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ABSTRACT KEYWORDS
With the rise of industrialization, increasing acidity in natural water and Acidrain;
soil has become a big problem and serious threat to all the components of Periodic soaking experiment;
natural environment. Thisacidity isassociated with the emission, transport, Sulfuric acid;
and subsequent depositions of oxides of sulfur, nitrogen and other acid pH;
Dissolution.

oxidation products. In recent years, several national and international
reports are in relation with deterioration of buildings. The present paper
was aimed to study the effects of simulated acid rain on the materials used
in building construction in order to find actual effect of acid rain
concentrations on the buildings. The ‘Periodic soaking experiments’ were
carried out with four different pH concentrations of namely pH 3, pH 4, pH
5 and pH 6 for eight days. The building construction materials used in the
present study were Marble, Granite, Limestone, Cement-concrete blocks,
Bricks, and Iron rods. Physical changes in iron rods were recorded and
photographed under scanning electron microscope (SEM) to observe
changeswhenimmersed inthe simulated acid rain samples. All the materials
showed considerable weight oss with physical changes including rusting
and scaling iniron rods. From the present study we conclude that acid rain
concentrations have damaging effect on Marble, Cement/concrete blocks,

and Brick aswell.

INTRODUCTION

Acidrainisoneof themost seriousenvironmental
problemsemerged dueto air pollution. Acidrainisa
broad term that describes several waysthrough which
acidfalsout from theatmaospherewhichincludesacidic
rain, fog, hail and snow meaning that it possessesel-
evated levelsof hydrogenions(low pH).Acidrainisa
natural preci pitation contai ning acidic substancesthat
causeitspH vauestofdl below 5.6%. It canhaveharm-
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ful effectson plants, aguatic animalsand infrastructure.
Nitrogen and sul phur oxides arethemajor sources of
atmospheric acidity; both are productsof combustion,
and both are converted in the atmosphere to strong
acids, mainly nitric and sul phuric acidsthat acidify the
rainwater®. Acidrainisinfact cocktail of mainly H,SO,
and HNO, wheretheratio of thesetwo may vary de-
pending up ontherd ative quantity of oxidesof sulphur
and nitrogen emitted®. Main sources of these oxides
arecod fired power stations, smeters(producing SO2)
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and motor vehicleexhausts (producing NOXx). Urban
ar pollutionisamgor environmental problem, mainly
inthedeve oping countries. These oxidesmay react
with other chemica sand produce corrosive substances
that arewashed out either inwet or dry formby rainas
acid deposition. Nitrogen oxides are produced natu-
raly by lightning strikes, other prominent sourcesof ni-
trogen oxideincludeinterna combustion engines, ther-
mal power stationsand to alesser extent pulp mills.
Sulfur dioxideis primarily produced by automaobileand
vehicular exhaustsand naturally by volcanic eruptions.
Theacid rain can causepaint to ped, corrosion of stedl
structures such asbridges, and erosion of stone statues
aswell asbuildings®. On onesidethiskind of devel-
opment makesour liveseasier, but ontheother hand it
resultsinto pollution by release of harmful substances
into theenvironment. Burning of foss| fudsinindustries
and transport sector, industriadization and urbanization
haveledtoincreasein concentrationsof gaseousand
particul ate pollutantsin the atmosphereleadingto air
pollution®®. Presently acid rainisconsidered asman’s
“Chemical War” on nature and refers to the deposition
of acidic atmospheric pollutantson soil, vegetation and
causes damage because of pollutants. Primary reac-
tionsinvolvedinformationof acidrainare:

SO + H,O—=> H,SO,

N,O + HO —> 2HNO,

Scientistsoftenrefer to ““acid deposition” as a more
accuratetermfor acid rain and a ong with thewet depo-
sitionthereareaso dry depositionsof acids, which can
betransformed into saltsin the soil and causethesame
environmental damage, as do the wet deposits. Dry
deposition generaly occurscloseto the point of emis-
sion whilewet deposition, however, may occur thou-
sands of kilometers away from theoriginal source of
emission. But withtheincreased use of tall stacksfor
power plantsand industries, amaosphericemissonsare
being transported regionally and even globallyl™. At-
mospheric acid depositioninform of rain, fog or snow
wasidentified asmgor environmenta problemsfor the
countriesin Europe, EastAsaand NorthAmerica Acid
precipitation with pH valuesbelow 5.0 wasregistered
indifferent regionsof theworldincluding Canada, En-
gland, Scotland, Sweden, Norway, Denmark, West
Germany, Netherland, Austria, Switzerland, Brazil,
Russia, Poland and Czechod ovakia, Southwest Ching,
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Indiaand Japani®. Acidrain affectsthe quality of hu-
man life, threatensthe environmentd stability and the
sustainability of food and timber reserves, thus posing
aneconomiccrisis. In recent decadesacid deposition
andtheroleof acidicar pollutantshasbecomethe cause
of considerable concern at both national and interna-
tiona levels. Thisconcern has centred mainly around
adverse environmental and health effects, but alsoon
damageto historica monuments.

Acidrainhasasobeenreportedinindia Arainfal
of pH 3.5wasreported in Mumbail®. Theair pollution
levelsaresteadily risingin the metropolitan citieslike
Kolkata, Delhi, Mumbai, Korba'®. Themean pH value
of rainwater was 9.1 during 1963 and 6.2 during 1984
a Delhi™. Theworld M eteorol ogica organi zation has
predicted substantial increasein acidity incitieslike
Hyderabad, Chennai, Puneand Kanpur*?, In Singrauli
region of Sonbhadradistrict in India, theacid deposi-
tionswere found to be higher near thethermal power
plant stationsas compared to distantly Stuated site. The
rainfall having pH 5.0 and 4.8 was reported towards
the end of monsoon season at two sitescloseto ther-
ma power stations*3. Acid rain problemin Bihar, West
Bengd, Orissaand southern coastal Indiahasbeen pre-
dictedtoleadtoinfertilesoil. Itisasubstantia problem
in China, Eastern Europe, Russiaand areasdown-wind
fromthem, theseareasd | burn sulfur-containing cod to
generate heat and el ectricity.

Following TABLES showsrainwater pH valuesin
different regionsof world and India.

TABLE 1: Rainwater pH valuesin different regionsof world
(modified from Khemani et al., 1994)

Countries Range of pH

Japan 47

Europe 41-54
Chinaacid rain area 41-49
Chinanon - acid rain affected area 41-49
US north west 6.3-6.7
US west- middle-west 5.0-55
US north west 41-42

Effect of acid rain on buildings

Theimpact of acid deposition on buildings and
structures of marble and limestone and on building
material s containing large amounts of carbonate has
been recognized for over acentury and many studies
have addressed the effect of acid wet deposition on
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stonematerial of historic buildingsand monuments#+
181, High buildings made of concretein urban areas
may also be damaged dueto exposureto cloud water
with high acidity for along time*?. Acid precipitation
with apH level ranging between 3.0 and 5.0 will af -
fect cement and concrete™®. The mechanism of dete-
rioration in cement-based materialsand inlimemortar
was also studied by!*?. Theeffect of dry deposition of
thesingle pollution species, such as SO,, HCI, NO &
Nitorgen dioxide on the degradation of cal careous
building stoneshasbeen determined by Haneef et a1,

TABLE 2: Rangeof rainwater pH in different partsof India
measur ed at Bapmon gation (modified from Datar et al., 1996)

Stations pH
Allahabad 6.93
Jodhpur 7.42
Kodaikanal 6.28
M ohanbari 5.98
Visakhapatham 6.01
Nagpur 5.97
Port Blair 6.15
Pune 6.43
Srinagar 7.22
Minicoy 6.58

Particle
deposition
on stone
surfaces

Gaseous

deposition
processes

Aqueous
dissolution
reactions of

calcium carbonate

Figurel: Classesof mechanismsinvolved in air pollution
and acid rain damagetobuildings

Hutchinson et a2 and Johnson et a2 through labo-
ratory tests. It has been found that acid rain causes
chemical deterioration on carbonate stones and for-
mation of soluble Ca**, HCO,, SO,* and that dry
deposition of SOx, NOx on the surface of stonescon-
tributesto salt enrichment on carbonate stonesand
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playsamagjor rolein the deposition of acid substances
on buildingg?!. Theimpact of acid deposition onthe
weathering of carbonate stone has|ong been recog-
nized?+28, In recent decades acid deposition has be-
comethe cause of considerable concern at both na-
tional and international levels. Thisconcern hascen-
tered mainly around adverseenvironmenta and health
effectsand al so on damageto historical monuments
and buildingsaround us. It isknown that three classes
of mechanismsareinvolvedinair pollution and acid
rain damageto buildings?” and are shown in thefol-
lowing figure.

Materialsused in construction

(1) Marbleisanon-foliated metamorphicrock which
iswidely usedin construction and architecture.

(2) Graniteisacommon intrusiveigneousrock. Itis
very hard and much stronger materia than marble.
Itiscommonly used inwindow silIsof buildings.

(3) Limestoneisasedimentary rock composed of the
minerdsof cdciteand different crystd formsof cd-
cium carbonate. It isawidely used construction
materid andisaso used in manufacture of cement.

(4) Cementisabinding materid andiswidely usedin
modern construction.

(5) Brickisasingleunitor block of ceramic materid. It
iIsoneof themost common and basi ¢ building con-
sructionmaterids.

(6) Ironrodsare embedded inside cast concrete and
areused to increasetenslestrength of theconcrete.

Case studies

TheTa Mahal,Agra, India: It hasbeen observed
that the color of Tg) Maha which hasbeen constructed
usingwhite marblehasturned to yellow in recent years.
It has been estimated that acid rain or acidic precipita-
tion has contributed to thischangein color. Onthefront
pillar ontheright sdeof the Tg Mahd, dight damageis
noted whichisalso saidtobecaused by acidran. Itis
reported that theair intheplacewherethe Tgf Mahd is
Situated contains seriouslevel s of sulfur and nitrogen
oxides. Thisisduetothelargenumber of power plants
and industries set up around thisarea. All thesefactors
lead toformationacid rain. Thiscaused damagetothis
wonderful structure, which attractsmany peoplefrom
different partsof theworld.
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United SatesCapitol, Washington D.C., USA:
The Capitol Building of the U.S. which hasbeen con-
structed of limestoneisa so adversely affected by acidic
precipitation. Theresplendent U.S. Capitol Building’s
limestoneisfull of pockmarksfromacidrandissolving
cacite. Thedamageisso severein placesthat corners
of limestone blocksthat were once sharply wrought
arenow rounded.

EXPERIMENTAL

Materials

Themateriasused to check theeffect of smulated
acid rain concentrationswereMarble, Granite, Lime-
stone, Cement/concrete blocks, brick and Iron rods.

e ,
Figure2: Materialsused in theexperiment

M ethodology
Experiment method

Periodic soaking experiment method wasusedin
the present investigation™. Inthisexperiment, al the
building construction material smentioned earlier were
soaked inthessimulated acid rain samplesranging from
pH 3 to pH 6 for 8 days. The materials were daily
taken out of simulated acid rain samples, wipedwitha
clean cloth and weighed on an e ectronic balance.

Preparation of smulated acid rain

Thesmulated acid rain sampleswere prepared by
dissolving 30 ml of 1N H,SO, in 1000 ml of distilled
water. Thisdiluted sample showed pH of 1.9 which
was added drop by drop to tap water (pH 7.01) to
decreaseit’s pH to 3, 4, 5 and 6 which would pose as
simulated acidrain. Various concentrationsof acidrain
sampleswere prepared becausethepH of acidrainis
not sameeverywhere, it significantly varieswith the
changesinpallutionlevel§%.
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Pre-experimental procedur eof the specimen

Themarble, granite and limestonewere cut using
“marble bridge cutting machine”, the bricks were cut
by using axa parting blade, the cement blocks were
compactedin plastictrays and theiron rods were cut
using dedgehammer. All thematerid sexceptironrods
were exactly weighed to 100 g, the marble, granite,
limestone and bricks were adjusted to the weight of
100 g by using sand paper. Iron rodswere not weighed
because only physical changeswereto be observed.

Photography of iron rodsused under scanning elec-
tron microscope (SEM)

Theironrodsimmersedinthesmulated acid rain
sampleswere photographed under Scanning Electron
Microscope (SEM) and observationswere recorded.
A scanning electron microscope (SEM) is atype of
el ectron mi croscopethat producesimages of asample
by scanning it with afocused beam of electrons. The
electronsinteract with atomsin thesample, producing
various signalsthat can be detected and that contain
information about the sampl €’s surface topography and
composition. SEM can achieveresol ution better than 1
nanometer.

RESULTS

From theresults obtained (TABLE 3), itisclear
that effect of simulated acid rain concentration of pH 3
wasthemost damagingintheview of decreaseinweight
of selected five material sused in construction. Maxi-
mum seria decreaseon day to day basi swas observed
inlimestone and remained with 11.3 gon 8" day (total
percent losswas 88.7) whereas, thelowest decrease
Inweight was observed in Granite and remained with
37.4 g on 8" day (62.6 %) showing its strength and
durability against s mulated acid rain concentrations.
Brick materia also showed better ability to withstand
thesimulated acid rain concentrations. Marbleand ce-
ment blocksalso lost considerable amounts of weight
asrepresentedin Figure 3. Themateridsimmersedin
simulated acid rain concentration of pH 4 (TABLE 4)
a so showed significant weight lossdueto dissol ution
mechanism. Limestone | ost the maximum amount of
weight in pH 4 aso and its weight was recorded as
13.5gonthe8"day of theexperiment (lossof 86.5%).
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Granitelost theleast amount of weight remained with
38.6 g on 8" day (loss of 61.4 %) proving to be the
strongest and most durablecongtruction materia against
acidrain. Marblelost atotal of 80.5 % of weight fol-
lowed by cement block which lost atotal weight of
68.7 %o wherebrick lost atotal weight of 64.5% on 8"
day (Figure4).

TABLE 3: Decreasein theweight (g) of thespecimensim-
mersed in simulated acid rain of pH 3

Marble Granite Limestone Cement/Concrete Brick
Start 100 100 100 100 100
89.6 921 88.9 91.3 91.7
Dayl (£3.9) (2.61) (£3.69) (2.89) (2.47)
-10.4 -7.9 -111 -8.7 -8.3
79.3 84.3 778 82.6 835
Day2 (£3.45) (£2.62)  (£3.70) (£2.90) (£1.33)
-20.7 -15.7 -22.2 -17.4 -16.5
68.9 76.5 66.7 739 75.2
Day3 (£3.45) (£2.63)  (£3.66) (+2.92) (£2.48)
-31.1 -235 -33.3 -26.1 -24.8
58.5 68.7 55.7 65.2 67.0
Day4 (£3.5) (£2.64)  (£3.71) (#2.93) (£2.65)
-41.5 -31.3 -44.3 -34.8 -33
48.2 60.9 446 56.6 58.7
Day5 (+3.4) (+2.65) (£3.70) (£2.96) (2.85)
-51.8 -39.1 -55.4 -43.4 -41.3
37.9 53.0 335 47.9 50.5
Day6 (£3.45) (£2.70)  (£3.70) (2.90) (+2.86)
-62.1 -47 -66.5 -52.1 -49.5
275 452 224 39.2 422
Day 7 (£3.47) (£2.76) (£3.74) (+2.94) (*+3.17)
=725 -54.8 -77.6 -60.8 -57.8
17.2 374 11.3 305 34.0
Day8 (£3.45) (+2.79) (£3.76) (+2.95) (+3.10)
-82.8 -62.6 -88.7 -69.5 -66

Values are mean of three determinations; + indicates; standard
Deviation; Valueswith negative sign indicates per cent decrease

W Start

Day 1
MDay2
mDay3
WmDay 4
WmDay5

Day 6

Day 7

Weight in Grams

Brick

Marble

Granite  Limestone Cement

Materials
Nav 8

Figure3: Changesobserved with smulated acid rain of pH 3
Effect of smulated acid rain sampleson ironrods

Itisobserved that ssimulated acid rain concentra-
tion of pH 3 and 4 had more damaging capacity interms
of physica propertiesof theiron rods. Thereweremod-
erate changesin physical appearance of iron rodsim-
mersed in simulated acid rain pH 5 while negligible
changeswereobservedinironrodimmersed in Simu-
lated acid rain of pH 6.
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TABLE 4: Decreasein theweight (g) of thespecimensim-
mer sed in simulated acid rain of pH 4

Marble Granite Limestone Cement/Concrete Brick
Start 100 100 100 100 100
90.5 92.3 89.2 915 91.9

Dayl (#3.15) (+2.57) (+3.60) (+2.83) (+2.70)
-9.5 -1.7 -10.8 -85 -8.1
80.8 84.6 78.4 83.0 83.8

Day2 (+3.25) (+2.60) (+3.60) (+2.80) (+2.70)
-19.2 -15.4 -21.6 -17 -16.2
70.5 76.9 67.6 747 755

Day3 (+3.66) (+2.62) (+3.62) (+2.74) (+2.80)
-29.5 -231 -32.4 -25.3 -24.5
60.8 69.3 56.8 66.0 67.5

Day4 (+3.81) (£2.63) (£3.63) (£2.85) (£2.75)
-39.2 -30.7 -43.2 -34 -325
49.7 61.6 46.2 575 59.7

Day5 (+4.60) (+2.63) (+3.50) (£2.60) (£2.60)
-50.3 -384 -53.8 -42.5 -40.3
39.6 53.9 35.2 495 51.4

Day6 (+3.30) (+2.65) (+3.50) (+2.60) (+2.70)
-60.4 -46.1 -64.8 -50.5 -48.6
295 46.3 244 40.5 435

Day7 (£3.65) (+2.66) (+3.51) (+2.85) (+2.60)
-70.5 -53.7 -75.6 -59.5 -56.5
195 38.6 135 313 355

Day8 (+3.90) (£2.65) (*#3.51) (£3.20) (£2.55)
-80.5 -61.4 -86.5 -68.7 -64.5

Values are mean of three deter minations; + indicates standard
Deviation; Valueswith negative sign indicates percent decrease
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Figure4: Changesobserved with smulated acid rain of pH 4

Scanning Electron Microscopeimages showed the
clear cut adverse effect of smulated acidrainoniron
rods. Theironrodsbeforeimmersioninsmulated acid
rain samplesdidn’t show any changes and are compact
(Figure 8). Theiron rodsimmersed inthe simulated
acid rain sampleof pH 3 showed thick cracks (Figure
9) which provesthat acid rain deterioratestheiron rods.

In the simulated acid rain concentration of pH 5
and pH 6 (TABLE 5 and 6), the construction materias
showed weight loss but it was not as extreme asthe
welight lossobserved in smulated acid rain concentra-
tion of pH 3and pH 4 (TABLE 3 and 4). Limestone
lost the maximum amount of weight in the simulated
acid rain concentration of pH 5 and pH 6 whichwas
recorded as28.6 g (lossof 71.4 %) and 39.5 g (lossof

Materials
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TABLE5: Decreasein theweight (g) of thespecimensim-
mersed inthesimulated acid rain of pH 5

Marble Granite Limestone Cement/Concrete Brick
Start 100 100 100 100 100
91.5 93.9 91.1 934 93.7
Day1 (+2.85) (#£2.00) (#2.97) (£2.20) (#2.10)
-85 -6.1 -8.9 -6.6 -6.3
83.1 82.2 86.8 87.4
Day2 (£2.90) 87'?1@2:22'00) (£2.95) 2.19) 2.15)
-16.9 ’ -17.8 -13.2 -12.6
747 81.7 735 80.2 815
Day 3 (+2.80) (#£2.00) (#2.85) (+2.20) (£1.09)
-25.3 -18.3 -26.5 -19.8 -18.5
66.2 755 64.4 735 74.9
Day 4 (+2.90) (#2.1) (#3.00) (+2.25) (#£2.05)
-33.8 -24.5 -35.6 -26.5 -25.1
57.8 69.5 55.7 67.3 68.5
Day5 (#2.91) (+2.05) (#£2.90) (+2.05) (#2.10)
-42.2 -30.5 -44.3 -32.7 -315
494 63.2 485 60.5 62.2
Day 6 (+3.05) (#2.15) (#2.10) (#2.15) (#2.10)
-50.6 -36.8 -51.1 -39.5 -37.8
40.9 57.3 37.2 53.8 54.3
Day 7 (£2.95) (#£2.05) (#£3.25) (£2.20) (#£2.90)
-59.1 -42.7 -62.8 -46.2 -45.7
325 52.0 28.6 46.6 49.2
Day 8 (+2.95) (*1.68) (#3.10) (+2.50) (#£2.30)
-67.5 -48 -71.4 -53.4 -50.8

Values are mean of three determinations; + indicates standard
Deviation; Valueswith negative sign indicates per cent decrease

W Start
Day 1
W Day 2

60
40 |
20 |

mDay 3
mDay 4

Weight in Grams

WDay5
Day 6
Day 7

Brick

Marble Granite Limestone Cement

Materials
. . S . S . Day 8

Figure5: Changesobserved with smulated acid rain of pH 5
60.5 %) respectively. Granite proved to be the most
durable construction material asit showed least de-
creaseinweight at pH 5and pH 6 whereit lost only 48
% and 32.7 % of total weight respectively. Intheacid
rain concentration of pH 5 (TABLE5), Marblelost a
67.5 % weight, cement block lost atotal 53.4 % and
Brick lost 50.8 % of weight (Figure5). Intheacidrain
concentration of pH 6 (TABLE 6), Marblelost atotal
weight of 54.3 %, cement block lost atotal by 39.9 %
and brick lost atotal weight by 35.5 % (Figure 6).

It was observed that thelimestonelost most of the
weight, that is, it dissolved themogt, followed by marble.
Cement blocksa solost considerableamount of weight
whereas, the brick lost moderate amount of weight.
Granite hasproved to bethemost durable construction
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materid asit dissolvedtheleast. Many physicd changes
like corrosion, scaling, and appearance changewere
observedinironrods. For further observations, theiron
rodswere photographed under Scanning Electron Mi-
croscope (SEM), which clearly show the adverse ef-
fectsof simulated acid rain ontheironrodsand prove
that acid rain corrodesmeta s. Theweight lossof con-
struction materialsdirectly indicate towardsthe dete-
riorating or adverseeffectsof smulated acidrainonthe
construction materialsbut dong with thisconsiderable
lossinweight of the materias, the demonstrated con-
struction materia s underwent some physical changes
liketheiron rods showed. These changeswereeasly
observed with naked eyes. Themarblespecimenswhich
wereimmersedinsmulated acidrainof pH 3andpH 4
showed dight yellow coloration. The cement/concrete
specimensimmersedinsamulated acid rain of pH 3and
pH 4 lost their hardnessdightly becamesoft and devel -
oped thin cracks. Thered bricksused a so devel oped
thincracksandinthesimulated acid rain of pH 3, pH 4

TABLE 6: Decreasein theweight (g) of thespecimensim-
mer sed inthesimulated acid rain of pH 6

Marble Granite Limestone Cement/Concrete Brick

Start 100 100 100 100 100
93.3 95.9 925 95.1 95.9
Dayl (+2.20) (*+1.35) (+2.50) (x1.60) (x1.30)
-6.7 -4.1 -75 -4.9 -4.1

86.7 91.8 85.1 90.5 91.2
Day2 (+2.19) (+1.36) (+2.45) (x1.45) (x1.45)
-13.3 -8.2 -14.9 -9.5 -8.8

79.5 875 774 85.3 86.7
Day3 (+2.40) (+1.45) (+2.55) (x1.60) (x1.50)
-20.5 -125 -22.6 -14.7 -13.3

73.2 83.6 70.0 80.4 825
Day4 (x2.25) (+1.40) (+2.50) (£1.65) (x1.45)
-26.8 -16.4 -30 -19.6 -17.5

66.5 79.6 62.5 755 78.1
Day5 (+2.25) (*+1.36) (+2.50) (x1.66) (x1.46)
-33.5 -20.4 -37.5 -24.5 -21.9

59.8 755 55.4 70.7 737
Day6 (+2.25) (+1.34) (+2.30) (x1.60) (x1.45)
-40.2 -24.5 -44.6 -29.3 -26.3

511 714 475 65.5 69.2
Day 7 (£3.30) (%1.35) (£2.50) (£1.70) (£1.50)
-48.9 -28.6 -52.5 -34.5 -30.8

45.7 67.3 395 60.1 64.5
Day8 (£2.61) (%1.35) (£2.75) (+2.01) (£1.65)
-54.3 -32.7 -60.5 -39.9 -35.5

Values are mean of three deter minations; + indicates standard
Deviation; Valueswith negative sign indicates percent decrease

and pH 5thebrickslost their color dightly.

To sumup the present investigation, wefound that
acid rain has adverse and deteriorating effectson the
buildings as all the building/construction materials
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showed considerablelossor decreaseinweight inthe
period of eight dayswhen they were soaked in sSimu-
lated acid rain samples, eventheiron rods showed nu-
merouschangesinther physical propertiestherefore, it
would not bewrong to say that not only the environ-
ment andthe natural componentsfacethe consequences
of acid rain but even the buildings around us are ad-
versdly affected by acid rain.

M Start

Day1
WDay2

mDay3
40 H —

Weight in Grams

WDay4
WDay5
mDay6

20 H —

Brick

Marble Granite  Limestone Cement

Day 7
Day 8

Figure6: Changesobserved with smulated acid rain of pH 6

TABLE 7: Physical changesobserved dueto smulated acid
rainonironrods

Materials

Properties/Effects pH3 pH4 pHS5 PpH6
Corrosion +++ +++ ++ +
Color +++ +++ ++ ++
Sample scaling +++ ++ + +
Appearance change (luster) ++ ++ + +
Bubble formation +++ +++ + +

+Very low or negligibleeffect, ++ M oder ate/inter mediate effect,
+++ Very high effect.

DISCUSSION

The periodic soaking experiment has proved that
there was corrosive effect of acid concentration the
materialsused in construction materials. Itiswell es-
tablished that either wet or dry deposition of sulfur di-
oxidesignificantly increasestherate of corrosion on
marble, granite, limestoneand al other typesof build-
ingmaterid. It isobserved that thelimestonedissolved
the most as compared to other materialsused inthis
experiment. Thedissolution of limestone can berepre-
sented by reaction- CaCO, + H,80, —> CaSO, +
H,CO/* Thecaciumsulfateformedissolubleinwa-
ter andthus, limestone crumblesand dissolves. Though
thesimulated acid rain of different concentrationswas
used theobservationsweresmilar at al concentrations
used. Limestone wastheweakest construction mate-
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rial while granite proved to be the most durable and
strongest materiad among al themateriasused. It can
be clearly observed that the weight reduction of the
specimensdecreaseswith anincreaseinthepH of Smu-
lated acid rain. Therewas cons derableweight reduc-
tion of dl the specimensof construction materialsused
inthe experiment but the rate of weight reduction de-
creaseswith anincreasein pH. Acid rainin various
placesaround theworld hasitseffect onthebuildings
with respect toitsconcentration whichisdirectly pro-
portiond totherateof emissonandair pollutioninthe
ared®,

Thedissolution mechanism of construction materi-
asinsmulated acid rain concentrationswasasoiden-
tified by Leet and Judson®3. They had demonstrated
the mechanism of dissolution of limestonewhere and
observedthat acid rain isneutralized by calcium car-

Figure7:IronrodinpH 3(Left) and pH 6 (Right)
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bonate and the pH. Our findingson five different con-
struction materia sarein accordance with the dissol u-
tion mechanismaswell. In 1990, similar experiments
were carried out by Brookhaven National Labora-
tory (BNL) whichisanational |aboratory of theUnited
Statesof America. BNL also observed the dissolution
of marble and wehave obtained similar resultsto BNL
if the dissolution of marbleisconsidered®d. Another
study by United States Environment Protection Agency
(USEPA) inApril 2008 observed the effects of acid
rainon building materid sand monuments. They reported
deteriorating effects of acid rain on the construction
material swith the statement, “Acid rain eats away at

Figure8: Imagesof ironrod photographed under SEM be-
foresoaking them in thesmulated acid rain samples.
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stone, metd, paint and dmost any material exposedto
the weather for along period of time. Human made
materiasgradually deteriorate even when exposed to
unpolluted rain, but acid rain speeds up the process of
deterioration and degradation”.

On comparing our studieswith that of Watkiss t.
al® who observed the dissol ution of concrete block
sowly with the softening and devel opment of cracks.
Wea so observed the dissolving and softening mecha:
nism and formation of cracks on the concrete block
immersed insimulated acid rain. Potential impactsto
concreteinclude soiling and discol oration and surface
erosion.®™ Our resultsarea soin good agreement with

13
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Figure9: Imagesof ironrod photographed under SEM after
soaking themin thesimulated acid rain sampleof pH 3
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crete in acid medium reported by other researches
Marchand®¥ and Methd®". Theiron rodswhich were
immersed in the smulated acid rain concentrations
showed severd changesin physica propertiesand when
photographed under Scanning Electron Microscope
(SEM). Thick crackswere observed ontheiron rods
which provesthat acid rain also hasdeteriorating effect
on metal. Acid rain speeds up the natural chemical
wesgthering and corrosion of exposed materiasinava
riety of wayslikeferrous metalsare attacked by SO,
and rusted more quickly. Stedl building, railway tracts
and other structuresbuilt of iron arevery serioudly af -
fected by air pollutionwith extensiveeconomiclosses™.
To sum up, the present study proved the adverseim-
pact of acid precipitation on building materials. Acid
rain not only affects buildingsbut aso could consider-
ably damage man-made structureslike bridges, monu-
ments and artworks made by using these materials.

CONCLUSIONS

Acidrainisaseriousthreat not only to plantsand
animals, but a so to buildings, monuments, bridgesand
our very homes. The experimental resultsshowed that
therewas considerableweight lossin the construction
material ssoaked invariousconcentrationsof Smulated
acidrain. Itissufficient to provethat the acidic concen-
trations have damaging effect on the buildings around
us. Thehypothesisthat limestonewould seethe great-
est amount of damage from acid rainisprovento be
true. Theiron rods photographed under Scanning Elec-
tron Microscope (SEM) clearly showed the deterio-
rating effectsof acid rain onmeta. Considering al the
facts, itishightimenow, that every individud shouldtry
and minimize pollution whichleadsto acid rain. Fol-
lowing pointshighlight the cond us on of theexperiment:

Therewasconsiderableweight lossinall the con-
struction materia sused in the periodi c soaking experi-
ment with deteriorating effectson Marble, Cement/con-
crete blocks, and Brick.

Limestonelost maximum amount of weight wheress,
theleast weight losswas observed in Granite proving
to be the most durable and strong construction mate-
rid.

Theironrods showed physica changeswhich can
beclearly observed by SEM images.
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Recommendations

Asweall know that acid rain has adverse effects
onplants, animasandadl other livingand non-living sys-
temsthereisan urgent need of minimizingtheimpact of
acidrain. Inorder to minimizetheimpact of acidrain,
thebasic stepiscontrol of air pollution; oncewe con-
trol the hazardous SOx and NOx emissions we can
think of advanced measuresto control acidic precipita-
tion. Inorder to protect thebuildingsfromacidrainand
preserve old buildingswhich havehistorical vaue, we
haveto lay moreemphasis on the devel opment of new
technol ogiesand control measuresto reduceand pre-
vent ar pollution. Abatement of air pollutionandemis-
sion control arethe most effective ways of reducing
and minimizing theimpactsof acid rain asthesewould
directly prevent theformation of acidrain.
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