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8.3.1 Acid Deposition

Acid Deposition

What  is acid deposit ion?

Rain is naturally acidic because o f disso lved CO  which fo rms carbo nic acid

H O (l) + CO (g)  ⇌  H CO (aq)

Carbo nic acid  is a weak acid  and disso ciates in the fo llo wing equilibrium reactio n giving a pH o f

5.6

H CO (aq)  ⇌  H  (aq) +  HCO (aq)

Fo r that reaso n acid rain is defined as rain with a pH o f belo w 5.6

Acid depo sitio n includes all pro cesses by which acidic co mpo nents leave the atmo sphere

This co uld be gases o r precipitates

There are two  types o f depo sitio n: wet acid depo sitio n and dry acid depo sitio n

Wet acid depo sitio n refers to  rain, sno w, sleet, hail, fo g, mist and dew

Dry acid depo sitio n refers to  acidic particles and gases that fall to  the gro und as dust and

smo ke

Acid depo sitio n is fo rmed when nitro gen o r sulfur o xides disso lve in water to  fo rm HNO , HNO ,

H SO  and H SO
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Acid Deposition Equations

Format ion of  sulf ur based acids

Fo ssil f uels are o ften co ntaminated with small amo unts o f sulf ur impurities

When these co ntaminated fo ssil fuels are co mbusted, the sulfur in the fuels get o xidised to

sulf ur dio xide

 S (s) + O (g) → SO (g)

Sulfur dio xide may be further o xidised to  sulfur trio xide

2SO (g) + O (g) ⇌ 2SO (g)

The sulfur dio xide and sulfur trio xide then disso lve in rainwater dro plets to  fo rm sulf uro us acid

and sulf uric acid

SO (g) + H O  (l) → H SO (aq)

SO (g) + H O (l) → H SO (aq)

These acids are co mpo nents o f acid rain which has several damaging impacts o n the

enviro nment

Format ion of  acid rain by nit rogen oxides

The temperature in an internal co mbustio n engine can reach o ver 2000 °C

Here, nitro gen and o xygen, which at no rmal temperatures do n’t react, co mbine to  fo rm nitro gen

mo no xide:

N (g)+ O (g) ⇌ 2NO (g)

Nitro gen mo no xide  reacts further fo rming nitro gen dio xide:

2NO (g) + O (g) ⇌ 2NO (g)

Nitro gen dio xide  gas reacts with rain water to  fo rm a mixture o f nitro us  and nitric acids, which

co ntribute to  acid rain:

2NO (g) + H O (l)  → HNO (aq) + HNO (aq)

Lightning strikes can also  trigger the fo rmatio n o f nitro gen mo no xide and nitro gen dio xides in air

Nitro gen dio xide gas reacts with rain water and mo re o xygen to  fo rm nitric acid

4 NO (g) + 2H O (l) + O (g)→ 4 HNO (aq)

When the clo uds rise, the temperature decreases, and the dro plets get larger

When the dro plet co ntaining these acids are heavy eno ugh, they will fall do wn as acid rain
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The diagram shows the formation of acid rain by the oxidation of nitrogen dioxide
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8.3.2 Effects of Acid Deposition

Effects of acid deposition

Effect  on mat erials

Acid depo sitio n can react with metals and ro cks (such as limesto ne) causing buildings and

statues to  get damaged

The impact of acid deposition can be seen on buildings, statues and metallic structures, particularly in

polluted cities

Limesto ne and marble bo th co ntain calcium carbo nate

The calcium carbo nate reacts with sulfuric o r nitric acids causing sto newo rk to  co rro de and

weaken:

CaCO (s)  + H SO  (aq)  →  CaSO (aq)  +  CO (g)  +  H O (l)

CaCO (s)  + 2HNO  (aq)  →  Ca(NO ) (aq)  +  CO (g)  +  H O (l)

In additio n dry depo sitio n also  affects limesto ne:
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CaCO (s)  + H SO  (aq)  →  CaSO (aq)  +  CO (g)  +  H O (l)

Metallic structures, such as iro n bridges, are vulnerable to  co rro sio n by wet and dry depo sitio n

fo rming the salt o f the metal:

Fe (s)  + H SO  (aq) →  FeSO (aq)  +  H  (g)

Fe (s)  + SO  (g)  + O  (g) →  FeSO (s) 

Effect  on plant s

Apart fro m acid depo sitio n directly falling o n leaves and killing plants, acid particulates can blo ck

sto mata ( plant po res) and prevent gaseo us exchange

The impact of acid deposition on plant life

Acid rain can fall o n so ils and release impo rtant minerals such as magnesium, calcium and

po tassium which are leached (washed o ut) fro m so ils and are therefo re unavailable to  plants

Aluminium io ns released fro m ro cks are to xic to  many plants and damage their ro o ts

Effect  on wat er
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When acid rain falls o n rivers and lakes the pH can fall to  levels that are unable to  suppo rt life

The impact of acid deposition on waterways

Belo w abo ut pH 4, aluminium io ns are released fro m ro cks when they are held as aluminium

hydro xide

Al(OH) (s) + 3H  (aq) →  Al (aq) + 3H O (l)

Alumnium io ns are to xic to  fish as they damage the gills and prevent fish fro m efficiently abso rbing

o xygen

Nitrate io ns fro m nitric acid in acid rain can co ntibute to  o ver-fertiliz atio n o f waterways and lead

to  eutro phicatio n

Eutro phicatio n is excessive algal gro wth that results in o xygen depletio n and stagnatio n o f

waterways

Effect  on human healt h

Altho ugh acid rain is to o  dilute to  cause any direct impact o n the skin, acidic particulates in the air

can increase the risk o f respirato ry diseases such as bro nchitis, asthma and emphysema

When acid rain co mes into  co ntact with metal pipes there is an increased risk that to xic metal

io ns will be released into  the water supply such as Cu , Al  and Pb
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8.3.3 Reducing Sulfur Oxide Emissions

Reducing Sulfur Oxide Emissions

The remo val o f sulfur fro m fo ssil fuels can either take place pre-co mbustio n o r po st-

co mbustio n

The o xides o f sulfur, SO and SO , are bo th acidic  and to xic gases 

Sulf ur dio xide  is pro duced naturally during vo lcanic eruptio ns, but large quantities have been and

co ntinue to  be emitted by burning co al, o il and natural gas

Pre-combust ion

Pre-co mbustio n o f sulfur takes place fo r co al and petro leum, altho ugh it is expensive to  remo ve

all the sulfur, so  a small percentage o ften remains

Fo r example, the average sulfur co ntent o f gaso line is 347ppm (this is the same as 347 mg per

litre)

It is essential to  remo ve mo st o f the sulfur as it damages the wo rkings o f internal co mbustio n

engines

The sulfur is remo ved by reacting it with hydro gen in a pro cess called hydro desulf uriz atio n

The sulfur is reco vered and used in the manufacture o f sulfuric acid

Post -combust ion

 Po st-co mbustio n is carried o ut o n in co al-fired po wer statio ns

The waste gases fro m burning the co al co ntain sulfur dio xide

The waste gases are passed thro ugh a wet slurry o f calcium o xide and calcium carbo nate which

react with the SO and pro duce calcium sulfate

CaO (s) + SO (g) + ½O  (g) →  CaSO (s)

CaCO (s) + SO (g) + ½O  (g) →  CaSO (s) + CO (g)

The calcium sulfate is also  kno wn as gypsum and is used to  make plasterbo ard and o ther useful

building materials

What do es the f uture ho ld?

Glo bal po licies wo rking to wards co mbating glo bal warming will have the additio nal benefit in

reducing acid depo sitio n

As we switch away fro m burning fo ssil fuels fo r energy there will be a f all in the emissio n o f o xides

o f sulfur and nitro gen, which can o nly be a go o d thing fo r the enviro nment

Ultimately reducing the emissio n o f primary po llutants is achieved by greater use o f renewable

energy so urces, greater use o f public transpo rt and mo re efficient energy transf er systems
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