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GRADE 10A: Chemistry 5 

Environmental chemistry 

About this unit 
This unit is the fifth of six units on chemistry for 
Grade 10 advanced. 

The unit is designed to guide your planning and 
teaching of chemistry lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grades 11A and 12A and 
Grade 9. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this will build on 
earlier work. Review the unit at the end, drawing 
out the main learning points, links to other work 
and real world applications. 

Previous learning 
To meet the expectations of this unit, students should already know the most 
significant sources of air pollution and be able to explain ‘global warming’ – 
what causes it and why it is a reason for concern. They should be able to 
describe the processes that put carbon dioxide into the atmosphere and 
those that remove it. They should be able to describe the processes that 
lead to acid rainfall and list the consequences of it. They should be able to 
list the main sources of water pollution and some of the processes that use 
up dissolved oxygen in water. They should know what happens to water that 
has become depleted in oxygen. 
 

Expectations 
By the end of the unit, students understand how carbon, nitrogen and 
water are recycled in nature and that many of our activities interfere with 
these processes. They know the main atmospheric pollutants and many of 
their effects. They understand the importance of not polluting watercourses 
and know the processes by which potable water is made. They understand 
the processes by which run-off enriched in nutrients can cause water 
sources, including the sea, to become depleted in oxygen and life. 

Students who progress further know that economic considerations 
determine what commercial processes commonly exist and where, and that 
economic advantages of such processes must be balanced against 
environmental threats. 

Resources 
The main resources needed for this unit are: 
• diagrams of the carbon and nitrogen cycles with labels removed; separate 

labels (may be in electronic format) 
• vacuum pump, Dreschel bottle, pH meter, Draeger tubes and pumps for 

NOx, CO 
• small-grid graph paper, twin-sided sticky tape, magnifying glasses 
• data on CO2 levels and temperature over time 
• role cards (see activities for details) 
• data on specific heat capacities and specific latent heats for a range of 

liquids 
• class set of small whiteboards, marker pens and eraser cloths 
• small pebbles, grit, gravel, sand, empty plastic drinks bottles 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• carbon cycle, nitrogen cycle 
• pollutant, residence time 
• emissions, atmosphere, environment 
• photochemical, free radical reactions, primary pollutants, secondary 

pollutants 
• stratosphere, troposphere, ozone depletion 
• global warming 
• potable, eutrophication 
 

UNIT 10AC.5 
10 hours 
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Standards for the unit 

10 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 10 standards 

 EXTENSION STANDARDS 

9.14.1 Know that materials such as wood, 
wool and cotton, that are derived 
from living things, have molecular 
structures that consist of a skeleton 
of carbon atoms with atoms of a 
small number of other elements 
joined to them. 

10A.22.1 Understand how carbon and nitrogen are recycled in nature and recognise 
that many of our activities interfere with these processes. 

 

 

 10A.22.2 Know that human activities often involve the release into the atmosphere of 
undesirable gases and that, in most cases, there are natural processes 
(sinks) that remove these. Recognise that the concept of residence time 
relates to the relative rates at which a substance is supplied to and 
removed from the atmosphere. 

 

9.15.1 List and explain the most significant 
sources of air pollution. 

10A.22.3 Know that carbon particles, carbon monoxide, sulfur dioxide and oxides of 
nitrogen may be released as a result of the combustion of hydrocarbon-
based fuels and know the damage that these emissions can inflict on the 
environment. 

  

 10A.22.4 Know that ozone is a form of oxygen formed when oxygen is subject to 
electrostatic discharges or high-energy radiation, such as in the upper 
atmosphere. 

11A.21.4 Know that ozone is a form of oxygen 
formed when oxygen is subjected to 
electrostatic discharges or high-
energy radiation and that it is a 
powerful oxidising agent. 

9.15.3 Know that air pollution is an 
inevitable consequence of the 
petrochemical and petroleum 
industries and explain steps taken by 
companies to minimise it. 

9.15.4 Describe the processes that lead to 
acid rainfall and list the 
consequences of it. 

10A.22.5 Know that the pollutants from vehicle emissions can have consequences 
such as acid rain and the formation in the lower atmosphere, by 
photochemical free-radical reactions, of a number of hazardous 
compounds (such as peroxyacetyl nitrate and ozone). 

 

2 hours 

Cycles 

 

5 hours 

Humans and the 
atmosphere 

 

3 hours 

Humans and 
global water  

 

 10A.22.6 Know the main features of the structure of the atmosphere and describe 
the role of ozone in the stratosphere in reducing the intensity of harmful 
ultraviolet radiation reaching the Earth’s surface; describe the process by 
which this layer is being damaged by free halogen atoms resulting from 
indiscriminate use of chlorofluorocarbons (CFCs). 

11A.21.5 Know the physiological effects of 
ozone and recognise that in the lower 
atmosphere it is a pollutant but that in 
the upper atmosphere it protects 
living materials from destructive high-
energy radiation. 

Unit 10AC.5 
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10 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 10 standards 

 EXTENSION STANDARDS 

9.15.2 Explain the causes of ‘global 
warming’; know why scientists are 
concerned about it and the steps 
they propose to counter it. 

10A.22.7 Know why the build up of some gases, such as methane and carbon 
dioxide, in the atmosphere is leading to a warming of the atmosphere and 
climate changes. 

  

 10A.22.8 Outline developments and processes that have been introduced to reduce 
the main sources of atmospheric pollution. 

 

 10A.22.9 Recognise the many functions of the oceans in regulating climate.  

 10A.22.10 Describe the water cycle and be aware of the importance of maintaining 
unpolluted groundwater, waterways and seas. 

 

5.9.3 Investigate how waste water is 
treated in Doha. 

5.9.4 Describe the process of getting 
drinking water from seawater in 
Qatar and know that the distillation 
process uses waste heat from 
producing electricity and that the 
steam is condensed using seawater 
as a coolant. 

10A.22.11 Explain the preparation of potable water from impure water by the 
separation of solid material and purification by chlorine. 

 

11A.21.12 Know the main uses of nitrates and 
understand their environmental 
impact. 

9.15.5 List and explain the main sources of 
pollution of water. 

10A.22.12 Explain the need for nitrogen- and phosphate-containing fertilisers and 
describe how their indiscriminate use can lead to pollution of ground- and 
riverwater. 

11A.21.14 Recognise the importance of nitrogen 
and phosphorous to living things. 

9.15.7 Explain the importance of 
maintaining the concentration of 
dissolved oxygen in water and 
describe some of the processes that 
reduce it. 

10A.22.13 Describe the process of eutrophication and its effect on water sources.  

 

9.15.6 Know that pollution of the sea by 
waste heat from industry is a major 
problem for Qatar industry; know 
how this form of pollution is being 
prevented. 

10A.22.14 Understand the problems associated with the disposal of waste heat in 
large industrial complexes. 

12A.18.4 Show an understanding of the 
balance that often has to be made 
between the economic advantages 
that industrial processes bring to 
Qatar and the environmental threat 
that they pose. 
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Activities 

Objectives Possible teaching activities Notes School resources 

2 hours  

Cycles 
Understand how carbon and 
nitrogen are recycled in nature 
and recognise that many of our 
activities interfere with these 
processes. 
 

Provide students with copies of the carbon cycle but remove all labels; provide a set of 
annotated labels. Tell students to work in pairs to cut and stick the labels onto the diagrams. 
(This might be a ‘drop and drag’ activity in an electronic format.) Then provide a different 
statement for each pair of students describing a human activity that will interfere with these 
processes (e.g. ‘the number of cars driven in Qatar is increasing’). After they have discussed as 
a pair how this will impact on the carbon cycle, ask them to report back to the whole class. 

Repeat the process for the nitrogen cycle. 

Enquiry skill 10A.2.3 

 

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Ask students, working in small groups, to research and summarise the main types of human 
activity giving rise to one particular undesirable gas in the atmosphere. Each group should 
research a different gas. Tell them to broaden their research to include the corresponding 
sink(s) associated with their gas. Ask them to consider what will happen to the gas if the source 
increases or decreases or the sink increases or decreases. This will lead to an appreciation of 
the notion of residence time.  

Ask each group to produce a public information leaflet to inform the wider public about 
residence times of gases. 

ICT opportunity: Use of the Internet. 

Enquiry skills 10A.1.6, 10A.1.8 

 5 hours 

Humans and the 
atmosphere 
Know that human activities 
often involve the release into 
the atmosphere of 
undesirable gases and that, 
in most cases, there are 
natural processes (sinks) that 
remove these. Recognise 
that the concept of residence 
time relates to the relative 
rates at which a substance is 
supplied to and removed from 
the atmosphere.  

Know that carbon particles, 
carbon monoxide, sulfur 
dioxide and oxides of 
nitrogen may be released as 
a result of the combustion of 
hydrocarbon-based fuels and 
know the damage that these 
emissions can inflict on the 
environment.  

[continued] 

Ask students work together to produce a large whole-class information poster on the outputs of 
combustion of hydrocarbon-based fuels. They should work in small groups, with each group 
contributing a different section to the poster. The inputs need to include primary and secondary 
pollutants, details on how they are formed, and the environmental impact. If possible, arrange for 
students to present their findings to a Grade 9 class, to parents or to other teachers in the school. 

Get students to measure the pH of a water sample before and after drawing atmospheric air 
through it. They will need to use a vacuum pump to draw the air through a Dreschel bottle 
containing the water.  

Also let them use Draeger tubes to measure the concentrations of different pollutants (e.g. NOx 
and CO) close to roads and in open ground and compare the results. Add these results to the 
class poster. 

Encourage them to plan and carry out an investigation to measure particulates in the 
atmosphere in different places around the school. This can be done by cutting small-squared 
graph paper into rectangles (4 cm × 2 cm), covering these in twin-sided sticky tape and placing 
them in a range of situations to collect airborne particulates. These can be counted (with the aid 
of a magnifying glass if needed) and compared. 

 
 
 
 
 

Students will need a vacuum pump and a 
Dreschel bottle. 
Enquiry skill 10A.4.1 

Students will need Draeger tubes. 
Safety: Make sure students take care near busy 
roads. 

Enquiry skills 10A.1.1–10A.1.5 

 

 

   

Unit 10AC.5 
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Objectives Possible teaching activities Notes School resources 

Split the class into two halves. Ask one half to work in small groups to study the science 
behind the discovery of the ozone hole, what the ozone layer is, how it is formed and why it is 
important. Ask the other half to work in small groups to research why the ozone hole occurs 
mainly in the southern hemisphere in spring, what causes it and its implications. Tell each 
half class to produce a one-page summary of their findings to copy and distribute round the 
whole class. 

Enquiry skills 10A.2.1, 10A.2.2,   

Then ask the two halves of the class to report their findings back to the whole class. Follow 
this with a whole-class debate on the role of each individual in reducing the damage to the 
ozone layer and see how their ideas compare with the recommendations in the Montreal 
protocol. 

  

[continued] 

Know that ozone is a form of 
oxygen formed when oxygen 
is subject to electrostatic 
discharges or high-energy 
radiation, such as in the 
upper atmosphere. 

Know that the pollutants from 
vehicle emissions can have 
consequences such as acid 
rain and the formation in the 
lower atmosphere, by 
photochemical free-radical 
reactions, of a number of 
hazardous compounds (such 
as peroxyacetyl nitrate and 
ozone).  

Know the main features of 
the structure the atmosphere 
and describe the role of 
ozone in the stratosphere in 
reducing the intensity of 
harmful ultraviolet radiation 
reaching the Earth’s surface; 
describe the process by 
which this layer is being 
damaged by free halogen 
atoms resulting from 
indiscriminate use of 
chlorofluorocarbons (CFCs).  

Know why the build up of 
some gases, such as 
methane and carbon dioxide, 
in the atmosphere is leading 
to a warming of the 
atmosphere and climate 
changes. 

Outline developments and 
processes that have been 
introduced to reduce the main 
sources of atmospheric 
pollution. 
 

Provide students with data on atmospheric temperature and carbon dioxide levels over time 
(geological and also over the last 300 years) and ask them to plot graphs using this data. Let 
them search the Internet for evidence for global warming and then evaluate whether the 
evidence clearly supports the theory of global warming (this might include break up of ice flows, 
loss of ice and snow from mountain peaks, scientific explanations of global warming). 

Then get students to prepare for a class debate. You will need several students to volunteer to 
be on a panel. Each member of the panel will take on a role (e.g. member of Greenpeace, 
director of a petrochemical company, politician from the environment department, employee in a 
car production plant, grandparent, forester). You might like to provide some ‘hint’ cards for each 
debater highlighting their main areas of concern (e.g. the car plant employee may be concerned 
that they will lose their job if carbon dioxide emissions are controlled through limiting car travel). 
When they are ready, each member of the panel makes a five-minute speech and takes 
questions from the rest of the class. When speeches and questions are finished, each panel 
member proposes what steps should be taken for the future (at a personal, local, national 
and/or international level) and the whole class votes on whether they agree or disagree.  

ICT opportunity: Use of the Internet. 

Enquiry skills 10A.3.1–10A.3.3 
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Objectives Possible teaching activities Notes School resources 

Provide each student with a small whiteboard, marker pen and eraser cloth. Quickly revise the 
water cycle by asking questions of the whole class and telling them to write their answers on 
their whiteboards and hold them up facing you. Address any areas of deficiency. 

Give students a map of an agricultural area with a waterway, a small industrial complex, a farm 
and a few houses clustered together. Provide an analysis of phosphate, nitrate, ammonium ion, 
dissolved oxygen and temperature for different labelled points along the waterway, and supply a 
photograph for each labelled point. The photographs and data should be consistent with arable 
farming ground, a waterway showing symptoms of eutrophication downstream from a farm, 
damage due to temperature rises in the water near the industry, and reduced oxygen levels 
near points in the waterway where raw sewage is deposited into the waterway. 

Ask students, in the role of an environmental analyst, to write a report describing the following 
for each point: 
• What is the problem in terms of water quality? 
• What has caused the problem? 
• What are the outward signs of the pollution? 
• How can the situation be remedied? 

 
 
 

Prepare maps, analyses and photographs in 
advance. 

 

 

Tell students to review the methods used to produce potable water. Then ask them to build a 
water filter from different grades of pebbles, gravel and sand in the top half of an upturned 
plastic drink bottle and test its ability to filter muddy water.  

Arrange a visit to a local sewage works and ask students to produce a flow chart to illustrate the 
main stages of purification. 

 
 
 

Visit opportunity: Visit a local sewage works. 

 

3 hours 
Humans and global water 
Recognise the many 
functions of the oceans in 
regulating climate. 

Describe the water cycle and 
be aware of the importance of 
maintaining unpolluted 
groundwater, waterways and 
seas. 

Explain the preparation of 
potable water from impure 
water by the separation of 
solid material and purification 
by chlorine.  

Explain the need for nitrogen- 
and phosphate-containing 
fertilisers and describe how 
their indiscriminate use can 
lead to pollution of ground- 
and riverwater.  

Describe the process of 
eutrophication and its effect 
on water sources. 

Understand the problems 
associated with the disposal 
of waste heat in large 
industrial complexes. 

Define specific heat capacity and specific latent heat. Then provide students with examples of 
these data for a number of different liquids (e.g. water, propanone, hexane, mercury). Ask 
students, working in pairs, to list the advantages and/or disadvantages of having oceans on our 
planet made from each of these liquids. This will help them realise how important water is in 
regulating climate. 

Encourage students to research the courses of main ocean circulations (e.g. the North Atlantic 
gyre and the Benguela Current) and study the effect on the climate of contingent continents.  
 

Enquiry skill 10A.3.2  
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

A Grade 9 student was heard to say ‘The hole in the ozone layer is due to increasing levels of 
carbon dioxide.’ Write an account describing what you would say to correct this student. 

  

Summarise the main emissions from a petrol-driven car. For each emission, discuss how it can 
be reduced, giving one advantage and one disadvantage for each course of action. 

  

Imagine you are a nitrogen atom in a protein molecule of a wheat plant. Describe what happens 
to you as you move through the nitrogen cycle. 

 
 

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 
 

Carbon dioxide levels are said to be increasing in the atmosphere.  

a. Explain why this might be a problem.  

b. What steps could you take to reduce these levels?  

c. Would it be good to remove all carbon dioxide from the Earth’s atmosphere? Explain your 
answer. 

  

 

 

 

Unit 10AC.5 
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