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By investigating current climate change research, this course aims to provide thor-
ough preparation for studying science at A-Level or university through honing skills in data
handling and interpretation. This course introduces interdisciplinary research, combining ele-
ments of chemistry, physics, biology and geology to go beyond conventional classroom sci-
ence. The ability to combine ideas and skills from different disciplines , and support with per-

sonal statement writing, will give students a head-start for pursuing scientific careers.

Throughout history, Earth’s climate has changed, cycling through warm periods and
cooler periods. Global temperature is regulated by greenhouse gases, the main one of these
is carbon dioxide (CO,). However, over the last 200 years, human activities including industry,
driving cars and deforestation have caused global warming by releasing greenhouse gases
into the atmosphere far faster than naturally. In 2016, atmospheric CO, broke the record for
the highest concentration in the last 10-20 million years! Global warming is creating many
problems, melting ice caps and glaciers, damaging crops, endangering species, and threat-

ening peoples’ lives and homes in coastal communities.

To reduce climate change, we must reduce the amount of CO, in the atmosphere. In
this course, we will look into current interdisciplinary research on rock weathering, one of the
main ways in which CO; is removed from the atmosphere. Some of the chemical reactions
that make rocks break down, or weather, use up CO,, taking it out of the atmosphere. This
process is called carbon sequestration. How does the biological activity of forests increase

rock weathering in soils, and what affect does this have on climate change?

<+— current level

<+— 1950 level

For centuries, atmospheric carbon dioxide had never been above this line

400,000 350,000 300,000 250,000 200,000 150,000 100,000 50,000

years before today (0 = 1950)




Mark Scheme Table

Subject knowledge

Critical Thinking

Knowledge
and
Understanding

Research and
Evidence

1t(70-100)
All content included
is relevant to the
general topic and to
the specific
question/title

Good
understanding of all
the relevant topics.

Scientific terms are
defined and used

accurately
throughout

Clear justification on
how the content
included is related
to the specific issues
that are the focus of
the assignment

2:1(60-69)
Most of the content included
is relevant to the general
topic and to the specific
question/title

Good understanding of most
the relevant topics

Scientific terms are used
accurately but not always
clearly defined.

Adeqguate justification on
how the content included is
related to the specific issues
that are the focus of the
assignment

2:2 (50-59)
Some of the content
included is relevant
to the general topic
and to the specific
question/title

Good
understanding on
some of the relevant
topics but
occasional
confusion on others.

Scientific terms are
used mostly
accurately with
occasional
confusion and often
not defined.

Some justification

on how the content
included is related
to the specific issues
that are the focus of
the assignment

Inclusion of rich
sources of research
findings, data,
guotations or other
sourced material as
evidence for the
claims/ ideas

Use evidence/
calculations to
support claims/
assertions/ideas,

consistently clearly
and convincingly

Evidence of further
reading beyond

materials provided
which were used in

an appropriate
context

Data is effectively
analysed and
appropriate
assumptions/
conclusions are
reached

Inclusion of adequate
sources of research findings,
data, quotations or other
sourced material as evidence
for the claims/ ideas

Use evidence/calculations to
support claims/assertions/
ideas, mostly clearly and
convincingly

Evidence of further reading
beyond materials provided

Data is analysed and the
assumptions/conclusions
that are reached are mostly
appropriate

Inclusion of some
sources of research
findings, data,
quotations or other
sourced material as
evidence for the
claims/ ideas

Use evidence/
calculations to
support claims/
assertions/ideas, at
times clearly and
convincingly

Limited evidence of
further reading
beyond materials
provided

There is an attempt
to analyse data is
and draw
assumptions/
conclusions




Critical Thinking

Developing an
Argument

Criticall
Evaluation

A point of view or
position in relation
to the title or
question is
consistently clear

Argument/proof
exceptionally well-
developed and
well-justified

A position is clearly
established in
relation to the
question, and is
developed
effectively and

consistently
throughout the

essay

Makes links
effectively
between subjects
that have not
previously been
associated

Uses concepts
from the tutorials in
an unfamiliar
context, and does
so accurately and
confidently.

Content is
analysed
effectively to
support the
argument

A point of view or
position in relation
to the title or
question is

adeqguately clear

Argument/proof
clear and well-

developed and
position justified

A position is
established in
relation to the
question, and is
well-developed in
most of the essay

Some evidence of
linking subjects
that have not
previously been
associated

Use some
concepts from the
tutorials in an
unfamiliar context,
but not always
accurate

Analysis of content
to support the
argument

A point of view or
position in relation
to the title or
question is
somewhat clear

Argument/proof
clear but not well-

developed

A position is
established in
relation to the
question, and is
well-developed in
parts of the essay

Limited evidence
of linking subjects
that have not
previously been
associated

Limited use of
concepts from the
tutorials in other
contexts

Some analysis of
content to support
the argument

Moved beyond
description to an
assessment of the
value or
significance of
what is described

Evaluative points
are consistently
explicit/
systematic/
reasoned/justified

Effective critiques
on the reliability of
sources provided

Mostly description
but some
assessment of the
value or
significance of
what is described

Evaluative points
are mostly explicit/
systemattic/
reasoned/justified

Some evidence of
critigues on the
reliability of
sources provided

Only description
with minimal
assessment of the
value or
significance of
what is described

Evaluative points
are at times
explicit/
systemattic/
reasoned/justified

Limited evidence
of critiques on the
reliability of
sources provided




Written Communication

Structure and
Presentation

Language and
Style

ldeas are presented
in paragraphs and
arranged in a logical
structure that is
appropriate for the
assignment

The introduction
clearly outlines how
the essay/report will
deal with the issues

The conclusion
summarises all the
main points clearly
and concisely

All calculations,
formulas and
methods are clearly
structured, clear to
follow and correct

Tables and graphs
are effectively
constructed
including
appropriate
headings, units and
scales.

All sources are
referenced correctly
in an agreed format

e |deas are presented
in paragraphs and
arranged ina
structure that is
mostly appropriate
for the assignment

e The introduction
adequately
describes how the
essay/report will
deal with the issues

¢ The conclusion
summarises most of
the main points
clearly

e Calculations,
formulas and
methods are mostly
structured, clear to
follow and correct

¢ Most tables and
graphs are well
constructed

e Most sources are
referenced correctly

ldeas are presented
in paragraphs and
arranged in a
structure

The introduction
mentions how the
essay/report will
deal with the issues

The conclusion
summarises some of
the main points
clearly

Calculations,
formulas and
methods are not
always structured,
clear to follow and
correct.

Some tables and
graphs are well
constructed but
contains some
errors

Some sources are
referenced correctly

in an agreed format

in the agreed
format with
occasional errors

No spelling,
grammar or
punctuation errors

Units and significant
figures are
presented
accurately
throughout

Writing style
consistently clear,
appropriate for
scientific documents
and easy to follow

Accurate and
consistent use of
technical language

e Minimal spelling,
grammar or
punctuation errors

e Units and significant
figures are
presented
accurately
throughout

o Writing style mostly
clear, appropriate
for scientific
documents and
easy to follow

e Some attempts of
using technical
language and

and vocabulary

vocab alary, but not
always accurate

Some spelling,
grammar or
punctuation errors

Units and significant
figures are
presented
accurately
throughout with
occasional errors

Writing style
moderately clear,
appropriate for
scientific documents
and easy to follow

Use of simple
language and

vocabulary
effectively but
struggles to use
technical language




Glossary of Keywords

Related to human activity

The most common greenhouse gas

The counteracting of carbon dioxide emissions with an equiv-
alent reduction of carbon dioxide in the atmosphere.

Rocks in which the main minerals contain carbbon

The process of trapping CO2 from the atmosphere

The process of removing forests to convert an area to farm-
land or another purpose

A type of silicate rock

Work which requires knowledge or skills from more than one
discipline. Eg. Biology, chemistry, physics amd geology.

Fungi found in soil that form a symbiotic association with
plant roots

The process by which plants use energy from sunlight to con-
vert carbon dioxide and water into carbohydrates

Representative Concentration Pathways (RCP) are a aet of
scenarios agreed on by scientists and policymakers that de-
scribe different options for CO2 emissions over the next cen-
tury (2000-2100)

Rocks in which the main minerals contain silicon

The study of how electromagnetic radiation (or light) inter-
acts with matter

The process by which rocks break down physically or chemi-
cally in-situ

A common silicate mineral




Tutorial 1 — The Carbon Cycle: Sources and Sinks

WELCOME TO
SHEFFIELD

&

What is the Purpose of Tutorial 17
o To be able to give examples of the main anthropogenic sources of CO,
e To understand how the imbalance between CO, sources and sinks leads to climate change

e To identify differences between short and long-term trends, and to understand how RCP scenarios are
used to predict future climate change.

10



Activity 1: Identify some CO2 sources and sinks and place them on the diagram below

Carbon Sources and Sinks

A carbon source is any process or
activity that releases carlbbon into
the atmosphere. Both natural
processes and people's activities
can be carbon sources.

A carbon sink takes up or stores
carbon on the Earth.

11



Representative Concentration Pathways (RCP):

RCPs are scenarios that describe different options for CO, emissions over the next century (2000-2100). These
scenarios take into account the whole range of climate policies that different countries might choose. Agree-
ing on a limited number of scenarios helps scientists when they create computer models of future climate
change, because they can be sure that they are comparing apples with apples when communicating their
results.

Activity 2: The two graphs below are from a scientific journal.
A) This shows the 4 RCP scenarios for atmospheric CO, concentration from 2000-2100
B) This shows the predicted global temperature change for 2 of these RCPs

What does ppm stand for?
A) 1000 - o
. ———RCP2.6
—~ 900 -
E_ - What is Joppm as a %?
& 800- ] o
c TOPM = e %
2 700
) -
£
c Which RCP has the most CO, produced? ...
S 600-
5 Which RCP has the least CO, produced? ...
&}
' 500-
O .
O 400 - RCP 8.5 is known as the “business as usual”
] scenario. This assumes that across the globe, we
continue to produce as much CO, as we do at the
300 moment. People make no extra effort to reduce
2000 2025 20‘50 2075 21 00 emissions or take any CO, out of the atmosphere.
B) Global average surface temperature change
60 —Mm8™M™Mm™mmm—m——p——————7—————— Meanover
F 1 2081-2100
| === historical =y
[ == RCP2.6 J
4.0 | === RCP8.5 ; ‘
o L
&, 20 P
I o
O
o
Y ©
< O
; o
0.0 2558
o
O
o
-2.0
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Carbon dioxide accumulates in the atmosphere and stays there for decades.
Even if emissions start reducing in 2020, the concentration continues increasing for decades after this.

If we continue 'business as usual’, what temperature change will we be likely to see:

Global CO, - and Hawaii!

The longest running dataset for atmospheric CO, concentration has been recorded at Mauna Loa volcano in
Hawaii. This data is used by scientists around the world, and is the most important set of data for
understanding short and long-term changes in atmospheric CO,.

Why are measurements taken in Hawaii?

4000 km (equat.)

©d-maps.com

2000 mi (equat.)




Carbon through the seasons

The table below contains some of the original atmospheric CO, concentration data, recorded at Mauna Loa
volcano in Hawaii. Choose one year and use the graph paper on the next page to plot a graph of monthly
changes in CO, changes over a one—year period. Remember to give your graph an appropriate title (what
data are you using, what are you trying to show), and to label your x and y axes.

Year

2000

Mauna Loa CO; Monthly Average Concentrations, 2000 to 2011 (ppm)

Jan

369.25

Feb

369.50

Mar

370.56

Apr

371.82

May

371.51

Jun

371.71

Jul

369.85

Aug

368.20

Sep

366.91

Oct

366.99

Nov

368.33

Dec

369.67

2001

370.52

371.49

372.53

3733/

373.82

373.18

371.57

369.63

368.16

368.42

369.69

371.18

2002

372.45

373.14

373.93

375.00

375.65

375.50

374.00

371.83

370.66

370.51

372.20

373.71

2003

374.87

375.62

376.48

377.74

378.50

378.18

376.72

374.31

373.20

373.10

374.64

375:93

2004

377.00

377.87

378.73

380.41

380.63

379.56

377.61

376.15

374.11

374.44

375.93

377.45

2005

378.47

379.76

381.14

382.20

382.47

382.20

380.78

378.73

376.66

376.98

378.29

379.92

2006

381.35

382.16

382.66

384.73

384.98

384.09

382.38

380.45

378.92

379.16

380.18

381.79

2007

382.93

383.81

384.56

386.40

386.58

386.05

384.49

382.00

380.90

381.14

382.42

383.89

2008

385.44

385.73

385.97

387.16

388.50

387.88

386.42

384.15

383.09

382.99

384.13

385.56

2009

386.93

387.42

388.77

389.46

390.19

389.44

387.91

385.92

384.79

384.39

386.00

387.27

2010

388.45

389.82

391.08

392.46

392.95

392.03

390.13

388.15

386.80

387.18

388.59

389.68

2011

391.19

391.76

392.40

393.28

394.16

393.68

392.39

390.08

389.00

388.92

390.20

391.80

Seasonal variation in CO,

Using your graph on the opposite page:

Which month has the highest CO, concentration

Which month has the lowest CO, concentration

Why do you see this annual fluctuation?




Graph title:
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The purpose of this homework is to test your knowledge and skills so that you can build on
them during this course. There are 2 sections.: The first follows on from work we did in the
first tutorial, and the second section tests your skills with some challenging puzzles. These
questions are deliberately designed to be challenging, so try to do as much as you can,
but don't worry if you do not understand some of them!

Part 1: Short-term vs long-term trends

Using the graph paper opposite, plot the data for a 10-year period at Mauna Loa. You should plot
2 data points per year, one for each of the 2 months you identified during the last tutorial. These
represent maximum and minimum CO,. Use the data on the previous page

Describe what the long-term trend is in the graph you have drawn.

Explain what the reasons are for this trend?

Which RCP scenario do you think is most likely to happen and why?
What does your answer mean in terms of future climate change?

......................................................................................................................................... 1000 -

RCP2.6

......................................................................................................................................... 9004

800 -

700+

600 +

500 -

CO, concentration (ppm)

400

300 — T T T T T T
2000 2025 2050 2075 2100




Atmospheric CO, concentration .................... At Mauna Loq
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Visit the website where global atmospheric CO, data is recorded (www.co2.earth)

What is the CO, concentration today?

What was the average CO, concentration last month?

...................................................... (076100 1T NN (a0 Te a1 a VAY.= (010!

Use the conversion we practiced in the last tutorial to give these ppm CO, concentration values as
percentages

The following questions relate to the paragraph and diagram below

"The picture below shows the total volume of water on Earth (left) and of air in the Earth's atmosphere (right)
shown as spheres (blue and pink). The spheres show how finite water and air supplies are. The water sphere
measures 1390 kilometres across and has a volume of 1.4 billion cubic kilometres. This includes all the water in
the oceans, seas, ice caps, lakes and rivers as well as ground water, and that in the atmosphere. The air
sphere measures 1999 kilometres across and weighs 5140 trillion tonnes (5.14x10™ tonnes). As the atmosphere
extends from Earth it becomes less dense. Half of the air lies within the first 5 kilometres of the atmosphere. *

Volume of
a Sphere

41Tr3
3

What volume is the atmosphere (pink) sphere?

Calculate the volume and mass of CO; in the entire atmosphere?



What is the molecular weight (Mr) of CO,?
(There is a periodic table at the back of this booklet)

Using the values you calculated earlier, how many moles of CO, are there in the atmosphere?
Use standard form if appropriate

....................................................................................... moles CO,

How much CO; is within the first 5km of the atmosphere?

....................................................................................... moles CO,

Across the globe, roughly 80 million tons of the greenhouse gas are emitted every day by human activities.
London outputs 98,100 tonnes CO, daily, this is visualised in the picture below,

In 2014 , the total CO,emissions for the whole of the UK was 403,769,000 tonnes
What % of the total UK emissions are from London?

Billion: one thousand million, or 10°

Trillion: one million million or 10"

19



Tutorial 2— Rock Weathering

Chemical weathering
of rocks uses up CO,
and releases minerals
which can later be
taken up by plants

Rocks are made up of
different minerals. These
contain chemical elements
that plants need to grow.

Weathering

What is the Purpose of Tutorial 27

To understand the process of silicate rock weathering

To be able to calculate CO, sequestered by rock weathering

To know the major mineral nutrients required by plants

20



Activity 1: Find the words to complete the paragraph about weathering:

.......................................... weathering is the process of rocks breaking apart ... Changing their

.......................................... weathering is caused by rain water reacting with ........cc.ccoveccseeeeeeeee. iN rocks to form new

Rain is Mildly ... and it slowly eats away rocks. This is because ..., from the air
reacts with water to form a chemical called ..., acid

When plants or microbes break down rocks, the process is KNOWN AS .....coovceecooeerreveecvrens e weathering.

All living things need elements, SUCH OIS ...y oo ses o]l I in
order to grow. ThESE ... are found within rocks. Plants and fungi attack rocks.
............................................. grow on rocks and release acids to ... the minerals in them and release
nutrients.

21



Rock weathering chemistry
Balance the equations for silicate and carbonate rock weathering, and complete the statement about
CO; sequestration.

oo, TOCKk Weatherin

..CaSiOz +..CO, + ..H,O = ..HCOs... + Ca... + ..SiO,

For every mole of CaSiO3 weathered, ........ moles of CO, are sequestered

e TOCK Weatherin

..CaCOz + ...CO; + ..H,O > .HCO... + ..Ca..

For every mole of CaCO3 weathered, ........ moles of CO, are sequestered

Rock density

State the formula for density in words:

You can use density to help you
identify types of different rock.

80 cm
Mass = 2.4 tonnes /7’5 om
In the space below, calculate the density of one of the blocks used to build the pyramids.
Using the table on the next page, suggest what type of rock were the pyramids made from?
Remember
M3 = e, cm?
Ttonne = ... kg

DENSIEY: oo e (Sl units please)

ROCK 1Y e

22



How much CO, does weathering sequester?

1. Calculate molar mass (Mr) for each of the minerals in the table below— put answers in column 4
2. Calculate the number of moles of each mineral in kg — put answers in column 5
3. Using your answers in column 3 and the density data in column 5, calculate the number of moles in

Tm3 — Put answers in column 6

Rock type Density (kg/ Moles/kg Moles/m3
m3)

Limestone CaCO3 2500

Dolomite CaMgCO3 2900
Wollastonite [KeeN[@F) 2800

Olivine MgFeSiO4 3300

Look back at the equations for carbonate and silicate weathering on the previous page:
For each m3 of wollastonite (silicate) weathered, how much CO2 is sequestered?

.......................................... moles CO, equivalent to R (e L O O

For each m3 of limestone (carbonate) weathered, how much CO?2 is sequestered?

.......................................... moles CO; equivalent to R (o O O

Silicate weathering is a better long-term CO; sink than carbonate weathering. This is because, when the

soluble ioNs ..., (@] g @ from carbonate weathering reach the oceans, they can

re-form carbonates.

This process reverses the carbonate weathering reaction and releases CO2. However, because this

process is so slow, taking 1000-10,000 years, we can still think of carbonate rock weathering as a CO2 sink.

Equation for carbonNQte AEPOSITION: ... s e s

Shells , corals and some kinds of
plankton (tiny sea organisms) are
made from carbonates.

23



Homework: Carbon offsetting

Hope valley cement works in the Peak District produces 1 million tonnes of CO; every year. Using the infor-
mation from last lesson, work out how many tonnes of wollastonite would need to weather in order to se-
quester all the CO, produced? this by following the steps below, and give your answer in tonnes.

1. How many moles of CO, are sequestered for every mole wollastonite?

1. Use the molar masses of CO, and wollastonite to work out the mass of wollastonite needed?

If the surface area of wollastonite exposed to weathering is 100 km2, how deep does the wollastonite need
to weather in order to sequester this amount of CO,. Calculate this by following the steps below, and your
previous answers. Give your final answer in millimetres.

3. What volume of wollastonite is this equivalent to? (remember: use the density formula)

24



4, Calculate depth of wollastonite needed using volume and area

km deep isequivalent to ..o, mm deep

In 2003, 7,000 trees were planted around Hope Cement Works to try to offset the production of carbon
dioxide. The UK forestry commission estimates each young tree sequesters
approximately 2 kg of CO, per year.

5. How much CO, is sequestered by the 7000 trees planted at Hope valley cement works?
...................................................... kg CO2
6. How many trees would you need to plant to sequester ALL the CO, produced by Hope valley cement
works?

trees

25



Tutorial 3 = Why do mushrooms eat rocks?

Sugars from plant

photosynthesis

What is the Purpose of Tutorial 37
e Tolearn about mycorrhizal-plant symbiosis
e To understand why and how fungi promote mineral weathering

o To know the major mineral nutrients required by plants

There are 200-600
km of mycorrhizal
mycelium in every
kilogram of sail!

—] The picture above shows a tree root covered in mycorrhizal fungi.
= Circle the fungal hyphae spreading out from the root

26



Fungi in the soil

Activity 1: Read the following passage and answer the questions below

Every teaspoon of soil contains more micro-organisms than there are people on Earth. Soil near
the roots of plants is even more crowded, and there can be 1000-2000 times this number. This is
because root secretions provide nutrition for these microorganisms.

Mycorrhizal fungi (mycorrhizas) are one kind of soil microorganism. These form a symbiosis with
plant roots. Most trees, grasses, flowers, and crop plants depend on these mycorrhizal fungi for
taking up soil nutrients.

Mycorrhizal fungi are very good at taking up soil nutrients. Mycorrhizas increase the absorbent
surface area of roots by 100-1000 times. Fungal hyphae (root-like structures) are narrower than
roots, so they can get inside soil pores and cracks where roots cannot fit and access nutrients
hidden there.

Fungi can also increase the availability of soil nutrients by releasing secretions that increase rock
weathering. Mycorrhizae can secrete weak acids, chelating compounds and enzymes. In
exchange for supplying mineral nutrients to plants, mycorrhizal fungi gain carbohydrates (sugars)
from their host plant roots. Plants use between 15-30% of their sugars from photosynthesis to
feed these fungi.

What does symbiosis mean?

What are the costs and benefits to trees of hosting mycorrhizal fungi on their roots?

Benefits to plants Costs to plants

Why are fungi so good at getting mineral nutrients from the soil?

27



Mvycorrhizal fungi under the microscope

If you wash plant roots and observe them under a microscope, it is possible to see mycorrhizal fungi. These
are easier to see on some types of plant roots than on others. These is space below to draw a diagram or
write a description of some plant roots you observe under the microscope.

28



Mineral nutrients

Rocks store many essential nutrients that plants need to grow. Phosphorus is one of the most
important and used in many fertilisers. The chemical reactions that make rocks weather both sequester CO,
and release mineral nutrients into solution.

Mineral deficiency is the situation where a plant cannot get enough of a particular mineral from the soil for
healthy growth. Different minerals are needed for different reasons, so each one causes different symptoms of
mineral deficiency.

What do plants use phosphorus for?

.............................................................................................................................................................................................................................

Mycorrhizal fungi increase weathering rate

We learned on the previous page that plants and their mycorrhizal fungi increase rock weathering rates
through producing a variety of chemical and enzymatic secretions. Rates of silicate rock weathering are
increased up to 10 times by plants and their fungi.

When the lettering was first carved on this gravestone, it was 5 mm deep.,
you measure it in 2017, it is 4mm deep.

MR. F. GUY
1822-1890

How long ago did Mr. F. GUY i€ ....ciieeseseveieeivenessnnnnens Years

Using the equation (Speed = Distance/Time), work out what the weathering
rate of the granite gravestone is

Shortly after you have made these measurements, the gravestone falls over and is quickly overgrown by
plants and fungi. Vegetation cover increase weathering rates tenfold.

What is the new weathering rate of the granite?

How long (at this new weathering rate) until the letters have completely disappeared?

29



Plant mineral nutrition

Periodic Table of Crop Nutrients

17 nutrients are essential for plant health. Cptimal yields can only be produced when all these
nutrients are in proper supply. According to the Law of Minimum, if one or more nutrients are
lacking in the soil, crop yields will be reduced, even though an adequate amount of other
elements is available.

7 15
Nitrogen Phosphorus

5 17 25

o Mn

Chlorine Manganese

28

Ni Cu Mo

Nickel Copper Malybdenum

e

The 'periodic table of crop nutrients’ shows nutrients essential for plant health. Use this website (http://
www.cropnutrition.com/nutrient-knowledge) to find out about 3 more elements essential for plant nutrition.
Fill in the table below with your findings.

Plants use this for.... What does deficiency look like?

30



Mycorrhizal hyphae are really good at gathering nutrients because they are
really narrow and can fit into soil pores and cracks that roots cannot reach.

Can you help the mycorrhizal fungal hypae reach the mineral nutrients!

Feel free to ignore this page ;-)
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| have actually no idea how hard this maze is...

But if you manage to do all the homework AND help these sad little mushrooms, there may be a sweet prize in store next week!
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Homework: How do plants and mycorrhizas affect CO, sequestration?

You are surveying the CO2 uptake of two different areas of land. They have different bedrock and different
amounts of vegetation cover. Both areas measure 100 km?2.

A

Area: 100 km?
Rock type: Limestone (Mr = 100) Wollastonite (Mr = 116)
Vegetation cover: 20% 85 %

Without vegetation cover, wollastonite weathers at a rate of 0.009mm/year and limestone weathers at a rate
of 0.018mm/year. Using information from tutorial 3, what are their weathering rates WITH vegetation cover?

WollaStonite ..., mm/year

Limestone

What is the total volume and mass of limestone weathered in area A over 1year? Remember to convert your
measurements to metres before calculating. Use the density data from tutorial 2.
Carry out your calculation in two parts: WITH and WITHOUT tree cover, as these have different rates.

Using the same method, what is the total volume, mass of wollastonite weathered in area B over 1year?
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How many moles of limestone and wollastonite are these masses equivalent to? Molar masses are
given on the previous page. Remember to consider your mass units when calculating.

..................................... Moles limestone

..................................... Moles wollastonite

Using the balanced weathering equations from tutorial 2, how many moles CO, are sequestered in
areas A (limestone) and B (wollastonite)

..................................... Moles CO, sequestered by limestone (A)

..................................... Moles CO, sequestered by wollastonite

What is the TOTAL CO, consumption by both areas A and B (together) in 1year? Give your answer in
kg, using standard form if necessary.

..................................... Kg CO, / year

Which area, A or B, has the greatest overall CO, consumption (due to weathering only)?

Use your findings to discuss how plants and mycorrhizal fungi affect CO, sequestration through
weathering.
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Tutorial 4 — Rock Fingerprints

1 1 1 1 1 1

Gamma rays Xrays Ullrlo- Infrared Radio waves
violet

Radar TV FM AM

400 nm 500 nm 600 nm 700 nm

This diagram shows the electromagnetic (EM) spectrum

What is the Purpose of Tutorial 47
e To learn how Atomic Emission spectroscopy (ICP-AES) works

e To understand the concept of trace elements in rocks

e To be able to interpret ICP-AES spectroscopic data and its use in forensics T

Spectroscopy is the study of how electromagnetic radiation (or light) interacts with matter

Label the diagram with the names and charges of the 3 main types of particle that make up matter:

What is Atomic Emission Spectroscopy (ICP-AES)?

ICP-AES is probably the most versatile techniques in an analytical laboratory.
Applications include: analysing water from sewage treatment plants, analys-
ing meteorites, lunar rocks, soils, rocks and in forensics to help solve crimes.
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Match up the questions on the left with the answers on the right to find out about spectroscopy

What happens when EM radiation is
absorbed by matter?

How is spectroscopy used to identify
different elements?

What must you do to a sample in or-
der to do ICP-AES analysis?

What is a plasma?

What is the plasma in ICP-AES like?

What does a spectrometer do?

How can ICP-AES be used in forensic
analysis?

ICP-MS is used for forensic geochemistry

Plasma is produced from argon gas and is
roughly same temperature as the surface
of the sun

Separates all the different wavelengths
and measures their strength

Electrons are raised into higher energy lev-
els,. When they return to their original, lower
energy levels, this releases EM radiation.

lonized gas with free electrons and positive
ions at high temperatures.

All the different elements in a substance
give it a unique pattern of EM wavelengths
emitted. This gives each substance a
‘fingerprint’.

lonise the sample by producing a plasma

Different atoms absorb and produce EM
radiation (light) at characteristic wave-
lengths. This is like when you see different
colour light when you do a flame test

One of the major advantages of ICP-AES is that it is both very accurate and very rapid. ICP-AES can determine
concentrations of 50 elements simultaneously. Not every element can be detected by ICP-AES, so there may
be a 'missing percentage’ when looking at mass data for elements in a sample.

The determination portion of the process takes approximately 2 minutes to complete.

How many samples could chemist analyse in a week if she works from 9am-5pm Monday to Friday?
How many individual elemental analyses would have been performed in this time?

..................................... Samples

..................................... Elemental analyses

ICP-AES is so accurate it
can detect some elements
at concentrations as low as
one part per quadrillion (10%)




Murder in Sheffield

Last night there was a horrible murder in Weston Park. You are the police detective in charge of investigating
this case. You have apprehended a man called Ben who has mud on his shoes. You suspect that he was in
the park last night, however, he claims to have been playing football in Crosspool.

You have sent the shoes and some soil samples from both Weston park and Crosspool to the forensics lab for
analysis by ICP-AES.

Your forensics lab reports that the mud on the shoe contained microscopic grains of the mineral olivine
(MgFeSiO4) , a common component of some volcanic rocks such as basalt.

Is olivine a silicate or a carbonate?

What is the molar mass (Mr) of olivine?

Complete the table of mass percentages of the different elements in olivine. Remember, the sum of all mass
percentages should be 100%.
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What is the ratio of magnesium:iron in olivine?

You have received the forensic report on the 2 soil samples. These are shown in the table below. Unfortunately,
the forensic scientists have forgotton to label the data table with the elements, and have only included the
wavelengths of absorption. Match up the wavelengths of absorption with the appropriate element symbols in
the data table below. (Use the periodic table of ICP-AES wavelengths at the back)

Emission
wavelength | 766.49 393.37 396.15 PARYY 589.59 407.77
(nm)

Weston Park 7.0 10.2 13.1 22 1.6 9.0 11 1.5 13.9

Crosspool 8.7 12.0 12.9 3.0 1.5 10.1 0.7 2.1 4.8



Why do the mass percentages of these elements in soil not add up to 100%

If all magnesium in the soil sample you identified above is present as olivine minerals. What is the total mass
of olivine in kg of soil?

...................................................... g olivine / kg soail

Should you let Ben go?
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Homework: Roundup of tutorials 1-4

As we've completed 4 tutorials now, this homework is about looking back over what we have been learning.
This is in preparation for tutorial 5 where we're going to bring together ideas from all 4 of these tutorials.

1. Choose 4 new words you have learnt in these tutorials and write a definition for each of them in your
own words:

2. Think about the key information and skills you have learnt in each tutorial and
write a 1-2 sentence summary of each one:

39



Tutorial 5 = Can we put science in a box?

What is the Purpose of Tutorial 5?

e To understand the concept of interdisciplinary research
e To write a summary of this course that could be later used in a university personal statement
e To bring together knowledge and skills from tutorials 1-4 in order to complete complex calculations

Taboo

Level 1: In pairs describe each of the 4 words you identified for homework. Your partner must guess what
word you are describing.

Level 2: As a group, decide on some words that you cannot use when describing.
Write these down below (eg. You cannot say the word ‘rock’):
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What does interdisciplinary mean?

A) The many strategies for maintaining discipline

B) Stressing one branch of knowledge more than others
C) Relating to more than one branch of knowledge

D) Using any form of discipline in the classroom

E) In a maths class, teaching multiplication and division

Interdisciplinary Venn diagram

Label the categories of the Venn diagram, then fill in each section with different things we have learned over
the last 4 tutorials. You can use the key points you identified for homework to help you, as well as thinking of
new ideas with your group.
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Uni personal statement—ideas

If you decide to apply to university whilst you're in Sixth Form, you will need to write a ‘personal statement’. This

is basically your chance to tell the university you want to go to how brilliant you are and how interested you are
in studying there.

One thing that will really impress interviewers is that you've already been doing university-level work whilst do-

ing this course... in year 10!
But... they won't know what it is or what you've done unless you tell them.

The space below is for you to jot down ideas or words that you'd like to include in your statement. You can use
your Venn diagrams and the key points yiou came up with in your last homework assignment.

I've written a few words to get you started:

Inspired me to learn more about....

6-week university-level course

Interdisciplinary

Cutting edge researchin ...... .

What are you interested
in or inspired by?

What new skills or
knowledge did you get
out of this course>
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Uni personal statement—writing

Now you've had lots of ideas, have a go at writing a paragraph about: What the course was , what you've
been learning or doing, and how this links to your personal interests/inspirations.

Don't worry if you don't like your first attempt, there's another space at the bottom of the page for a second
try :) it usually take more than one attempt before you're happy with this kind of statement!
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Final Assignment

The aim of this assignment is to test the knowledge and skills you have learned over the last 5 tutori-
als. The style of questions is similar to those you have completed in tutorials and for homework, how-
ever, this time you get fewer prompts to help you through each calculation. If you get stuck, try to
break down each calculation into simple steps. Look back at your previous work to see ways you
can do this.

CO, production at Drax power station—Assignment Part 1

You are employed by an environmental consultancy, and have been tasked to do make an assess-
ment of a possible carbon-offseting scheme at Drax power station outside Doncaster. Drax power
station is the secon