major changes in the makéujmeo plankton community occur, less
desirable species of mosses and plankton may begiwade, and the progressive loss of some fish
populations is likely, with the more highly valusgecies being generally the least tolerant of
acidity. Due to acidic precipitation, fishes showedreases in mortality rate, reproductive failure,
reduced growth rate skeletal deformities and irsedauptake of heavy metdls The amphibians
are also affected by acidification of water botliesBelow pH of 5.0, the water is largely devoid of
fish, the bottom is covered with un-decayed maltesiad the areas close to shore may be dominated
by mosses. Terrestrial animals dependent on ageatisystems are also affected. As these food
sources are reduced or eliminated, the qualityabitht declines and the reproductive success of the
birds is affected. High concentrations of Alumin@#al) and other heavy metals, such as Cadmium
(Cd), Mercury (Hg), Iron (Fe), and sometimes Zi@m) were found in acidified lakes and the
sources of these metals are leaching of ions froits sind rocks in the catchmefits. In the
Hubbard’'s Brook Experimental forest in New HampshidSA, detailed measurements of water
chemistry have shown that acidification causese@se in concentrations of Aluminum (Al),

Cadmium (Cd), Magnesium (Mg), and Potassium (K)pitimed from sediments on the stream
bedO(VI“.

EFFECT OF ACID PRECIPITATION TERRESTRIAL PLANT LIFE

Possible effects of acidic deposition and its preots on forests have been the topic of intensive
research efforts in both Eurdpé and the United Staté& Acid rain damages forests, especially
those at higher elevations. It robs the soil okgsal nutrients and releases aluminum in the soil,
which makes it hard for trees to take up wateregréeaves and needles are also harmed by acids.
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The effects of acid rain, combined with other eonmental stressors, leave trees and plants less

able to withstand cold temperatures, insects, aadade. The pollutants may also inhibit trees’

ability to reproduce. Some soils are better abledotralize acids than others. In areas where the

soil's "buffering capacity" is low, the harmful eéts of acid rain are much greater. The only way to

fight acid rain is by curbing the release of thélygants that cause it. This means burning fewer

fossil fuels. Many governments have tried to cumissions by cleaning up industry smokestacks

and promoting alternative fuel sources. These &sffloave met with mixed results. But even if acid

rain could be stopped today, it would still takenypgears for its harmful effects to disappear. Both

natural vegetation and crops can be affected.

» It can alter the protective waxy surface of leal@sgering disease resistance.

* It may inhibit plant germination and reproduction.

* It accelerates soil weathering and removal of eats.

* It makes some toxic elements, such as aluminume maluble. High aluminum concentrations
in soil can prevent the uptake and use of nutrieptslants.

Over the years, scientists have noticed that samests have been growing more and more slowly
without reason. Trees do not grow as fast as didypefore. Leaves and pines needles turn brown
and fall off when they are supposed to be greend Aain does not kill trees immediately or
directly. Instead, it is more likely to weaken ttiee by destroying its leaves, thus limiting the
nutrients available to it. Or, acid rain can sé&p the ground, poisoning the trees with toxic
substances that are slowly being absorbed thrdwgghobts.

When acid rain falls, the acidic rainwater disselttee nutrients and helpful minerals from the soil.
These minerals are then washed away before treksthar plants can use them to grow. Not only
does acid rain strip away the nutrients from thenfd, they help release toxic substance such as
aluminum into the soil. This occurs because thes¢alm are bound to the soil under normal
conditions, but the additional dissolving actionhgfirogen ions causes rocks and small bound soil
particles to break down. When acid rain is frequésdves tend to lose their protective waxy
coating. When leaves lose their coating, the pitself is open to any possible disease. By
damaging the leaves, the plant can not producegénfmod energy for it to remain healthy. Once
the plant is weak, it can become more vulnerabldigease, insects, and cold weather which may
ultimately kill it. Sometimes when acid rainfallnsl off the land, it carries fertilizers with it.
Fertilizer helps stimulate the growth of algae heseaof the amount of nitrogen in it. However,
because of the increase in the death of fish tlwerdposition takes up even more oxygen. This
takes away from surviving fish. In other terms,dacain does not help aquatic ecosystems in
anyway. The following picture shows the entire gsxhappening®
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The lower plants including algae, fungi and liclaea also negatively affected by acid rain. Various
microorganisms and microbial processes get affelseaduse of changes in soil properties due to
acid ra_iﬁ(xxii,xxxiii )

EFFECT OF ACID PRECIPITATION HUMAN BEINGS

Most importantly, acid rain can affect health ofhaman being. It can harm us through the
atmosphere or through the soil from which our fa®drown and eaten from. Acid rain causes
toxic metals to break loose from their natural cloaincompounds. Indirect effect of acid rain on
human health involves toxic heavy metals becaussettare liberated from soil when soil gets
acidified. The most common heavy metals are Aluminil), Cadmium (Cd), Zinc (Zn), Lead
(Pb), Mercury (Hg), (Magnese) Mn, and Iron (F&). Toxic metals themselves are dangerous, but
if they are combined with other elements, theyhaenless and the release of toxic metals will be
absorbed by the drinking water, crops, or animhl tuman consume. These foods that are
consumed could cause nerve damage to childrenveresbrain damage or death. Scientists believe
that one metal, aluminum, is suspected to relafdzbeimer’s disease.

One of the serious side effects of acid rain on dmuims respiratory problems. The sulphur dioxide
and nitrogen oxide emission gives risk to respisatproblems such as dry coughs, asthma,
headaches, eye, nose, and throat irritation. @&0Dses more adverse impact to human health in gas
and aerosol forms. Concentrations above 1.6 ppm@thirg becomes detectable more difficult and
eye irritation increases $@ much more toxic and damaging when combined agtosols, and
mists, and suspended smdKe. Polluted rainfall is especially harmful to thoséavsuffer from
asthma or those who have hard time breathing. e8ah healthy people can have their lungs
damaged by acid air pollutants. Acid rain can agape a person’s ability to breathe and may
increase disease which could lead to death.
In 1991, the United States and Canada signed ajuality agreement. Ever since that time, both
countries have taken actions to reduce sulphundioemission. The United States agree to reduce
their annual sulphur dioxide emission by aboutrtgliion tons by the year 2000. This program
focused on the source that emits nitrogen oxid®naobiles, and coal-fired electric utility boilers.
Reducing nitrogen oxide emission in a utility plastarts during the combustion phase. A
procedure called over fire where air is used toreetla fraction of the total air in the combustion
chamber. This requires the combustion process, hwisicedirected to an upper furnace. This
causes the combustion to occur with lesgi@n required, thus slowing down the transfornmatd
atmospheric nitrogen to nitrogen oxide. After caisiipn, a system of catalytic reductions is put
into effect. This system embraces the injectiomminonia gas upstream of the catalytic reaction
chamber. The gas will react with nitrogen oxidetliig reaction.

ANO + 4ANH + O, 2 4N, + 6H,0
Then it will react with NQ by the following reaction.

2NO, + ANH; + O, = 3N, + 6H,0
The safe nitrogen can be released into the atmospfie reduce sulphur dioxide emission utility
plants are required to do several steps by thenCA@gaAct Amendment™" Before combustion,
these utilities plants have to go through a proaadiscoal cleaning. This process is performed
gravitationally. Meaning, it is successful in renmay pyritic sulphur due to its high specific grayit
but it is unsuccessful in removing chemically bouwmganic sulphur. This cleaning process is only
limited by the percent of pyritic sulphur in theatoCoal with high amount of pyritic sulphur is toa
in higher demands.
Another way to reduce sulphur dioxide before contibasis by burning coal with low sulphur
content. Low sulphur content coals are called suofiihous coal. This process in reducing sulphur
dioxide is very expensive due to the high demandubituminous coal. Acid rain is an issue that
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cannot be over looked. This phenomenon destroythiagyit touches or interacts with it. When
acid rain damages the forest or the environmeaffécts humans in the long run. Once forests are
totally destroyed and lakes are totally polluteiheais begin to decrease because of lack of food
and shelter. If all the animals, which are our feodirce, die out, humans too would die out. Acid
rain can also destroy our homes and monumentstimaans hold dearly.

EFFECT OF ACID PRECIPITATION ON BUILDINGSAND MONUMENTS (HERITAGE
STRUCTURES)™™

In 1856, Robert Angus Smith - the scientist whetfirsed the term acid rain - wrotét has often
been observed that the stones and bricks of buildings crumble more readily in large towns where
much coal isburnt.... | was led to attribute this effect to the slow but constant action of acid rain.”

Acid rain does not only damage the natural ecorystéut also man-made materials and structures.
The impact of acid deposition on stone monumentdentd marble and limestone and on building
materials containing large amounts of carbonate l@en recognized for over a century and many
studies have addressed the effect of acid wet deposn stone materials of historic buildings and
monuments. High buildings made of concrete in urbeeas have damaged due to exposure to
cloud water with high acidity for a long tirfi€". Buildings have always been subject to attack by
weathering; the effects of rain, wind, sun, andtrécid rain can accelerate the rate of this damag
Throughout the world, emissions of sulphur dioxided nitrogen oxides contribute to the
international problem of acidification. Acid depii@n affects most materials to some degree.
Limestone, marble and sandstone are particuladiyevable, whilst granitic-based rocks are more
resistant to acidity. Other vulnerable materialslude carbon-steel, nickel, zinc, copper, paint,
some plastics, paper, leather and textiles. Sesrdeeel and aluminum are more resistant metals.
Dry deposition of SQ and NQ on the surfaces of stones contributes to saltclem@nt on
carbonate stones and plays a major role in the sitigo of acid substances on buildifgs.
Structural damage to underground pipes, cablesamdiations submerged in acid waters can also
occur, in addition to damage to buildings, bridges vehicles above ground. The impact of local
wet and dry deposition of acid compounds was ingatad by exposing different materials such as
copper, bronze, marble, etc. under indoor and autdomnditions and the results showed the
corrosion was directly correlated with local paitu, especially the ratio of SINO, and climat¥.

The incremental effects of wet and dry depositiarcarbonate stone erosion due to hydrogen ion,
SO, and NQ were quantified!.

Whilst dry deposition contributes to the corrosioh materials, in most areas with substantial
rainfall it is the effect of wet deposition on hiiilg surfaces which is more damaging. Building
stone can be damaged when calcium carbonate ie stissolves in acid rain to form a crust of
calcium sulphate or gypsum. Acid rain causes chalndeterioration on carbonate stones and
formation of soluble C& HCO5, SO The sulphated layers are more readily washed dway
rainfall or removed by the action of frost and otleeather conditions, resulting in more stone
being exposed. This permanent alteration of staméaces by the action of acid deposition is
known as sulphation. Sulphur dioxide is the maitiypant in respect to corrosion but others also
take their toll, including nitrogen oxides, carbdioxide, ozone (on organic materials) and sea salt
from sea spray. Research has revealed that whegerit dioxide is present with sulphur dioxide,
increased corrosion rates occur. This is becausaittogen dioxide oxidises the sulphur dioxide to
sulphite thereby promoting further sulphur dioxalesorption. The interactions between building
materials and pollutants are very complex and mvamiables are involved. Deposition of pollutants
onto surfaces depends on atmospheric concentratbnthe pollutants and the climate and
microclimate around the surface.
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Once the pollutants are on the surface, interastwaiti vary depending on the amount of exposure,
the reactivity of different materials and the amowf moisture present. The last factor is
particularly important because the sulphur dioxttat falls as dry deposition is oxidised to
sulphuric acid in the presence of moisture on tirféase. The effects of acid deposition on modern
buildings are considerably less damaging than tfiects on ancient monuments. Marble,
limestone, and sandstone can easily be dissolveatidyrain. Metals, paints, textiles, and ceramic
can effortlessly be corroded. Acid rain can dowdgrdeather and rubber. Manmade materials
slowly deteriorate even when exposed to unpolluaea, but acid rain helps speed up the process.
Acid rain causes carvings and monuments in stan&sse their features. In limestone, acidic water
reacts with calcium to form calcium sulfate.
CaCQ + H,SO,~>CaSQ + H,CO;5
For iron, the acidic water produces an additiomatgn giving iron a positive charge.
AFe(s) + 2Q(g) + 8H'(aq) >4F€*(aq) + 4B0()
When iron reacts with more oxygen it forms ironaex{rust}".
AF€*(aq) + Q(g) + 4H0(l) >2Fe04(s) + 8H (aq)
The repairs on building and monuments can be gosdly. Limestone and carbonate stones which
are used in most heritage buildings in the UK dre most vulnerable to corrosion and need
continued renovation. Cathedrals such as York Mmahd Westminster Abbey have been severely
eroded in recent years. In Westminster, Englandodgn million pounds was spent necessitated on
repairs damaged by acid rain. In 1990, the UnitedeS spent thirty-five billion dollars on paint
damage. In 1985, the Cologne Cathedral cost then@es approximately twenty million dollars in
repairs. The Roman monuments cost the Romans aboutundred million dollard’. A five-year
research program in the UK has suggested thatiphau dioxide emissions were reduced by 30
percent, savings over 30 years could be as hidi®&sbillion. Many other countries have noticed
an acceleration of damage to their cultural heeitabhe Taj Mahal and Red Fort in India are
showing signs of damage by sulphur dioXiYethe Colosseum in Rome and monuments in
Krakow, Poland are continuing to deteriorate. Ine8en, medieval stained glass windows are
thought to have been affected by acid rain.

ADVANTAGESOF ACID RAIN

Acid rain, considered hazardous until recentlyphleh slowing the process of global warming,
according to US scientists. The sulphate presetitarrain helps in retarding the process of global
warming, an international research published in Breceedings of the National Academy of
Sciences has salli.In an experiment, Dr. Vincent Gauci and his calegs at an Open University
in the US chose several wetlands in the country, dtid Sweden and dosed them with various
amounts of sulphate. They decided to experimemiatiands which provide fertile ground for the
microbes that emit methane. Methanogenic microls;h produce methane in large quantities,
are inhibited by a type of bacteria that thrives sutphate present in acid rain, the report said.
Microbes produce about 32 percent of the methaasept in the environment; they said adding
160m out of 500m tonnes of methane is producedhbget microbes. The team, interested in
gauging the emission level of methane, found ttsaemission was significantly suppressed due
presence of sulphate. All experimental sites digdda30 to 40 percent reduction in methane
production as the team simulated low level of aeid, the report said. Methane exists in smaller
quantities in the atmosphere as compared to cadbmtide and accounts for about 22 percent
global warming which is caused due to human aawit

Also, after taking a close new look into soil chetry and where calcium comes from scientists
have said that acid rain may be doing less damagerests than anticipaté¥f. In a report
published in Nature, researchers said some trespecially spruce and firs, cooperate with soil
fungi to dissolve calcium directly from a minerallled apatite. This alternate source of calcium
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may account for what has been seen as excessmallat scientists see leaving the forests via
streams. In the past, the extra calcium flow wasneld on acid rain, corrosive enough to leach out
the mineral nutrient, said the study, by Joel Blomthe University of Michigan - done in
collaboration with scientists from Cornell Univeysi Yale University, Syracuse University, the
U.S. Forest Service and the Institute for Ecosys&uodies, in Millorook. These new findings
should improve their understanding of what happern®rests that live downwind from the huge
power plants that produce acid rain.

RELATIVE POSITIONS OF VARIOUS COUNTRIESON ACID PRECIPITATION

A. THE INDIAN POSITION

India, a fast developing economy, got into the @c@dustrialization in the early fifties. The tga-
scale industrial growth and reliance on the useoaf and crude oil distillates like diesel have ted
increases acidification of the atmosphere. As alred pollution due to industries, INDIA faces an
increasing threat from acid rain earlier believed¢ the scourge of the West. Scientists then were
somewhat aware of the manifestation of air pollutiwiginating from industrialization resulting in
the rain water acidity. Scanty efforts to moniterdarain started in 1950s. Mukharjee documented
the hydrogen ion concentration of monsoon rainwatéalcutta. It was observed that there was no
factory to the south or south-west of the site sipevailing wind at Calcutta was southerly. It was
established that natural rainwater has a pH ofdu& dissolved CQin water scavenged from
air/atmosphere. Sulphur dioxide emissions were rtedgan 1979 to have nearly tripled in India
since the early 1960s, making them only slightlgsi¢han the then-current emissions from the
Federal Republic of Germarly' The effects of acid rain have been recorded itspzrthe United
States, the late Federal Republic of Germany, Gx#abakia, Netherlands, Switzerland, Australia,
Yugoslavia and many other Euro zone countriess lalso becoming a significant problem in
Japai", Chind™, Korea and in Southeast Asia as well.

The Ministry of Environment and Forest, Governmehtndia, has been continuously trying to
lessen down the causes and prevent sever damagesb&ing caused because of acid rains. It
identifies fossil fuel combustion and biomass costion as one of the major contributbof acid
precipitation. Therefore Ministry of environmentdaforests has been asked to go for proposed
emission guidelines for sulphur dioxide and oxidésitrogen. It says that the existing emission
standards for particulate matter in India are higi®0 mg/m) than the proposed World Bank
(WB) standards of 50mg/iAlternatively, World Bank guidelines propose thatticulate removal
efficiency should be designed for 99.9 percenDifngg/n? are not achievable and operated at least
at 99.5 percent efficiency. With rapid industrialibn, and keeping cumulative effects of the
different activities in mind, improvement of exiggi ESP may be the viable options where adequate
and appropriate space is available. This includeseasing plate area, widening plant spacing, and
providing flue gas conditioning through the additiof moisture, S@ or NH; and retrofitting
technology. Similarly, there is a lack of experienan operation and maintenance of bag house in
Indiar.ngBut, bag house would be the most cost effectolution for stipulated WB standard of 50
mg/nt.

The existing S@emission level in India is not expected to leadn@jor increase in ambient $0
concentration. But, with further industrializatiom India and increase in power generation, local
impacts of S@ and sulphate on health and long range transpdiifiaation and visibility, SQ
emission will also be an important issue and camaethe country. At the moment, the typical SO
emission levels for thermal power plants in India bbwer than the recommended World Bank
guidelines. NQ@ has been recognized as one of the major pollutznewer generation. NQike

SO, is responsible for acid rain. NQalso take part in number of chemical reactionshwit
hydrocarbon present in urban air to produce toxitupants like ground level ozone. At present,
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emission guidelines prescribed for N@ India is even more stringent than the propodéutid
Bank guidelines.

JUDICIAL DECISIONSIN INDIA )

A. M.C. Mehta (Taj Trapezium Matter) v. Union of India"

This was one of the most recent cases decidedebgdbx court in India on the matter pertaining to
acid rains. The contention of the petitioners west the foundries, chemical/hazardous industries
and the refinery at Mathura are the major sourtelamage to the Taj Mahal. The Sulphur Dioxide
emitted by the Mathura Refinery and the industviden combined with Oxygen with the aid of
moisture in the atmosphere forms sulphuric aciteddAcid rain’ which has a corroding effect on
the gleaming white marble. Industrial/Refinery esioss, brick kilns, vehicular traffic and
generator-sets are primarily responsible for pwluithe ambient air around Taj Trapezium (TTZ).
The petition states that the white marble has wedtband blackened in places. It is inside the Taj
Mahal that the decay is more apparent. Yellow palkrvades the entire monument. In places the
yellow hue is magnified by ugly brown and black tspd-ungal deterioration is worst in the inner
chamber where the original graves of Shah JahanMumetaz Mahal lie. According to the
petitioner the Taj Mahal -- a monument of interoaél repute -- is on its way to degradation due to
atmosphere pollution and it is imperative that preawe steps are taken and soon. The petitioner
has finally sought appropriate directions to thehatrities concerned to take immediate steps to stop
air pollution in the TTZ and save the Taj.

The Supreme Court appreciated the efforts oMdradharajan Committee,™ also citing the case of
Vellore Citizens Forum'™ for the protection of the environment, and in pheparation of the Report
called the Report on Environmental Impact of MashRefinery, which had identified the presence
of sulphur dioxide as a potential danger to theirenment’. It was pointed out that there is
substantial level of pollution of sulphur dioxidaedaparticulate matter in the Agra region. The
possible sources are all coal users consistingvof gower plants, a number of small industries
mainly foundries (approximately 250) and a Railw@hunting Yard. As far as suspended
particulate matters are concerned, because of useat, contribution will be substantial. Even
though the total amount of emission of Stm these sources may be small, on account af the
proximity to the monuments, their contribution teetair quality of the zone will be considerably
high. The Court also considered the publicatioehtral Board for the Prevention and Control of
Water Pollution, New Delhi, called (Control of Urb&ollution Series CUPS/7/ 1981-82) under the
title Inventory and Assessment of Pollution Emisgio and around Agra-Mathura Region, and also
the National Environment Engineering Research tuisti (NEERI) which gave an ‘Overview
Report" regarding status of air pollution around the TajHdl in 1990.

B. Indian Council for Enviro-Legal Action v. Union of India""

The High Court of Karnataka, in response to a Rlikdfby the New Delhi based NGO, Indian
Council for Enviro-Legal Action said that magnituofeair emissions could have an adverse impact
on the biodiversity and ecology of the Western glttatough acid rain. Here again, the Court
considered the findings of the Ministry of Enviroamt and Forests which said that the daily
emission upto 77 tons of SMlus NQ and various other highly poisonous gasses alorly wi
minute metal particulates, will concentrate ovexr wWestern ghats only to flow down in the form of
acid rain during monsoon. It accounted that aidypiein emissions from industrial processes,
industrial boilers and captive power facilitiesmaustrial process and vehicles may overload the ai
dispersion capability and subsequently accumulaeieoid the ambient air quality standards and
carrying capacity of the region.
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C. Municipal Council, Tonk v. Serve Seva Sansthan Tonk™"

The Court discussed the potential dangers beingechtio the human health. It said that air
pollution can affect the earth's heat balance, wiad transport pollution many miles from its
source, causing such effects as acid rain, andsiores can cause pollutants to accumulate in an
area in dangerous concentrations. The presenagefasices in the ambient atmospheres, resulting
from the activity of humans or from natural proessscause adverse effects to the environment. It
makes interference with the comfortable engageroklite. Air pollutants enter the body through
respiratory system. Cleaning mechanism for the dumgngs some particles upto where they are
swallowed or expelled. These toxic substancesmumeous to human health.

THE INTERNATIONAL SCENARIO _

Since 1979 the Convention on Long-range Transbayngiia Pollution™ was the first multilateral
treaty that has addressed some of the major emagotal problems of the UNECE region through
scientific collaboration and policy negotiation fdealing with air pollutants. The Convention has
been extended by eight protocols that identify sjgemeasures to be taken by Parties to cut their
emissions of air pollutants. It aimed initially rducing the effects of acid rain through control o
the emissions of sulphur, its scope was later vaden include nitrogen pollutants, volatile organic
compounds and photochemical oxidants. Heavy metats persistent organic pollutants were
subsequently also added.

A proposal for an international convention on laagge transboundary air pollution, to be adopted
by countries in the ECE1 region, was put forward\Nmyway early in 1977. Then, referring to the
declaration of the 1972 UN Conference on the HuBEravironment in Stockholm, saying that states
have an obligation to ensure that activities cdrra@t in one country do not give rise to
environmental damage in others (Principle No. #i9, Scandinavian countries jointly presented a
draft for a convention. After some hard negotiatitigg Convention on Long-range Transboundary
Air Pollution (CLRTAP) was signed in Geneva in Navger 1979 by all of the thirty-five countries
that were then members of ECE. After ratificatigntiventy-four of the signatories, it came into
force in March 1983. More countries have since dedebringing the total number of parties to the
Convention (in 2003) to forty-nirfé.

The Convention does not in itself call for any bimgdcommitments to undertake concrete measures
for the reduction of specific pollutants. The texiy says that countries shall ‘endeavour to limit
and, as far as possible, gradually reduce and prewepollution,” and that, in order to achievésth
they shall use ‘the best available technology wisoliconomically feasible.’

A. POSITION OF UNITED STATES OF AMERICA AND CANADA

The American legislature passed 13 bills to whichave positive environmental ratings in 2000,
compared with two in 1999. Major legislation enacted in 2000 included a widti notification
law, an attempt to limit acid rain in New York bsstricting the sale of sulphur dioxide.

THE CLEAN AIR ACT, 1991 (CAA) i

Title IV of the Clean Air Act set a goal of reducing ann8&b emissions by 10 million tons
below 1980 levels. To achieve these reductions,laherequired a two-phase tightening of the
restrictions placed on fossil fuel-fired power pgkan

Phase | began in 1995 and affected 263 units atmd$ly coal-burning electric utility plants
located in 21 eastern and mid-western states. Alitiadal 182 units joined Phase | of the program
as substitution or compensating units, bringingtttal of Phase | affected units to 445. Emissions
data indicate that 1995 $S@missions at these units nationwide were redugealrhost 40percent
below their required level. Phase II, which begaihie year 2000, tightened the annual emissions
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limits imposed on these large, higher emitting fdaend also set restrictions on smaller, cleaner
plants fired by coal, oil, and gas, encompassirgy @000 units in all. The program affects existing
utility units serving generators with an output aaipy of greater than 25 megawatts and all new
utility units.

Canada - 1998 United States - 1998
Transg;rtﬂtlun D;::r Industrial Sources
. Transportation_ 15%
Electric Utilities -~ | ™

Fuel
Combustion

3%

Industrial Electric '
Sources Utilities
T4% 7%

The Act also called for a 2 million ton reductionNO, emissions by the year 2000. A significant
portion of this reduction has been achieved by-tioad utility boilers that will be required to
install low NQ, burner technologies and to meet new emissionslatds. The Clean Air Act is the
comprehensive federal law which regulates air aeonssfrom stationary and mobile sources. This
law authorizes the U.S. Environmental Protectioeiay (EPA) to establish National Ambient Air
Quality Standards (NAAQS) to protect public heattd the environmerit”

A. ACID RAIN PROGRAM: Empowered by the Act, the Executive started the Acid Rain
Program which was implemented through an integrated set of rules and guidance designed to
accomplish three primary objectives:

* Achieve environmental benefits through reductionS© and NQ emissions.

* Facilitate active trading of allowances and useotifer compliance options to minimize
compliance costs, maximize economic efficiency, peahit strong economic growth.

* Promote pollution prevention and energy efficigrategies and technologies.

Together these measures ensure the achievememviobrenental benefits at the least cost to

society.

B. EMISSIONS MONITORING AND REPORTING: Under the Acid Rain Program, each unit
must continuously measure and record its emissdi&ED,, NO, and CQ, as well as volumetric
flow and opacity. In most cases, a continuous aomssionitoring (CEM) system must be used.
There are provisions for initial equipment cerafion procedures, periodic quality assurance and
guality control procedures, recordkeeping and rapgmrand procedures for filling in missing data
periods. Units report hourly emissions data to EfAa quarterly basis. This data is then recorded
in the Emissions Tracking System, which serves aspasitory of emissions data for the utility
industry. The emissions monitoring and reportingtems are critical to the program. They instill
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confidence in allowance transactions by certifythg existence and quantity of the commodity
being traded and assure that N&eraging plans are working. Monitoring also easuthrough
accurate accounting, that the sS4hd NQ emissions reduction goals are met.

C. PENAL LIABILITY: If annual emissions exceed the number of allowaheés the owners or
operators of delinquent units must pay a penal$2)®00 (adjusted for inflation) per excess ton of
SO, or NG, emissions. In addition, violating utilities mudifset the excess SGemissions with
allowances in an amount equivalent to the excesgtildy may either have allowances deducted
immediately or submit an excess emissions offsat iy EPA that outlines how these cutbacks will
be achieved.

D. LICENSES AND PERMITS: The Designated Representative for each sourceisregl to file

an acid rain permit application for the source andompliance plan to the Title V permitting
authority for each affected unit at the source. FMogd Rain permits and compliance plans are
simple, allow sources to fashion a compliance stnatailored to their individual needs, and foster
trading. For example, they allow sources to malkétieme allowance trading decisions through the
use of automatic permit amendments. Acid rain pesnathich are also issued by the relevant Title
V permitting authority, require that each unit ambhold a sufficient number of allowances to
cover the unit's S@emissions in each year, comply with the applicéBg limit, and monitor and
report emissions. Permits are subject to publicroent before approval.

B. POSITION OF UNITED KINGDOM

It was perhaps felt in parts of the UK governmdnatt tthe problem of air pollution was resolved

with the introduction of the 1956 and 1968 Clean Acts. As is now well appreciated, by using a

policy of dispersal in preference to reduction, lthiéding of higher smoke stacks to broadcast the
pollution merely passed it on to someone else. 9821 aware perhaps of mounting concern but
unwilling to jump into as yet weakly founded pretamary action, the government reversed a
previous decision to cut acid rain research fundiflge anticipated release later that year of a
Department of Environment preliminary report ondacain may have acted as an additional
incentive for prior government action, albeit smalhe final release of the UK Review Group on

Acid Rain Repoft’ showed the first significant evidence of acid dgfion in the UK.

Prerequisite to any acid deposition is a sourcepaifutants, to which the UK contributed
significantly. The UK government, and in their sbad the Central Electricity Generating Board,
subscribed to the common line of denial of acidh,yalemanding more research before taking
binding decisions. Lacking a history of precautignaction prior to evidence, various arguments
were put forward to justify minimum action, such ragogen oxides from transport being more
significant than gases from electricity generateomd that abnormal fish mortality in lakes of
Norway, Wales, Scotland and Sweden was causedubyirdum leaching from soils, not acid rain.
Whilst most other European countries were subswilbo cuts of at least 30percent of existing
emissions, the ‘30 percent club’, in accordancé whe LRTAP Convention (ECE, 1979), the UK
remained unmoved. In 1984 sulphur deposition inUlkestood at amongst the highest levels in
Europe being ranked"™sout of 14 countries sampled (Park, 1984), andigethis same survey, of
the total UK deposition, little of it was importe@ihe UK was 80 percent self sufficient in acid
pollutants.

In contrast, Scandinavian countries received thbdst proportion of imported acid deposition and
whilst the actual amount of pollutant was much kess the UK, the igneous geology and thin drift
deposits meant that little buffering capacity estistThis contrasted with the calcareous chalk and
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limestone scenery that is found throughout largespaf the UK which significantly reduce the
effect of any acid deposition. The combination lad high cost of retro fitting pollutant reduction
systems to power stations and the lack of visibl@renmental impact in the UK were probably the
single main reasons why the government at the Wam so persistent in following the hard cause -
effect policy instead of the precautionary prineipldopted by many others. As scientific evidence
of acid rain mounted, along with pressure from ¢oes receiving most acid rain damage, in 1986
the British government admitted that UK sulphur €s1ans from fossil fuel power generation was
causing acid rain in Norway. Despite this, the UKsvglow to complete ratification of the LRTAP
Convention. Although ultimately the UK did ratifyast parts of the treaty, the formal undertaking
to reduce sulphur was still outstanding in 1998idARain, 2001).

The UK handling of the acid rain situation showpitgl British lethargy in this field which is
endemic in some other industrialized nations, Hgtdbe United States. On the surface, the
argument of caution is used, that steps shouldbadiaken unless backed up by a high degree of
technological proof, such that doubt is no longespnt, or at least that the doubt is not large
enough to outweigh the cost of action. Beneathdtientific, logical, ordered sheen however is the
self centered interests of an industry which does want to change the status quo, one of
predictability and security, required ultimately fconomic growth and shareholder contentedness.
The acid rain scenario is repeated and magnifietthencase of COemissions and the suspected
anthropogenically induced enhanced greenhousetefié@ stroke, an incoming US president is
able to abandon moves towards a tentative acceptinthe enhanced greenhouse effect, on the
basis that it is not scientifically proven. Undeistcover, the familiar ugly story is manifest,ttttze

new administration is heavily sponsored by theifdgsl industry who, understandably do not want
to see change. Ironically, this same industry isueng it enacts its own form of precautionary
principle by opening up research into renewablegnsources. Let us hope that the energy change
IS not too late.

CONCLUSION

The two primary sources of acid rain is sulphurxale and nitrogen oxide. Automobiles are the
main source of nitrogen oxide emissions, and wtiléctories are the main source for sulphur
dioxide emissions. These gases evaporate intatthesphere and then oxidized in clouds to form
nitric or nitrous acid and sulphuric acid. Wheerdé acids fall back to the surface of earth they do
not cause damage just to the environment but alpadt humans, plants, and monuments to a great
extent. Acid rain kills plant life and destroyteliin lakes and ponds. The pollutants in acid rain
causes problem in human respiratory systems. Thetgats attack humans indirectly through the
foods they consumed. They affected human healtcitjr when humans inhale the pollutants.
Indian Government have passed [RE"¥Vikixx 14 reduce pollution and emissions of sulphur
dioxide and nitrogen oxide, but it is no use unlpesple start to work together in stopping the
release of these pollutants. If the acid rainrdgstour environment, eventually it will destroyas
well. Since there are so many changes, it takesyrgaars for ecosystems to recover from acid
deposition, even after emissions are reduced aeddim becomes normal again. For example,
while the visibility might improve within days, arginall or episodic chemical changes in streams
improve within months, chronically acidified lakestyeams, forests, and soils can take years to
decades or even centuries (in the case of soil®db

However, there are some things that people do iteg dvack lakes and streams more quickly.
Limestone or lime (a naturally-occurring basic campd) can be added to acidic lakes to ‘cancel
out’ the acidity. This process, called limiffy has been used extensively in developed countries
like Norway, Sweden and the United States. Limiegds to be expensive, has to be done

69



Prashant M ehta J. of Appl. Sci. And Research, 2015,3(2):54:75

repeatedly to keep the water from returning taatglic condition, and is considered a short-term
remedy in only specific areas rather than an eftoreduce or prevent pollution.

Furthermore, it does not solve the broader problehthanges in soil chemistry and forest health
in the watershed, and does nothing to addressilitisiteductions, materials damage, and risk to
human health. However, liming does often permi fis remain in a lake, so it allows the native
population to survive in place until emissions retthns reduce the amount of acid deposition in the
area. With the rapid economic development and gnesgsumption throughout the world, fossil
fuel consumption has increased significantly duting last few decades. Use of fossil fuel is the
major cause of large-scale generation of acid psecs in the atmosphere. Earlier it has been
identified as the problem of developed countriest kith increased industrialization and
urbanization developing countries are also facimg problem. Acid rain is the result of many steps
of chemical reactions between air borne pollutafesiphur and nitrogen compounds) and
atmospheric water and oxygen. Acid deposition pates deeply into the fabric of an ecosystem,
changing the chemistry of the soil as well as tenuistry of the streams and narrowing, sometimes
to nothing, the space where certain plants and @siman survive. Acid rain problem has been
tackled to some extent in the developed world lduceng the emission of the gases causing acid
rain. Such efforts need to be done in developingldvparticular so by BRICS nations or fast
developing economies so as to avoid the magnitudgotential of problem as faced by
industrialized world.
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