
Teacher’s Guide to The 
Tephra Bag Citizen Science 

Experiment             

Can volcanic ash help reduce the amount of CO2 in 
the atmosphere? 



Links to the curriculum

Participation in this citizen science experiment will cover a range
of subjects from the Science and Geography Curriculum that are
included in the following Strand and Strand Units:

• Strand: Natural Environment, Strand Unit: Rock and soil

• Strand: Natural Environment, Strand Unit: Weather, climate
and atmosphere

• Strand: Energy and forces, Strand Unit: Light, Heat, Forces

• Strand: Environmental awareness and care, Strand Unit:
Caring for the environment

• Strand: Living things, Strand Unit: Plant and animal life

• Strand: Materials, Strand Unit: Properties and characteristics
of materials, Materials and change

Taking part in the study will help students to develop skills
through observation and to explore the possibilities of
conducting natural sciences experiments outdoors and indoors.

This citizen science experiment also allows students to learn
observational skills together with skills related to collecting
information, recording and analysing data.

We have prepared some lesson ideas that you can conduct with
the class while the citizen science experiment is running. These
however are just suggestions. They are NOT linked to the Tephra
Bag experiment, and are entirely optional.



Lesson 1 – soil composition test
Lesson Overview

Part of this lesson takes place outside (digging up soil), to
demonstrate that science can be explored in and within the
local environment as well as in the classroom.

Workshop Aims

Development of observation skills while looking at different
textures of natural materials, their colour and analysing
skills by grouping and classifying soil using a range of
appropriate criteria.

Learning outcomes

Students will be able to collect and examine soil samples
and group different soil types according to their properties
and composition.

Links to curriculum

Strand: Natural environments, Strand unit: Rock and soil

Opportunities for integrated learning

Science – study of the environment

Maths – establishing the percentage of different types of
soil in the jar

Resources needed:

2 jars with lids

water



Geography 
Lesson – Soil 

composition test 

Use the excavated soil 
that you collected for 
the experiment and  

the compost from the 
Tephra Bag kit to 

conduct the lesson.

Lesson 1

• Once the soil has
settled, it’s time to
determine the
percentage of sand,
silt, and clay relative
to the total soil
level.

• To calculate the
percentage, divide
the depth of each
layer of soil by the
total soil depth in
the jar, and multiply
by 100.



Now that you have calculated the percentages of soil 
components, you have a general idea of your soil type and can 
choose plants that are well-suited to your native soil. If you’d 
like to get more scientific about it, consult the soil pyramid 

below to find the scientific classification of your soil based on 
the percentages of each layer.



Lesson Overview

This lesson takes place inside the classroom, however it
examines the characteristics of natural environments and
gives a chance to observe the natural world by using
colours in a pH test.

Workshop Aims

Development of analytical skills by detecting colours and
linking them to a specific scientific meaning (pH colour
scale).

Learning outcomes

Students will be capable of carrying out simple
investigation of a water and soil sample and compare
information based on the results.

Links to curriculum

Strand Unit: Environmental awareness and care, Strand
unit: Science and environment

Opportunities for integrated learning

Geography – rocks and soil collection and analysis,
Environmental awareness related to air and water quality

Resources needed:

pH test included in the Tephra Bag kit

soil excavated from the school area and collected 
rainwater

Lesson 2 – soil water/pH test



Lesson 2

PART 1 - WATER 

Test:

1.Open the green capsule and add powder to the test bottle.

2.Fill the test bottle with a)the distilled water (provided in the
kit) b)tap and c) rainwater

3.Shake the content well.

4. Leave the test bottle for few minutes on the bench and 
allow the color to develop.

5. Compare with the standard provided and check which 
water is the most acidic and the most basic.

Check which water is neutral, which basic and which acidic. 

Introduction of a new term acid rain – rain that has a low pH
and is harmful for plant, animals and oceans. It is created
when the air/atmosphere is polluted.

Use the soil excavated
from the school area 

and collected 
rainwater to conduct 

the lesson.

Science Lesson –
soil/water pH test

pH scale



PART 2 - SOIL 

Preparing the soil sample:

Take the soil and place in a clean container (for example, a
mug). Break it up with a spoon. Remove any stones, organic
material or hard particles.

Test:

1.Open the green capsule and add powder to the test bottle.

2.Add 2 capsules-full of soil to the test bottle.

3.Fill the test bottle with the distilled tap or rainwater

4.Shake the content well.

5. Leave the test bottle for few minutes on the bench and 
allow the colour to develop.

6. Compare with the standard provided.

Use the soil
excavated from the 

school area and 
collected rainwater 

to conduct the 
lesson.

Science Lesson –
soil/water pH test

Lesson 2



Tephra Bag Citizen Science experiment 
background information

Tephra has potential to weather with help of plants,
which could be used as a negative emission carbon
technology to tackle the climate change issue.

This pilot study is set up in 7 schools in Ireland, to
investigate if it would be possible to run this citizen
science project nationwide. That’s why it is very
important for the future of this project to gather
experimental data, that will be later analyzed and
shared with the participants.

We would very much appreciate your feedback on
all the aspect of the project, including the protocol,
toolkit, level of difficulty and the experiment idea.



On the next pages, you will find 
the booklet provided to children



Tephra Bag Citizen Science 
Experiment

Instruction booklet

Hi! I’m Mocha. I have a
question: can volcanic ash
help reduce the amount of
CO2 in the atmosphere?



Carbon is continuously moving around the Earth in a
never-ending cycle. Plants absorb carbon and produce
oxygen and organic matter, and carbon is continuously
exchanged between the atmosphere and the oceans.
Ocean sediments trap carbon. Most of Earth’s carbon is
stored in rocks, but rain and wind can release it back into
the atmosphere.

In the air, carbon combines with oxygen to form carbon
dioxide (CO2).



Climate change

Human activities like burning fossil fuels, have
increased carbon dioxide (CO2) levels in the
atmosphere, leading to higher temperatures and
abrupt changes in climate. These changes, called
climate change, are having severe impacts on our
planet and its inhabitants.



What is this experiment all about?

We are interested in tephra (volcanic ash) as a
potential solution for climate change.

Why tephra? Volcanic ash may help to remove CO2
from the atmosphere.

We want to see if growing plants in soils with tephra
can increase the rate at which CO2 is transferred from
the atmosphere to the soil.

New word: Tephra 
Tephra = volcanic ash – rock fragments and particles
thrown out by a volcanic eruption.



Aim of the experiment
The aim of this experiment is to find out if tephra
can help to remove CO2 from the atmosphere in the
presence of plants and store it in soil and the water
that passes through the soil.
In other words, could plants speed up CO2
absorption from the atmosphere by volcanic ash?
We need your help to find out!

New definition:
Chemical weathering – breakup of a rock
caused by a chemical reaction. During this
process rock is chemically changed by
exposure to a chemical for example water or
acid rain. In other words, after chemical
weathering, we end up with a different
substance then the one we started with.



What is Citizen Science?

Citizen Scientists are volunteers that help

scientists to collect data on a given topic. There is

a mutual benefit for both sides – citizen scientists

learn new information on the topic and engage in

how science is done and scientists receive data.



Instructions

Read the whole instructions and follow the steps
from 1 to 12, to make sure the experiment is carried
out correctly.

Before you start:

The volcano box contains everything you need
except for:

1. Soil taken from the area around your school.
You will need to collect soil with your teacher.
Please collect at least 6 litres of local soil, using
a shovel to dig at a depth of about 30cm.

2. Rainwater collected once a week and/or
before the experiment. You can use a clean
plastic container (not provided) or use the
plastic watering jug provided.

Ask your teacher to help you with those tasks.

Note to teacher: Please, make sure you attend students with
those tasks.



Follow the steps:

STEP 1. Take out all the components of the kit and put them
on a table. Take a look at what is included in the volcano box.
You should have:

• Instructions booklet (which you are reading now)

• 4 pots (and 4 pot saucers) 

• 1 bag with compost

• 3 tea bags with tephra (volcanic ash)

• 3 seed discs (+ 3 additional)

• 1 sensor (+ 9V battery)

• 1 watering jug

• 4-5 sets of gloves

• 1 spoon

• 2x4 plastic bottles for water sample

• 4 syringes

• 8 filters 

• 1 small and 2 big envelopes + 3 small and 2 big 
biodegradable plastic bags

• 2 bottles of distilled water

• 1 box of pH indicator sticks

• 1 experiment results sheet

Observation task:  Draw a picture of the tephra 
bag, before placing it in the soil.



Follow the steps:

STEP 2. Place saucers under the pots. Place part of the compost 
(included) into pot number 1, so that the soil covers the 
bottom of the pot.  Use the soil that you have collected 
(excavated) in the three black pots with numbers 2 ,3 and 4. 
For help look at Figure 1.

STEP 3. Carefully take the tephra tea bag and place it in the 
middle of pots 1, 2 and 3, on top of the soil. Take hold of the 
string and cover the tea bag with the rest of the soil up to the 
marked height (SOIL LEVEL) in the pot. Pull the string out over 
the soil surface. For pot 4, add soil to the marked height, don’t 
add the tephra bag. 

STEP 4. Once all the pots have soil in them, place the seed disc 
on the top of the soil, in the centre in pot number 1, 2 and 4. 
For help look at Figure 1.

Pot 1 Pot 2 Pot 3 Pot 4

• Compost
• Tephra bag
• Seeds

• Soil
• Tephra bag
• Seeds

• Soil
• Tephra bag

• Soil
• seeds

Note to teacher: Please, divide the class into four teams. Each
team will take care of preparing one pot. The team will have a
leader who will take care of taking care the measurement every
week. There can be a different leader each week.

Control pot

Experiment pots

Figure 1. Four pots with different components.



Class discussion: Discuss with your colleagues and
the teacher: what process is taking place in plants
which allows them to grow?

Observation task: Draw a picture of growing plants
weekly, throughout the entire duration of
experiment. Start with the early stage (seeds) and
observe what will happen next.

Follow the steps:

STEP 5. Water all four pots with 500ml of the rainwater, making
sure you wet the entire disc. The seed discs are fully
biodegradable, which means that they will dissolve after some
period, if they are wet.

Class discussion: What other materials are
biodegradable? Why is it important to our
environment and the planet?



Follow the steps:

STEP 6. Remove the sensor from the package. Place the sensor
(metal probe) vertically in the soil at three different points around
and near the seed disc.

STEP 7. Measure the a-d functions from step 6 in each pot one day
after the watering and fill in the experiment results sheet. Repeat
every week for 3 months and each time enter the results (from all the
functions) in the results sheet provided.

The sensor has 4 
functions that can 
detect:
a. Light intensity
b. Soil temperature
c. Soil moisture
d. pH



Follow the steps:

New definition: pH – it is a measurement of how
acidic or basic the substance is. You can measure
pH using the pH meter. Soil can also be acidic or
basic.



Follow the steps:

Continuation of STEP 7:

STEP 7a. Light intensity: press the button to switch on the instrument
and the current light intensity will display on top. It could be either
LOW -, LOW,LOW +, NOR -,NOR, NOR+, HIGH -, HIGH, HIGH+

STEP 7b. Soil moisture: once the sensor is placed in the soil, the
measurement will appear on bottom of the display and will be either
of these: DRY, DRY +, NOR, WET, WET+

STEP 7c. Soil temperature is displayed when the back button is
switched to the oC position and it appears in the centre of the screen.

STEP 7d. pH: It is very important to switch the conversion button at
the back of the instrument to the pH position. Insert the probe into
the soil vertically and repeat 2 more times at different points around
the edge of the seed disc.

This photo shows 
how to place the 
sensor in the soil.



Follow the steps:
STEP 8. Place the pots on the windowsill and water once a week
adding 500ml of rainwater to each pot. Try to water the pots on
the same day of the week.

STEP 9. Once you have watered the pots, take out the pH
indicator strips and wet one or two strips in the water that you
see in the pot saucer. Compare the strip with the chart on the
box. What colours do you see? Input the number that
corresponds to the colour on the chart to the experiment result
sheet. Repeat once a week after you water the pots.

STEP 10. After you water the plants for the first time, use the
syringe to take the water sample from the pot saucer. Use syringe
no. 1 for pot no. 1 and so on. Open the yellow filter and attach it
to the end of the syringe. Press the plunger down and aim to
filter the collected water into the plastic tube provided. Wash the
syringe in distilled water after sampling to avoid contamination
next time you sampling water.

Record the volume of the water in the pot saucer. Check the
volume on the syringe you were using to collect the water sample
and add it to the experiment results sheet. Place the tubes in the
biodegradable plastic bags and envelopes provided and send by
post on the same day. Repeat this step when watering plants the
last time (at 3 months).

Note to teacher: Please use syringe no 1 for pot 1 etc. when
collecting the water sample. The same syringe will be used twice
during the experiment.

Note to teacher: You will collect the water sample only twice
during the experiment – first after the the first watering and the
second after the last watering. Please, attend student with this
step , as filters might clog up.



Final steps of the experiment:

STEP 11. Remove the tephra bag from the soil. Use the spoon
to remove the soil, grown plants and roots. Use the strings
attached to the tea bag to pull the tephra bag out of the soil.

STEP 12. Dry the tephra bag carefully for a day on the
windowsill. Place the tephra bag in a biodegradable plastic
bag and the envelope provided and send by post as soon as
possible.

Observation task: Draw a picture of the tephra bag
after you take it out from the soil. What do you
notice?

Thank you for taking 
part in this experiment! 

We very much 
appreciate your input ☺



Additional Information

The data that you have helped us to collect, will
be analyzed. As soon as we gather the results,
we will share them with you.

If you have any questions
regarding the experiment, please
ask your teacher to contact us.

Dr Kamila Kwasniewska is a plant scientist 
working at Trinity College Dublin. 

Dr Anthea Lacchia is a geologist and social 
scientist working at University College Dublin.

This project is sponsored by:



Additional information for 
teachers:

In the next pages you will find:

• FAQ 

• Results sheets to be filled in during the 
Tephra Bag Citizen Science Experiment

• Contact details



Possible questions and answers
1. Will the experimental data be available to us?

Yes, we will share the data with participants once analyzed.

2. How do we know that the experiment worked?

We weigh the tephra before the experiment and will do the same after the 3 months.
If the weight drops it means that the experiment worked – tephra weathered, and
CO2 was stored in the soil.

3. Why do we bury the tephra in the tea bag?

We need a teabag to hold the tephra as we are interested in the weight of tephra. We
need to know how much of it was at the beginning of the experiment and after the
experiment.

4. Why there are 3 pots with soil and one with compost?

The pot with compost is an experiment control. Other schools that are also taking
part in the experiment, received the compost in the kit. The soil, that you use for
other 3 pots, is an experiment – we are researching what is going on in the soil in
comparison with the compost.

5. Why is there no seed disc/tephra bag in one of the pots? We are looking at
different experiment conditions and so the lack of seeds or tephra bag is used to see
how the soil conditions may change in case of one of the component.

6. Why do we collect the water sample?

The water sample that you are collecting contains some ions and cations. Because
tephra also contains minerals, we want to see if the water composition will change
during the experiment. If we find increase or decrease of certain components in the
water at the end of the experiment, it might mean that the experiment worked, and
tephra has weathered.

7. Why do we take measurements of the soil?

We want to see it the soil components will change during the time of the experiment,
so we want to monitor its moisture and pH, to see if there is any change happening.

8. Don’t we need CO2 in the atmosphere for the plants to grow? Why do we want to
get rid of the CO2?

Yes, plants need CO2 and they assimilate CO2 to produce energy. However, nowadays
there is too much CO2 being produced by humans (e.g fossil fuel burning). This is
causing global warming, which has a huge impact on our planet.

9.Why do we take measurement at WEEK 0?

Week 0 is equivalent to a measurement ”before the experiment”. It is very important,
because we will compare all the other readings from week 1- 12 to week 0.



EXPERIMENT RESULTS SHEET

Functions WEEK 0 WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6

POT 1
soil temperature

light intensity

soil moisture

pH* of the soil

pH of water

amount of water after 
watering

WEEK 0 WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6

POT 2
soil temperature

light intensity

soil moisture

pH* of the soil

pH of water

amount of water after 
watering

WEEK 0 WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6

POT 3
soil temperature

light intensity

soil moisture

pH* of the soil

pH of water

amount of water after 
watering

WEEK 0 WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6

POT 4
soil temperature

light intensity

soil moisture

pH* of the soil

pH of water

amount of water after 
watering

*pH - three mesurements per pot



EXPERIMENT RESULTS SHEET

Functions WEEK 7 WEEK 8 WEEK 9 WEEK 10 WEEK 11 WEEK 12

POT 1
soil temperature

light intensity

soil moisture

pH* of the soil

pH of water

amount of water after 
watering

WEEK 7 WEEK 8 WEEK 9 WEEK 10 WEEK 11 WEEK 12

POT 2
soil temperature

light intensity

soil moisture

pH* of the soil

pH of water

amount of water after 
watering

WEEK 7 WEEK 8 WEEK 9 WEEK 10 WEEK 11 WEEK 12

POT 3
soil temperature

light intensity

soil moisture

pH* of the soil

pH of water

amount of water after 
watering

WEEK 7 WEEK 8 WEEK 9 WEEK 10 WEEK 11 WEEK 12

POT 4
soil temperature

light intensity

soil moisture

pH* of the soil

pH of water

amount of water after 
watering

*pH - three mesurements per pot



Contact details

If you have any questions, please don’t hesitate to contact us:

Kamila Kwasniewska kkwasni@tcd.ie

Anthea Lacchia anthea.lacchia@ucd.ie 

This project is sponsored by:


