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11.1 Water 
Water, the most common compound on Earth, is essential for our survival and existence. It covers over 70% of 

Earth's surface and is found in bones, kidneys, and blood. 

 
Water has many other important uses besides sustaining life. These include in the home:  

» Cooking  

» Cleaning  

» Drinking.  

 

In industry:  

» As a solvent  

» As a coolant  

» For cleaning  

» As a chemical reactant. 

 

The unique properties of water  

Water is a unique substance. Not only is it an excellent solvent for many ionic substances, such as sodium chloride, 

but it also has some unusual properties. 
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Water pollution and treatment 

Fresh water is crucial for global health and well-being, but 

pollution affects its quality, leading to waterborne diseases like 

cholera and typhoid. Agriculture requires water for crop irrigation, 

especially in hot climates, to meet the growing population. 

 

As water falls through the atmosphere, on to and then through the 

surface of the Earth, it dissolves a tremendous variety of substances 

including: 

 

»Carbon dioxide and oxygen, released by vehicles and industry, 

contribute to increasing water acidity, benefiting aquatic life but 

causing a decrease in oxygen levels in rivers and oceans. 

 

»Chemical fertilisers and detergents from agricultural waste and 

industrial use add nitrate and phosphate ions to water, leading to 

deoxygenation and disrupting sensitive ecosystems. These ions 

encourage algae growth and degrade water. 

 

»Metal compounds in industrial wastewater, including harmful 

chemicals like cadmium and mercury, can be toxic, but some are 

beneficial, particularly calcium-containing compounds, essential 

for bone and tooth growth. 

 

»Human waste from sewage. Sewage contains harmful microbes 

which cause disease. 

 

»Plastic waste, containing insoluble impurities like oil, is polluting our streams, rivers, and oceans, causing harm to 

aquatic and human life. 

 

A lot of drinking water is obtained from lakes and rivers where the pollution levels are low (Figure 11.7). 

Undesirable materials are removed from water by the process of water treatment, which involves both filtration 

and chlorination and is summarised in Figure 11.8.  

 

1. Impure water is passed through screens to filter out floating debris.  

 

2. Aluminium sulfate is added to coagulate small particles of clay so that they form larger clumps, which settle 

more rapidly 

 

3 Filtration through coarse sand traps larger, insoluble particles. The sand also contains specially grown microbes 

which remove some of the bacteria.  

 

4. A sedimentation tank has chemicals known as flocculants,  

 

5. These particles are removed by further filtration through fine sand.  
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11.2 Artificial fertilizers 
If ammonia is then reacted with the nitric acid, ammonium 

nitrate is produced. This gives us the basic reaction to produce 

many artificial fertilizers. 

 
Ammonium nitrate (Nitram®) is a widely used nitrogenous 

fertiliser, essential for farmers to produce enough crops to feed 

the growing world population. It replaces nutrients like 

nitrogen, phosphorus, potassium, calcium, magnesium, sodium, 

sulfur, copper, and iron. 

 

Problems with fertilisers 

Artificial fertilisers can cause problems if not used correctly, leading to 

leaching and eutrophication. This process causes algae to multiply rapidly, 

turning water green and removing oxygen, causing insufficient oxygen for fish 

and other organisms. Concerns also arise about the impact of agricultural 

fertilizers, particularly nitrates, on public water supply. 
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11.3 The air 
The composition of the atmosphere  

If a sample of dry, unpolluted air was taken from any location in the atmosphere close to the Earth and analysed, 

the composition by volume of the sample would be similar to that shown in Table 11.2. 

 
Plants produce oxygen in the atmosphere through photosynthesis, which uses carbon dioxide and water to 

synthesize glucose and oxygen in green leaves, which contain chlorophyll. 

 
Scientists have recently detected an increase in atmospheric carbon dioxide to around 0.04%, affecting Earth's 

climate. The greenhouse effect, which causes global warming, is believed to be the cause. If carbon dioxide levels 

build up, the Earth's average temperature will rise. 

11.4 Atmospheric pollution 
This chapter discusses the importance of water and air resources in our environment, which are constantly polluted 

by humans. Air pollution, primarily from fossil fuel combustion and smoking, is increasing due to the growing 

population and increased demand for energy, industries, and motor vehicles. The effects of air pollution and 

methods to control or eliminate it are discussed. 
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Catalytic converters 

Many countries require new petrol cars to have catalytic converters in their exhaust systems to reduce pollution. 

Car exhaust fumes contain pollutants like carbon monoxide and nitrogen oxides. The catalytic converter speeds up 

the reaction by lowering activation energy, converting pollutants into carbon dioxide and nitrogen. The removal of 

nitrogen oxides is crucial as they cause respiratory disease and contribute to the production of photochemical 

smog, a major air pollutant. The catalyst is made from transition metals like platinum or rhodium. 

 

Particulates  

Global concern over rising particulates in the air, including smoke from diesel 

engines and dust, is heightened due to incomplete combustion of fuels like wood or 

coal. 

Acid rain 

Acid rain is caused by sulfur dioxide emissions from motor vehicles, heavy industry, and power stations. Rainwater, 

naturally acidic, dissolves carbon dioxide gas from the atmosphere, resulting in sulfurous acid (H2SO3) and sulfuric 

acid (H2SO4). Nitrogen dioxide (NO2), produced in vehicle engines, also contributes to acid rain. Acid rain is a 

growing concern in Asia, with China and India having the highest sulfur dioxide emissions. It can damage buildings, 

soils, and ecosystems. 
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Acid rain is reduced by catalytic converters removing nitrogen oxides 

from engine hot gases. Flue gas desulfurisation (FGD) units prevent 

sulfur dioxide emissions by passing sulfur dioxide through calcium 

oxide in water. Calcium sulfite is created, oxidized to sulfate, which can 

be sold for plasterboard production. 

Global warming 

The greenhouse effect occurs when certain gases in the Earth's 

atmosphere trap the Sun's heat, causing the Earth's temperature to 

rise. High levels of carbon dioxide, for example, contribute to climate 

change. The Earth absorbs some Sun energy, while the rest is reflected 

back into space. Greenhouse gases, like carbon dioxide, prevent heat 

from escaping, similar to a greenhouse effect. Other greenhouse 

gases, like methane, also contribute to this effect. 

 

The amount of carbon dioxide in the atmosphere is increasing for 

three reasons:  

 

» Major deforestation taking place in several countries of the world. 

Trees act as the lungs of the planet. During photosynthesis they 

absorb carbon dioxide and release oxygen. 

 

» Pollution of our rivers and oceans. The more pollutants that are 

dissolving in these systems, the less carbon dioxide that can dissolve 

in the water.  

 

» Large increase in the amounts of carbon dioxide released by the 

continued burning of large quantities of fossil fuels by industry and 

transport. 

 

The greenhouse effect's higher temperatures will cause ice caps to 

melt, flooding low-lying areas, and alter weather patterns, impacting 

agriculture worldwide. Incomplete combustion of diesel produces 

carbon particles, which reduce snow reflectivity, increasing melting in 

mountainous and northern and southern pole areas. 

How can we reduce the effects of global warming?  

There are several actions that can be taken to reduce the effects of global warming: 

 

» Plant more trees and reduce the amount of deforestation taking place worldwide. This will cause more carbon 

dioxide to be absorbed from the atmosphere through photosynthesis. 

 

» Alternative fuels can help reduce carbon dioxide emissions by burning fewer fossil fuels. However, sustainability is 

crucial, as fossil fuels are not renewable or sustainable. Table 11.4 outlines the advantages and disadvantages of 

these alternatives, as well as their perceived advantages and disadvantages. 
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» To combat global warming, increase energy efficiency in homes, 

consider insulating homes, turning off lights when not needed, and 

consider essential travel options to reduce carbon dioxide emissions. 

 

» Increase the use of renewable energy sources such as solar, wind and 

tidal.  

 

» Significantly reduce livestock farming to cut down the amount of 

methane released into the atmosphere. 
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Revision questions 
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