Chemistry of natural environmental processes
Atmosphere
Earth's atmosphere is a thin layer of gases that hover above our planet's surface. The atmosphere provides us with oxygen to breathe, shelters us from solar UV radiation, and warms Earth's surface via the greenhouse effect. Without our atmosphere, there would be no life on earth. Two gases make up the bulk of the earth's atmosphere: nitrogen (78%), and oxygen (21%). Argon, carbon dioxide and various trace gases make up the remainder.
The atmosphere can be mainly divided into four layers according to temperature: troposphere, stratosphere, mesosphere, and thermosphere.
The Troposphere
This is the lowest part of the atmosphere - the part we live in. It contains most of our weather - clouds, rain, snow. In this part of the atmosphere the temperature gets colder as the distance above the earth increases, by about 6.5°C per kilometre. The actual change of temperature with height varies from day to day, depending on the weather.
The troposphere contains about 75% of all of the air in the atmosphere, and almost all of the water vapour (which forms clouds and rain). The decrease in temperature with height is a result of the decreasing pressure. If a parcel of air moves upwards it expands (because of the lower pressure). When air expands it cools. So air higher up is cooler than air lower down.
The lowest part of the troposphere is called the boundary layer.  This is where the air motion is determined by the properties of the Earth's surface.  Turbulence is generated as the wind blows over the Earth's surface, and by thermals rising from the land as it is heated by the sun.  This turbulence redistributes heat and moisture within the boundary layer, as well as pollutants and other constituents of the atmosphere. 
The top of the troposphere is called the tropopause. This is lowest at the poles, where it is about 7 - 10 km above the Earth's surface. It is highest (about 17 - 18 km) near the equator.
The Stratosphere
This extends upwards from the tropopause to about 50 km. It contains much of the ozone in the atmosphere. The increase in temperature with height occurs because of absorption of ultraviolet (UV) radiation from the sun by this ozone. Temperatures in the stratosphere are highest over the summer pole, and lowest over the winter pole.
By absorbing dangerous UV radiation, the ozone in the stratosphere protects us from skin cancer and other health damage. However chemicals (called CFCs or freons, and halons) which were once used in refrigerators, spray cans and fire extinguishers  have reduced the amount of ozone in the stratosphere, particularly at polar latitudes, leading to the so-called "Antarctic ozone hole".
Now humans have stopped making most of the harmful CFCs we expect the ozone hole will eventually recover over the 21st century, but this is a slow process.
The Mesosphere
The region above the stratosphere is called the mesosphere. Here the temperature again decreases with height, reaching a minimum of about -90°C at the "mesopause".

The Thermosphere and Ionosphere
The thermosphere lies above the mesopause, and is a region in which temperatures again increase with height. This temperature increase is caused by the absorption of energetic ultraviolet and X-Ray radiation from the sun.
The region of the atmosphere above about 80 km is also caused the "ionosphere", since the energetic solar radiation knocks electrons off molecules and atoms, turning them into "ions" with a positive charge. The temperature of the thermosphere varies between night and day and between the seasons, as do the numbers of ions and electrons which are present. The ionosphere reflects and absorbs radio waves, allowing us to receive shortwave radio broadcasts in New Zealand from other parts of the world.
The Exosphere
The region above about 500 km is called the exosphere. It contains mainly oxygen and hydrogen atoms, but there are so few of them that they rarely collide - they follow "ballistic" trajectories under the influence of gravity, and some of them escape right out into space.
The Magnetosphere
[image: ]The earth behaves like a huge magnet. It traps electrons (negative charge) and protons (positive), concentrating them in two bands about 3,000 and 16,000 km above the globe - the Van Allen "radiation" belts. This outer region surrounding the earth, where charged particles spiral along the magnetic field lines, is called the magnetosphere.
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Automobile Pollution																					
The automobile industry is one of the key drivers of the Indian economy. Many passenger vehicles using petrol are now having diesel versions, which is much more polluting as compared to petrol version. In recent years, air pollution has acquired critical dimensions and the air quality in most Indian cities that monitor outdoor air pollution fail to meet WHO guidelines for safe levels. The levels of PM 2.5 and PM10 (Air-borne particles smaller than 2.5 micrometers in diameter and 10 micrometers in diameter) as well as concentration of dangerous carcinogenic substances such as Sulphur Dioxide (SO2) and Nitrogen Dioxide (NO2) have reached alarming proportions in most Indian cities, putting people at additional risk of respiratory diseases and other health problems.
According to World Health Organization (WHO), Delhi tops the list of most polluted cities. Among the world’s 20 most polluted cities in the world, 13 are in India. India is in the group of countries that has the highest particulate matter (PM) levels. Its cities have the highest levels of PM10 and PM2.5 (particles with diameter of 10 microns and 2.5 microns). At the level of more than 150 micrograms, Delhi has the highest level of airborne particulate matter PM2.5, considered most harmful.
The internal combustion engine has made an important contribution to the air pollution.
The main pollutants released by engines are:
1. Carbon monoxide-A product of incomplete combustion, carbon monoxide reduces the blood’s ability to carry oxygen.
2. Un-burnt hydrocarbons-A class of burned or partially burned fuel, hydrocarbons are toxins and are a major contributor to smog, which can be a major problem in urban areas.
3. Nitrogen oxides-Generated when nitrogen in the air reacts with oxygen at the high temperature and pressure inside the engine. NOx is a precursor to smog and acid rain. NOx is a mixture of NO and NO2. NO2 destroys resistance to respiratory infection.
4. Sulfur oxides-A general term for oxides of sulphur, which are emitted from motor vehicles burning fuel containing a high concentration of sulphur.
5. Lead compounds-Studies of humans as well as laboratory animal studies have reported effects on the blood, kidneys, and nervous, immune, and cardiovascular systems. Human studies are inconclusive regarding lead exposure and an increased cancer risk.
6. Smoke-It is a collection of airborne solid and liquid particulates and gases causing thermal damage, poisoning and pulmonary irritation.
7. Particulates-Particulate matter causes negative health effects, including but not limited to respiratory disease.
8. Odour
Among the important constituents of the petrol engine exhaust are carbon monoxide, un-burnt hydrocarbons, nitrogen oxides, particulates and lead, while diesel engine emits un-burnt hydrocarbons, nitrogen oxides, sulphur oxides, smoke and odour.

Catalytic converter
A catalytic converter is a device used to reduce the emissions from an internal combustion engine (used in most modern day automobiles and vehicles). Not enough oxygen is available to oxidize the carbon fuel in these engines completely into carbon dioxide and water; thus toxic by-products are produced. Catalytic converters are used in exhaust systems to provide a site for the oxidation and reduction of toxic by-products (like nitrogen oxides, carbon monoxide, and hydrocarbons) of fuel into less hazardous substances such as carbon dioxide, water vapor, and nitrogen gas.
A catalytic converter is a simple device that uses basic redox reactions to reduce the pollutants a car makes. It converts around 98% of the harmful fumes produced by a car engine into less harmful gases. It is composed of a metal housing with a ceramic honeycomb-like interior with insulating layers. This honeycomb interior has thin wall channels that are coated with a wash coat of aluminum oxide. This coating is porous and increases the surface area, allowing more reactions to take place and containing precious metals such as platinum, rhodium, and palladium. No more than 4-9 grams of these precious metals are used in a single converter. A two-way (or "oxidation", sometimes called an "oxi-cat") catalytic converter has two simultaneous tasks:    Oxidation of carbon monoxide to carbon dioxide and oxidation of hydrocarbons (unburnt and partially burned fuel) to carbon dioxide and water.
Another catalytic converter configuration that is extremely important for modern emission control systems is called the three-way catalyst (TWC). It uses a specific catalyst formulation containing platinum, palladium, and rhodium to reduce NOx and oxidize HC and CO all at the same time. It is called three-way because it simultaneously reduces the concentration of all three major undesirable exhaust gases. The TWC uses a specific chemical design to reduce all three major emissions (HC, CO, and NOx) by ~ 90%.
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Photochemical Smog
Photochemical smog is a major contributor to air pollution. The word “smog” was originally coined as a mixture of “smoke” and “fog” and was historically used to describe air pollution produced from the burning of coal, which released smoke and sulfur dioxide. Nineteenth and 20th century London was particularly well-known for this type of air pollution. The “Great Smog of 1952” was identify
ied as the cause of over 4,000 deaths in London. 
This type of air pollution is formed through the reaction of solar radiation with airborne pollutants like nitrogen oxides and volatile organic compounds. These compounds, which are called primary pollutants, are often introduced into the atmosphere through automobile emissions and industrial processes. Ultraviolet light can split nitrogen dioxide into nitric oxide and monatomic oxygen; this monatomic oxygen can then react with oxygen gas to form ozone. Products like ozone, aldehydes, and peroxyacetyl nitrates are called secondary pollutants. The mixture of these primary and secondary pollutants forms photochemical smog.
Chemistry of stratosphere
Chemical processes in the stratosphere are intimately connected with the phenomenon of the ozone layer in the 15- to 35-km altitude regime. The significance of the ozone layer is twofold: on one hand it absorbs ultraviolet solar radiation at wavelengths below 300 nm, so that this biologically harmful radiation is prevented from reaching the Earth surface; on the other hand it dissipates the absorbed energy as heat, thereby giving rise to the temperature peak at the stratopause.
The earth's stratospheric ozone layer plays a critical role in absorbing ultraviolet radiation emitted by the sun. In the last thirty years, it has been discovered that stratospheric ozone is depleting as a result of anthropogenic pollutants. There are a number of chemical reactions that can deplete stratospheric ozone; however, some of the most significant of these involves the catalytic destruction of ozone by halogen radicals such as chlorine and bromine.
Ozone depletion is largely a result of man-made substances. Humans have introduced gases and chemicals into the atmosphere that have rapidly depleted the ozone layer in the last century. This depletion makes humans more vulnerable to the UV-B rays which are known to cause skin cancer as well as other genetic deformities. The possibility of ozone depletion was first introduced by scientists in the late 1960's as dreams of supersonic transport began to become a reality. Scientists had long been aware that nitric oxide (NO) can catalytically react with ozone (O3) to produce O2 molecules; however, NO molecules produced at ground level have a half life far too short to make it into the stratosphere. It was not until the advent of commercial supersonic jets (which fly in the stratosphere and at an altitude much higher than conventional jets) that the potential for NO to react with stratospheric ozone became a possibility.
Fear of ozone depletion was abated until 1974 when Sherwood Rowland and Mario Molina discovered that chlorofluorocarbons could be photolyzed by high energy photons in the stratosphere. They discovered that this process could release chlorine radicals that would catalytically react with O3 and destroy the molecule. This process is called the Rowland-Molina theory of O3 depletion.
The ozone layer is created when ultraviolet rays react with oxygen molecules (O2) to create ozone (O3) and atomic oxygen (O). This process is called the Chapman cycle.
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CFC molecules are made up of chlorine, fluorine and carbon atoms and are extremely stable. This extreme stability allows CFC's to slowly make their way into the stratosphere (most molecules decompose before they can cross into the stratosphere from the troposphere). This prolonged life in the atmosphere allows them to reach great altitudes where photons are more energetic. When the CFC's come into contact with these high energy photons, their individual components are freed from the whole. The following reaction displays how Cl atoms have an ozone destroying cycle:
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Chlorine is able to destroy so much of the ozone because it acts as a catalyst. Chlorine initiates the breakdown of ozone and combines with freed oxygen to create two oxygen molecules. After each reaction, chlorine begins the destructive cycle again with another ozone molecule. One chlorine atom can thereby destroy thousands of ozone molecules. Because ozone molecules are being broken down they are unable to absorb any ultraviolet light so we experience more intense UV radiation at the earth’s surface.
Ozone hole over Antarctica
The ozone hole first appeared over Antarctica because atmospheric and chemical conditions unique to this region increase the effectiveness of ozone destruction by reactive halogen gases. In addition to an abundance of these reactive gases, the formation of the Antarctic ozone hole requires temperatures low enough to form polar stratospheric clouds (PSCs), isolation from air in other stratospheric regions, and sunlight. Low temperatures are important because they allow liquid and solid PSCs to form.  Reactions on the surfaces of these PSCs initiate  a  remarkable  increase  in  the  most  reactive  chlorine  gas,  chlorine  monoxide  (ClO). Reactions on PSCs cause the highly reactive chlorine gas ClO to be formed, which is very effective in the chemical destruction of ozone. Again, during summer season, the accumulation of CFC’s gets activated causing much damage to ozone.   
Hydrosphere
A hydrosphere is the total amount of water on a planet. The hydrosphere includes water that is on the surface of the planet, underground, and in the air. A planet's hydrosphere can be liquid, vapor, or ice.
On Earth, liquid water exists on the surface in the form of oceans, lakes and rivers. It also exists below ground—as groundwater, in wells and aquifers. Water vapor is most visible as clouds and fog. The frozen part of Earth's hydrosphere is made of ice: glaciers, ice caps and icebergs. The frozen part of the hydrosphere has its own name, the cryosphere. 
Hydrological or water cycle
Water moves through the hydrosphere in a cycle. Water collects in clouds, then falls to Earth in the form of rain or snow. This water collects in rivers, lakes and oceans. Then it evaporates into the atmosphere to start the cycle all over again. This is called the water cycle.
Hydrological cycle is the cyclic movement of water containing basic continuous processes like evaporation, precipitation and runoff as Runoff –>  Evaporation –> Precipitation  –> Runoff. This is a continuous cycle which starts with evaporation from the water bodies such as oceans.
The major components involve 
1. Runoff-it is the water flowing over the land making its way towards rivers, lakes, oceans etc. as surface or subsurface flow. Surface runoff: it is the running water over the land and which ultimately discharge water to the sea. Subsurface runoff: The water getting infiltrated into pervious soil mass, making its way towards rivers and lakes can be termed as subsurface runoff.
2. Precipitation-It is the fall of moisture from atmosphere to the earth’s surface in any form. Example: rain, hail, snow, sleet, glaze, drizzle, snowflakes.
3. Evaporation-It is the conversion of natural liquids like water into gaseous form like air.
4. Condensation-It is the conversion of a vapor or gas to a liquid.
5. Transpiration-it is the evaporation taking place from any plant or greenery. Example, water droplet on a leaf getting evaporated into atmosphere
6. Evapotranspiration-it is the combination of evaporation and transpiration.
7. Infiltration- It is the process of filtration of water to the inner layers of soil based on its structure and nature. Pervious soils go through more infiltration than impervious. Infiltration in soils like sand, gravel and coarser material is more and for finer soil particles like clay and silt, infiltration is less.
Infiltration is inversely proportional to runoff. In a soil, if infiltration is less, then runoff is more, similarly more infiltration gives less runoff. Example: bitumen roads has more runoff than metallic red mud roads.
Process of hydrological cycle starts with oceans. Water in oceans, gets evaporated due to heat energy provided by solar radiation and forms water vapor. This water vapor moves upwards to higher altitudes forming clouds.
Most of the clouds condense and precipitate in any form like rain, hail, snow, sleet. And a part of clouds is driven to land by winds. Precipitation, while falling to the ground, some part of it evaporates back to atmosphere.
Portion of water that reaches the ground, enters the earth’s surface infiltrating various strata of soil and enhancing the moisture content as well as water table.
Vegetation sends a portion of water from earth’s surface back to atmosphere through the process of transpiration. Once water percolates and infiltrates the earth’s surface, runoff is formed over the land, flowing through the contours of land heading towards river and lakes and finally joins into oceans after many years. Some amount of water is retained as depression storage.
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Properties of water
Surface Tension, Heat of Vaporization, and Vapor Pressure
Besides mercury, water has the highest surface tension for all liquids. Water's high surface tension is due to the hydrogen bonding in water molecules. Water also has an exceptionally high heat of vaporization. Vaporization occurs when a liquid changes to a gas, which makes it an endothermic reaction. Water's heat of vaporization is 41 kJ/mol. Vapor pressure is inversely related to intermolecular forces, so those with stronger intermolecular forces have a lower vapor pressure. Water has very strong intermolecular forces, hence the low vapor pressure, but it's even lower compared to larger molecules with low vapor pressures.
All substances, including water, become less dense when they are heated and denser when they are cooled. So if water is cooled, it becomes denser and forms ice. Because of water's polarity, it is able to dissolve or dissociate many particles. Oxygen has a slightly negative charge, while the two hydrogens have a slightly positive charge. The slightly negative particles of a compound will be attracted to water's hydrogen atoms, while the slightly positive particles will be attracted to water's oxygen molecule; this causes the compound to dissociate. 
The Acid-Base Properties of water 
One of its special properties is its ability to function as an acid or as a base. Water is a very weak electrolyte and due to that it is a poor conductor of electricity. It undergoes ionization to a small extent as shown below:
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This reaction is also known as autoionization (partial ionization).  Within the framework of Bronsted, autoionization of water can be explained by the following equation.
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Here one water molecule acts as an acid and another water molecule as a base.  Therefore, the conjugate acid-base pairs are (1) H2O(acid1) and OH-(base1) and (2) H3O+(acid2) and H2O(base2).  
CO2 in water
Carbon Dioxide exists in most natural waters. Carbon dioxide content is closely related to pH. pH decreases as carbon dioxide content increases and pH goes up as carbonate alkalinity goes up. The gas CO2 is quite soluble in water in which more than 99% exists as the dissolved gas and less than 1 % as carbonic acid H2C03 , which partly dissociates to give H+, HCO- , and CO23-.
CO2 contributes 0.033% to the composition of the atmosphere, which means that its concentration in air at 10°C is about 1.4 x10-5 mol dm-3. At this temperature its solubility in water is 0.064 mol per kg water, at a partial pressure of 1 atm CO2. At such low pressure the solubility follows Henry's law, i.e., the concentration of a gas in solution is directly proportional to the partial pressure of the gas in the vapor phase in equilibrium with that solution. Therefore 2.1 x 10-5 mol dm-3 CO2 are dissolved in water at the partial pressure of CO2 in air (3.3 x 10-4 atm) and CO2 is nearly evenly distributed between air and water. 
BOD, COD and DO
Wastewater from sewage treatment plants often contains organic materials that are decomposed by microorganisms, which use oxygen in the process.
The chemical oxygen demand (COD) test is commonly used to indirectly measure the amount of organic compounds in water. Most applications of COD determine the amount of organic pollutants found in surface water (e.g. lakes and rivers) or wastewater, making COD a useful measure of water quality. It is expressed in milligrams per liter (mg/L), which indicates the mass of oxygen consumed per liter of solution. 
Biochemical oxygen demand (BOD) is the amount of dissolved oxygen needed by aerobic biological organisms in a body of water to break down organic material present in a given water sample at certain temperature over a specific time period. The term also refers to a chemical procedure for determining this amount. This is not a precise quantitative test, although it is widely used as an indication of the organic quality of water. The BOD value is most commonly expressed in milligrams of oxygen consumed per liter of sample during 5 days of incubation at 20 °C and is often used as a robust surrogate of the degree of organic pollution of water.
Dissolved oxygen (DO) is one of the most important indicators of water quality. It is essential for the survival of fish and other aquatic organisms. Oxygen dissolves in surface water due to the aerating action of winds. Oxygen is also introduced into the water as a byproduct of aquatic plant photosynthesis. Amount of oxygen dissolved (and hence available to sustain marine life) in a body of water such as a lake, river, or stream. Thus DO is the most important indicator of the health of a water body and its capacity to support a balanced aquatic ecosystem of plants and animals. Wastewater containing organic (oxygen consuming) pollutants depletes the dissolved oxygen and may lead to the death of marine organisms.
Redox status in soil
Redox reactions are important aspects of soil chemistry. Redox reactions change the speciation and solubility of many elements, create new compounds and alter the biochemistry of soils. In a complex mixture such as soils the interpretation of redox relationships is difficult. Since the dynamics of soil oxygen which drives the changes in redox potential are rapid, equilibrium may not be attained. Processes which reduce oxygen levels and decrease redox potentials are driven by microbial consumption of oxygen. 
Oxidation-reduction is a chemical reaction in which electrons are transferred from a donor to an acceptor. The electron donor loses electrons and increases its oxidation number or is oxidized; the acceptor gains electrons and decreases its oxidation number or is reduced. The source of electrons for biological reductions is organic matter. The driving force of a chemical reaction is the tendency of the free energy of the system to decrease until, at equilibrium, the sum of the free energies of the products equals that of the remaining reactants. In a reversible oxidation-reduction reaction, this force can be measured in calories or in volts. Redox reactions in soils are mainly controlled by microbial activity. Organisms use organic substances such as carbon sources as electron donors during respiration. Molecular oxygen acts as the preferred electron acceptor as long as it is available. Flooding the field for subsequent rice cultivation cuts off the oxygen supply from the atmosphere, the microbial activities switch from aerobic to facultative and to anaerobic fermentation of organic matter where alternative electron acceptors are used.
In the absence of oxygen, facultative and obligate anaerobes use NO3-, Mn(IV), Fe(III), SO42-
dissimilation products of organic matter, CO2, N2, and even H+ ions as electron acceptors in their
respiration reducing NO32- to N2, Mn(IV) to Mn(II), Fe(III) to Fe(II), SO42- to H2S, CO2to CH4,
N2 to NH4, and H+ to H2. Also, anaerobic respiration produces substances that reduce soil components chemically. Thus the switch from aerobic to anaerobic respiration ushers in the reduction of the soil.
The requirements for soil reduction are the absence of oxygen, the presence of decomposable
organic matter, and anaerobic bacterial activity. The course, rate, and degree of reduction are
influenced by the nature and content of organic matter, temperature, the nature and content of
electron acceptors, and pH. Also, air-drying a wet soil intensifies reduction after submergence
and N, P, K fertilizers accelerate reduction in soils deficient in these nutrients.
When an aerobic soil is submerged, its pH decreases during the first few days, reaches a minimum, and then increases asymptotically to a fairly stable value of 6.7-7.2 a few weeks later. The overall effect of submergence is to increase the pH of acid soils and to depress the pH of sodic and calcareous soils.

Redox reactions are those which involve a simultaneous reduction and oxidation. An example common in soil science is the oxidation of ferrous to ferric iron by the reduction of oxygen in the presence of water.
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pE-pH of soil and Pourbaix diagram
Redox potential (also known as oxidation / reduction potential, ORP, pe, ε, or Eh) is a measure of the tendency of a chemical species to acquire electrons from or lose electrons to an electrode and thereby be reduced or oxidised, respectively. Redox potential is measured in volts (V), or millivolts (mV). Each species has its own intrinsic redox potential; for example, the more positive the reduction potential, the greater the species' affinity for electrons and tendency to be reduced.
An aerobic soil, which is an oxidizing environment, has an Eh of +800 mV; an anaerobic soil, which is a reducing environment, has a negative Eh which can reach −300 mV. Oxygen is found in soils at a redox potential of about +800 mV. When soil is placed in a closed container, oxygen is used by aerobic organisms as a terminal electron acceptor until all of it is depleted. As this process occurs, the redox potential of the soil decreases, and other compounds can be used as terminal electron acceptors.
Redox potential is proportional to the equivalent free energy change per mole of electrons associated with a given reduction happening in soil. The proton activity is defined as pH = — log(H+)  and electron activity as pE = — [image: ]. pE is large and positive in strongly oxidizing solutions (low electron activity), just as pH is high in strongly alkaline solutions (low proton activity). Thus, both pH and pE are intensity factors of free energy levels and are not related to capacity or condition (e.g., alkalinity and acidity of soil).
Soil Eh fluctuates normally between−300 and+900 mV. Water logged soils have an Eh below +350 to +250 mV and dry soils above +380 to +400 mV, according to various studies. Four main classes of soil conditions can be determined according to Eh: Aerated soils have an Eh over +400 mV; moderately reduced soils between +100 and +400 mV; reduced soils between −100 and +100 mV; and highly reduced soils between −100 and −300 mV. Cultivated soils are most frequently in the range of +300 and +500 mV under aerobic conditions. Most cultivated soils have a pH between 4 and 9, but a pH below 3 and above 10 can be measured in acid sulfate soils or sodic soils, respectively.
Soil acidity is a natural and induced chemical condition of soils that can:
· decrease the availability of essential nutrients;
· increase the impact of toxic elements;
· decrease plant production and water use;
· affect essential soil biological functions like nitrogen fixation; and
· make soil more vulnerable to soil structure decline and erosion.
The process of soil acidification is a potentially serious land degradation issue. Without treatment, soil acidification will have a major impact on agricultural productivity and sustainable farming systems and acidification can also extend into subsoil layers posing serious problems for plant root development and remedial action. In some regions, there has been a drop of one pH unit over the last 20 to 30 years. Already, some farming areas have lost the ability to grow preferred agricultural species simply because, without lime, the soil is too acid.
Soil acidity occurs naturally in higher rainfall areas and can vary according to the landscape geology, clay mineralogy, soil texture and buffering capacity. Soil acidification is a natural process, accelerated by some agricultural practices. 
Soil pH is a measure of acidity or alkalinity. A pH of 7 is neutral, above 7 is alkaline and below 7 is acid. Because pH is measured on a logarithimc scale, a pH of 6 is 10 times more acid than a pH of 7. Soil pH can be measured either in water (pHw) por in calcium chloride (pHCa) and the pH will vary depending on the method used. As a general rule, pH measured in calcium chloride is 0.7 of a pH unit lower than pH measured in water. When a laboratory measures your soil's pH it is important that they specify which method (water or calcium chloride) was used.
Soil pH is considered a master variable in soils as it affects many chemical processes. It specifically affects plant nutrient availability by controlling the chemical forms of the different nutrients and influencing the chemical reactions they undergo. The optimum pH range for most plants is between 5.5 and 7.5; however, many plants have adapted to thrive at pH values outside this range.
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Ammonium-based fertilisers are major contributors to soil acidification. Nitrogen in agricultural systems may be fixed from the atmosphere by legumes, decomposed from soil organic matter (the dead remains of plants and animals) by soil organisms, or added in various types of fertilisers. Different nitrogen fertilisers follow slightly different chemical pathways as they break down in the soil and contribute different amounts of hydrogen ions (acid) to the soil. Ammonium-based fertilisers are the major contributors to soil acidification, especially if the nitrogen is leached rather than taken up by plants. Oxidation of some primary minerals, especially sulfides and those containing Fe2+, generate acidity; acid rain also.
The effects of pH on the form in which an element in a given oxidation state exists in natural soil or waters can be summarized with predominance diagrams. Knowledge of the pH condition of the soil is not sufficient for predicting the form in which an element will exist in it. Also we must consider whether the aqueous environment is well aerated (oxidizing) or polluted with organic wastes (reducing). Thus the predominance diagram has to include the reduction potential of the soil as well as the pH. This type of predominance diagram is known as a Pourbaix diagram or Eo-pH diagram, or pE-pH diagram.
There are  four regions  in  the diagram  corresponding  to  oxidizing  (acidic),  oxidizing  (alkaline), reducing (acidic) and reducing (alkaline) environments.The  basic  diagram  for  aqueous  environment  involves  upper  and  lower,stability limits for water, represented by the oxygen (universal oxidizing agent) and hydrogen (universal reducing agent) reactions.
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Predominance diagrams for phosphorous (V)
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Pourbaix diagram for 1 M iron solutions
Key features
· Solid lines separate species related by acid-base equilibria (line a)
· Solid double lines separate species related by redox equilibria (lines c & d)
· redox equilibria of species not involving hydrogen or hydroxide ions appear as horizontal boundaries (line b)
· redox species of species involving hydrogen or hydroxide appear as diagonal boundaries becuase they are in part acid-base equilibria (line c)
· Longer dashed lines enclose the theoretical region of stability of the water to oxidation or reduction ((lines d & f) while shorter dashed lines enclose the practical region of stability of the water (e & g)
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Pourbaix diagram for nitrogen 
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Pourbaix diagram for S 




Acid-neutralizing capacity or ANC in short is a measure for the overall buffering capacity against acidification of soil. ANC is defined as the difference between cations of strong bases and anions of strong acids, or dynamically as the amount of acid needed to change the pH value from the sample's value to a chosen different value. ANC is often used in models to calculate acidification levels from acid rain pollution in different geographical areas, and as a basis for calculating critical loads for forest soils and surface waters.
Soil acidity increases the concentrations of phytotoxic monomeric inorganic aluminium species in the soil solution of mineral soils. This leads to increased soil exchangeable aluminium content.  Aluminium phytotoxicity together with deficiencies of nutrients such as calcium, magnesium, potassium and phosphorus are major causes of acid-induced soil infertility. Liming alone does not always alleviate the problem as addition of nutrients may also be required and the risk of over liming can cause other nutrient deficiencies. An option is to use organic matter additions as part of an integrated approach to ameliorate acid soils. The rocks that contain ANC minerals (calcite-chlorite-epidote) and are referred to as ANC rocks.
Soil acidity determination
Measurement  of  soil  pH  using  a  potentiometer  determines  the  degree  of  acidity  or  alkalinity  in  soils suspended in water and in 0.01Molar (M) calcium chloride solution.  The potentiometer is calibrated with buffer solutions of known pH prior to the analysis of samples. pH  measurements  are determined  in both  water  and  a  calcium  chloride  solution  because  the  calcium displaces some  of the exchangeable aluminum.  The low ionic strength counters the dilution effect  on the exchange  equilibrium  by  setting  the  salt  concentration  of  the  solution  closer  to  that  expected  in  the  soil solution.  The pH values obtained from the measurement of the calcium chloride solution are slightly lower than  those  measured  in  water  due  to  the  release  of  additional  aluminum  ions  that  hydrolyze.    Therefore, both measurements are required to fully define the character of the soil. The quantification can be theoretically calculated using Soil Profile Acidification Model developed by Helyar and Porter.
Speciation of ions 
It refers to the changing concentration of varying forms of an ion as the pH of the solution changes. The bioavailability and the potential toxicity of heavy metals in the environment depend on their speciation in the soil and the soil solution. The analytical task is rendered difficult because the individual chemical species are often present at nano- and pico molar concentration in natural systems. The bioavailability and toxicity of the metals in polluted soils are influenced by the total metal content and the metal ion speciation in the soil.
Various soil parameters are largely determined by the free metal ion (FMI) concentration in the soil pore water. The FMI concentration is influenced by the presence of soluble metal complexes (organic and inorganic). 
Metal speciation includes the chemical form of the metal in the soil solution, either as a free ion or complexed to a ligand, in the gaseous phase, and distributed amongst solid phases within the soil. A detailed definition of speciation includes the following components: (i) the identity of the contaminant of concern or interest, (ii) the oxidation state of the contaminant, (iii) associations and complexes to solids and dissolved species (surface complexes, metal-ligand bonds, surface precipitates), and (iv) the molecular geometry and coordination environment of the metal.
Cation Exchange Capacity
Cation exchange capacity (CEC) is a measure of the soil’s ability to hold positively charged ions. It is a very important soil property influencing soil structure stability, nutrient availability, soil pH and the soil’s reaction to fertilizers and other ameliorants.
· Cation exchange capacity (CEC) is the total capacity of a soil to hold exchangeable cations.
· CEC is an inherent soil characteristic and is difficult to alter significantly.
· It influences the soil’s ability to hold onto essential nutrients and provides a buffer against soil acidification.
· Soils with a higher clay fraction tend to have a higher CEC.
· Organic matter has a very high CEC.
· Sandy soils rely heavily on the high CEC of organic matter for the retention of nutrients in the topsoil.
The clay mineral and organic matter components of soil have negatively charged sites on their surfaces which adsorb and hold positively charged ions (cations) by electrostatic force. This electrical charge is critical to the supply of nutrients to plants because many nutrients exist as cations. CEC is conventionally expressed in meq/100 g (Rengasamy and Churchman 1999) which is numerically equal to centimoles of charge per kilogram of exchanger (cmol(+)/kg). Soils with a low CEC are more likely to develop deficiencies in potassium (K+), magnesium (Mg2+) and other cations while high CEC soils are less susceptible to leaching of these cations.
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Redox reaction:
0, + 4Fe’™ +4H* = 4Fe’ + 2H,0

The reduction and oxidation can also be written as separate
steps, called half-reactions:

e Reduction

0, +4H* + 4e~ = 2H,0
e Oxidation

4Fe’ = 4Fe’ +4e”
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Step 1: An oxygen molecules is photolyzed by solar radiation, creating two oxygen radicals:

hv+ 0y — 20
Step 2: Oxygen radicals then react with molecular oxygen to produce ozone:

02+0 03
Step 3: Ozone then reacts with an additional oxygen radical to form molecular oxygen:

03+ 0 20,
Step 4: Ozone can also be recycled into molecular oxygen by reacting with a photon:

O3 +hv— 03+ 0O
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Cl+ 03 = CIO + 02
ClO+0 — Cl+0;
03+ 0 — 20




