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TY Science  
This module has been written and researched by Ms Sarah Hayes, a 

Physical Science with Chemistry graduate from the University of 

Limerick, under the direction of Dr. Peter E. Childs. It is part of a 

series of TY Science Modules produced at the University of Limerick. 

 

The accompanying Power Point presentation has been funded by 

Pharmachemical Ireland. 

 

 

 

 

Disclaimer:  
The author takes no responsibility for accidents or injuries that may 

result during activities listed in this module. It is the teacher’s sole 

responsibility to ensure the safety of pupils. 

 

The teacher should carry out experiments, investigations and 

activities prior to the class, in order to ensure that they understand 

what is happening and that they are prepared for whatever 

eventualities that may occur. 

 

Pupils must be provided with personal protection equipment for all 

investigations and the safety notes accompanying each activity should 

be explained clearly and enforced. 
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                     Pupil’s Safety Instructions 
                          

                             
 

• Personal protection must be worn at all times i.e. white 

laboratory coat or apron, goggles and gloves. 

• All long hair must be tied back. 

• There is strictly no eating or drinking allowed in the 

laboratory. 

• Report accidents (however small) and breakages 

immediately to the teacher. 

• Clean up spills immediately. 

• Wash hands before leaving the laboratory. 

• Please read and follow all safety instructions. 

 

                                  Hazard Symbols 
 

The following are symbols that you must be familiar with in order to 

carry out each experiment carefully. 

                                               
CORROSIVE                              FLAMMABLE 

 

                                         
HARMFUL/IRRITANT                   TOXIC   

 

                                            
   OXIDISING                                   EXPLOSIVE
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Instructions to students 

The module is presented as a series of nine units. Each unit should take 
one week’s work, with two single lessons and a double lesson. Each unit 
consists of background information, questions to answer and activities to 
do. You should fill in your answers and results carefully and neatly in 
your copy of the Student’s Handout, and put all the units together in a 
folder or ring binder.  
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Unit 1 ~ 
Energy  

(Fossil Fuels) 
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Lesson One (Single lesson) 

Never Created, Never Destroyed! 
 

Background:  
Energy is described as the ability to do work and it is measured in J or kJ. Energy 
cannot be created or destroyed – only converted from one form to another. This is the 
first law of thermodynamics and also known as the law of conservation of energy. 
You may remember the different forms energy can take from your Junior Certificate. 
 
 
1) What is energy? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
2) Name some different types of energy 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

 
3) What do we use for energy sources in Ireland? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________ 
 
 

 

Write an equation for the reaction between carbon and oxygen: 

 
 
 
Write an equation for the reaction between methane (CH4) and oxygen: 
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Describe what is happening in the two equations: 
 
 
 
 
 
 
 
How is coal used as a source of energy? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Give some uses for coal 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
 
The amount of energy a fuel has can be measured by finding its heat of combustion. 
 
The heat of combustion of a substance is the heat change which occurs when one 
mole of the substance is burned in an excess of oxygen. Can you remember what a 
mole is? 
 
It is important to be able to work out how much energy we get from fuels and food so 
that we know how much energy they contain. This allows us to monitor our food 
intake to ensure we are getting the right amount of energy from our food. It is also 
important in industry to know how much energy can be obtained from various fuels. 
 
The kilogram calorific value of a fuel is the quantity of heat liberated when 1 kg of 
the fuel is completely burned. This is called the calorific value because previously 
heat was measured in calories, rather than joules. 
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How much heat is given out when fuels burn? 
Calculate the heat of combustion of ethanol, C2H5OH, from the following 
experimental results, taken using a bomb calorimeter: 
 
Mass of ethanol = 20 g 
Mass of water in calorimeter = 10 kg 
Initial temperature of water = 18 ˚C 
Final temperature of water =32 ˚C 
Specific Heat capacity of water = 4,200 J/kg˚C 
(Specific Heat capacity of water is the energy needed to raise the temperature of 1 kg 
of water 1 oC.)  
 
Heat gained by water: 
 ∆H = (Temperature rise, ۫C) x (Mass of water in calorimeter, kg)  
                                                                                        x (heat capacity of water, J/kg) 
                                  
                                   = 14 ۫C x 10 kg x 4,200 J/kgoC 
 
                                   = 588,000 J                (1,000 J = 1 kJ) 
 
                                   = 588 kJ 
 
This is the heat given out when 20 g of ethanol is burnt measured in J and kJ. How 
much heat would be given out when 1 kg (1,000g) of ethanol is burnt in J and in kJ? 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
What is the heat of combustion? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Predict which types of fuel you think would give out the most energy for the same 
amount of fuel. Put them in order with the highest first. 
 
1. ___________________________________________________________________ 
 
2. ___________________________________________________________________ 
 
3. ___________________________________________________________________ 
 
4. ___________________________________________________________________ 
 
5. ___________________________________________________________________ 
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Lesson Two (Double lesson) 

Some like it hot!! 
 

 
 

Background: 
 
What is the heat of combustion of a substance? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
During the last lesson we saw that you can measure heats of combustion using a 
_____________________.  
In this class we will measure heats of combustion using a simple calorimeter. 
 
 

To measure the heat of combustion of various substances 

 
 

                                        
 
 
 
 
 
              
 
 
 
 
 
 

 

 

Safety: 

        Chemicals 

 
o Water 
o Methanol 
o Ethanol 
o Butan-1-ol 
o Propan-1-ol 
o Paraffin 
o Candle 
 

 

Apparatus 

 
o Crucible or burner 
o Graduated cylinder 
o Calorimeter 
o Thermometer 
o Matches 
o Stirrer 
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o Personal protection equipment must be worn at all times 
o All long hair must be tied back 
o Extreme care must be taken, as you will be working with flammable 

substances. 

 

 

Procedure: 
 

1. Weigh an empty crucible, spirit burner or other small container. 
2. Place a suitable quantity of the flammable substance in it and reweigh. 
3. Measure 100 cm3 of water into the calorimeter and measure its temperature 

accurately. 
4. Arrange the apparatus as shown in the diagram. It is better to suspend the can 

with string rather than clamping it as shown. Can you think why? 

                     
 
   
       http://wwwchem.csustan.edu/chem1102/ENTHALPY3.GIF 
 

 
5. Ignite the substance and allow it to burn. When it has nearly all burned away, 

extinguish the flame. Then stir the water well to make sure its temperature is 
even all over and then read the thermometer again. 

6. If all the fuel is not burnt e.g. with a candle, allow to cool and reweigh to find 
out how much fuel has been burnt. 
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7. Take the final temperature as the highest temperature reached. 
8. Repeat this for a number of different fuels. 

 

Record your results in the table below: 

 

Mass of empty crucible/burner 
 

 

Mass of crucible/burner with substance 
 

 

Mass of crucible/burner after burning  
 

 

Mass of substance burnt 
 

 

Mass of water being heated 
 

 

Initial temperature of water 
 

 

Final temperature of water 
 

 

 
 

Heat of combustion for fuel tested: 
From your results calculate the heat of combustion per kg of fuel, the kilogram 
calorific value. 
Heat gained by water ∆H = (Temperature rise, ۫C) x (Mass of water in calorimeter, kg) 
x (heat capacity of water, J/kg) 
(Remember to convert mass of water to kg! 1 cm3 of water weighs 1 g.) 
 
Mass of water in kg: 
 
Temperature rise in oC: 
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Kilogram Calorific Values: (Collect the values from other groups) 

 

Fuel  Heat of Combustion /kg 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 
Is the experiment accurate? Explain your answer. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
The table below shows some values for different fuels. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Do these figures agree with what you thought were the best fuels? Arrange the fuels 
above in order of their energy content, with the best first.

Fuel                                              Kilogram Calorific Value kJ/kg 

 
Petrol                                                    35,000 
Paraffin                                                46,000 
Methanol                                              22,700 
Ethanol                                                 29,800 
Coal      25,330 
Diesel Oil     45,000 
Natural gas     55,000 
Candle wax     42,000 
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Brief for next lesson: 
 
For the next lesson you must conduct an energy audit in your home. Use the following 
form in your checklist and fill it in as you complete your audit around your home. 
 
Question Yes No N/A 

1. Is your attic insulated with insulation thickness?  
 

Recommendation ______________________________    

2. Do you have a lagging jacket on your hot water tank? 

 
Recommendation ______________________________    

3. Are your doors and windows draught proofed?  

 

Recommendation ______________________________    

4. Are your windows double glazed?  
 

Recommendation ______________________________    

5. Do you have wall insulation in your home?  

 
Recommendation ______________________________    

6. Do you have room thermostats in the main living areas of your home? 

 

Recommendation ______________________________    

7. Do you have a time switch controlling your immersion heater?  
 

Recommendation ______________________________    

8. When replacing home appliances do you buy "A" Energy Rated Models?  

 

Recommendation ______________________________    

9. Do you use CFLs in your home? (Compact Fluorescent Lamps)  

 

Recommendation ______________________________    

10. Are your external light fittings Energy Efficient?  
 

Recommendation ______________________________    

11. Do you use smaller, specialised, appliances in the kitchen? For example a toaster or microwave.  

 

Recommendation ______________________________    

12. Do you use the Economy Cycle on your washing machine/dishwasher?  

 

Recommendation ______________________________    

13. Do you only fill your kettle with the amount of water you need?  

 

Recommendation ______________________________    

14. Do you switch appliances & TVs from "stand by" to "off" at night? 

 

Recommendation ______________________________    

15. Do you power off your PC when not in use? 

 

Recommendation ______________________________    
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Lesson Three ~ (Single Lesson) 

Energy Audit of your home 
 
In your groups discuss the results of your home energy audits. What is the most 
common source of energy loss/waste? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
What are the three methods of heat transfer? 
 

• _______________________________ 
 

• _______________________________ 
 

• _______________________________ 
 
 
How would heat transfer effect energy loss in the building? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
How could convection be used to help with summer cooling? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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What are the top five causes of energy loss at home and what type of energy is lost? 
 

•  ______________________________________________________                                                                             
 
 

• ______________________________________________________ 
 
 

• ______________________________________________________                                                           
 
 

• ______________________________________________________ 
 
 

• ______________________________________________________ 
 

 
 
 

Design project 
Describe the "Energy Efficient House of the Future." How would it be designed, 
oriented, landscaped, and managed? What kind of fuel should an energy efficient 
home run on? 
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Unit 2 ~  
Renewable Energy 
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Lesson One (Single lesson) 

What’s the alternative??? 
 

Background: 
 
During the last unit we looked at how we get our energy from fossil fuels, which are 
non- renewable forms of energy. This looks at alternative forms of energy and 
renewable sources of energy.  
Remember: 

o Energy cannot be created or destroyed; it can only change from one form 

to another. 

 
 
Name some types of energy 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

 
 
What is a renewable source of energy? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
Name some renewable sources of energy. 
 
1. ___________________________________________________________________ 
 
2. ___________________________________________________________________ 
 
3. ___________________________________________________________________ 
 
4. ___________________________________________________________________ 
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In your groups decide on a location in Ireland where each of the different types of 
energy might be found. Explain your reasoning. Mention an advantage and a 
disadvantage to each of the different types of energy. 
 

Type of Energy Location Why? Advantage of 
this type of 
energy 

Disadvantage 
of this type of 
energy 

Tidal     

Solar     

Wind     

Hydroelectricity     

Biomass     
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What source of renewable energy do you think is the best? Why? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Lesson Two (Double lesson) 

Sun’s up!!                                                          

 
 

Background: 
During the last lesson we looked at different sources of renewable energy and some of 
the practical issues involved with them. In this lesson we will look at solar power and 
how usable it is in Irish society. Sun light can be used to produce electricity or to 
produce heat and both are often referred to as solar panels. The term solar cell or 
photoelectric cell will be used to refer to the production of electricity. The term solar 
panel will be used for those producing heat. 
 
What do solar cells do? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 
What is electricity? 
_____________________________________________________________________
_____________________________________________________________________ 

                                                     
 
 
What type of energy conversion do solar cells make? 
_____________________________________________________________________
_____________________________________________________________________ 
 
                                                                                                        Semiconductors are 
materials like silicon, which have conductivity between conductors (generally 
metals), and non-conductors or insulators (such as most ceramics).  
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How solar cells work 
When light strikes the cell, a certain portion of it is absorbed within the 
semiconductor material.  The light energy can cause an electron to jump in the 
material to a level where it can conduct.  
This means that the energy of the absorbed light is transferred to the semiconductor. 
The energy knocks electrons loose, allowing them to flow freely.  
This flow of electrons is a current, and by placing metal contacts on the top and 
bottom of the photovoltaic cell, we can draw that current off to use externally. We 
have converted sunlight into electricity! 

 
http://science.nasa.gov/headlines/y2002/images/sunshine/cell.gif 

 
How do semiconductors work to convert light energy to electrical energy? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
What is power? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________        
 

                                                                                                                
What is voltage? 
_____________________________________________________________________
_____________________________________________________________________ 
 
What is current? 

____________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Series and parallel: label the two circuits below 

  
_________________       ________________ 
Total current (I) when connected in series = current flowing in I1 = current flowing in 
I2 = current flowing in I3 = current flowing in I4 
 
Total Current (I) when connected in parallel = current flowing in I1 + current flowing 
in I2 + current flowing in I3 + current flowing in I4 
 
What is the total current of a circuit of 4 cells when connected in series if each panel 
is 100 mA? 
 
 
 
What is the total current of a circuit of 4 cells when connected in parallel if each panel 
is 100 mA? 
 
 
 

To test the effectiveness of solar cells 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Apparatus 

 
6 Solar Cells 
Fan 
Copper connectors 
Wires 
Spindle 
Plastic holder 
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Procedure: 
This experiment is based on a commercially-available solar cell kit. 

1. Set up the solar cells as your teacher demonstrates to you or by following the 
instructions from the kit.  

2. Insert the motor into the plastic motor holder. 
3. Join the plastic motor holder and stand together with a screw and nut and 

tighten. 
4. Put the fan on the motor spindle 
5. Connect the wire clips to the motor’s conductor. 
6. The solar motor fan can be adjusted to any angle. 
7. Place the solar cells directly facing sunlight for the best performance. 
8. If there is no sunlight available you may use artificial light. 
9. Note the speed of the fan. How else could you measure the output from the 

solar cells? 
10. Note the difference in speed of the fan when it is in strong sunlight to when it 

is in weak sunlight. Does the intensity of the light have any bearing on the 
effectiveness of the cells? 

11. If plastic or glass is placed between the solar cells and the light what happens? 
Try this with different materials that your teacher will provide and note the 
results. 

12. What type of light do the solar cells need? Using different colour artificial 
lights test the solar cells under them and see which type of light they need to 
work. 

13. Note your results in the table below. 
 

 Speed of Fan Current 

produced/mA 

Type of Light Used:   

 
 

  

 
 

  

 
 

  

Distance from the 

Solar Cells to the Light 

  

 
 

  

 
 

  

Type of Material 

Between the Solar 

Cells and the Light 
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Conclusions: What conclusions can you make about the best conditions for using 
solar cells? 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
What needs to be taken into consideration when building a solar powered house?  

• ____________________________________________________________ 
 

• ____________________________________________________________ 
 

• ____________________________________________________________ 
 

• ____________________________________________________________ 
 

• ____________________________________________________________ 
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Lesson Three (Single lesson) 

It’s nuclear! 
 
Use the article provided below to make a list of either the pros or cons of nuclear 
power. Nuclear power is an alternative but controversial source of energy. Summarise 
the article you are given as the basis for a debate. 

 

Nuclear power: for and against 
By Dr. Peter E. Childs 

 

The case for nuclear power 
The combination of the increasing cost of 
energy and security of supply of fossil 
fuels and impending climate change has 
focused everyone’s attention on where we 
will get our energy in the future. There is a 
realisation that we may have to change our 
assumptions and this has brought nuclear 
power back on to the agenda. There are 
currently three main sources of energy: 

• Fossil fuels (oil, gas, coal, peat) 

• Renewable resources (wind, solar, 
hydro, biofuels) 

• Nuclear (fusion and possibly 
fission in the future) 

The world’s nuclear power stations are 
aging, since most were built before 1986, 
and so their contribution will disappear in 
10-20 years unless they are replaced by a 
new generation of reactors. Figure 1 
shows the percentage of nuclear power in 
different countries. France gets nearly 
80% of its electricity from nuclear power. 
 
Nuclear power is used almost exclusively 
for generating electricity, although 
reactors are used for marine propulsion 
e.g. nuclear submarines. Nuclear power 
stations produce no CO2 during operation, 
although there are CO2 emissions 
associated with mining and extracting the 
fuel, and in building the power stations. 
But this is true of all power stations 
whatever the fuel. Overall a nuclear power 

station produces less CO2 over its lifetime 
and during operation than a fossil fuel 
power station, but more than renewable 
sources of energy. 
 

  
Figure 1 

 
Figure 2 shows the greenhouse emissions 
for different types of power generation. 
 
The changing economic and scientific 
assessments of climate change have 
brought nuclear power back on to the 
public and political agenda. There are loud 
voices both promoting and opposing 
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nuclear power. The environmental 
movement in general (the greens) is 
ideologically opposed to nuclear power, 
with some exceptions like James 
Lovelock. Many scientists and 
technologists think nuclear power must 
continue to be part of the future energy 
mix, but even they envisage that it will 
only ever be part of the picture. Nuclear 
power provides most of France’s 
electricity but only about 20% in the UK, 
where it provides the base load. Some of 
the arguments for and against nuclear 
power are given below. This is an 
important debate and one of the many 
issues in science that should be debated at 
school, with the evidence for and against, 
so that students can make up their own 
minds. First, however, we will revise the 
science behind nuclear power. 

 

 
Figure 2 Greenhouse gas emissions from 

different energy sources 

 

Energy from the atom 
a) Nuclear fission 

How do we get energy from the atom? 
Some nuclei are naturally unstable i.e. 
radioactive and decay at a fixed rate 
(measured by the half-life) and emit both 
radiation (α, β or γ) and heat. Fuel rods 
made of a radioactive element like 
uranium-238 are allowed to decay inside a 
reactor in a controlled way. The heat 
emitted is carried off by a coolant, often 
water, and this is used to produce steam in 
a heat exchanger and the coolant is 
recirculated. The steam is then used to 
drive a generator to produce electricity.  

 

It is only the source of heat that 
differentiates a nuclear power station 
from a gas, oil or coal-fired power 
station, where the source of heat is the 
burning of fossil fuels. The different 
designs vary in the nature of the 
coolant and the pressure at which the 
coolant operates. (See the article in 
Wikipedia for a useful summary of the 
different types of reactor. 
http://en.wikipedia.org/wiki/Nuclear_pow

er) The process is called nuclear fission 
(see Figure 3 below). 

 

 

 
 

 

 

 

 

Figure 3 Nuclear fission 

 

b) Nuclear fusion 
An alternative nuclear process involves 
fusing nuclei together and is known as 
nuclear fusion. This has been under 
development for over 50 years and a 
standing joke is that nuclear fusion energy 
is always 30 years away. However, a new 
international project called ITER has been 
announced to try and develop a working 
prototype. Nuclear fusion (see Figure 4 
below) involves the fusion of nuclei 
(deuterium and tritium) to form a transient 
nucleus, which breaks up with the 
emission of heat, neutrons and α particles. 

 
http://www.iter.org/a/index_nav_2.htm 
 

Figure 4  Nuclear fusion 
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The ITER, International Thermonuclear 
Reactor, project was approved in 2005 and 
will be built at Cadarache in France and 
building will start in 2008. (For 
information see 
http://www.iter.org/index.htm) ITER is 
also Latin for ‘the way’ and in November 
an agreement was signed between the EU, 
the United States, China, India, Japan, 
Russia and South Korea. Nuclear fusion is 
the source of energy in the Sun and stars 
and it produces no long-lasting radioactive 
waste, unlike nuclear fusion. Tapping the 
energy of the Sun through nuclear fusion 
is a long-term solution and it is too early 
to buy shares in fusion reactors.  

 

Arguments in favour of nuclear 

power 
Nuclear power is now an established and 
safe source of power, which has been in 
use for over 40 years with only two 
significant accidents. The 3rd generation of 
reactors is now available which are safer 
and more efficient than earlier designs. 
France obtains nearly 80% of its electricity 
from nuclear power and nuclear power 
stations have been operating around the 
world for decades. The actual death toll 
from Chernobyl, the worst nuclear 
accident, was 44 although the best 
scientific estimates project 4,000 extra 
fatalities in the future. No-one died at 
Three Mile Island. Uranium mining has a 
significant risk associated with it, due to 
the inhalation of radioactive dust, but so 
does coal mining and oil extraction. The 
annual deaths associated with both the 
coal and oil industries far exceeds those of 
the nuclear industry.  
 
Nuclear power is mainly suitable for 
generating electricity, and is best for 
operating round-the-clock to provide the 
base load. Nuclear power stations are not 
suitable for intermittent use. When used to 
generate electricity there are no gaseous 
emissions and water used for cooling is 
unaffected, apart from having its 
temperature raised. 
 
The fuel supply for nuclear reactors, 
uranium ore, is mainly located in stable 
countries and relatively small amounts are 

needed to run a reactor. However, the 
price has gone up as demand rises because 
new mines were not developed in the last 
20 years. There are adequate reserves for 
the next 50 years, and with increased 
demand new mines are being opened and 
new resources will be located. 
 
Waste disposal is cited as the major long-
term problem of nuclear power. The 
technology has been developed for storing 
radioactive wastes in underground rock 
depositories, sealed into corrosion 
resistance containers. The radioactive ores 
were mined in the first place and so 
returning them underground does not 
produce a new hazard. This radioactivity 
of nuclear waste can last tens of thousands 
of years, but after that time it is harmless, 
unlike toxic elements like mercury, lead 
and arsenic which last forever. Building 
new reactors on the same sites as old 
reactors would mean that the sites do not 
need to be cleaned up, and it would also 
reduce the planning problems for new 
reactors. Suitable sites have been selected 
and would be safe geological repositories 
for thousands of years, but the political 
will to make a decision on a specific site 
has been lacking in the UK and USA. It is 
better to store waste using the best 
available technology (although expensive) 
than leave it in less secure locations. The 
amount of waste (gaseous, liquid and 
solid) produced by fossil power stations is 
much larger in mass and volume than 
nuclear waste. Coal-fired power stations 
emit substantial amounts of heavy metals 
into the atmosphere and in their solid ash, 
which remain toxic forever and can have 
widespread environmental effects. Coal 
mining also has major environmental 
effects and causes many deaths each year, 
particularly in developing countries. The 
extraction of oil and gas also has 
environmental consequences.  
 
Nuclear reactors are built to a very high 
containment standard and the building 
containing the reactor itself is now built to 
withstand impact from an aircraft. It is 
unlikely that a terrorist attack would be 
successful in releasing radiation. Likewise 
the flasks used to contain radioactive 
waste have been tested in head-on 
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collisions, without release of any 
radioactive material.  
 
The two major nuclear accidents are not 
representative of realistic accidents that 
could happen today. Modern reactors are 
intrinsically safer and there are better 
operating safeguards. Chernobyl was 
caused by a combination of poor reactor 
design and containment and deliberate 
human error. In addition, although 
Chernobyl was the worst possible scenario 
in many ways, the human health effects 
were not as large as expected, either in 
relation to death, chronic illness or birth 
defects. However, the psychological 
effects on the affected population have 
been immense. The abandoned land 
around the reactor has recovered quickly. 
There is more wildlife than before the 
accident (to the absence of humans) and 
no signs of radiation-induced defects in 
wildlife. The effects on the surrounding 
environment were much smaller than 
expected. 
 
Although nuclear power stations take 
longer to build and are more expensive, 
they have a long operating lifetime. The 
latest study of the economics of nuclear 
power by the World Nuclear Association 
claims that nuclear electricity is more 
competitive than coal or gas, and will 
become more so as fossil fuel prices 
continue to rise. 
 
There are 453 reactors currently in use and 
Figure 5 shows the amount of electricity 
produced by nuclear power and the 
percentage of total electricity production, 
currently around 16%. 

 
(Source: http://www.uic.com.au/nip07.htm) 

 

Figure 5 Nuclear energy production 

 
New reactor designs are safer, use less 
fuel and are more efficient to run. In 
addition it is possible to use thorium as 
a fuel, rather than uranium, and 
thorium reactors actually burn and 
dispose of plutonium, whose disposal 
is a major problem because it can be 
diverted to nuclear weapons. Thorium 
reactors are ‘ignited’ by protons from 
an accelerator and thus cannot go 
critical and melt-down. There is an 
almost unlimited supply of thorium 
available, much more than for 
uranium, so long-term fuel supplies 
would not be a problem. The concept 
of thorium-fuelled nuclear reactors 
needs proving in prototype reactors but 
is much more certain and closer to 
practical realisation than fusion energy. 
See the links below for information on 
thorium reactors. 
 

Arguments against 
The main argument against nuclear power 
is the radioactive waste produced as a by-
product. This consists of low-level waste 
(clothing, equipment etc. irradiated during 
operation) and the spent nuclear fuel rods 
(which contain long-lasting radioisotopes). 
Most of this waste is solid. The waste 
remains radioactive for a long time, 
depending on the radioisotopes involved, 
and only decays by half after each half 
life. This radioactivity can last tens or 
even hundreds of thousands of years, and 
there is no guarantee that its security can 
be maintained over that timescale. 
Underground storage may contaminate 
groundwater if water comes in contact 
with the waste. The nuclear plant itself 
becomes radioactive over its lifetime and 
has to be cleaned up and disposed off 
properly, thus adding to enormous 
decommissioning costs. Nuclear power 
stations can also be used to produce the 
raw material for nuclear weapons and so 
the proliferation of nuclear power plants 
would also increase the risk of nuclear 
weapons proliferation.  
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Nuclear power plants are tempting targets 
for terrorists because if they could blow up 
a reactor building, large amounts of 
radioactivity would be released. The same 
argument applies to nuclear waste which 
could be hijacked for a dirty bomb. 
Radioactive waste, uranium ore or fuel 
rods could be stolen or hijacked to provide 
material for dirty bombs. 
 
Another nuclear accident such as Three 
Mile Island or Chernobyl would have 
devastating consequences for the 
environment and human health. If 
radioactivity were released in a major 
accident then large areas of land would be 
contaminated for decades and would have 
to be abandoned. There would be a severe 
effect on human and animal health and 
future generations would also be affected 
with genetic defects. The land affected by 
radioactive fallout from Chernobyl (as far 
as the Welsh mountains) will be 
contaminated for decades and 20 years 
later lamb from some Welsh farms is too 
contaminated for the food chain. 
 
Uranium mining is one of the most 
dangerous types of mining and there are 
risks of radiation poisoning or cancer all 
along the supply chain from mine to 
power plant. Many deaths and ill-health 
have been associated with uranium mining 
in the past. In addition supplies of uranium 
ore are limited and will not be enough to 
sustain a major expansion of nuclear 
power into the future. 
 
Nuclear power stations are more complex 
than conventional power stations, because 
of the associated safety features, the 
technology is more complex and more 
expensive containment buildings. Nuclear 
power stations are thus much more 
expensive to build and run, they take 
longer to build and longer to get planning 
permission for, and electricity from 
nuclear power is thus more expensive. The 
CO2 emissions associated with building 
nuclear power plants are also very high. 
The complex technology also means that 
maintenance is more expensive and 
nuclear reactors are more liable to be shut 
down e.g. when the cooling water gets too 
hot during a hot summer.  

 

Weighing up the real risks 
Real risk cannot be assessed by always 
emphasising the worse case scenario. We 
have to compare the risk of nuclear power 
versus the real risks of using fossil fuels as 
the energy source. We also have to factor 
in the risk of increasing global warming 
and climate change if we stick to fossil 
fuels. Continued and increasing use of 
fossil fuels will make climate change 
worse with all its associated risks. Nuclear 
power would alleviate these risks by 
allowing electricity to be produced 
without CO2 emissions, and would release 
oil and gas for transport and heating. In 
many assessments of nuclear power the 
potential and hypothetical risks are 
overestimated as against the real, proven 
risks, and the real risks of other sources of 
power are downplayed. The resistance to 
nuclear power in some quarters is based 
more on ideology and emotion rather then 
evidence.  
 
Table 1 Energy mix for electricity 

generation in the UK in 2004 (DTI) 

Gas   40% 
Coal   33% 
Nuclear  19% 
Hydro etc.    5% 
Imports    2% 
Oil     1% 
 
In Ireland there has been no real debate on 
nuclear power because the country made a 
decision in 1978 to remain nuclear-free. In 
fact Ireland has joined forces with Austria 
and Germany to campaign against nuclear 
power within the EU. The EU has 
recognised the future role of nuclear 
power in Europe’s energy mix. Other Irish 
bodies such as IBEC and ICTU have 
called for a debate on nuclear power in 
Ireland, given that Ireland has the highest 
dependency in the EU on fossils fuels and 
on imported energy. 

 

Peaceful uses of atomic energy 
Radiation and nuclear have a bad 
reputation and are linked in many people’s 
minds to death and destruction. However, 
radiation is natural and we are all exposed 
to natural radioactivity in the environment 
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and in our food, and as a consequence we 
are all slightly radioactive. There are also 
a number of uses of radioactivity apart 
from nuclear power and nuclear weapons. 
Some of these are listed below. 
 

• Radioactive dating methods using 
carbon-14 or other radioisotopes 
e.g. potassium-40, 

• Smoke detectors contain 
americium-241, an α emitter, 
which ionises smoke particles 
increasing the conductivity of the 
air and triggering an alarm. 

• Radiotherapy for destroying 
cancers uses various radioactive 
sources, whose radiation is 
targeted on the tumour and kills 
the cancerous cells. Samarium-
153 is used to treat prostate cancer 
and iodine-131 thyroid cancer. 
Irradiation by samarium-153 or 
strontium-89 are used to irradiate 
bone affected by bone cancer to 
relieve the pain. 

• Some radioisotopes are used as 
tracers in medical diagnosis e.g. 
technetium-99 is used to follow 
the dopamine pathway in the brain 
in the treatment of Parkinson’s 
disease, and thalium-201 is used 
for diagnosis of coronary heart 
disease. 

• Food irradiation involves treating 
food with γ rays from cobalt-60, 
which destroys bacteria and thus 
extends shelf-life. It does not 
make the food radioactive but the 
public’s fear of radiation has led 
to the rejection of this safe and 
effective method of food 
preservation. 

• Polonium-210 is an α emitter and 
is used to disperse static electricity 
by ionising the air.  

• Radiotracers are used in chemistry 
to follow the course of chemical 
reactions and determine reaction 
mechanisms e.g. carbon-14, 
tritium (hydrogen-3) and 
phosphorus-32. In a similar way 
they are used in biology to trace 
the flow of chemicals through 
plants. 

• Thorium-229 is used to extend the 
life of fluorescent tubes. 

 
(See 
http://www.radiochemistry.org/nuclearme
dicine/radioisotopes/ex_iso_medicine.htm 
for an extensive list of radioisotopes used 
in medicine. 
http://www.ansto.gov.au/ari/brochures_mi
sc/Isotopes.pdf is an illustrated booklet 
available on-line, which describes the uses 
of radioisotopes.) 
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                                           http://www.dmrtc.net/~embrys/t-index.htm 
 

The big debate 
Use the material above to present a 5-10 minute talk to support your case. After both 
sides have presented their case you can debate the issues. After the class discussion 
make your mind up about the issue. Did the debate change your mind or reinforce 
your original view? 
 
Did you feel you had all the facts you needed when presenting your argument? What 
was missing, if anything? 
 

 
 
 

 
Do you think that nuclear power is a viable option in Ireland for our future?  Give 
your reasons for or against? 
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Unit 3 ~ 
Waste 
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Lesson One (single lesson) 

Waste Not, Want Not 

 
 

Background: 
This unit looks at what waste is, how it can be managed and the problems it can cause 
to the environment around us. 
 
How would you define waste? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

                              
 
How and where in our everyday lives do we produce waste? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 
 
How could some forms of waste be helpful to the environment? What types of waste 
might this be? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
How can some forms of waste be damaging to the environment? What type of waste 
are damaging to the environment? Explain your answer. 
_____________________________________________________________________
_____________________________________________________________________
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_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

 

 

        
 

Composting 
Composting is nature's way of recycling. Compost or humus is made up of decaying 
organic matter that was once living or that was produced by a living thing (the word 
"organic” can be defined as consisting mainly of carbon and hydrogen.) Organic 
compounds make up the material found in living things, including animal/plant 
tissues, fur, wood, faeces, etc. Products made from animals and plants are also 
classified as organic, such as paper, leather, wool and cotton.  
There are some compounds found in living things that are not organic (inorganic). 
These include water, ammonia and gases such as carbon dioxide and oxygen and 
minerals. Decomposition of waste will occur whether we help it or not. But since we 
produce so much waste we get paid back when we help to speed up the composting 
process. Composted material improves our gardens. 
 
 

 
 
http://academics.sru.edu/MacoskeyCenter/Demonstration/revised%20compost%20diagram.jpg 
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Discussion: 
 
1). How could we reduce the amount of waste that we are putting in our bins to be 
collected to go to land fill sites? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
2). What is composting? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

 
Design a compost bin, heap, pile etc and explain your rationale behind 
its design. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Try to find out what mass of compostable waste your household produces in one week 
- how could you do this? 

 

Brief for next lesson: 

 
For the next lesson you must carry around a bin bag with you for 24 hours. You must 
put any waste you produce into this bag. Bring this bag to the next lesson. 

 

Do not forget to put all your waste into this bag 
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Lesson Two Double lesson) 

Watch your waste!! 
 

Background:  
 

Did you complete your brief                     □ Y                 □  N    

 
 
Do you think you left out any types of waste? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
What do you predict will be the most abundant type of waste? Why? Is it mass or 
volume that matters? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 
 
 

Activity: 
In your groups sort out your waste into piles/bags of plastic, glass, metal, textile, 
paper, organic waste and other. 
Weigh each bag of waste on a scale. Note the masses of each bag. 
Do out a pie chart to demonstrate how the different amounts of waste relate to each 
other. Note that sometimes light things can take up a lot of space! 
 
 
 
 
 
 
 
 
Which type of waste was the most abundant? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Did the results match your predictions? If so why, if not why not? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
How does your pie chart compare with others pie charts? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
How would you decrease the volume of your waste? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Why would it be a good thing to decrease the volume of your waste? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

 Discussion: 

 
1. How could plastics be disposed of in a more environmentally friendly way? 

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

2. How could other waste items be disposed of in a more environmentally 
friendly way? 

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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3. How could these amounts of waste be reduced? 

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

4. Could any of this waste be reused? How? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

5. Could any of this waste have been recycled? What items? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Combine all your results into one pie chart for your class. Why would this be a more 
reliable picture of the amount and type of waste produced? 
 

Class results: 
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Lesson Three (single lesson) 

How good is Ireland when it comes to waste??? 
 

Background: 
“We each produce an average of 400 kg of waste per year - that is a total of 44 million 
tons every year. Ninety per cent of domestic and commercial waste goes to landfill 
each year.” 
SEI Ireland 
 

Municipal Waste Production in the EU 

  

 
 
http://reports.eea.europa.eu/signals-2000/en/fig11.02.gif 
 
Do you think Ireland is fulfilling its requirements in the EU with regards to waste 
management? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
If not, why not? 
_____________________________________________________________________
_____________________________________________________________________ 
 
If yes, why so? 
_____________________________________________________________________
_____________________________________________________________________ 
 
What other methods could we use to manage our waste other than landfill? 
_____________________________________________________________________
_____________________________________________________________________ 
 
How does Ireland compare with other EU countries? 
_____________________________________________________________________ 
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Locate and list items in the classroom that could fit into the following 

categories:  

• Biodegradable  
• Non biodegradable  
• Recyclable  
• Reusable for something other than its primary purpose  
• Can become litter  
• Can be made into compost  
• Can be incinerated  
• Can produce hazardous smoke if burned  
• Made from petroleum products  
• Can injure wildlife 

• Identify plastics, and types of plastics 

 

How could your school reduce waste? Discuss it in your group and come up with five 
things that could be done. 

                                  
School Waste Reduction Plan: 
 

1. _______________________________________________________________ 
 

2. _______________________________________________________________ 
 

3. _______________________________________________________________ 
 

4. _______________________________________________________________ 
 

5. _______________________________________________________________ 
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Unit 4 ~  
Industrial Waste 
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Lesson One (Single lesson) 

Cleaning up Industrial Waste 
 

 

Background: 
 
During the last unit we looked at methods of dealing with waste that is not harmful to 
the environment. There are many other more harmful types of waste produced 
industrially and it is important that these wastes are properly handled and do not have 
a harmful affect on the environment. Not all industrial waste is harmful e.g. paper, 
cardboard, wood, rubble. Some apparently harmless waste like milk can cause fish 
kills if put into a river. 
 
 

 
 
 

Case Study: 
 
In Wyeth Nutritionals, who make milk products for infants, they have a process called 
Clean-In-Place (CIP) for the cleaning of the stainless steel lines that the product went 
through. 
 
The process of making milk products for infants requires absolute cleanliness and a 
strict hygiene protocol. Part of this protocol is the correct rinsing of the pipes after a 
batch of product has been made, and making sure that there are no deposits in the 
pipes that could build up and contaminate future product batches. 
 
After a batch went through the system, there was a rinse of clean water, followed by a 
rinse of 5% sodium hydroxide solution (NaOH), followed by a rinse of clean water, 
followed by a rinse of dilute hydrochloric acid (HCl), with a final rinse of clean water. 
All of this rinse material was directed to a large holding tank in the on-site waste 
processing plant, where the pH was monitored and HCl or NaOH was added as 
necessary to maintain a neutral pH¸ before going for biological and tertiary treatment 
for safe release to the environment. 
 
The wash materials were chosen, as they are very effective at removal of milk-related 
compounds and deposits from the stainless steel pipes, as well as being relatively 
inexpensive. When the rinse materials are stored with a neutral pH, the only by-
product left after the initial treatment is common salt (NaCl), which is not 
economically viable to recover and is safe to release into the tidal stages of the nearby 
river. 
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Waste Management 

Processes and Plant - Change It: Treatment Processes for Liquid 

Waste  

  
 

  

         

 

 

1. Origin/Source of Liquid 
Waste. 
A sample is sent to 
laboratories for testing in 
advance. 

   

2. Waste 
arrives at 
site and a 
sample is 
taken to the 

laboratory for analysis.    

  

            

3. If the waste is 
suitable, a process 
permit is issued and 
the waste is then 
transferred to the 
TANK FARM  

 

6. Neutralised waste is 
then pumped to the 
FILTER PRESS 

 

 
 

 

7. The liquid from 
the filter press is 
piped to the SEWER 
for biological 
treatment 

  
4. Waste of a low pH 
value and high pH value 
is mixed to neutralise it. 
(ACID+BASE = 
SALT+WATER) 

 
5. The AGITATOR mixes 
waste in the MIXING 
TANK 

8. FILTER CAKE is extracted and taken to 
the landfill site. 

9. Before the disposal of all liquids and filter 
cakes, samples are taken and recorded. They 
must comply with license consents. 
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  Discussion: 

 
1).Describe an acid 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
2).Describe a base 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
3).Write the names of two common bases and two common acids. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 
 
4).What does neutralisation mean? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
5). What is a titration? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Draw accurate pictures of the following: 
Pipette, burette, conical flask, volumetric flask, funnel.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Why would you do a titration to neutralise a sample of waste rather than just putting 
the acid and base in together? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
 
Why would it not be safe to release an acidic or basic solution into a river? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Lesson Two (Double lesson) 

Monitoring Waste 
 

Background: 

 
During the last lesson we discussed how a waste product from a factory could be 
neutralised. The waste product was NaOH and this could be neutralised by many 
acids but we decided to use HCl, as the product would be sodium chloride, NaCl. 

http://core.ecu.edu/chem/chemlab/equipment/images/burette.jpg 
 
Burettes are instruments used in titrations. They are designed to measure precise 
volumes of chemicals. Explain why they are designed with each of the following 
features:  
(a). A volume at the top which is not graduated. 
(b). A volume at the bottom which is not graduated. 
(c). A stopcock and a tip. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________ 
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Complete the following sample problem. 

 

Sample problem: 
During a titration to determine the exact concentration of hydrochloric acid, a student 
used 25.0 cm3 of exactly 0.2 mol L-1 NaOH solution to neutralise 20.0cm3 of the 
hydrochloric acid solution. Calculate the concentration of the hydrochloric acid 
solution (a) in mol L-1 and (b) in g L-1 
 
The balanced equation is: 
HCl (aq)+ NaOH (aq)→ NaCl (aq) + H20 
 
This is a 1:1 reaction, thus: 

Volume of acid x concentration of acid = volume of base x concentration of base 

 
 

∴Concentration of acid = 
To convert from mol L-1 to g L-1 we have to multiply by the gram molar mass of HCl 
=  
 

∴Concentration of HCl in g L-1 = ___________ x ___________ = __________ g L-1 

 

 

You will use this method to calculate the answer from your titration results. 
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   To complete an accurate titration of sodium hydroxide 

against hydrochloric acid in order to neutralise the sample. 
 

 
 

Safety: 
o Personal protection equipment i.e. goggles and coats must be worn. 

 

                  
 
 

Procedure: 
 
1. Rinse the burette, pipette and conical flask respectively with deionised water. 
 
2. Rinse the pipette with sodium hydroxide solution. Using the pipette, transfer 25 

cm3 of the unknown sodium hydroxide solution into the clean conical flask. Add 
5 drops of methyl orange or bromothymol blue indicator.  

 
3. Check the before and after colours of the indicator by adding a drop to a few cm3 

of the acid and the base in two test tubes. Keep these for reference. 
 

        Chemicals 

 
o Methyl Orange Indicator or 

bromothymol blue 
o  0.1 mol L-1 Hydrochloric 

Acid solution (HCl) 
o  Unknown Sodium Hydroxide 

solution (NaOH) 
o Deionised water 
 
 

 

      Apparatus 

 
o Pipette (25cm3) 
o Pipette filler 
o Burette 
o Conical Flask 
o Wash bottle 
o Retort stand 
o Three conical flasks 
o White tile 
o Small Filter Funnel 
o Graduated cylinder 
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4. Rinse the burette with a little hydrochloric acid solution and then fill the burette 
to the 0 cm3 mark with hydrochloric acid solution using a small funnel. 

 
5. Run the acid in slowly, shaking the flask gently until the indicator changes colour 

(end point). Record the final burette reading. (N.B. the scale is from the top 
down) This is your rough reading. Throw away away the solution and rinse out 
the flask before doing another titration. 

 
6. Refill the burette to the 0 cm3 mark and repeat the titration. This time when you 

get to ~2 cm3 of the end point run the acid in drop by drop to get a precise end 
point. 

                     

 
 
7. Carry out two accurate titrations, and record the results in the table below. 
 
8. Calculate the concentration of the sodium hydroxide solution, as in the example 

above. 
 
Diagram obtained from the following website: 
http://chemistry.slss.ie/ch_mandatoryexperiments.html 
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Table of results 

 

Burette Readings 

 Titre 1 

(rough) 

Titre 2 Titre 3 

Final    

Initial    

Volume Used    

 

Average of Titre 2 and 3: ______________ cm
3
 

        

 

Calculations: 
Work out the concentration of the sodium hydroxide solution from your results. 

 

 

 

 

 

 

 

 

 

 

                              

  Discussion: 
 

1. Describe, briefly, the washing/rinsing procedure for the apparatus before 
starting the titration. 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
2. Mention two other precautions that should be taken to ensure accuracy when 

using a pipette. 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
3. Mention three operations, which should be carried out during the titration to 

ensure an accurate titre. 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 
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4. Suggest another suitable indicator for this reaction. How would you test to see 

whether your suggestion would work? 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
5. What other base could you use instead of NaOH? 

_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
6. Can you suggest a means of neutralising HNO3 (Nitric Acid) acidic effluent 

from a manufacturing process to enable it to be disposed of safely? Write the 
chemical equation for the appropriate reactions. 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 
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Lesson Three (Single lesson) 

Effect of waste on the environment 
 

 
How can waste disposal affect the environment? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
What factors must be considered when considering how to make waste safe for 
disposal? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

                                                                                                           
What factors must be considered when considering where to dispose of waste? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 
What would you consider to be industrial waste? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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In your group design a procedure (protocol) for safely and securely disposing of 
industrial waste.  
 
 

                                              

                                                                                                                         
 
 
What is the name of the body responsible for monitoring waste and waste disposal in 
Ireland? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
 
Find out using the Internet, how much and what sort of Industrial waste is produced in 
Ireland. Create a bar chart or a pie chart to show this. 
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Unit 5 ~  
Acid Rain 
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Lesson One (Single lesson) 

Acids and Bases 
 

Background: 
Normal rain is just water with a little bit of CO2 from the atmosphere in it, which 
makes it slightly acidic. When pollutants from the burning of fossil fuels are in the 
atmosphere they can be absorbed into the clouds. This is what happens with sulphur 
and nitrogen oxides and they react with oxygen and water to become sulphuric and 
nitric acid, which turns the rain more acidic. When the pH falls below 5 it is known as 
acid rain. 
 
What is a fossil fuel? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Acid rain is caused by 
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________ 
 
How could you help stop acid rain? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Write a word equation for the reaction between sulphur trioxide (SO3) and water to 
form acid rain. 
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A look at acids and bases 
In groups of two or three you are now going to measure the pH of different acids and 
bases. Remember in the pH scale, 7 is neutral, 0 to 7 is acidic and 7 to 14 is basic. 

 

Safety:  
Ammonia can be harmful and irritating to eyes and skin and airways. Be careful when 
handling it and ensure that it does not come into contact with eyes or skin. Don’t 
breathe it in. Wear safety goggles and a laboratory coat. 
 

 
 

Materials needed: 

o Measuring cups  
o Water  
o 4 glasses or jars  
o Lemon juice  
o Ammonia  
o Baking Soda  
o Cola soft drink  
o Universal indicator paper 

Procedure: 

1. Put 150 cm3 of water in each glass or jar.  
2. Label the jars A, B, C and D.  
3. Add 10 cm3 of lemon juice in A; 10 cm3 of ammonia in B; one gram of baking 

soda to C, and 10 cm3 of cola to D, and mix well.  
4.  Dip a separate piece of universal indicator paper into each container.  
5. Compare your results to the colour chart included with your universal 

indicator paper.  
6. Note the pH of each solution and record in the table below. Mark them on the 

pH scale as well. 
7. Try adding some acid solution to some basic solution. Note what happens to 

the pH. 

Results: 

           

        A 

          

          B 

        

        C 

       

       D 

pH     

The pH scale 
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http://www.ace.mmu.ac.uk/Resources/Teaching_Packs/Key_Stage_4/Acid_Rain/pdf/
Acid_Rain.pd 

 

Discussion: 
 
Which liquid in your opinion was the most acidic? Why? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Why are acids damaging to the environment? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
How do you think an acid like sulphuric acid would affect the environment? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Lesson 2 (Double lesson) 

Effects of Acid Rain on the Environment 

 
 
What is the pH of natural rainwater? 
_____________________________________________________________________
_____________________________________________________________________ 
 
What is the pH of acid rain? 
_____________________________________________________________________
_____________________________________________________________________ 
 
What causes this value to decrease? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Suggest three ways of controlling sulphur dioxide pollution from burning fossil fuels. 
 

o _______________________________________________________________ 
 
o _______________________________________________________________ 

 
o _______________________________________________________________ 
 

You have a number of items that would be found in the environment, both natural and 
the man made, and you will test the effect of acid rain on them. You will be given 
disposable droppers in order to mimic the effect of rain, in a drop by drop fashion. 
You will also be provided with “acid rain”. Brainstorm to develop a fair procedure in 
order to mimic the effects of acid rain on the items provided. 
 

Testing the effects of acid rain on the environment.  
Safety:  
Always handle chemicals carefully and wear safety goggles and a laboratory coat. 
 

Materials needed: 

Record what materials you use/need. 

• ___________________________ 

• ___________________________ 

• ___________________________ 

• __________________________ 

• __________________________ 

• __________________________ 
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Procedure: 
 

• _______________________________________________________________
_______________________________________________________________ 

• _______________________________________________________________
_______________________________________________________________ 

• _______________________________________________________________
_______________________________________________________________ 

• _______________________________________________________________
_______________________________________________________________ 

• _______________________________________________________________
_______________________________________________________________ 

• _______________________________________________________________
_______________________________________________________________ 

 

Results: You should aim to test the effects on at least five different objects 
 

 
     Item tested 

 
 pH of  ‘rain’ 

 
 Effect on item 
tested (give a 
description of how 
effective it was, 
what happened 
etc.) 

 
Time taken for 
reaction to occur 
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Discussion: 
 
Which item tested in your opinion had the most significant reaction to the acid rain? 
Why do you think this was? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
What is your rationale for the procedure you used? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Did it work? Explain. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Lesson Three (single lesson) 

Long-term Effects of Acid Rain 
 

Background: 
The most serious damage caused by acid rain in Norway today is acidification of 
water lakes and rivers in the southern half of the country. This has caused the 
depletion or complete loss of many fish stocks. Other aquatic animals and plants are 
also affected by acid rain. Acid rain has wiped out salmon in all the larger salmon 
rivers in the southernmost counties. Eighteen salmon stocks have been lost and 12 are 
endangered. Fish mortality became more widespread between 1950 and 1990. Even 
though the deposition of acid rain over Norway has been roughly halved since 1980, it 
appears to be taking many years to repair the damage to aquatic animals and plants. 

The black areas on the maps below show areas where fish stocks have been lost 

or damaged by acidification 

  

 

Source: Norwegian Institute for Nature Research  

Why do you think that the fish stocks have decreased with time?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Why has acid rain damage been much more extensive in industrially developed 
countries than in less industrial nations? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
How could the addition of limestone (calcium carbonate, which is a base) help reduce 
the acidification of the rivers and lakes of Norway? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 
Is there anything else that they could do? What? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

 
 
 
How does acid rain spread from one county to another? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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What factors do you think influence the spread of acid rain? 
 
o ______________________________________________ 
 
o ______________________________________________ 
 
o ______________________________________________ 
 
o ______________________________________________ 
 
o ______________________________________________ 
 
o ______________________________________________ 

 

 
 
Sketch a flow chart including all the factors mentioned above, showing the spread of 
acid rain. 
 
 
 
 
 
 
 
 
 
 
 
 
How might we prevent acid rain in the future? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
Why do you think acid rain is not a major problem in Ireland? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________



Environmental Science Greenhouse Effect Student Handout 

 - - 61 - - 

Unit 6 ~ 
Greenhouse Effect 
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Lesson One (Single lesson)                                        

Too hot to handle! 
 

Background: 
The earth is like a big garden inside a greenhouse, and it is constantly being warmed 
by the sun. The gases in the atmosphere traps heat from the sun and keeps the earth 
warm by this method. Without it the earth would be too cold for life but today there is 
a problem - there is too much heat in the greenhouse. 
 
What is greenhouse effect? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
What gases cause the greenhouse effect? 
_____________________________________________________________________
_____________________________________________________________________
______________________________________________________________ 
 
How does the greenhouse effect help life on earth? 
_____________________________________________________________________
_____________________________________________________________________
________________________________________________________________ 

 

Diagram showing how the greenhouse effect works: 

 
 
http://www.ucar.edu 
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Explain in your own words what is happening in this diagram. 
 
 
 
 
 
Draw the structure of the following molecules CO2, CH4, N2O and H2O, which are all 
greenhouse gases. 
 
Write chemical equations to show how carbon burns in air to form carbon monoxide 
and carbon dioxide? 
_____________________________________________________________________
_____________________________________________________________________ 
 
Why does one sometimes get CO rather than CO2 when carbon based fuels are burnt? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Explain, using equations, what happens to carbon dioxide as it dissolves in water.  
_____________________________________________________________________
_____________________________________________________________________ 
What effect does it have on the water? 
_____________________________________________________________________
_____________________________________________________________________ 
 

The Carbon Cycle: This shows how carbon is moved around the environment 
from one form to another. CO2 is a key part of the carbon cycle (see below), carrying 
carbon around the environment from land to air to sea and back. Nitrogen is also 
involved in a nitrogen cycle – what do you think is the equivalent to CO2 in the 
nitrogen cycle? 
 

 

 
 
Ring or highlight the part of the carbon cycle responsible for increasing CO2 levels in 
the atmosphere. 
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The greenhouse effect is normal and vital for life on earth. Why do you think there 
such high levels of greenhouse gases in the atmosphere in the last two hundred years? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Why is the rapid increase in greenhouse gases causing a problem? This is known as 
the enhanced greenhouse effect. 
_____________________________________________________________________
_____________________________________________________________________ 
 
Could the problem of enhanced greenhouse effect be solved by nuclear power? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Lesson Two (Double lesson) 

The future forecast: Hot and getting hotter 
 

 
Background: 

The temperature can change in different areas of the earth depending on the type of 
surface the sunlight encounters. The earth's atmospheric "greenhouse effect" is much 
more complex than the simple greenhouse idea we discussed during the last lesson. 
While the earth's temperature is dependent upon the greenhouse-like action of the 
atmosphere, the amount of heating and cooling are strongly influenced by several 
other factors.  

The type of surface that sunlight first encounters is the most important factor. Forests, 
grasslands, ocean surfaces, ice caps, deserts, and cities all absorb, reflect, and radiate 
radiation differently. The reflection of a surface is known as its albedo.  

 

If sunlight falls on a glacier do you think it reflects or absorbs radiation? Explain your 
answer. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

If sunlight falls on a soil do you think it will reflect or absorb radiation? Explain your 
answer. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Do you think the type of foliage in a forest is a factor in how much 
light is reflected? Why? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

    

    
To Study the Effect of Different Surfaces on the Greenhouse Effect.  
 
 

 

 

 
 

 

 

 

 

 

Safety: 
o Personal protection equipment i.e. safety goggles and coats must be worn. 
o Ensure that you take care with the scissors. 

 

Procedure: 
1. Cut off the end of the 2 L bottle approximately 2 inches from the bottom 
and discard the bottom piece. 

 

        Apparatus 

� Two  2 litre plastic soda bottle for the "experimental 
chambers"  

� Two 14- to 16-oz. plastic containers at least 4 1/2 inches in 
diameter at the top (sour cream, cottage cheese, or deli 
containers work well) 

� Knife or scissors 
� Tape                                                                        
� Two thermometers  
� One 150-watt floodlight bulb  
� Portable reflector lamp  
� Stand for lamp set-up  
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2. Place the capped bottle in the plastic container and the experimental 
chamber is ready for use. 

3. Prepare six of these bottles. Each group should have six bottles. Paint 
the upper third of three of the bottles white.  
 

 

4. Label the bottles A, B, C, D, E, and F. Bottles B, D and F should have 
the white paint as shown in diagram. 

5. Fill the base of bottles A and B with dark soil, bottles C and D with 
white sand, and bottles E and F with room-temperature water. 

6. Tape a thermometer (using transparent tape or light-colour masking 
tape) to the inside of each bottle (facing out). 

7. Place the bottles in the bases. Make sure the bottles have their caps on 
them.  

8. Make sure the bulbs of the thermometers are just above the top of the 
bases. If the bulbs are below the base, the thermometer may record the 
heat absorbed directly by the soil or water, complicating the results. 
We want to record the air temperature in the bottles. 

9. Predict which bottle will get hotter and record your predictions. 

10. Every group should set up a graph of time (in minutes) vs. temperature 
to record their observations. 

11. In your groups decide on specific responsibility for every group 
member during the experiment, either keeping track of the time or 
recording the temperature for the different bottles. 

12. Place the bottles approximately six inches away from the lamp with the 
thermometer facing away from the light. Record the baseline 
temperatures.   

13. Try to arrange the lamp so that the bottles are equidistant from it – why? 
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14. Turn on the light and begin recording the temperatures every two minutes. 
Continue for at least 20 minutes. Draw up a table for your results. 

15. Draw a graph of your results and compare the results with your original 
predictions. 

 Diagrams from: http://www.ucar.edu/learn/1_3_2_12t.htm 
 

Results: 
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Discussion: 
 

1. In the global greenhouse, what functions as the white paint, the dark soil, the 
white sand and the water? 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
 

2. Which bottle had the highest temperature? Why do you think this is? 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
 

3. Which bottle had the lowest temperature? Explain why. 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 

 
 

4. What does the term albedo mean? 
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________ 
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Lesson Three (Single lesson) 

Effects of global warming                                      

                                                                                                                                 
In this lesson we will look at some of the effects of the enhanced greenhouse effect 
and global warming. 
 
What factors are creating the enhanced greenhouse effect leading to global warming? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Read the following articles and answer the questions on them.                       

 
 

Article One: 

 
15/09/2007  16:02 

 

Irish Times: Arctic route opens due to 

global warming 

The Arctic's Northwest Passage has 
opened up fully because of melting sea 
ice, clearing a long-sought but 
historically impassable route between 
Europe and Asia, the European Space 
Agency said.  

Sea ice has shrunk in the Arctic to its 
lowest level since satellite measurements 
began 30 years ago, ESA said, showing 
images of the now "fully navigable" route 
between the Atlantic and the Pacific.  

A shipping route through the Northwest 
Passage in the Canadian Arctic has been 
touted as a possible cheaper option to the 
Panama Canal for many shippers.  

Article Two: 

 Tuesday September 04 2007  

Irish Independent: Lashed out of it . . . 

the wettest summer on record 

confirmed 

It was long suspected but now we have the 
statistics to prove it: this summer was the 
wettest in half a century for some parts of the 
country. 

A report complied by Met Eireann forecasters 
found that the summer rainfall totals were 
well above normal in the eastern half of the 
country.  

In Kilkenny, it was the wettest summer since 
rainfall records in the county began in 1957, 
while Casement Aerodrome in Dublin had its 
soggiest summer since 1954, with over 391 
mm of rain recorded. 

Generally, the country experienced the 
wettest summer for at least nine years, with 
between 55 and 65 days with rain recorded 
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"We have seen the ice-covered area drop 
to just around three million square 
kilometres," said Leif Toudal Pedersen of 
the Danish National Space Centre, 
describing the drop in the Arctic sea ice 
as "extreme".  

The figure was about 1 million square 
kilometres less than previous lows in 
2005 and 2006.  

The Northeast Passage through the 
Russian Arctic remained partially 
blocked, but in the light of the latest 
developments it may well open sooner 
than expected.  

Polar regions are very sensitive to climate 
change, ESA said, noting that some 
scientists have predicted the Arctic would 
be ice free as early as 2040.  

Almost all experts say global warming, 
stoked by human use of fossil fuels, is 
happening about twice as fast in the 
Arctic as elsewhere on the planet. Once 
exposed, dark ground or sea, soak up far 
more heat than ice and snow.  

September and March generally mark the 
annual minimum and maximum extent 
respectively of Arctic sea ice.  

 

over the three months -- or at least 10 more 
days with rain than in a normal summer. 

Many of the season's highest daily falls were 
associated with thunderstorms, with several 
reports of tornadoes or funnel clouds during 
July.  

However, it was the capital that received the 
most rain, with a spell of 33 successive days 
of it -- each with more than 0.2 mm of rain -- 
between June 11 and July 29.  

The highest daily rainfall was recorded at 
Phoenix Park in Dublin on June 22, with over 
5cm of rain -- making it the highest daily 
June rainfall there since 1993. Belmullet, Co 
Mayo, experienced the lowest seasonal total 
of the summer -- with just over 261 mm 
recorded -- but even so it was the area's 
wettest summer for five years. 

Despite the soggy conditions, the country 
experienced temperatures almost half a 
degree higher than last year at most stations, 
and a degree higher in the north-west. 

According to Met Eireann, June was the 
warmest month of the summer, with 
particularly sunny patches experienced on 
June 10 and 11, when temperatures exceeded 
25C.  

The season began with a spell of very sunny 
weather between June 4 and 11, with almost 
all stations recording their highest daily 
values during the period.  

And in the western half of the country, 
sunshine totals were above last year's, with 
Belmullet in Mayo recording its sunniest 
summer since 1995. 

The Poulter index, which calculates how 
successful the summer was, was above 
normal at stations such as Malin Head and 
Valentia Observatory.  

Phoenix Park's value was at its lowest since 
the summer of 1986, while Birr's value was 
the fourth lowest since 1915. 

Meanwhile, a monthly report compiled by 
Met Eireann found that last month was the 
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wettest August in 10 years in the east and 
midlands.  

The highest daily rainfall of the month was 
recorded at Birr, where 41mm fell on August 
11 - its highest daily fall since 1984.  

Birr also recorded the highest rainfall of 145 
mm and its wettest August since 1997. 

Mean air temperatures for the month were 
about half a degree higher than normal at 
most stations, but, nevertheless, it was the 
coolest August for between six and 13 years. 

All stations recorded their highest 
temperatures of the month on either August 3 
or between August 22 and 25.  

Sunshine totals were near normal 
everywhere, with most stations measuring 
their highest daily values on either August 7 
or 22. 

Kilkenny boasted a temperature of 23.8 ºC on 
August 24, while Dublin Airport recorded the 
lowest in the country at 6.2 ºC on August 8. 

 

What could have caused the Arctic sea ice to shrink? Why? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

From your results of the experiment in the previous lesson would you consider the 
statement: “Once exposed, dark ground or sea, soak up far more heat than ice and 
snow” true and why? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________  

Do you think that the weather discussed in this article is a sign of climate change? 
Why? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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If the weather trends in Ireland continue like this, what do you think the repercussions 
will be? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
How do you think global warming can be prevented or reduced? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
 

Keep an eye on the Irish newspapers and collect articles relating to global 

warming and put them on your Environmental Noticeboard.
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Unit 7 ~  
Ozone 
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Lesson One (Single lesson) 

The Ozone Layer 
 

Background: 
The ozone layer is a layer of gas in an upper part of the earth’s atmosphere known as 
the stratosphere. This layer protects us from some of the harmful radiation from the 
sun. In today’s lesson we are going to look at the ozone layer and its role in our lives. 
Ozone is a form of oxygen with three atoms, O3, rather than two atoms in normal 
oxygen gas, O2.  
In addition to light that can be seen with the human eye - visible light - there are other 
forms of energy emitted by the Sun, including ultraviolet light (UV) and cosmic rays. 
Ozone is formed and destroyed by natural processes leading to a steady state. Both O2 
and O3 absorb high energy UV radiation from the sun in the stratosphere and act as a 
sunshield for the earth. If high energy UV radiation wasn’t filtered out it would 
damage plant and animal tissue, damaging D.N.A and causing cancer. This is why 
exposure to too much sunlight, which still contains some UV, can lead to skin cancer. 
Sunbeds use UV light for producing tans. 
 
                                                                                        

  
 
Electromagnetic radiation can be described in terms of a stream of photons (bundles 
of light energy), each travelling in a wave-like pattern, moving at the speed of light. 
The only difference between radio waves, visible light, and gamma-rays is the energy 
of the photons and their wavelengths. Ultraviolet (UV) radiation, which has a shorter 
wavelength and thus higher energy than either visible blue or violet light, is 
responsible for sunburn and other adverse health effects. Radio waves have photons 
with very low energies, microwaves have a little more energy than radio waves, and 
infrared has still more; then comes visible, ultraviolet, X-rays, and gamma-rays. 
Locate these different types of radiation on the electromagnetic spectrum below. 
Notice how small the visible part is that we can see. 

 
Scientists classify UV radiation into three types or bands - UVA, UVB, and UVC. 
UVA has the lowest energy and UVC the highest.The stratospheric ozone layer 
absorbs some, but not all, of these types of UV radiation: 

� UVA: Not absorbed by the ozone layer. 
� UVB: Mostly absorbed by the ozone layer, but some does reach the Earth's 

surface. 
� UVC: Completely absorbed by the ozone layer and oxygen. 



Environmental Science Ozone Student Handout 

 - - 76 - - 

� UVA and UVB that reach the Earth's surface contribute to the serious health 
effects listed above. 

 

 
 
http://son.nasa.gov/tass/images/cont_emspec2.jpg 
 
Some of the radiation from the Sun can still get through the ozone layer. Can you 
think of three ways in which it be damaging to the environment? (That includes how 
it can be damaging to humans) 
 
1) _________________________________________________________________ 
 
2) _________________________________________________________________ 
 
3) _________________________________________________________________ 
 
 
Next we are going to look at the structure of atmosphere and the location of the ozone 
layer and how it is formed. 
 

           



Environmental Science Ozone Student Handout 

 - - 77 - - 

(http://www.schoolscience.co.uk/content/5/chemistry/catalysis/catsch7pg4.html) 
 
The diagram above show the structure of the atmosphere and its different regions. 
Planes fly in the lower part of the stratosphere. The weather happens in the 
troposphere and we live at the bottom of the atmosphere! 
 
In which region in the above diagram is the ozone layer located in? 
 
 
 
Why is there no life in the stratosphere? 
 

 

 

Naming of oxygen 

 

Number of oxygens Name 

1 Oxygen atoms or mono oxygen 

2 Dioxygen 

3 Trioxygen or ozone 

 

Draw out the electronic configuration for oxygen.  
Atomic Number: 8 
Atomic Weight: 15.999 
Group in the Periodic Table: 16                                         

    
 
A free radical is an atom or molecule with an unpaired electron (•). This makes them 
very reactive. 
 

Formation of ozone: 
UV light from the sun breaks the bond in the dioxygen molecule, O2, to produce 
oxygen atoms (O•). 
 
                   UV 

(1) O2 → O• + O• 
 
Oxygen atoms (which are free radicals) are very reactive and combine with more 
dioxygen molecules to produce ozone molecules. 
 

(2) O• + O2   →  O3  

 

Write a word equation for the reaction in equation (1): 
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Write a word equation for the reaction in equation (2): 
 
 
 
 
Make models to show the different structures of oxygen atoms, dioxygen and ozone. 
 
 
 
 
Describe what is happening in the two equations: 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
The actual process is more complex than this. Ozone is being produced continuously 
but is also being destroyed by reactions with other free radicals. The result is a steady 
state where the amount of ozone remains almost constant. This is like a bath tub with 
the plug out and the tap on - eventually the level will stabilise as the rate at which the 
water runs out equals the rate the water runs in. 
 
Why is ozone produced in the stratosphere and not in the lower part of the 
atmosphere? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Lesson Two (Double lesson) 

The world’s sunscreen 

 

Background: 
During the last lesson we discussed how ozone is formed and how free radicals can 
attack other molecules to form new chemicals. Can you remember how ozone is 
formed? 
Write the equations for the reactions. 
 
 
 
 
 
Write an equation for the reaction of a chlorine molecule Cl2 after UV radiation hits it. 
 
 
 
 
CFCs or chlorofluorocarbons (see diagram) are chemicals which are broken down in 
the stratosphere by UV light to give chlorine atom. They contain carbon bionded to 
chlorine, bromine or fluorine but no hydrogen. These chlorine atoms can then destroy 
ozone molecules by acting as a catalyst.  
Do you remember the definition of a catalyst? 
A catalyst: 
_____________________________________________________________________
_____________________________________________________________________ 
One CFC molecule produces one Cl atom which can destroy 100,000 ozone 
molecules! 
 
 

 
(http://www.ucar.edu/learn/1_6_2_26t.htm) 
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The reactions below explain what happens when UV light meets CFCs: 
           UV 
(1) CCl3F → CCl2F• + Cl• 
 
(2) O3 + Cl• → O2 + ClO•  
 
(3) ClO• + O• → Cl• + O2 

 
Notice that the Cl• are reformed so they act as a catalyst for the destruction of ozone 
(equation (3)). 
 
What is the problem caused by the use of CFCs? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
In what kind of products were CFCs used? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
What element is mainly responsible for the destruction of ozone in the atmosphere? 
 
 
 
What other compounds can cause ozone depletion? 
 

 

Detecting and absorbing UV light using UV sensitive beads 
The ozone layer no longer contains as much ozone which means that even more 
radiation from the sun can get through to us on earth. Over the Antarctic so much 
ozone is destroyed in the Antarctic spring that is is called the “ozone hole”. 
 
How can we protect ourselves from the sun’s rays? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 

Method: A simple UV light detector using UV sensitive beads 
 

1. Lay the UV beads supplied on a white piece of paper, use different colours if 
possible.  
 
2. Expose the UV beads to the sunlight; write your observations for each colour and 
how fast the change occurs.  
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3. Bring the UV beads away from the sunlight and observe the colour of each UV 
bead and how fast the change occurs. 
 
4. Repeat this process 2 more times.  
 
5. Use the table below to record your observations:  
 

UV bead  Colour 1:  Colour 2:  Colour 3:  Colour 4:  Colour 5:  

Colour the 
UV beads 
become 

     

Time taken 
for the 
colour 
change (in 
seconds) 

     

Time taken 
for the 
colour to 
disappear (in 
seconds) 

     

 
Does window glass or plastic protect against UV light? Devise an experiment to test 
this and record your results below. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

                                                                                                                                                                                                    
Testing the effectiveness of sunscreens  
 

1. Draw 4 circles on a piece of white paper.  
 
2. Label one circle “control” and place one of the UV beads in it (use the colour 

that you selected earlier).  
                                                                                    

3. Take another bead of the same colour and use a cotton bud to apply sunscreen 
to the UV bead. Make sure to cover the entire surface of the UV bead. Label 
another circle with the SPF (sun protection factor) number of the sunscreen 
you used and place the UV bead into the circle.  
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4. Repeat step “3” two more times with sunscreens of differing SPF values, using 
beads of the same colour (why is this important?) 

 

 
5. Expose all four beads to the sun for 2 minutes. You can do this on a sunny 

window sill. Develop a scale of 1-5 to explain the variation of colours of the 
UV beads when exposed to sunlight. On this scale, 1 is the lightest colour, 5 is 
the darkest colour.  

 
6. Repeat the process two more times. Each time you repeat the process, use a new 

bead and reapply the sunscreen (using the same SPF values. However, keep 
your control bead the same.  

 
7. Record your results below:  

 

Colour bead 
changed to 
(Scale 1-5; 1 
lightest, 5 
darkest)  

Control bead  Bead 1:  
SPF # ______ 

Bead 2:  
SPF # ______  

Bead 3:  
SPF # _______  

Trial #1     

Trial #2     

Trial #3     

 
Did the sunscreens absorb the UV light? How do you know this? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Which sunscreen worked the best?  
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
Which factor worked the best? Why? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
You might want to look up how sunscreens work. 
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Lesson Three       

What does it all mean???                
 

Introduction: 
After discussing all aspects of the ozone layer and how it affects us and our 
environment list three ways in which you could help prevent unnatural depletion of 
ozone. 
 
1) 
_____________________________________________________________________
_____________________________________________________________________ 
 
2) 
_____________________________________________________________________
_____________________________________________________________________  
 
3) 
_____________________________________________________________________
_____________________________________________________________________  
 
 

Effects of ozone depletion: 
In your groups research the topic you have been given. Each group will be given an 
area of the website to research and discuss the effects of ozone depletion on us and 
issues still arising e.g. discuss the illegal trade of CFCs and the implications that arise 
from this? You have ten minutes to complete the task. When you have completed this 
task you must put together a presentation on what you have learned. Your group will 
then have a few minutes to present your findings to the rest of the class. 
http://www.cotf.edu/ete/modules/ozone/uvmenace.html 

                                                                                                          
Your group’s topic: ____________________________ 
 
                                                                                                           
Important points for your presentation: 
 

o ______________________________________________________________ 
 
o ______________________________________________________________ 
 
o ______________________________________________________________ 
 
o ______________________________________________________________ 
 
o ______________________________________________________________ 
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Unit 8 ~ 
Water Pollution 
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Lesson 1 (Single lesson) 

Water, water everywhere 
 

 

 
 

Background: 
Water is one of the most abundant and important chemicals on Earth. Eighty percent 
of the earth’s surface is covered with water. Two-thirds of our body weight is water. 
Water can go from a solid to a liquid to a gas all in the range of 100 ºC. Humans can 
survive for weeks without food but only for a few days without water! 
 
What is water? 
_____________________________________________________________________
_____________________________________________________________________ 
 
What do we use water for? List at least 3 uses. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

                                                                                  
 
What do we need from our water? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
Can you think what might pollute our water? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Do you think that the water in Ireland is of a high standard? 
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________ 

                                                                                     
 
 
If not, why not? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
If yes, why so? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
Why wouldn’t you drink water straight from a river or lake? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 
 

Dissolved gases in water 
Look at a glass or beaker of water that has been sitting in the classroom for some 
time. What do you notice about it? The bubbles you see are bubbles of dissolved gas 
that have come out of solution. Gases such as CO2 and O2 can be dissolved in water. 
The fact that CO2 dissolves in water gives us fizzy drinks. O2 dissolved in water 
allows aquatic life to survive e.g. fish take in O2 in this dissolved form through their 
gills. 
 
When water becomes enriched with nitrates and phosphates, usually from pollution 
from fertilisers or farm wastes, excessive growth of water plants, especially algae, 
occurs. When this occurs the algae grow very rapidly causing a phenomenon known 
as algal bloom, which leads to eutrophication. The dead plants consume most of the 
dissolved oxygen so that fish cannot survive. Organic wastes in water can also use up 
dissolved oxygen. 
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Discussion: 
1). Why do you think that a low level of oxygen in water may be a problem? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
2). Explain what is meant by eutrophication. 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
3). What are the main sources of materials that cause eutrophication? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

 
 
4). Describe the possible ways in which these could be controlled? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

 

 

 

Water that’s not fit to drink 
Read the article below which refers to the pollution of drinking water in Galway in 
2007. Answer the questions based on the article.
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Group to march over Galway water 

Last Updated: 04/05/2007  17:53 
file:///G:/FYP/revised%20units/irish%
20times%20water%20crisis.htm 

Elaine Edwards 

Galway residents will hold a 
demonstration in the city tomorrow to 
demand that the Government establish an 
emergency fund to supply them with clean 
water, amid the continuing crisis over 
contamination of the supply. A group 
calling itself Galway for Free Safe Water 
said its move was in response to a "slow 
and inadequate way the crisis has been 
dealt with".  

In a statement, the group said it was 
making an "immediate, moderate and 
sensible demand for free clean water to be 
delivered to the household of Galway 
affected by contamination".  

Spokeswoman Maggie Heneghan said the 
scheme whereby residents can avail of a 
"two-for-one" offer on bottled water in 
Galway was still in place. However, she 
said this was no longer an adequate 
measure to deal with the crisis.  

"We are still operating under the 'boil' 
notice where water has to be boiled before 
it is used. The logistics of buying water 
and getting it home for elderly people and 
those with children are very difficult."  

Ms Heneghan told ireland.com she did not 
want to be "scaremongering" but that the 
cryptosporidium contamination was "a 
crisis in our city".  

She said she knew a number of people 
who had suffered from recurring stomach 
bugs and in some cases they had been told 
it was the "winter vomiting bug".  

"We don't think people should have to pay 
for water. There should be an emergency 
central fund from the national Government 
to fund the delivery of free, safe water to 
every household."  

Ms Heneghan said her grouping of 
approximately 21 people was co-operating 
with a number of other residents' groups. 
The alliance will assemble at Spanish 
Arch tomorrow, Saturday, at 2pm.  

The contamination by the cryptosporidium 
parasite has caused over 200 confirmed 
cases of illness in Galway in recent weeks, 
most of which were in children under the 
age of 10. Some 15 cases were confirmed 
by laboratory testing last week alone.  

The bug causes acute stomach illness and 
is a microscopic spore found in faeces of 
humans or animals. It can be transmitted 
through water or though objects that are 
contaminated and then touched by human 
hands.  

The "boil water" notice was issued in 
Galway on March 15 th in response to an 
unusual increase in the number of cases of 
illness from cryptosporidium. Boiling 
water before cooking or drinking it kills 
the bug.  

Minister for the Environment Dick Roche 
held emergency meetings with officials 
from the Galway local authorities last 
month after he described the situation as 
"extremely unsatisfactory".  

The Minister said "mistakes" had been 
made by local authority management and 
that "there certainly wasn't the degree of 
urgency that should have been put into this 
issue".  

He said, however, he did not want to "get 
into the blame game" and that resources 
would solve the problem.  

It emerged in recent weeks that funding 
allocated by central government to 
Galway City Council five years ago for 
the upgrade of the Terryland water 
treatment plant had not been drawn down 
by the authority.  

2007 ireland.com 
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How could the outbreak have been caused? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
What could have been done to prevent the outbreak? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
How could boiling the water help remove the contaminant from the water? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
What was the bug that caused the outbreak of illness?  
 
_____________________________________________________________________ 
 
This incident shows how important clean drinking water is and how often we take it 
for granted. Water is easily contaminated and contaminated water is the major cause 
of child deaths in the developing world. In Galway most people could afford to buy 
bottled water but most of the world doesn’t have that option. 
 
In the next lesson you will learn how to measure the level of dissolved oxygen 
chemically. 



Environmental Science Water Pollution Student Handout 

 - - 90 - - 

Lesson 2 (Double lesson) 

Dissolved oxygen in water 
 

Background: 
Water contains dissolved oxygen. DO stands for the amount of dissolved oxygen 
present in water. Biological Oxygen Demand (BOD) is the amount of dissolved 
oxygen consumed by biological action when a sample of water is kept at 20 ºC in the 
dark for five days. It measures how much contamination is present that consumes 
dissolved oxygen. 
 
From the previous lesson can you remember what certain pollutants did to a water 
supply? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
How is dissolved oxygen in water beneficial to living things? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

 
 
 

Complete the following sample problem. 

 

Sample problem: 
In a Winkler determination of dissolved oxygen in water, 100 cm3 samples of water 
were analysed. Chemicals were added to react with the dissolved oxygen and ‘fix’ it. 
The ‘fixed’ oxygen then reacts with iodide ions to produce iodine. The iodine 
liberated in the experiment was titrated against 0.025 M sodium thiosulphate solution. 
The average titration figure was 5.7 cm3. The concentration of sodium thiosulphate is 
chosen so that for 100 cm3 samples, the concentration of dissolved oxygen is double 
the average titration figure, measured in mg O2/litre. Calculate the amount of 
dissolved oxygen in the water.  
Titration figure = 5.7 cm3 
Thus dissolved oxygen = 2 x 5.7  = 11.4 mg O2/L 
 

The unit mg O2/L is also known as ppm O2/L as 1 mg substance/L is equal to 1 

ppm (part per million). 
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 To Measure The Amount Of Dissolved Oxygen In A 

Sample Of Water. 
 

 
 

 

 

Safety: 
o Personal protection equipment i.e. plastic gloves; goggles and coats must 

be worn. 

o Sodium hydroxide is corrosive; care must be taken when using it. 

o Sulphuric acid is corrosive; care must be taken when using it. 

o Sodium thiosulphate can be harmful. It is an irritant to eyes; care must be 

taken when using it and goggles must be worn. 

o Manganese (II) sulfate is harmful if swallowed, inhaled or absorbed 

through skin. Skin contact should be avoided with it. 

 
 
 

              

        Chemicals 

 
o Manganese(II) Sulphate 

solution (2M approx) 
o Alkaline potassium iodide 

solution 
o Sodium thiosulphate solution 

(0.025M) 
o Starch indicator 
o Concentrated sulphuric acid 
 
 

 

      Apparatus 

 
o Pipette (25 cm3) 
o Pipette filler 
o Burette 
o Conical Flask 
o Wash bottle 
o Retort stand 
o Three beakers 
o White tile 
o Funnel 
o Graduated cylinder 
o Stirring rod 
o Volumetric flask 
o Bottle of about 250 cm3 

capacity (clear glass 
with stopper) 

o Graduated 1 cm3 
pipettes 
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Procedure: 
 

1. Place some water into the 250 cm3 sample bottle, shake the bottle a few times 
and empty out the water. Rinsing out the bottle with water removes any 
impurities, wets the inside of the bottle and avoids any trapped air bubbles. 

2. Submerge the bottle in the water to be analysed so the neck is just at the 
surface and fill the bottle right up to the top. Stopper it and check for bubbles. 
If any bubbles are noticed a fresh sample must be taken. 

3. Measure the temperature of the water. Dissolved oxygen levels depend on 
temperature. 

4. Use a graduated pippette, with the end of the dropper near the bottom of the 
water, to add 1cm3 of the manganese (II) sulphate solution to the water. 

5. Use another graduated pipette, with the end of the dropper near the bottom of 
the water, to add 1cm3 of the alkaline potassium iodide solution. 

6. Add a liitle water to the top of the bottle and stopper the bottle. There will be a 
slight overflow of water. 

7. Shake the bottle vigorously for about half a minute. The chemicals will react 
and ‘fix’ the dissolved oxygen. Allow the brown precipitate to settle for a few 
minutes until there is at least 5 cm depth of clear liquid below the stopper. 

8. Using a graduated dropper, carefully add 1cm3 of concentrated sulphuric acid 
to the top of the bottle. Take care doing this. 

9. Re-stopper the bottle. Shake the bottle vigorously to redissolve the precipitate. 
This is a slow process. The ‘fixed’ oxygen reacts with the iodide ions in acid 
solution and liberates iodine to give a brown solution. 

10. Now perform two titrations to determine the concentration of iodine in the 
water. Using a pipette place a 100 cm3 sample from the bottle into a conical 
flask. 

  

                           
 
Diagram obtained from the following website: 
http://chemistry.slss.ie/ch_mandatoryexperiments.html 
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11. Fill the burette to the 0 cm3 mark with the 0.025 M sodium thiosulphate 

solution and titrate until a pale straw colour is obtained. This will need only a 

few cm
3
 of solution. Since the end point is small it is best to add the 

thiosulphate drop by drop from the start. 
12. Add 1-2 drops of starch solution to the conical flask which will produce a 

blue-black colour with the iodine, and continue titrating until the blue/black 
colour disappears. Record the volume of thiosulphate used. 

13. Repeat the procedure with a second sample from the bottle. This titration 
figure must be as accurate as possible. Use the average titre when calculating 
your results. 

 

Table of results: 

  

First titre   

Second titre      

Average of accurate titres    

Volume of water sample               

Molarity of thiosulfate solution   

 

Calculations: 
Dissolved oxygen = 2 x average titre in mg O2/L 
                              = __________________ 
 
Check with your teacher the percentage saturation in your sample - if it is much less 
than 100% saturated it usually indicates some pollution. 

 
 

The amount of dissolved oxygen depends on the temperature of the water. Cold water 
dissolves more oxygen than hot water. Pollution by organic matter in the water 
consumes oxygen and will also affect the DO level.  

 

Discussion: 
 

1. Why does the temperature of the sample matter? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

2. Why must the bottles be shaken vigorously in step 5 of the procedure? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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3. Why do we completely fill the bottles? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

4. Why is it important to have no trapped air bubbles? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 

5. In preparing the pipette for the titration it was rinsed with deionised water and 
then the water was removed by rinsing the pipette with the iodine solution to 
be transferred. Explain why it is important to remove the water. Why was the 
conical flask not rinsed with the iodine solution? 

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
 
If your class analysed water from different sources, discuss why the different samples 
have different DO levels. DO levels can be affected by temperature, pollution and 
whether the sample came from a static (e.g. pond or lake) or a moving (e.g. river or 
stream) water source. 
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Lesson Three (Single lesson) 

Preventing Water pollution 
 
In order for pollution to be prevented we need to have certain procedures in place. 
What do you think those procedures should be? 

                                                                                                          
 
Outline the stages of water treatment used in Ireland: 
 
 
 
 
 
 
Compare your ideas of water treatment to those actually used. How do they differ? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
 
The water cycle in the diagr2m below shows us that we are constantly reusing and 
recycling our water supply. 

 
www.educ.uvic.ca/.../438/WEATHER/water2.gif 
 
With this water cycle in mind identify at least five different types of pollutants and 
create a pollution pathway. 
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On a sheet of paper, write the sources (for example, a road) in boxes. Then draw 
arrows that show the pollutant (for example, salt) moving toward a potential pathway 
(for example, a storm sewer or a river). More than one line may apply to each 
pollutant because the pollutants may end up in several places (for example, pesticides 
can be washed down sewers and also seep into the ground and contaminate aquifers). 
Each group should also create boxes for the potential pollution receptors or sites (for 
example, fish and people) and connect them with arrows to the original sources and 
potential contaminants. The pictures should all connect to form a pollution flow chart. 
 

                                                                                                                    
              
 
 
                                                                                                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What can we do in this country to prevent pollution from any of the pathways 
mentioned by the class? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Discuss what improvements need to be made to the Irish water screening system in 
order to ensure that pollution of our water supplies does not occur, as in the polluted 
water in Galway in 2007. 
 

• ________________________________________________ 
 

• ________________________________________________ 
 

• ________________________________________________ 
 

• ________________________________________________ 
 

• ________________________________________________ 
 
 
 
Use what you have learnt from this unit to design a simple way of purifying the water 
from a lake or stream so that it is safe to drink. You might have to do this if you were 
camping or had to survive in the wild! 
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Unit 9 ~ 
the environment as one 
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Lesson 1~ (Single lesson) 

Air, Earth Fire and Water: Introduction to the Mini-project 
 

Background: 

Over the last number of weeks you have learned about many aspects of the 
environment. This section will help you to integrate all of that information together, 
revise some of the important ideas and apply your new knowledge to assessing how 
green your school is.  
 
What are the current issues facing the environment today? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 
If we burn plastics and coal on a bonfire at home how can this affect other areas of the 
environment? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
                                                                                                
What is the main problem today with waste in Ireland? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 

 
 
How does burning fossil fuels cause acid rain and what can be done to help prevent 
acid rain? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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What are the main causes of global warming and the greenhouse effect? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 
What needs to be taken into consideration before dumping waste? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
 

 
 
What can we do to reduce energy loss in the home? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
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Activity: 
In your groups go through the notice board that has been kept over the course of the 
module and sort the relevance of each article to each unit. Each group should have 
one unit to work on. Use your groups’ clippings to create a poster on that unit. 
 
Discuss as a class how different areas of the environment are inter connected and how 
everything we do has an impact on the environment. 
 
In the next double class you will do a mini-project as a group to assess “How green is 
my school?”. 
 
 
 
 
 
 
 
 
 



Environmental Science Environment As One Student Handout 

 - - 102 - - 

Lesson 2~ (Double lesson) 

Bringing it all together: How green is our school? 
 
 

Background: 
Over the last number of weeks we have looked at the science involved in 
understanding nature and the environment. We have examined many areas and tested 
for some pollutants. In this lesson you are going to carry out some research on your 
school and do an environmental audit to see how green your school is. 
 
For your project you must examine your school under the following headings: 
 

Introduction: A description of your school 

o Where is your school situtated? 
o How many students are in it? 
o Give a detailed description of the schools history. 

 

Development: The environmental impact of the school 

o What types of waste does the school produce? 
o How are the different types of waste disposed of? 
o Does this waste have an adverse effect on the environment? 
o How do the students arrive at school in the morning? 
o How does the staff arrive at school in the morning? 
o How do the students get home in the evenings? 
o How does the staff get home in the evenings? 
o Is the school energy efficient? When classrooms are not in use are lights 

turned off? 
o What types of light bulbs do the school use? 
o Does the school use any sort of renewable energy? 
o Where does the schools water come from?  
o Does the school use recycled materials e.g. paper, copies etc.? 

 
 

Conclusion: 
o Summarise what you have learnt about your school and in particular how 

environmentally friendly it is. How could the school improve? 
o Draw up a list of your ‘top ten’ actions that should be taken in the school to 

make it greener. Your group will present your findings to the whole class in 
the next lesson and come up with an agreed ‘top ten’ actions to make your 
school greener. 
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Lesson Three ~ (Single lesson) 

The Circle of Life 
 
At the start of the lesson rehearse with your group the presentation you will make 
about your school and what needs to be done to make it greener. 
 
Each group should make a short presentation (3-5 minutes) to the class of their 
findings on “How green is my school?” Record your ‘top ten’ actions below. 
 

My group’s ‘top ten’ actions to make our school greener 

1._______________________________________________ 
2. _______________________________________________ 
3. _______________________________________________ 
4. _______________________________________________ 
5. _______________________________________________ 
6. _______________________________________________ 
7. _______________________________________________ 
8. _______________________________________________ 
9. _______________________________________________ 
10. _______________________________________________ 
 
You will then discuss as a class and identify what are the ‘top ten’ actions that should 
be taken in the school to make it greener and reduce its environmental impact. You 
will combine your lists and identify the topics that appear most often. Record the 
class’ recommended actions below as a record. This could be presented to the 
Principal as a ‘Green Paper’ recommending actions to make your school greener, and 
often save energy, materials and money as well. 
 

Our agreed ‘top ten’ actions for making our school greener 

1._______________________________________________ 
2. _______________________________________________ 
3. _______________________________________________ 
4. _______________________________________________ 
5. _______________________________________________ 
6. _______________________________________________ 
7. _______________________________________________ 
8. _______________________________________________ 
9. _______________________________________________ 
10. _______________________________________________ 
 
 

Follow-up actions: 

Why not continue to collect environmental cuttings and keep you Environmental 
Notice Board up to date? Start an environmental scrapbook yourself and see how the 
environment connects with many other school subjects as well as to everyday life. 
You could also get involved in helping to put into action some of your 
recommendations. 
 
 


