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EXECUTIVE SUMMARY

The purpose of this report is to summarise activities related to the delivery of the ‘Lab in a box’ task
and its evaluation. The aim of this work package was to develop off the shelf outreach activities that
can be used by institutions to promote nuclear and radiochemistry at schools, colleges or science

fairs. Nine different activities have been developed, tested, improved and then finalised.

The nine activities are: Bright salt: Structural energy; Oder of radioactivity: Radiation around us;
For your glove: Nuclear contamination demonstration; Nuclear energy: I’'m in the middle of a
(nuclear) chain reaction; Radioactive nuclei: Decay and half-life demonstration; Imposter: Keeping
nuclear Materials Safe; Nuclear medicine: Separating Radionuclides; RADiation robots: Handling
nuclear waste and Think inside the box: Glove box handling techniques.

Over 800 students have used the materials produced at three separate science festivals: All Together
Cumbria’s Festival of Work, IET’s Engineering Open House Week and Humber Science Festival.
The kits are also scheduled to be used at three more upcoming science festivals. Positive feedback
has been received from each science festival; the main highlight being how easy the kits are to use

and how engaged the students are.

The Lab in a Box packages have been designed so that each activity can be delivered independently
by any teacher/STEM ambassador, using only the risk assessment and STEM ambassador guides
that are found online, and the resources required can be easily acquired and purchased. The risk
assessments, STEM ambassador guides and any other support information has been uploaded to
CINCH Hub, NNL’s Outreach database, Women In Nuclear’s outreach database and to the STEM

Community website to allow public access and use of the resources.
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1 INTRODUCTION

Nine different lab in a box activities have been developed for students aged between 5 — 18. The lab
in boxes have been designed as ‘hands on’ activities that cover a range of different topics in the

nuclear industry. The materials needed to deliver all the activities are cheap and easy to acquire.

1.1 Development of Lab in Box Packages

In previous A-CINCH meetings it was identified attendance at science festivals and careers fairs is a
very popular and successful way to raise awareness of an area of science, but for obvious reasons this
is challenging in the area of nuclear radio chemistry. The focus of this work package was to create
‘off the shelf” outreach activities that can be used by institutions to promote nuclear and

radiochemistry at science festivals or within the classroom.

Each pack includes a STEM ambassador guide, a risk assessment and some packs include supporting
material as required. The STEM ambassador guides include: the objectives of the activity, an
overview, age range, preparation and demonstration time, an equipment list and links to purchase the
items, background information and the demonstration procedure. The risk assessment is a generic
risk assessment format that can be submitted to any science fair to make organization for the STEM

ambassador easier.

After research into the different science festivals and STEM events it was found that there are two
main formats: The first is where the STEM ambassadors have a stall and students (sometimes with
their parents) come along to the stand, engage with the STEM ambassador and activities, then move
into the next stall; the second format is when the STEM ambassadors deliver a session to a class of
students, typically 3. The ambassadors then deliver multiple sessions to fill a designated amount of
time, then a new group of students arrives. The nine activities have been developed so that there are
multiple options that cater for both styles of science festival.

1.1.1 Bright salt: Structural energy

This activity visualizes the fluorescence of a chemical in an excited state as it returns to its ground
state, following its irradiation in a nuclear reactor. There is a follow up activity where it is explored
how thermal fluorescence can be used in the nuclear industry to diagnose and monitor radiation

exposure.
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Figure 1. 1.1.1 Bright salt: Structural energy experimental set up

1.1.2 Order of radioactivity: Radiation around us

This activity is designed for the students to understand that radiation can be found in nature as well
as in many other aspects of our lives, such as fire alarms and airplane travel. The students order the
items from what they think is the most radioactive to the least radioactive. The STEM ambassador

can then have discussions with the student over why and how each object is radioactive.

Figure 2. Order of radioactivity: Radiation around demonstation

1.1.3 For your glove: Nuclear contamination demonstration

This activity is designed to introduce students to methods that radiochemists use to keep themselves
safe when handling radioactive materials. The STEM ambassador demonstrates a glove change, the
student then attempts to copy this. The gloves are sprinkled with UV powder, if any of these transfers

onto the student hands then they would have contaminated themselves!
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Figure 3. For your glove: Nuclear contamination demonstration

1.1.4 Nuclear energy: I’m in the middle of a (nuclear) chain reaction

This activity introduces students to the concept of a chain reaction- a fission reaction. In the
demonstration each student is an atom and they each have two balloons. One student throws their
balloons into the air, if you are hit with one of the balloons then throw the two balloons you are
holding. This continues until all the balloons have been thrown, demonstrating an uncontrolled fission
rection. The activity in then repeated but with some ‘moderators’, these people grab balloons as they

are thrown, slowing down the reaction. This is an example of a moderated fission reaction.

Figure 4. Nuclear energy: I’m in the middle of a (nuclear) chain reaction

1.1.5 Radioactive nuclei: Decay and half life demonstration

This activity introduces the concept of radioactive decay and half lives. Each student has a box with
acircle inside, a cup filled with same skittles and a printed table to fill in. The student tips the skittles
into the box, closes the box and gives it a shake, then opens the box. They then remove all the skittles
wihtin the black circle, counting how many there removed. They then write this number in their table

and reperat this process 10 times. They can then work our the half life of their skittles.
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There is an optional extension activity, where the activity is repeated using circles of different sizes.

They should find that if they are using a bigger circle the decay is faster and the half-life they calculate

is shorter, and the reverse if using a smaller circle.
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Figure 5. Radioactive nuclei: Decay and half life demonstration

1.1.6 Imposter: Keeping nuclear Materials Safe
This activity is to raise awareness of nuclear security, safeguards and non-proliferation. In order for
society to beneifit from nuclear science and technology it is imperitive we keep our materials, sites
and people safe and secure and this area of nuclear offers many varied careers.
The game is a team memory game. The students are spilt into teams of 4-10. Each team has a board
and a pack of periodic table cards. The aim of the game is to recreate the center board, below in figure
6. The students take it in turns to walk up to the demonstation board and try their best to memorise it

and recreate it on their team’s board. But there will be an imposter in the group, they will be trying

to sabotage the team’s effort without getting caught.

Figure 6. Imposter: Keeping nuclear Materials Safe demonstration
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1.1.7 Nuclear medicine: Separating Radionuclides

This activity introduces students to health and nuclear medicine; how radioactive molecules are used
for medical diagnosis and cancer treatments. The demonstation imitates a separations column, used

to separate medicinal radioisotopes from radioactive sludge for application in hospitals.

Figure 7. Nuclear medicine: Separating Radionuclides
1.1.8 RADiation robots: Handling nuclear waste

This activity introduces students to the role robotics and master slave manipulators (MSMs) play in
the nuclear industry, particuarly in the area of cleaning up legacy nuclear waste. The student will use
the arm to remove the wooden shapes from the basket of ‘mixed radioactive waste’ and isolate it, into
the empty basket. This is to demonstrate separating different types of radioactive waste before they
go onto to be treated and eventually disposed of. Here the grabber is representing a Master Stave
Manipulators (MSMs).

Figure 8. RADiation robots: Handling nuclear waste demonstration
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1.1.9 Think inside the box: Glove box handling techniques

This activity introdues students to glove boxes and how they are used by nuclear chemists. The
actiity involes an imitation glove box, pictured below. The student will use the glove box to mix
two different coloured solutions togther to create a third colour, using pasteur pipettes.

Figure 9. Think inside the box: Glove box handling techniques
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2 ACTIVITY TRIALS, FEEDBACK AND FUTURE USE.

2.1 Activity Trials

Table 1 Science fairs Lab in a box activities have been trialed at:

Activity

Science fair(s) attended

Estimated no. of

students engaged

Handling nuclear waste

Bright salt: Structural 120
Engineering Open _ o5
energy House Week by
17 June 2023 ’Q',
Oder of radioactivity: - 810
L Engineering Open _ s
Radiation around us. WP House Week
17-Junc2023 0"7
For your glove: Nuclear 810
contamination
demonstration
Engineering Open _ s
House Week b
17 June 2023
Nuclear energy: I’'m in the 90
middle of a (nuclear) chain All Together CUMBRIA
reaction
Radioactive nuclei: Decay P NP 90
and half life demonstration All Together CUMBRIA
Imposter Keeping nuclear P NP 90
Materials Safe All Together CUMBRIA
Nuclear medicine: N\~ 90
Separating Radionuclides All Together CUMBRIA
RADiation robots: 600
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Think inside the box:

Glove box handling

600

techniques

2.2 Improvements made after Trials

Bright salt: Structural energy. On trialing this activity, it was encountered that the flash from the
bright salt was difficult to see. ‘Tips’ were added to the method section in the STEM ambassador
guide, including: ‘the darker the room the better to observe the sparkle’ and “You may want to do this
for small groups of students so that they can get close enough to the hot plate to observe the small
flashes of light’.

Oder of radioactivity: Radiation around us. To make this activity more accessible an image pack
was created. The STEM ambassador guide was updated to include an image pack, which can be used

instead of, or in conjunction, with the physical items in the activity.

For your glove: Nuclear contamination demonstration. On trialing this activity, it was found the
UV powder fell over the demonstration table. Wet wipes were added to the kits to aid the clean-up

process and effectively remove the UV powder from the table.

Nuclear energy: I’m in the middle of a (nuclear) chain reaction. This worked very well the first

time and no significant changed were made.

Radioactive nuclei: Decay and half-life demonstration. After trialing this activity, it was found
that drawing of the half-life table took the students a lot of time, as a result the activity became rushed.
A template was created that can be printed and handed out to the students.

Imposter Keeping nuclear Materials Safe. On trailing this activity, it was found to work best for
group sizes between 4 and 10. The instructions were updated to include this information. An extra
unit of materials (a pack of cards and a cork board) were added to the box so that classes of 30 students

could now be split into 3 groups.

Nuclear medicine: Separating Radionuclides. On trialing this activity, it was found that removal
of the cotton wool balls from inside the columns at the end of the demonstration was difficult,

tweezers were added to the equipment list to help with removal.

RADiation robots: Handling nuclear waste. This demonstration originally included an electronic

remotely controlled robot arm to compare to the MSMs. This arm was found to be expensive,
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difficult to construct and delicate. The robot arm was removed and the activity was more successful

without it.

Think inside the box: Glove box handling techniques. On trialing the activity, the glove box
itself was very easy to move and it knocked over the glassware inside. Duct tape was added to stick
the box to the table and prevent it slipping.

2.3 Use of Resources after A-CINCH

Sustainability was a key aspect of this task, especially the storage and distribution of activities. To
deal with this, each lab in a box activity starts as a guide online which provides background about the

activity, a list of components / equipment which are affordable and easy to procure.

Each activity has been designed so that they can be delivered independently by STEM ambassadors
using only the STEM ambassador guide and the risk assessment, which they will be able to find

online.

The STEM ambassador guides, risk assessments and any other supporting documents have been
unloaded to: NNL:’s internal outreach database, STEM Ambassador’s outreach database and they
have been uploaded to UK Women in Nuclear’s (WiN) outreach database. These are all forums for

STEM educators where resources are openly shared.

Through these communities the kits are scheduled to be used at four upcoming events: WiN science
fair Oxford, Fitzharrys Secondary School STEM fair, Keswick Secondary School’s Careers Day and
UlverSTEM festival. It is hoped to maintain/build on this momentum through continued active

engagement with these STEM outreach communities.

2.4 Feedback

Overall great feedback was received for all nine activities including:

“The NNL team has set the gold standard for some of the best science activities I've seen, it would
be my pleasure to collaborate more in the future.” feedback on the NNL/A-CINCH stand at the

engineering Open House Event

“It was great to see the students so engaged” feedback from a teacher at Whitehaven Academy during
the Cumbria Festival of work.

“I had no idea things were naturally radioactive” and “I never realised people did this for a job”
were both pieces of feedback received at the Humber Science Festival as well as many students asking

about different pathways into the nuclear sector, such as apprenticeships and graduate programs.
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3 CONCLUSIONS

Nine lab-in-a-box activities have been developed trialed, tested and improved. Throughout
demonstrations at STEM events an audience of over 800 pupils has been reached. Overall, positive
feedback was received from students, teachers and STEM ambassadors. Comments from students
and teachers reflected positively that the lab in boxes were excellent resources to raise awareness of

the many different areas of the nuclear industry and the different jobs and career paths these offer.

The activities have been successfully carried out by STEM ambassadors, using only the online
resources. It was fed back that this was easy to do and they would happily do it again in future. The
resources have been uploaded to NNLs Outreach database, the STEM Community website and to
Women In Nuclear’s outreach database to allow for future use of the resources by the STEM outreach

community.
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ANNEXES

Annex I: Bright Salt: Structural Energy STEM Ambassador Guide.

Clﬁﬂ&"ﬁ@ STEM AMBASSADOR GUIDE Clﬁn&'ﬁ@ C]ﬁmé'ﬁ@

> Bright Salt: Structural Energy

]
Objectives

Zrudents will:

« Understand how defects in the crystal
structune can cause excked states.

* Visalise the fluorescence of a chemical in
an gcibed stake as it refurns bo ground state,
follcwing s irradiatian in a nuckear reactor.

« Explore: how tnermal fluorescence can be
used in the nudear industry o dagnose and
maonkor radiation exposure.

|
Duwervbew

Zalt has an lonic bffice crystal structune.
Howewer, this structure is nat perfect, and
defects can be present. When material is
irradiated with gamma radistion energy, some
of the electrons in the sodium chiloride crystal
meee 1o & higher enengy state, Toe crystalline
structune of the sodiam chiaride allows same of
these cioctrons to be trapped In energy lovels
abowe the ground stabe. These Erapped
elortrons cause the orystals to change colour
(b orange-brown). This Is becasse the
repasitioned electrons affect the way that light
Is reflected by the crystal.

When the sample is heated, there & sufficent
energy for the elecirons o EsCaps the energy
well These dectrons reburm bo thelr ground
state by emitting energy In the form of lignt.
Ths Is termal fluorescence. The amaunt of
light redeased i propartional o the amount of
radistion energy absarbed by the crystal.

Equipment

& Dradisted salt

# Hat plabe

* Auminium fol boat

* Ealety goggles -

# Fine extinguisher & heat hlanket

* Pyres soreen

+ "Hot surface” and Do not kouch’ label
« Eye wash kit

& TaneTers

ks o penchuene Ehe equipmont ane gaon o e
! of B QUi (BN FLrThaer Links
socko)

ATIONAL 1 ..m} -

Structural Energy

Precautions

T sakt is safe to hande and k non-taxis, but you shoud NOT eat it, This s berause the plastic bottke
Is not food-grade certified and food-grade sanitary precautions were not Eaken when e sak was
transfenmed inba the plastic botthes.

Procedure

L. Turn on the hok plate to a medium-high setting prior i the science falr, so that it will o2 hot 2t
the time of the Fra-hiat thie foll boats,

2. In frant of the hotatabe, introduce a Pyres screen with a “hat surface’ sign.

lmmmmmuarmmmm-umpuduumum Eanle sak which s
orange-orown in colour,

4. Turn off the lights or use a blackout boo.
Tip — T devker $hie roam the Borter fo obsane te sparkie,

5. Sprinkle sexeral grains af the crange salt inks the aluminium foll boat on the het surface. You will
son owious flashes of light from each orystal you drop onta the hat surface. Have the students
obsene with their sense of sight and sense af hearing. The heated salt sparkdes, and a szzing
sound may be cebected.
T - Vo may Wl 89 o S for ST Qroups oF STugents 5o Mt Ny N7 got cose
ensugl b Hhe Aot piste fo observe the small Rashes of dght.
€. Turn on the lights and nobe the calour of the salt samole, which & now white.
7. Turn off tae hot plate and remave the aluminiam fol Boat from the hot slabe with tweezers. Tip
the aluminksm foil boat so that the salt collects in a corner.
&. Retum any left-ower crange salt to Ehe container and close the cap tightly. The de-activated
(wnite) salt can be safely disposed of in 3 reguisr mousehald bin,
Light B huamicity Wil SauEe $he Stored gy 1o B0 redeaceel. ORCe M S rRfms fo T
wihite form & wall 0o jonger rminesce winen beated.

HATIEIMAL W LEAR
z ABGRATONT

Structural Energy

Discussion

Salt nas the crystal strachare of an lonk attice. An lonic comoound |s 3 glant structure of ens, The
Ions have a reqular, repeating arrangement called an lonic lattice. The lattics s formed because the
ions attract each other and form a reguiar patbern with opposkely charged bons nest b each cther.
The lattios shruckune locks Bl this:

(Figun 1 Sodium chioriss (e} sragy ground state eryeial st

Howweser, Enese orystal structares aren't perfiect and sometimes there are defects. Trese defects can
bee caused by the enengy within the nudear reactor.

Figara 2 Soxfum chioride | Nl crvtal structur sith o defect

Because of the defect, when sodium chloride i iradiated the ekectrons move around with all the
energy from the reactor and an electron can maowe inta that vacant spat. This produces a calour
centre, hence the brown colour. This & because the repasitioned electrons affect the way tat light
s reflected by the crystal.

HATICIMAS W LEAR
] ABGRA DN T
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Structural Enery

Figune 5 Sodium chioriss (Medl) ey sxcitid state erystal structuss

Howserver, winen you apply nesk, you see thermo-uiminescence and & colosur change. This |s becasuse
when the cryshals are heated, the heat energy raises the trapped electrons to an even higher energy
state where they are free fo drop down Eo the ground state. & the rapped electrons are freed,
Ehelr excess energy s relessed in the form of visible light. This phenomenan & calied
Ehemaliminescence, or themal fuorescence. The amount af light released is proportional to the
amount of radiation energy absoroed by the crystal. The heating alsa decreases the ngudity of the
crystal lattice, allwing the salt crystals o revert ba thelr aniginal, defect-free state, which s wale in
colour. The sait & not radinackve.

Real-world &pplication

The conceats wvohved in this demaonsiration can be relbed to devices used to detect radiation
expasure.

Fadiztion workers wear film badges called TLDs | Thermoluminescent dosimeters). Gamma rays that
it the badge are stored as energy in the badge. The badge uses a Hthium fluaride (LF] fim (rather
than sodium chiande, Aithougn Ehe clements are in e same periodic grouns, mesning they 1l nave
the same physical and hence strocbural properties ), which “stores energy ™ whien exposed to ionizing
radiatian.

After a set pertod of time the nudear worker will change Eheir badge. The used badge is heated to
release s stored enengy and the amount of enengy Ehat is neleased s measured with a light-
sensitise instrument (2.0, 3 phatomultiplier bube). The amount of light released corresponds b the
energy that was deposited inthe IRhium flucride salt as the lonizing radiation passed through the
miaterial, The mdiation dose received by the mdistion warker can mnerefore be cakculated,
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Equipment Purchase Links
« Tradiated salt:

hktpe: e carcling comy specialty-chemicals-s/ sodium-chionde-rradiated-orystal-aboratory- grade-
20-g/HEASA0.pr

= Hotpdate:

Rt W, amazan oo Lien- 1.2 50-1500W- Continudusly-Ther mostats-
Creerneating/da/BOBNHEHWFYiref=sr_1_&7orid = 2L SHUZEITOIEBAkepwards = hot 32 Bplatefigid=16
A1E LE3Asorel= hot¥h 2Bplate %l Caps S 20050 sr=0-Clith= 1

# Aluminium foll boat:

hittpes: ffmowe amazon co.u Trays-Mulfin-Dishes-Pastry-

Alsminiumy dp/ BISKBGONBC ref=sr_1_3_ssnaerid= OS5l FEWSTHA &k oywands=small = foll = dishag
d=168621417Esprefic=smalk foik denth2 Capse PO 16 5 sr=H-2-
snonshsp_csdsd2IkT 2T TIzcFahdGYBpsc =1

+ Safety gopgies:

bt | fwwi. amazan ook Satety-Glsses-Goggles-Frotecthe-
Eyeweanidn/BOHNESH 7L Y/ ref=sr_1_31 faeywords=saloty= pogplestinid = 164185534 3asr=8-31

# Fire extinguisher & heat blankot:

hittpe: ffmowe. amazon co.ui'F reShield-Fowder-Fire-Extinguisher-

Ellanket! dp/ BOSWRISHET fref=sr_1_4_sspaierids J4SC0MATIC 190k keywords=fire +etinguisherfgid
=144 1 B9BA3 2 Esprotin=fire-+ estin®h 2Capste 201 51 sr =8-4-

sponshpecs 1 Rspla = ZW S jerlwd 5V UV BGIma i PLEZT FEMM) a0 VB RKVLImi Y 1S cCHRIT ElFL
EWNTUANTE&MIMTRIa 0TV FWTCIDmM e X BN R ZEIFLUEN NZAIM |E 1O aIWESL TOow IV nd
PEGADESRWUS BT R mImFjdChva) 1joEia LI G W NLIm R TS0 TGEIn0R xp Y2 sSdH LT = =

® Pyrax screenc

ittpe: eoue. amazan oo ul TARGION-Perspey-Protection-Transschion-

Fartition/dpy/ BOSWTRONTL ref=sr_1_1_sspaitorid= 14PYUKATXIZZ L&kpywords=plastic = screenBigid =1
EEE213EMAs0neh i = plashic +soreenth 20apath 2 C196A =8-1-

sponshep_csd =ik IVOTmRETIZCFIhdGYRpac=1

& "Hot surface’ and T not touch’ label:
hittps: Wi, amazan oo s Caution-sarface-touch-safety-
sign/ dp/ BOTYLIDSWH rof ssr_1_S7crid =KC MG XSGR 15 FHAKeywards = Caution+ hot+surface-+do+ not

+iouch+ safety+ sticaerigid= 16918957 90Esprefic= caution-+hot+ surface +do-+nat = bouch -+ safety -+ 5t
Cherts ACapath 2L ETREr = 85

)

Structural Energy

* Eye wash kit:

htps: [ s amazon.co.uig HypaC lens-Epewasn-Sation-Boti les-
Dressings/dp/B01BLEVGWE ref=sr_1_Sterid= IR IGHYOPAPEE kepwornds s eye Sl Bwash e Zstatin
ndgid= 1E418ERE5RS profor= ey e¥h ZBwashtha 2B %I CapsHRIC 12 18sr=H-E4kh =1

* Tsmopers:

A AW ATT0N. O Uy Twaeaers-Frafessional-Shinbad-Stainless-
Procision dp/B097 LKDEHF) ref=5r_L_E7erid= 180T GAIOFILE keywords =twaerarshaid = 168621391
Esorefiy =baeeth 2apste 01190 ar =2-6
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Annex I1: Bright Salt: Structural Energy Risk Assessment.

C m,-:.n.ar-n:u C ALGMHTED
. Hazards Contrel Measures
Brlght Salt: StrUCtural Energv Hat surface- burns from Turn off the hot plate when not in uss. The surface of 2 hot plate

touching & hat surfzce

stays hot for some time and looks the same as & "cold” plate.

Avioid the unattended use of hot plates when possible,

The hot plate surface should be larger than the veszel being heated,
Use of a Pyrex screen with a hot surface label on to demonstrate
when the hot plate is in us= and to prevent audience touching the

Activity Srructural Energy Demonstrator(s): STEM ambassador(s) plate,

The remawal of the sluminium plate should be done with care using
Date Venue: tweezars.
Eﬂm:i'ser Audience: L;ﬁ?‘mrdqg;e::ﬂ Slips, trips and falls Good housskeeping to be maintained to remowve patentizl rip and

Thiis activity investigates the effects of iradiation on salt aystzls by heating
Activity previously irrzdisted salt, which causss photoluminescence and & colour chanoe.
Description | This is linked to the rezl-world zoplication of this technology in eguipment to
monitor radiation dose,

spill risks, Cables should be taped to the floor,

In addition to the abowve control measures, the following standard safety requirements should also

be in place:
Hazards Control Measures + Any PPE wom should be chedked to be in good condition, of the correct specification for the hazands
Allergies The ambassador(s) will ask any attendess if there zre any zllergies in the activity, and approprissely CE/UKCA marked.
that they shauld be sware of before the activity beqins. + Approprizte ventlation and hygiens fadilities should be prasent.
Chemical hazards Chemicals have the potental to cause irritation or damage if

Manuzl handling

Glassware hazards
{iradizted sak contziner]

Elecirical hazards from
equipment znd
instrumenits

ingested/come into contact with eves,
Eye wash station is provided,
Wear Personal Protective Equipment (PPE): Eye protection (safety
glasses] and chemical resistant nitrile gloves.

audience are presant in only 2 spectator capacity and should
not be hands-on during the demonstration,

Ambasszdons): Mo heavy lifting is invoheed in aq:enrn&nls to help
mitigate the risk of damans to property and perso

Audience: Pressnt in only 2 spectator capadty, shuuh:l et be hands-
on during the demanstration

Mo heawvy lifting is to be carried out and experiments carried out in
the sppropriate environment.

Evacuate audience from the area, Broken glassware is 1o be swept
up disposed of appropriztely, iz glass bin or however is specified
by the wenue,

Approprizte PPE is worn (induding safety glasses and cut-proof

gloves),
Spilt irradiated salt should be heated until a colow change appears
{the salt should go white] 2nd disposad of in housshold wast=,

Low woltage/'curment equipment is used, all equipment is stored
away from water supplies,

Bquipment to be inspacted for visual fauls and to ensure PAT label
is in date before demonstration commences.

Signature:
Print Nama:

Dite:
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Annex I11: Order of Radioactivity: Radiation Around Us STEM Ambassador Guide.

Order of Radioactivity: Radiation

Around Us

Objectives
Students wll:

# Understand that radiation is retural and
Found everymbere.

Dwerview

Al of us are exposed fo radiation every day,
From natural saurces such 25 minerals in the
iground, and man-made sOTEs SUCh a5
medical X-rays.

When people hear the word radation, they
often thine of atomic enengy, nucear power,
and radioactivity, buk radiation has many
different forms and comes fram many cther
SOUTCES,

Radioactive oojects surmound us every day, in
and out of our home. This acthity is designsd
ko show that radistion ks everywhere and s

compkdely saie, up o 3 certam imit

Fast facts

Subjeck: Physcs

Age range: 5+ years okd

Ambassador preparation time: 30 minutes
Demonstration time required: 1S mines
Location: Schence Falr

Equipment

Al the different Eems which can be used in
Ehis activiby are Isted at the end of the guide
(Full Equinmient List seckian). 1t s aotional o
obtain the somey all of these Rems. An image
pacic b akso included wiich can be sed
instead of ar in conjunction with the bekow
Ibeme (Radiation Arcund Us Image Fack).

AUGMENTED

CINCH@)

Radiation Around Us

Procedure

Shita students the meeryday ihems or the images of the (lems. Asi the students o put the ibems in

order of least radicactre to mest radicactive. Included in the image pack ane Ewo radioactve signs.

The dose in skeverts (59 will be displayed on the mevenme of Dhe Images,

Answer

Trie table below shows the carect order dor the everyday Rems/activities and ther assocabed
radinactivity, from lawest b highest. One sievert (Sv) & e same as one joukefkg. The severt
represems the equivalent hiological effect of the deposition of one joue of radation energy inone
kilogram of human tissue.

15y = L0000 mSv = 1,000,000 pSv

Ttem activity Dose | pSv | Dose | mSv

S defnchor per howr at 30 om distance 0.00 0.00001 | less than
Living within 50 miles of a nuckear power plant [ 0.0000%

Eating 1 banana [ 0001

Living within 50 mies of a coal power plank 03 0.0003

Denkal X-ray 5 0.005

Bragil nuts, 1009 10 001

Urankusm glass at the surface per hour 542 0.0542 | average
Living in & stonef cancreley brick building T 0.07
Trans-Atlantic fight 20 a0

Annual dase from natural potassum in the body 350 0.3%

Radan paint watch per hour 1820 182

Head CT scan 2,000 2

Hormal UK yeardy background dose 20 2.7

Living in Cormaall oo year E500 [1]

CERAMIC dinndrwane 3T 37.5 [ average
Usually fatal dose ADDIDODD Apoo

Radiation Around Us
Discussion

AUGMENTED
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Tak about mach item a5 you reveal tha dose.
* Smoke detector

Smwane defectors use a radicactive element called Am-291 which emits charged alona partiches. The
alpha radistion ionises the s particles inside the smoke detector. This alloes a small eleciric
cumrent to flow. IF there is a fire, smoke particles going into the debector are hit by alpha rasdiation.
Tnis reduces the lonisation of the air partickes causing the current to drop. The drop in current ks
debeched oy the smowe debector, setting off the slanm.

# Livimg within 50 miles of a nuclear power plant

Mozt of am aperating nuclear pover plant’s direct radiation is blocked by the plant's steel and
CONCTEE Struchures. An operating nuckear power plant produces wary small amounts of radioactie
g and liquids, as well a5 small amaunts of direct radistion. B you leed within 50 mies of a
ruschear poser plant, you would receive an average radiakion dose of about O.09 uSw per year.

+ Eating a banana

T radioackive mabure of bananas comes from the presence af Potassium, a naturally cocuming
mineral. The average banana cantains 432 mg of potassium. About 0.012% of the atoms of
potassium are radicactiee, which mesns woen thasy decsy they emil radition.

*  Livieg within 50 miles of a coal power plast

Combustion of coal crestes wastes that contain small ameaounts of naturally oIouming radicacthe
makerial.

* Dental X-rays

Low keveks of radiation are used in X-rays. High energy slectramagnetic waves pass through the
bodky B an x-ray detecior on the other side of the pabent. An image will be fomeed that represents
the shadows farmed oy abjects inside the body. The ¥-rays that are not absorbed are used B oroate
the image. The amount the patient absorbs contrisutes o the pabient's radiation dose. Radiation
that passes through the body does not condribute bo this dose.

*®  Brazil nots

Braal nuks are the most adioactive food that we sat. The atsord radum (a radioactive element)
From the soll. In Braz, whene these nuts grow, there ane elesabed levels of radium in the sal.

* Uranium glass/ vastiline glass

Uranksm glass is 2 glass which has nad uranim added hefore meting for colurisation. The
proportion varies from race levels to abowt 3% U Oy weight. The added wanium wes for a
decoratin oifoct, B casses e glass o be fluorescent,

Radiation Around Us

* Livieg in a stonefbrick/conorete building for a year
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kﬂﬂmlﬂh"ﬂ miaterals in sandstone, conorebe, brick, nabural sbane, gypsum, and granke condain

raturally acosring radicactie elements bke radum, uranium, and Evanum. These naturaly
oocuring elements can break down ar decay into the radicactive gas radon.

*  Trans-Atiantic flight

When you fiy wau go figh into the atmesshone. Un at this high albibude the air gats thinner, the
higher you go the Biinner the alr gets and the fewer molecules there are above you o deflect
oosmic rays- this & radation from auter spece.

*  Matural potassium in the body

Potassium is an essentisl mineral and slectralyte in the: haman body. Normal levels of potassium s
befween 306 and 5.2 mmaoliL of blood. Fotzssiam i found raturally in the sl and in the food we
cat

*  Watch with radon paint

Faint containing Radan s flsonescent. In the 19205 watches painted in this uranium paind were very
popaslar, the dislks were covered in the luminous saink. They shane all the e and didn require
charging in thie sun.

+* Head CT scam

CT scans reply on s-rays bo genenabe images. In a CT scan these ¥-rays ame administered in all
directions [350 degrees). 50 yvour body will absarbh mare radiation giving you a higher adiation
dose,

*  Hormal UK yearly background dose

Thene is background adiabon everpwhere. The UK government estimales that the average person
receives an annual dose of 2.7 mby, About 85% of this s natural sources of background radiation,
these include; radon gas excreted from roces and soil in Bhe ground, background cosmic radiatian
and lving things {plants absorh radioactive materials from the sol, these pass up the food chain).
Artificial sources accaunt dor about 15 per cent af the average tbaceground radistion dose. Rearty all
artificial background radiabion comes from medical procedures, such as receiing X-rays dor X-ray
pheotograpns. & small amount af background radiation is from nudear missile tests and nuclear
poser.

*  Livimg in Comnwall

Theme s sackground radiation everywhere, but on aserage Corneall b the mast radicactive part of
the British isles. This s because it & largely made up of granibe, this k an igneaus o which
produces radon mone rapidly than most other rock types.

Radiabon Around Us

® CeEramic dinnernsane

#
HATIONAY WO LEAN
4 e

CINC
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Criten ceramics contain ekevated levels of naturally ocouring radonuckides. Before the 1970, many
companks used radioactive minerals to colour glazes. The most commonly used mineralks were;

wrankam, thorum and potassium. These elements emi alphe, beta andior gamme radiation. These
glazes can be Found on floor amd wall tikes, poftery and other coramics.

Real-Workd Application

This ackivity shows how radiation k present in the world around us in everyday objecs and places.
Tnerefore, radistion can be shown to be completely safe, up o a certain limit, as sources of
radiztion aocur naturally.

Full Equipment List

- 2 Radioactive signs {big and small, - Coramic dinnerware

representing most ko least radiosctive
" 9 ! - Image ko represent usslly fatal dose
- Gelger counber

- Simoie: dhebector, Doy hour mesasured 2t 30
cm

- Lising waithin 50 mles of nuckear power plant
(image of poeer plant)

- 1 Dansns

- Lising waithin 50 miles of a coal power plant
(image of poeer plant)

- Image of a dental X-ray

- Braal nuts, 1idg

- Urankam glass

- Image of a stanefcancrete) brice Suliding

- Trans-Atlantic Fight bcket andior small oy
aeranbane

- Image of human bady to resresent annual
dose fram natural potassiam in the body

- Radan-painksd wakch
- Image of a head CT =can

- Map of the UE to represent the mormal UE
yearly background dose

- Map of Corneall to represent ving in
Comweall for & vear

1
HATICHA, WOl LEAN
: e

Annex 1V: Order of Radioactivity: Radiation Around Us Risk Assessment.
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Order of Radioactivity: Radiation
Around Us

Activity
Date

Event
Organiser

Activity
Description

Hazards

Allzrgizs

General
hvagiens

Slips, trips and
falls

Sharp objects
- scissors

Radiation Around Us = Demonstrator{s): STEM ambassador(s)
Venua:
Audience: 5 — 18-year-olds and their

parents [ carers/ teachers
This activity demonstrates that radiation is naturally present in the world arcund
us and is safe up to a certsin limit. by getting the audience to place everyday
items in order of decreasing radicactivity.

Control Measures

The ambassador(s) will 2sk any attendees if there are any zllergies that they
should be aware of before the activity begins.

Hand wash stations should be available or the nearest handwash point be
knowm, as several people will handle the items.

Good housekeeping to be maintzined to remove potential trip, slip and fall risks.

Scissors are provided should the STEM ambassador(s) wish to print some images
and cut them out. Handle thase with care and keep stored away from students
and their parents/ carers,

In addition to the abowe control measures, the following standard safety requirements should alsa

be in place:

» Appropriate ventilation and hygiene facilities should be pres=nt.

Signature:
Print Name:

Date:

- e
[ )
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Annex V: For Your Glove: Nuclear Contamination Demonstration STEM Ambassador Guide.

> For Your Glove: Nuclear
Contamination Demonstration

Dbjectives
Students wll:

* Explain the difference befwesn
contamination and irradiation.

* Understand the precautions related to the
soread of conkaminatian.

Dwerview

Radischemists have to wark carchully bo
prevent tne spread of rmdioachve material.
They must take spedal precautions o ensare
Ehat the radicactive materal doesn't oot
ingested ar anto their skin. Te do this,
radiachemists have a spedal way of removing
their gloves. Thene s & techinigue that they
use to fake off their glowes which stops any of
the radicactise material from touching the
sCientists skin.

This activity gels the shadends o have a go at
using the glove remcnal technique, whene
Ehey can visually see [f they've been able to
prevent te spread of contamination by using
U pamder and 3 olack Bght {3 U tarcn).

Equipment

« UV povder and black light fset)
+ Nitrile Glowes.
& Bin/bucket

& KIlchen paper

Links fio pevchese e eoupmont ae ghon & e
S o B QLA (RN FLThasD Links
sacton),

s
HATIENAL RJCLEAR
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Nudear Contamination
Demaonstration

Frocedure

Ask the shadents fo put on a par of gloves and dad the UV powder around their hands. Ask the
students bo take Heese gloes off 22 deanly as passible and place the gloves inthe bin. Following
this, shine & LW lignt on the shudent’s hand to examine whether they've been aolke to contain the
material.

Answert

L. When removing cuter gioves, the exposed side of the outer lager s considered “difty” and the
inner glove i considered “clean.” Contact of & clean surface should be made anly by anobher chean
surtace,

2. Grasp the outside of ane glave, near the wist, using the other gloved hand.
3. Peel the glove away fram the hand, turning it inside cut as & ks remaoved.

4. Whille holding e remosed glove with the remaining “dirty” gloved hand, insert the "clean” tio of
one finger undemeath the edge of the remaining “dirty” glave 2t the wrist opening.

5. Feel the socand cuter glove off, buming & inside oot as it & remoed.

E. Keep holding the first glowe unbll the second glove erwelopes e first and bath are contained in a
single package, with both gloves inside out, one inside the ather.

7. Flace the gloves into the aporopriste waste receptacie.

DisCUsSon
Cantamination is the presence of uwanted radoactive material.

Radiation ks enengy that moves from one place o ancfher ina form that can be described as waves
o particles. Radiation is emitied from the contaminatian due to the decay of the radioactive nuclel
present in the contamination.

The two processes af rradiation and contamination are often confused. However, they ane wery
different and can be used in their own right®.

hitkoec v ene gow'sitesidefault fles 2005-05 documents 4021 12-
005 _ronkamination_guide_sug 2012 oo
7 Inbe: e b oo i b ez guides, 233 rewision2

HATIONA N
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Nudear Contamination
Demaonstration

Irradiation i

Ocrurs when an object & exposed to a Ocours i the radioactive scurce s on or in the
source of radiation cutside the chject chject

Doesnt cause the obgect Eo becomse A contaminated obgect wil be radioactive for as

radicactive long as the source Is om or in i
"Can be blocked wiin sutabie shieiding ﬁanmum the radiation
cannat 5e Dlecked from it
Stops a5 soon as the source is removed It can be wery difficult to remove all of the

contamination

Real-Warld Application

Radischemists hawe to wark carefully to prevent the spread of radioactie maberial, bo ensure that
radiactve material doesn't get ingested or anbo thelr skin. Te do this, radochemists wear gloves
when handling radoactise matenial, and wse the technigue that the students attempt i this actiity
k0 remove them safely once they have finished their wark. Once the gloves have been safely
remowved, By are Ehen seosrely dsposed of 2 radicactive waste.

Equipment Purchase Links
« UV perveder aind Black light {set):

itpe: { e amazon oo uk Colour-Clys-Dars- Pigment-
Powder dp/B0TVEIFGEC, e =sr_1_S7kerywands = uv+powde g id=1EE9042194bar=5-5

# Nitrile gloves:

hiktpes: e amazan oo Hitrie-Powd er-Multi-Purpose-Gloses-

Dizposabie'dp BOMFZPYFRG el =5r_1_1_stpatord =EYIDEILSIWYHALeywords = plastic= gloveshgid
= 1550422 1 Repretie= plastic = glovesth2 Capshe 209 4 lar =8-1-
soonshep_csd=dkE VOITmFZT IzcFahdGYlpsc =1 Bsmid = ADZNBEIFILVGY

= Bin/bucket:

Rtps: { WwW. amazan 1o, Ho usehold -Easy- Grip- Multiou rpcse-Cleaning -
Gardeningide) BOBBWKEFILrel=sr_1_Z_stpatorid =NRZHIEDABYS3&Keywards = bucketiqid = 1E690
A22eEAsorefiy =bucketh2Capafte 01 A5Esr=8-2-s ponstap_csd = dXkZIV0OTmFZT L ecF9hdGYBpac=1




AUGMENTED

A-CINCH - D5.8 CINCH
Page 22 /42

Annex VI: For Your Glove: Nuclear Contamination Demonstration Risk Assessment.
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Hazards Control Measures
FD r YD u r G I 0 Ve: N u CI ear Slips, trips and | Good housekseping to be maintzined to remove potential trip, slip and fall
falls risks.

CD n tami n ati 0 n De m O n Strati D n This activity requires movement. Ensure there is large enough area to perform

the activity and there are no hazards nearby.
The ambassador(s) should emphasise tha importance of being aware of your
surroundings.

Activity Nuclear Contamination Demonstrator{s): STEM ambassadors)
Date Venue: In addition to the above control measures, the following standard safety requirements should also
Event _ 5 — 18-year-olds and their be in place:
Organiser e arents [ carers/ teachers
9 P . » Appropriate ventilation and hygiene facilities should be present.
Activity This activity gets the audiznce to have a go at using the glove removal technique

Description | which is used by all nuclear workers to safely remove their contaminated gloves.

Signature:
Hazards Control Measures
Print Name:
Allzrgies The ambassader(s} will ask any attendees if there are any allergies that they
should be aware of before the activity begins, particularly to the nitrile Date:
gloves,

Spillage of UV Kitchen roll is available to clean up any minor spills.

powder At most the likely spill amount will be about 1 g of UV powder. This can be
cleaned up with kitchen roll and binned. For residues on the person’s hand,
hand sanitiszr will b2 on hand and the nearest hand wash point known.
Judgement by ambassador(s) will be made whether audience can handle the
stock UV powder and suggestion made to dispense this on behalf of the

audience,
Experiments are carried cut at the table and not taken away.
UV powder UV powder is to be handled by ambassador(s) and no more than roughly 1 g is
ingestion to be given out per experiment. UV powder boxes ars ahways under supervision
of the ambassadar(s).
UY powder — UV powder is to be kept under supervision of the ambassador(s). Contasiners
staining of are to be kept closaed when not in use. Kitchen roll is available to clean up spills.
clothing UV powder is non-toxic but may stain skin and clothes.
Waste Used nitrile gloves are bulked into a bucket under the table. When this bucket

is full zn ambassador can dispose of this vis household waste or whatever route
is specified by the venue.

Injury — heavy | The black light can be heavy. There is a risk it could be dropped onto a foot.
weight The experiment is run under supervision and the black light is to be handled
with care. It is at the ambassador's discretion if the participant can handle the
light.
Ambassadaor(s) are to emphasise this light is not to be shone in anybody's eye.

-
Gl
()

[
-8
[ ]
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Annex VII: Nuclear Energy: I’m in the middle of a (nuclear) chain reaction STEM Ambassador Guide.

Nudlear Chain Reactions

CINCH@ s CINCH@ CINCH®

> Nuclear Energy: I'm in the middle of

a (nuclear) Chain Reaction

Objectives
Students will:

# Mae predictions.

+ Understand ruclesr Fssion using a model.

Precautions

Ensure there are na tria hazards present, and you have 3 large encugh Hoor ares for 3 small graun
to gather. Ensure o one & alergic to the tex |0 the balloons, if 5o, Bnsure that they woar ghoves.

Procedure
1. Hawe the students stand in a bighthy packed group and give sach student fwa balioons.

2.1 a fission reaction, a newtron must be released o get the reaction going. The students ame
going o smulate nudear fission reactions oy throwing 'neutrans” (balioons).

3. Start the: simubbion by asking one shadenk bo theow their “reestnan” (balloon ) ino the air.

A If Ene rematran’ {Balkean ) W0uches 3 student, the stadent snould thioe ooth of their balkons in
Ehe air. This will continue untd all the balloans are in the arr,

5. Retrieve 20 the balioons and reset 50 that each shagent has twa again. Homeser, this time seect
@ couple of students B be ‘conbrol rods’. Ther job s to grab balloons cut the ar during the

e
@
Thermal retrons,
redeased from fission
readion
Large, unatable
T daugiter nuck,
udeus -

spiit from the: lange
anstable mucks

Triese wrmal neutrons can be used ba stat a chain reaction. When these neutrans collide #itn
cther unstabie raschs thoy <an cxuse a chain reaction. Each fission reaction produces more neutrons
which can collide with mane nucke, extending the process indefinitely 2nd producing more and mane

* Demanstrabe the concept of a chain ‘reaction’. Controd rods ane used to prevent fission resctians spiraling out of contral and becoming energy.
reaction. dangernus. The ameunk of fission rods that are present will affect the rate of the nuckear reschion.

Begin the ‘reaction’ 2gain and ket i run for a few minutes,

Wit is different abaut Bl reaction? .

. Repeat a few imes adding or taking away ‘contral rods”. ﬁ .
| 7. You can now distuss nuckar fission, how we cantral nudear reactors, what is 3 chain resction - w -

and criticalfsun/suparcritical masses wih the students,
- . -
Muchear fission s the process of an unstabke — # 'ﬂ - K.
atom {uranium-235 or plubanim-239) Discussion . " m‘
salitting into two smalker atomes (fission Equipment Triere are bwa kinds of nuclear power; fission and fusian, Both types of reaction release energy and ﬂ - w . w .
products), producing bwo or three fee  Balloons during each the centre of the atom {nudeus) is changed. Muckear fssion works by spiitting the -
reutrons and relsising a very large amount of stk apart. Uraniam-235 or pheanlum-239 are two sotopes that & often usad in fission m - -
energy. Fission is the process by which energy reactions. They have massie, unstable nudel thet can e used to start a chain reaction. -
Is produced in a nuckear reactor, To conéral - -
this reaction, conbrol rads are used. Links fo pesciese e oot ane gl 2 e In rchear fissian the Dands that fokd @ nucleus together ane braken and thermal enegy is rekese % L] m *

LN O B QUK (NI RLAEhase Links The remaining parts of the original nuckeus then dorm bea daughter nuclel with mughly equal mass, 'U:
T sbudenits wiil take mart ina prachicsl SR, as well a5 somee thermal nedatrans. . - m
demonsiration ta hela understand how a large
atomik nucks can e spik Into twa smalkr £
partides, which will release neatrons and “ - L]
creabe a chain reaction.
-
Nuclear Chain Reactions . )
Nudlear Chain Reactions
u,

: : : »
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rmps:umwmmmumu-lymm“nmu—

(= daip | BOBGLCKRCH/ ref=sr, Tcrid= EUTZSKENEATL ks = balhoonsh 2| B
1F urcantralied this chiain reaction can release sa much energy that it could cause an explosian. Hucear m-lmmm-m;nﬁﬁ . EMmmu Bmudtipack
mmlnumﬂmmmlmﬂammmdmmﬁ indiamn, o
cadmibsm bo aosord some of the neutrons. Lowering and raking the rods into the reactor can condral
the rabte of the reactions, aliowing the enengy from the reactions to be hernessed to generabe
electricity. In a nuckar power statian, Enis & dane by using the heat enengy from the fission reactians
o ball water and make Righ pressare steam. This sbeam turms a burbdne, which bums a generator and
generates electricky.

-4 kx
e ! ..tiﬂ,

JERIE.

Mudear reactor with control rod lowered. Muclear reactar with contmol rod 1fed.
The controd rod is abesarbing nedtrans o ‘With nea conkrol rod Ehere are many
keen the reaction proceeding at a safe trermal neutrons and a chaim reaction is
and sheady rate. ‘arcurming with lots of thermal enengy
Equipment Purchase Links
* Balksane:

HATIOML WgCLEAR HATICNA] WL EAR
B AT 5 & B AT O
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Annex VII1I: Radioactive Nuclei: Decay and Half-Life Demonstration STEM Ambassador Guide.

> Radioactive Nuclei: Decay and
Half-Life Demonstration

Objectives
Students wall:

* Understand the concepts of radioactive
decay and hak-life using a model.

# DEmanstrate that radioactive decay is &
random process.

* Am opbional estension actiity is avalable
where the students can explore the concept of
diffgrent nuchdes having different nal-lives.

Dwerview

Radicactive decay i the process by which an
unstabie nuckeus releases energy inthe form
of partickes or waves, to become mone stable.
Thils process haooens over time and ruckel
havwe a certain probabilby of decaying, but it &
random as bo which individusl nusckess vl
decey. The time taken for half of the
radioactive nuclel in a sample to have
decayed is known as the half-life.

Tz sbudents il take part ina practical

actisity ko demonstrate the random decay of
radisachive nuclides, moddled as siitthe, and
calculate the nalf-lie in berms of boy shases.

Equipment

& Skithies

= Faper cups

& Cardhoard boves
* Fens

& Charts bo misssure hal-life (Chart Template
cocument}

LIk 10 PERERD 00 SEXKNTINT AFD QAT N the
s of B Cuacke (et Purchase Links
sorton)
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Decay and Half-Life
Demonstration

Procedure

L. Pricr bo the scienoe far, assemble the candboard boxes and draw a dncle roughly inthe contre of
the base of each bow. This ks best done wsing a marker peny, but a bino can be wsed i a markes pen
Iz nat avaliable. Either the template cincle (Cirde Temolte document) can be cut aut or the rim of &
reasanably sized mug can be wsed as a femplate bo ald dcle drawing, i beneficial.

2. Begin by briefly disossing some of the information in the discussion seclion below with the
students, so ey understand the hasics about unstanie nuckel and radioactke decay and how this
Biribes b thee mendie] Bhey are abook bo use.

3. Gl each shadent 2 cup of skitties, sach of which nas a similar number of stk in it
lapproxdmately 40-80, there are abouwt 135 skitfles per 150 g bag), a bax, a chart, and a pen.

. Aa the students bo count the number of skitkes in B cups and mecord the numie in the first
b incEhe chiart. Then they must empéy their cups into the boxes they hiave been gisen.

. Next, get the shadents to shake ther bowxes and take out the skitties which ane inside the drole.
sk them 1o count thee numbar they havs taken out, record the numbar in the chart, and then
replace thasm in the cup. Fnally, get the sbadents to subtract the number of suittles teey have just
remowed from e numbser remaining in the box from the previous shake and record His inthe
chark.

. Repeat shop & several bimes, unbd the students have o8 leest less than half the sktles et in the
=0

7. You can now disouss radicactive decay and half-ife further with the students and get them to
calcubabe the hal-llves of ther ‘nudides’ in terms of the number of shakes of the box.

& AL the end of the activity the students can take their sktles with them, if they so wish. Coliect all
Ehe bowes back in and re-use a5 many CURS as possiale 10 Save resaurces Ehe nest time this activiey
s nm.

Discusshon

Atoms all have a nucleus at thedr centre, made up of protons and neatrons. Isotopes of an element
are aboms which have the same number of probans in their nockel Dut a dfferent numiser of
neukrons. In some sotopes, the forces inthe nucless are unbalanced because there are ton many
probons or neutrons. Nudel with balinced forces are stable and hawe much ks enengy, wheress
thase: with unbalanced forces are unstanke and have kots of enengy.

C"ﬁﬁ@ M AMBASSADOR GU

Decay and Half-Life

Demonstration
— — - —

Sabla raxien with Unkable raciel with
ety i gy aghet in erenpy
Sgues 1 Stakke and uitadis ol

unztabke nuckel can rekase same of their excess energy by emitting partickes or waves. Ths process
Is calied radioactive ducay and the particks or waves released are types of radistion. There are
Ethree types of radioactie decay processes. These are inown as alpha decay, beta decay and
gamma decay. In alana and bets decay, a partic |s emitted from the unstabl nudeus, but i
gamima decay & wave b5 emitted. Unsiable nuclel undengos radioactive decay unkil they rdease
encugh Bnergy to become stable.

Radicactive decay happens ower fime. For a given sample of unstable nucke, over a certain period af
Eime all of the nucdel will evenbsally decay, but thiey do ret all decay ot onoe. sk the shadents tao
Ehink abaut their starting number of skittles and imagine that these are the unstanke nuckel befiore
Ehey nave decaped. Esplain ek the skittes from the bow which land in the cirdie and they ke
away affer shaking ane the nucke Bhat decay. This shows that E is completely andom which
individual nucleus will decay at any given time, 2s it s completely random which skifle lands in the
ciroe after the bow s shaken. Howewes, it also shows that the nuckel decay oeer bime, as there are
fewer skitties left in Ehe bax each time & ks shaken.

Tri tima tawen far half e number af suckel in the samole to decsy is inown as the hatl-ike. Get
the students to calculste half of the number af sttles tist tiey started with in the box, Then ask
Ehem bo cound how many bimaes they shook the bow before the number af skftles tist was et inthe
bezot wias less than half the staming numbser, Trhis i the hat-kfe of ter sample in tems ol oo
anaues, I the students compare bebween themsebes, thelr naf-lves should all be faidy similar,

half no, of skittles you started with
no, of bax shakes
Equeatinn 1 ¥ e 0 onms of bax shakes

half life =

HATIGIML
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Decay and Half-Life
Demonstration

s %W

Stable nucleus with Unstable nuckel with
balanced forces - wnbalansed forces -
lorasgr i e Ty highar in energy

Figuve I Shalne s anstaive nuclke

Unstable nuclzi can release some of their excess energy by emitting particles or waves. This process
is called radioactive decay and the particles or waves released are types of radiation. There are
three types of radicactive decay processes, Thesz are known as alpha decay, beta decay and
gamma decay. In zlpha and beta decay, a particle is emitted from the unstable nucleus, but in
gamma decay a wave is emitbed. Unstable nuclei underge radicactive decay until they release
enough enargy to become stable.

Radicactive decay happens over tima. For a given sample of unstable nudei, over a certain peried of
time zll of the nuclei will eventuzlly decay, but they do not all decay at ence. Ack the students to
think about their starting number of skittles and imagine that these are the unstable nudei before
they have decayed. Explain that the skittles from the box which land in the circle and they take
away after shaking are the nuclei that decay. This shows that it is completely random which
individual nudeus will decay at any given time, as it is completely randem which skittle lands in the
circle after the box is shaken, However, it alse shows that the nuclei decay over time, as there are
fewer skittles left in the box each time it is shaken.

The time taken for half the number of nudsi in the sample to decay is known as the half-life. Get
the students to calculate half of the number of skittles that they started with in the bex, Then ask
them to count how many times they shook the box before the number of skites that was left in the
bax was less than half the starting number. This is the half-lifz of their sample in terms of box
shakes, If the students compare between themselves, their half-lives should all be fairly similar,

half no. of skittles you started with
no. of box shakes
Eguation 1: half life in terms of box shakes

half life =
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Decay and Half-Life
Demonstration

808828 . 320288 . $88088
$38838  $85888  S388ss
Samps o

e ek decaying randarmly fo form pink nock with g hat-ive of e

Wb of mied

Timee /'3

Figare J Decay corve for 3 sample of necker wilf hai=ie of (e

Real-World Application

The understanding of radioactive decay and the half-lives of different nuclei is very important to
radistion workers, This is becausz knowing how much energy unstable nudei emit and how quickly
ensures that radiation workers can properly protect themselves against the damage that the waves
or particles relezsad in radioactive decay can cause to the body. As well as this, the types of decay
and the half-lives of nuclei are used to werk out which isotopes will be present in spent nudkear fuel
after it has been used and in the future. This means that nuclear waste can be handled, stored and
disposed of safely, so we can protect both people and the environment.

Optional Extension

The half-lives of nuclei zre differant for different isotopes. Some isctopes can have wery long half-
lives, like uranium-238 which has a half-life of 4.458 billion y=ars, whereas others can have very,
very short ones, like astatine-215 which has a half-life of 0.1 milliseconds.

Get the students to repeat the above procsdure, but this time using boxss which are lined with 2
bigger/smaller circle template, or get them all to draw differently sized circles in the boxes. Using a
different coloured pen will make this easier.
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Radioactive Nuclei: Decay
and Half-Life Demonstration

Actin Imposter i -
oy Dernonstration Demonstrator(s): STEM ambassador(s)
Date Venue:

Ewvent o . 11 - 1B-year-olds and their
Organiser Audience:

parents | carers! teachers
Activity Thiis activity models the decay of radioactive nuclel and investigates the concspt of
Description | half-life using sweets and cardboard boses,

Hazards Control Measures

Allergiss The ambassadar(s) will ask any strendess if thers are any sllergies that they
should be aware of before the activity begins.

Generzl Hand wash stations should be available or the nearsst handwash paint be known,
higiens The ambassador(s) will wear aloves when distributing the swests (skinles),
Slips, trips This activity requires maovement. Ensurs there iz large enough area ta perform
and falls the activity and there are no hazards nearby. Pick up any dropped items
immediztely.
The ambassador(s) should emphasise the importance of being aware of your
surroundings.

In addition to the above conirol measures, the following standard safety requirements should also
be in place:

= Appropriztz ventilation and hygiens fadlities should be prasent.

Sionature:

Print Mame:
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Materials Safe

]
Objectives

Students wall:

# Understand that nuckear materials have the
potential o e ued for non-peacefd purpases,
bust bhere are bots of rasust systems in place o
prevent Enis from happening.

slinderstand that there are measures in place

to keep people, the envikanment and nuckear
miaterials safe.

|
Dwerview

The activity is designed ko ralse awareness and
understanding that adootion of advanoed
musckar bechnolagies presents challznges that
st e addressed.

# eritical compenent af benefiting fram nuclear
technoioghss is our anlity o enswre that the
sochor's sites, matenak, becnnology and people
remain safe and secure. Joba imechved in these
safeguarding acthities make uo a large and
important part of the nudlear sector.

AUGMENTED
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Annex IX: Imposter: Keeping Nuclear Materials Safe STEM Ambassador Guide.

»Imposter: Keeping Nuclear

Equipment
* Blu-tac

+ Perindic tabk: card packs
* Fin boands

» Fens

« Fapar

» Simzars

T

Keeping Nudear
Materials Safe

Frocedure

This activity s designed for small groups of between 4 and 10 but could work for slightly larger groups
If needed. There are 3 sets of equipment provided in the houxs, 5o the kit can accommodate from 1 ko
3 small groups, Mare kits can 5 purchased to accommodate for mane groues.

The activity works best with two or mone groups o it can furn into & competition, but can be rgaa
with only one group.

1n the kit thera will 52 ane pin board with radioactive clements cands aranged in a ‘randam’ pattem
and dluee facked down. 1t should look ke the below:

1f you are making your own kit, Ehen arange and blo-tac in place one set of cards to ok simdar b
the abawe.

Thene necds to 5e ot least ane imposter per team and for larger teams you may want twa. This b at
the discretion of the STEM ambassador. Tt the paper into smiall pleces and anbs ane plece of paper
write imposter. Deal Be paper aut to the particpants so that ane [or 2) participant(s] in each team
receive a slip saying 'imposter’,

Mok i i At Hhey St mod fe the SN GROLD AT Hhat Kmy Ane e Spasor

Collect e slins Sack in. The students will then be given the task to recreate the board above. They
will be given a pin board and a full pack of perisdic table cards.

The STEM ambassadar will stand away from the grouns (e.g. autside, round a comer ete... ) with the
completed pin Board. The shadenks will b2 allowed to come up to the board cne at a time, for 10
seconds max, then they will refurn fo thelr group. The nest team member will then be allowed o
come up to the completed board for 10 seconds max etc., working round the entire group for 7
minutes. At 3 team they will do their best b plece tagether and recreste the purzie. But there |s an
imposier. The imposter will atbemot bo sabotage Bher beam recreabing the puzzie. They might hide
some of the group’s cands, sut cards i the wiong piace, suggest the wrang cand akogether, accuse
someans clse of heing the imooster, or act in cther ways bo try present their group recreating the
Pk corracty.

T

HKesping Mudsar
Materials Safe

Before the challenge begins the students are allowed § minate b0 come Up with a strategy s bo how
they will tackie their chalenge. They could work to sperate e cards aut into colours by el find
them quicker, memarise the board in a chockaise fashion, work in pairs bo check each other's wark as
some passiie suggestions for strategy ideas.
On(llflmlhmmgmﬂlpmwrwmﬂdmlummmﬂn
demonsiration board. Below, the demaonstration beard is in the middle, team one’s board is on the
left and team two's boand ks an the right. Group two wen this challenge.

Once the winner has been revesled ask the group members, ane group at a time, whe they think
ther impaster was and why. ThEn ask te impaster to reveal themsehes. Ask the grous how &
miade them fed knowing they were working with an imposter. What measures could be put in place
ko stap Wy bs b = In the nuciesr seckor?

o can nov eplain bo Ehe students that Ehe activity is designed Bo ralse awareness and understanding
Ehat working wikh rasc ke materials presents challenges that must be addressed.

Discussion and Real-World Application

Muckear science is nothing new. Ruclesr science b used across the world every day, whebne it s
contriauting b the achievement of net rero through the generstion of cartion neutral energy,
advancing ruclear science for the delivery of efiective healthcare, in food and agricultare, ar oven in
space mpinration. Howewer, there & a possibiity that nuckear technology cam be diverted to nan-
peaceful purpases. A critical component of a society benefiting fram nuckear fechnology is o ensane
Ehat nuchear skes, bechnologies and materals remain safe and secure.
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Kesping Mudear
Materials Safe

Muckar seourty s the preventian, detection of and response to theft, sabotage, unauthaorised aooess,
illegal transier ar other malickeus acts imsolving nucear material and ather radicactive substances ar
thek assaciated facikties. This is done to protect peanke, property, socety and the environment from
the harmiful effects of konizing radiation. Scentists need to work alongside govemment to creabe
policy, inspections of nuckesr material and actions to stop nuclear material being used for non-peaceful

Purposes,

In the activiey the students have just complefed, the imposter represents only one of the many
poberial threats bo the nuckesr industry. This highlights how important it & for workers in the nudear
Industry o be awane of the dfferent threaks posed and be viglant.

Equipment Purchase Links
« Blu-tac

it W amazon. oo Bostie- Mullpurpose-Reusable-Adheshe-Ron-
Toooaef dpy B0 OF I T ret =5r_L_Scrid= 1GMDAA MFEVILHE keywords= blu+acdlnid = 1880346 TETA
sonefoo= buHtac el CapsSe lC 352 sr=H-5

#« Feriodic tahke card packs

ikt W amazon oo uk' g py productBO7SDFF 22T relf= oow_yo_dt_b_asin_image_olb_sOLVe=UT
Fllipsc=1

# Fini boards

bt wosw. amazon, oo, g p product BOELOETNG ref= pow_yo_dt_b_asin_image_o0dq_sO0fe=UT
Filipsc=1

# Pans
* Faper

* GOS0
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Imposter: Keeping Nuclear
Materials Safe

Activity f)r::tmsh:’raﬁon Demonstrator(s): STEM ambassador(s)
Date Venue:

Event_ [ — 11 — 18-year-clds and their
Organiser parents § carers! teachers
Activity Groups of students will play a memory game using periedic table flash cards, The

Description | game will have an imposter who is trying to sabotage the group’s efforts.

Hazards Control Measures:

Allergies The ambassador(s) will ask any attendees if there are any allergies that they
should be aware of before the activity beains.

General Hand wash stations should be available or the nearest handwash point be known.

hyaiena The ambassador(s) will wear gloves when distributing the sweets (shittles).

Slips, trips This activity requires movement. Ensure there is large enough area to perform

and falls the activity and thare are no hazards nearby. Pick up any dropped items
immediately.

The ambassador(s) should emphasise the importance of being aware of your
surroundings.

In addition to the above control measures, the following standard safety requirements should also
be in place:

» Appropriate ventilation and hygiene facilities should be present.

Signature:
Print Name:

Date:
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Annex XI: Nuclear Medicine: Separating Radionuclides STEM Ambassador Guide.

> Nuclear Medicine: Separating

Radionuclides

Objectives
Ztudents will:

# Understand how nuclzsr maberials ane used
for medical purposes.

# Understand why half-llses are important in
muchear medicine and how we  sepanate
different sotopes.

Dwerview

In 21% cenbary medicing, res play a
husge role in cancer tresiments and dagnostics.

A5 medicne develops the use of adiokotopes
will increase.

Trils activity highlignts how radianuclides with
specific propefikes are separated and sclated
fiar thedr use in cancer treatmaents. Specfically,
& new by of breatment called Targeted Aloha
Tnerapy (TAT) bs conskdened.

Equipment

AN trie different Bems wihikch can be used in this
activiby are bsted at the end of the guide (Full
Exquipmenk List sechion ).

CINCH@)

Separati
Radionu

Background

Trils demanstration has been designed for wse ab science fairs. Tt s designed fo repeesent the rigs
umed by the Haalth and Mudear Medicine (HENM) tT2am &0 estract ytirism from rackear weshe, which
could then be used in medicingl applications. This actrdty b designed to be demonstrated atter a brief
Inbrodusction to nuckear medicine,

The concept of the demonstration is that the columns filed with cotton wool balls represent the real
cobaming aned kan edchange resin used by HANM research teams. The whibe cotton woal balls at the
start represent a clean bon exchange resin. As the black water, representing nudear waste that
contains many dements but s case specifically strantium, & paured in, Eie white obion wool balls
are staimed Sbce. This s io sho Bhe binding of the strontium ko Bee lon eochange resin.

Thie secand colemin flled with black cotton wool balks and skities repeesents the cobumn after time.
Tne black cottan woal bals show Ehat the sironbism in the original nuciesr washe (wWhich tumaed the
white cotton wool balls black) & still there, Sub some has decaysd into new clenents (the skittles).
Tne i elemants have waaker bonding ta the ion exchange resin and can be wasned aff the column
usineg acid. ‘Whien adding the waber ba the second cobumin, the colour should be washed off the skitties,
highlighting that these daughter aroducts can be remased, whilst the strontium remans.

T resd coloured water Can then De shown to be extracted and taken 156 made ik medicine.
Procedure

Before the science fair begins:
L. Ensune you ane locabed Chose to A tap, if not collect some water using a jug or approntiabe containe.

2. Fill & jug with roughly 100 mL of tap water and add enough Slack food colouring bo the water to
@et @ dark black cokour to the water. This represents the nckear waste. Use this dyed water to dye

same cofton wool balks blace.

- L

Separati
Radionuclides

CINCH@)

3. Flll one pog with water. This represents acid.

4. 5ot up bao retort stands an an appropriabe kevel surface, probably a tabie.
%. Clamp a chromatograaty column to each retort stand, Ensure the taps at the boftom ame shut.

&. Fill one columin with whike cottan wool balls. This represents a pristine colamn of lom eichange
rasin,

7. Al one column with a misture of black cofton wool balk and skities. This represents a columm
after a monkh of decay. Flace 2 glass beaker benetn tns column o coliect the red dyed water
{daughter isckopes).
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Starting the demonstrakion:

L. Go through the background information with the students; the supperting shide pack can be used
to help exolain and wisualse the demonsiration. Highlight the white cobion wool balls showing that
there iz anly hydrogen bound o the ln exchange resin, Four the ‘nuckear waste’ biack water into the
columin fram the jug. Make sure Bhe tap is shot before pouring i the water. Paur the black water into
@ bewel ab wmicn all the cotbon woal balls are only just submerged ensoring the cotbon woal balls do
ok Foat toe mwch cut of the water,

2. Whilst the cotion wool Dalls are absorhing the colowr explain the columns filled with cothon woal
balls represent the resl columns and jon eachangs resin used by HENM resparch toams. The whibke
cotban wool Salls ot the start represent & cean lon exchange resin. As the black waber, representing
muclear waste that contains many elemenits but this case specifically stronkium, s pouned in, the white:
cotban woaol Dalls are stained black. This s to show the binding of the strontium to the lon exchange:
resin.

3. After 3 4 minubes Ehe cothon wool balls will have absorbed the colour, Open e bap and release

Ehe black water inbo a beaker. Show thak the cotion woal bals are now stained black/grey, indicating
strontium and other plemeents are now bound to the resi,

4. Show the second column conkaining Eve Black cotban wiool balls and skittles. Foint cut thad the
suifthes represent doughinr chements such as yHrium growing inko the colamn, whikt undecayed
strontium is still present.

5. Four the jug of "acid’ (water) info the column containing Ehe skittles, untd all the cotion woal bals
and skitties are submerged. Make sure the tap & dosed before pouring in the water. Whilst waiting
fiar the colour to wash off, explain that the second columin filled with black cotton wool Gals and
sultthes & supposed to represent the column after time. The black cotion wool balks show that the
strontium in the original nuckear waste (which bamaed the wnite ootton wool balk black) & stll there,

Separati
Radionu

bt some has decayed into new elements (the skkties). The new dements have wesker bonding to
Ehe jon exchange resin and can be washed off the columin wsing add. 'When adding the water to the
secand column, Eae colour should hevwashed off the skitties, highlighting that these dasgnter products
can be remaved, whilst the: strantium remains.

. After & fow minutes the calour of the: skittles should now be washed off, turning the water reddish.
Explain that the gtiriam was sashed off the lon eschange calumin as & Is less strangly Sound.

7.Open the tap of the column and cabch Ehe red waber inba 3 beaker.

8. Show that the Deaker full of red liguid now contains the isotopes we nead 1o make the alpha
Eherapy medicine explained i the slides. The black colbon wool Salls sheay that Bnere b shill undecayed
sirantium in Bve column, Explain that Bk will also decay, and we can repest the process of extracting
witrm mukiple imes. Fnish the oresentation by summarsng at s & ow we make medone
Froam nuclear waste

Clean up

A Ducket b provided; empby all the waste contents inbo the bucket. The lguids can be disposed of
down 3 sink and the salids into a binoor however ole specfied by Ehe venue. The cotton wool bals
can get stuck in the glass caluming; tweerers are provided to helo remove them, Dismantie and chan
all the kit befone returning It to the bax. The glass columns ane fragile o must be returned o the
cartoard bowes before being placed inbo the: larger Do

Discussion and Real-World Application

Atoms are made up of o pasitively charged muckess at their centre surounded by negathely charged
elpctrons. The nuckeus onkaing both posktrely changed protons and nedtrons, which nawe no change.
T stabilky of a nuckis depends on the balsnce bebwesn the numoer of neutrons and prckons.
Elemants higher up in the periodic table, shich have feser protons, ane stabie (f they have the cime
number of protans and newtrons in their nuckeus. For evample, carbon-12 ks skahie as it has & profons
and & neutrons, Howeeer, for glements lower down in the perodic table, with an increasing namber
of protons, momne nestrons are needed to keep the nuckes stable. For example, stable lead-206 has
B2 protons and 124 neubrons.

Separati
Radionu

Mucled that hewe too many or boo bew nedirans ane unstable and have a higher amount of enengy.
Trey can rebease some of the escess energy oy emitting pacbicles or waves. This process s oalled
radioactive decay and the particles or waves rdeased are types of radation. Three types of radicactive
decay processes are aloha decay, befa decay and gamma decay. In alpha and beta decay, a particle
s emikted from the unstable nuckes, buk in gamma decay 3 wave b emitbed.

lsckopes of an element are atoms which hawe the same number of protons in ther nuckel but a
different number of newtrons. Radiolsotopes are sofopes which hawe unstable nudel which are
therefore radioactve. In modern medcone, radioiatopes play an essental roke i wide range or
Ercatments and disgnostics. Diagnostic medical radicisctopes scoounk for 55 % of all nudear medicinal
procedures underbaken each e,

Targebed Alpha Therapy (TAT) & a new area of cancer treatment and research in nuclear medicne.
TAT insecibves the dedivery of a radionucide species ta cancer cells using arkFiclally made boksgical
mealecules. These bilogical molecules can seleckively aftach to the surface receptors of a cancer cell
wihout affecting heakhy fissue. Onoe attached to te cancer cells, the adionucide decays, releasing
an alpha particke. These aipha partices damage the cancer cols, lesding to coll death, Im st carrent
cancer ireaEments both heathy and cancencus cells are attacked. However, In TAT, the wse of the
highly seiectie biological mokcules combined with short range, nighly toxe alpha particks can snsure
that the dose delversed to Ehe cancerous cells s maximised, while damage to the surrounding hsaity
tissue s imited.

Wery speckic radonuckdes with appropriabe haf-lves are required for TAT. The half-ke of an sohope
I thax Hime & Exwes for Balf Bhe radicact e nuckel in 8 sample B decay to sl of is onginal actiiby.
For exampde, stronbum-90 (5r) has a hal-ife of 29 years. Thenefore, the activity of any given sample
of sbrontium would fall bo 50% of its original value after 79 years. Afber another 3% years (58 years in
total) the stronbum sctivity would be 5% af s original vakse, ...

A radionuclide must have a relaiively short hali-ife fo be suitable for use in the body in cancer
Ereabments and disgresstics. This & such that the radionuclice can exisd in e bady loeng enough o
irradiate (Eneat) the cancenous tumour, but it s not around long encogh to cause damege bo healty
Bissue. Strantium's hatf-bfe of 29 years bs boo long because affter 58 years anly 75 % of the stronbium
wil have decayed away and there would still be 25 % of the inii2l strontium keft. However, ytinum
has a hali-ie of 3 days, and therefore it only takes & days for 75 % of the yiinum o decay away.

1t i essential thast scientists ensure that sampks of radiosctnpes used for TAT ane pure, because the
radiosiope IS being put in the human body, and any other radioactie Impurities could kead to
long-lasting damage fo healthy cell. A technique used for e separstion and purnfication of
radionulises k& astraction chromatograghy. Extracticn chromatogranhy & perfameed using a column.
Trere are thires main companents: the inert suasort; the stationary shase and Bie moblle shase.

A5 oo ADoEE, yEriam-20 has & hal-ie which makes it sutable to be ussd in TAT, Gut that of
strontium-80 s far oo long. As stronbumeS0 decays inbo yhirum-50, we most mace sue et the
ytriame 90 s spparated successfully from the strantium-30 and thene & no strontium-20 remaining.
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Separati
Radionuchdes

Ta separabe them, we kaad the strantium-90 into the imert suppart, and then when i decays into
yitriom-90 we can use a mobie phase (ususlly an ackd) to wash ONLY the yiriam-80 off.

Stationary phase- the cotion
wasal balls represanting Ehe
I esehange resn.

Mobie phase- e
waater representing
e acid

Equipment List
# Glass ciromiatography columing

bt wow s amazan o g g py product/BOEEY ISZLP el = ppx_yo_dt_o_asin_image_o03_s0LVe=UT
Fllbn=1

# Clamps and stands

hitpe: ffwow s amazon. co.ukg'g py product/BOER I MSBR4ref=pm_yo_dt_b_asin_image_o03_s007 le=l
TreAth=1

+ Cotton wial balls
itz ww . amazan o,k g py product BOBETWEGIM/ ref =ppx_yo_dt_h_asin_image_c0l_sO07iz=U
TrEAper=1

+ Dark food colouring

itz wow w.amazon, oo, FME- 100-Natural-Food-
Cakouring/dp/BO0ATZ 23 1E ref=d_bmx_dp_&1foke_scol_3_3/ 25H-H560455-

5135321 7pd_rd_w=Dsuabhcontent-id=amenl . sym. ool 22b4 - b0l -46n]-G815-
AcocAtaSInaBEof_rd_p=cadi3hdl-ah0l -0 1-S805-

4cecia5datstat_rd_r=1081 EZKXZOFINNHTME pd_rd_wg=ndw2iipd_m_r=erlaSeal-aga)-
ALTE-995- h5h0I0595drApd_rd_|=BO0AZEII1Ekpsc=]

+ Shitties

hitpe: [ fwoww. amaran . oo g ey product BOBGEET 14PT fref = ppx_yo_dt_b_asin_imege_oll_sO00fe=UT
Flltn=1

# Glams boakes

CINC
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it wowe amazan oo uk'g g product BIEE SXELGDYref spow_yo_db_5_asin_image_o00_s027e=UT
Filipac=1

* Flastic jugs
* Twpozers

hittpe: | wewe amazon.co.ukl'g oy produc BIRONZFXFN ref oo _yo_db_b_asin_image_o09_s007 k=1
TFRe&th=1

# Dustpan and brush

htpes: ffwww. amazon. co.uey Fakhful-BROUS TSET-Dausipan- Brushe

St doBO0G01EFIM/ref=gxats_b2b_s_recrder_ach_ostomerfoontent-id=amenl sym.eShlesil-
Sa0h-4452-a955-JackB0Ee Foad T dAaman 1. sym.eSbdee iD- Sace- 4453 -2455-
JacEE0ETcad Borid =SKESCOQA L LEoy_cf_ox =dusipan-tand+ansshikeywords =dustoan+and=brus
hipd_rd_i=B00S01XFIMEpd_rd_r=hbl1295089-Jabc-408d-b3d0-
EpERaeniTOchpd_rd_w=SimnbBEpd_rd_wgeqoleELaf_rd_o=eShleehl-Sach-S652-5455-
JackE0EEToadkpl_rd_r=HIYDFASIETZRWFSYY IPBAo = LESIIES18TAs =d ylsoo = A5 IFRIFH
WOFSRZBOS0R L AN SA IO I 0 ES prefin s ShaC iy 2032 Blars I-1-cHaS1dM-601 5-8503-bala-
Bo2cdAclPesr

» Cut-prood gloves

hittpe: [ W amazon.co.u'g p product BOTKS XL 33 ref = ppx_yo_dt_b_asin_imape_o00_s017e=UT
Fdbn=1

& Baschoot

hittpe: /W amazon.co.uk'g g product BOOFPMZEVE fref= ppe_yo_dt_o_asin_image_ol?_s0LPe= LT
Fllipsc=1

# Disindectant wines

hittpe: e amazon ooy oy product BT MFKIN D ref = ppe_yo_dt_b_ssin_image_o3_s03%ie=L
TREpsc=1

+ Hand sanitiser

* Tz

* Watnr supply nearby (if ot possible 2 large 2 L bottle contsining water)
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Nuclear Medicine: Separating
Radionuclides

Activity Separating Radionudides | Demonstrator(s): STEM ambassador(s)

Date Venue:

Event I N 1% — 1B-year-clds and their
Organiser udience: parents [ carers/ teachers
Activity This activity simulates how we separate radicisotopes for their use in medical

Description | treatments znd diagnostics,

Hazards Control Measures

Allzrgies Ambassador(s): Ambassador(s) should check thay are not allergic to any of
the materials used for the experiment.
Audience: This is a spectator activity with no major allergens, so minimal
risk to the audience.

Manual handling Ambassador(s): Mo heavy lifting is involved in experiments to help mitigate
the risk of damage to property and person.

Audience: Present in only a spectator capacity, should not be hands-on
during the demonstration

Mo heavy lifting is to be carried out and experiments carried out in the

appropriate environment.

Glassware hazards | Evacuate audience from the area. Broken glassware is to be swept up
{glass column} disposed of appropriately, wi glass bin or however is specified by the
venus,
Appropriate PPE is worn (including safety glasses and cut-proof gloves).

Spillages Ambassador(s) to ensure the damp and stand are sturdy, and the column is
securely attached, before preforming the activity,
Should the contents of the column spill, clean it up quickly using the tissues
provided. None of the contents are hazardous. The bucket provided can use
used to clean the spill then dispose of the waste wiz housshold waste or the
route approved by the venue.

Waste If running the activity multiple times, the bucket provided can be usad to
store the waste after each run, before dispesing of it in bulk.
Dispose of the waste wiz household waste or the route approved by the
venus,

Generzal hygisns Hznd wash stations should be availzble or the nearest handwash peint be

known. Antibacterial wipes and hand sanitizer are provided.

AUGMENTED
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Hazards Control Measures
Slips, trips and Good housekseping to be maintzined to remove potential trip. slip and fall
falls risks.

This activity requires movement. Ensure there is large enocugh area to
perform the activity and there are no hazards nearby.

In addition to the above contral measures, the following standard safety requirements should also
be in place:

= Appropriate ventilation and hygiene facilities should b= present.

Signature:
Print Nams:

Date:
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Annex XI11: RADiation Robots: Handling Nuclear Waste STEM Ambassador Guide.

> RADiation ROBOTS: Handling

Nuclear Waste

Objectives
Students will understand the difference

between legacy nucikear waste and new bulld
nuckar waste.

Tnery will alsc soe the roke that radots olay in
the dean up of ruckar waste.

Overview

MNuciear actwities in the past have 9
“legacy waste’. This Is very nazardous
radioactive waste that we now need to hande
and safely depose of.

We need to separate this waste, bt it & too

hazardeous for human to approach o handie-
%0 we use robots and remote handing.

Equipment
* Mukkoloured ping pang balls
* 2 x medium Dasiets

+ Grabber arms

* Mued wooden shapes

Links 10 JNTRISE 100 QXTI e gven X the
o of the guce (Eqapment Rurchase Lks
soczon).

AUGMENTED
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RADiation ROBOTS:
handling nuclear waste
Background
Radioactive waste & a controversial topic. But there ks a big dfference betwean histork legacy
waste and new duld waste.

Legacy waste can be defined as the radioactive waste produced during the infancy of the UK's
reschear industry, unfortunately at this time waste starage and treatment was not well managed ar
planned. The governmenk is now making a greater affort to ensure this legacy waste i managad
and disposed cf i a manner that protects both pecpie and the envircnment.

Tne cost of kegacy waste clean up in the UK & very high. But should it condemn new bulld and the
future of the UK's nudear ndustry? The next generation of nuclear power station proposed to be
built in the UK (including Hinkley point C) wilf be duit by the private sectar, with waste and
decommissianing plans in place from the g- A funded decony w9 progr must be
sudmitted defore construction can start.

Clean up and disposal of legacy waste as guickly as poasble is a priorty for the gavernment, but it
has presented many undoreseen chalienges that have had to de avercome Dy sdenbists and
engineers.

Clean up of legacy nucksr waste has been one of the xey drivers for robetics technalogy.
Automated rodots have been designed to: conduct af r areas with fitted
cameras, enter ares too hazardous for humans, retrieve radicactive samples, carry out radiation
surveys, demolish buddings and monitar for contaminatian,

Tnese Rodots are very effective but ako very expensive. The nuckar industry walcomes innavation
and new ideas! One of these deas was 1o uthise Master Stave Manipulstars (MSMs), these sound
very comphicated bt It's the exact same technalogy 25 a puppet amm. It's 3 machine that mimks
your movemnents but at a distance, for mample behind a lead wall whare radioactive materials are
stored. These have deen used snce the start of nuciear technalogy develooment and have deen
applied to mademn salutions.

Can you think of any advantages of using a MSM aver a robot?

Some answers (0 s Question are: cost, if & much cheaper fo Buld, mantad, machancy/
companants ave less Staly o Drodk than efectcsl op s easley, no
LYOQrATNINGG £ s\ maing i uicker to use and mare vevsatilo and traving, you G frain 3
AVgor ravige af oPevatoNs mave QUK.

In this acthity we are Qoing fo Lse a rodot 10 separate and solate different wastes.

Method
Set up the equipment as below:

CINCH@

RADiation ROBOTS:
handling nudear waste

Figure 1- demonstraton sot-up
The demanstration & quite simple. The student will use the arm te remove the wooden shapes from
the basket of ‘mied radioactive waste’ and solite £, into the empty basket. This is to demonstrate
separating dfferent types of radicactive waste before they ge cnto to be treated and eventualy
disposed of. Here the gradder is representing 2 Master Stave Manipulators (MSMs).

1f the students are in groups, use a stapwatch to see you can remave the wooden blocks the
quicknst!

Fowe 2- demavistration it actian

At the end of tha demanstration use the notes above 10 discuss the advantages of using MSMs
instead of robet ams in the nudear ndustry.
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RADiation ROBOTS:
handiing nudear waste

Equipment Purchase Links

TR _.-"
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RADiation ROBOTS: handling
nuclear waste

Activity Radiztion Around Us | Demonstrator(s): STEM ambassador(s)

Date Venue!

Event 5 - li-year-olds and ther
Budience:

Drganiser parents / carers) teachers

Activiky Thils acthety demonstrates the use of Master Staee Manioulibors [HSMs) in the

Description | mucksar industry and discusses ther use compared bo roboks arms.

Hazards Cantrol Measures

Allergics Tne ambassador(s) will ask any attendees F thene are any alergies that they should
b awane of before the activity begins.

General Hand wash shations should be availabie ar the nearest handwasn paint be known,
hipgiene as several people will handie the tlems.

Slips, trips | This activity requires mawement. Ensune there i large encugh area ko perform the

and falls activity and there are no hazards nearoy. Pick up any dropped bems immedistely.
Tne ambassador(s) should emphaske the importance of being aeane of your
surroundings.

1n addibion to the above conbrol measures, the folowng standard safiety reguirements should also

sz i pllaices:

% Approprisbe vertilabion amd hygiena facilties should be presant.

Signatures

Frint Ramae:

Deabe:
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Annex XIV: Think Inside the Box: Glove Box Handling Techniques STEM Ambassador Guide.

> Think Inside the Box: Glove Box
Handling Techniques

Objectives
Students wall:

Leam what a glose oo s and why
radiachemists use them.

Ina simulated” ghose b particpants will mix
different “salstions’ of dyed water together to
make 3 target chemacal. To simulate: how
radiachemists handle radcactive matenak
and salutians.

Dwerview

‘When handing any hazardous matenal, we
meed 0 protect curselves and e
environment.

Radinzhemists handie radoactive mateniak
every day, Radoactive materials emit some or
all of alpha, beta and gamme radiation, We
have profective messune to probect lab statt
From ach of these forms of radiation.

Glave boxes are used bo shield radiochemists
from alpha radiation.

Equipment

Glove box (seasmbe instructions attached to
miake Bhe glowe bow iF pow sa wish):

= Large clear plastc box (37 L)

- Rapid cure epoxy mesin adhesive

- Adjustanke stainkess steel nose damp

= d-inch inner PV plashic duct plpe

= Long length, heavy duty, chemical
resistank gloves

Actraity:
= 3x F50 mL condcal Flask
- Food cokouring (3 « primary colours)
- Squeery plastic pipottes
- Tape
Links I PUVERERE e CEKATIONT 30 QAT & e
s of B Cuacke (et Purchase Links

SO
~
>

HATIORALL WL LE
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Glove box handiing
techniques
Background
Radicactive samples hawe three different kinds of decay: alpha, beta and gamma.

Alpha particies are from the nuckass of 3 radoactive abam. Thay consist of two protons and twa
neukrons and hence have a = 2 change.

Proton 2%

"

Alpna particles travedling through air can be stopped by paper.

Alpna particles have the ssme make un as 3 kelum noscles (2 peoton and 2 neurons) so you will
&0 them written as any of the bekoz

24 1 2+
o He
Beta particles are formed when a neutron spiits up into a prokon and an electron. You will see them

wiritten as either of the below:
e _ ° B-l
‘1 -1

‘When traveling throwgh air beta partickes can e stosoed by a tin beyer of aluminiemn foil, sech as
tha kitchen fall you'l See in your own kitchen.

4

2

Gamma waves are clectromagnetc waves that comes from e nudeus of 8 radicsctve sarkick.
Trery da nat change the nature of the atom they coma from.

Ty are thie most penetrating tyse of radisactive decay and Eca lead o concrete |5 needed o
stop them. They ame whtien as:

WATICIMAY RRJE L

CINCH@

Glove box handling
technigues

Aluminium

Papir Lizad

Fgure 1: Aphe particies are sfonoed By paper, hebs pachicles by sbemin foo ans’ gamme raps iy
ik deand,

Actiee handling faciitates a0 labaratores that are lkensed 10 handle radcactive msteral. They are
lcensed Decause the have the appropriste facilities |n place to safely nandie these matenaks. One af
these is a glove bax

Faure 20 Gicve Doyes ar She Adanonad Mok Latocarory [N 1 in e L

These glove bowes provide the mesearcher with physical prodection from aloha radiation, 25 aloha
particles can not penetrate the box. So, when handing any alpha emitting materisls or soletions
much be dane ina glove o

HATIONL ._.“":‘

&
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gg'\.ﬁ .gt:és handiing ?bt‘f ‘bax handling Glove box handiing
We are simulating a radicchemist working in a glove box In this activity. Bcmes techniques

Demonstration
1t you are prepanng your own glave bax please see the attached nstructions.

1. Fill two of the three 250 mi cankal flasks with ~ 150 mL tap water.

2. Add a smal amount of food dye to each conkal flask. So each ane Is a separate primary
calowr, in this example we are using dhue and yellow. {note only a VERY small amount of the
dye Is nocded).

3. Place a phstk squesy pipette into each of the two dyed solutions and phce them ‘into” the
glove hax an a sht, stadle surface- lkely a table. Tape the glove dax down to tha tabie to
stop it from moving during the activy. The activty & very simple, the participant wil put
thek hands Into the glove dax. They will then use the squeezy pipettes to mix the two dyes
together and create a third colour In the empty conkcal flask. Bt may sound simple but it's
harder than & boks in the giove box!

Fgure 6: a0 exampe of 3 user triakng the glove bax activity.

Fgure 5 Hore the wsev & 'swrling” (miong)) the Sl salulbion fogether. ThE & 2 b
fachmigue we use fo mix satubions tagesher, you can demanstrate ts ko the students i you

Spum 3= o set up, nEopei v O foof comfortalve. 1Y not they mix wevy wal just using the pioette fo sty the soiution.
Fowe 7: The mixed sabons ot of the box fovr @ better wew.

4. Tne demonstration & now complete. You can dispase of the ‘mixed’ soltion down any sink,
or btk together for disposal at the end. Continue to use the primary colaur sclutions until
they run aut, then remake them.

S. When putting the acthity away: wash and dry the ghssware, store the glassware back n the
bubnle wrap, wash the pipettes and put Dack In the it for re-use, handie the bax with care
as to not damage it and remaove and dispase of the tape.
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Glove box handiing
techniques
Equipment Purchase List with Links

- Lange clear plastic bow (35 L)
o https: {fwww. amazon. ookt py product 00 1 EMEY ref= pom_yo_dt_b_asin_image_
elF_s0tie=UTFHEpsc=1
- Rapld cure epoxy resin adheske
= bt W amazan. oo g p productBOFIR WG ref = ppw_yo_dt_b_asin_image_
oM _s017e=UTFAkpsc=1
- Adjustadke stainkess steel nose damp clips
o hetps: fwww. amazon. oo.uktg py product [B0EL TSSTEE ref=ppo_yo_dt_b_asin_image_o
00 _s017e=UTFBEth=1
- d-inch inner PYC plastic duct pipe
= bt W amazan. oo g py product B0 LIOWOC | ref = ppe_yo_dt_b_asin_image_
olE_sIETie=UTFBEh=1
o hitps: /fwww. amazon ook g py product SO0 LICW K ref=ppx_od_dt_b_asin_image_s
OlVle=UTFELth=1
- Long lengtn, heavy daty, ciemikcal resistant gloves
o hitpe: s amazon.oo.u g py product 0SS HX R ref= oo _od_dt_n_asin_image_
1 Tie=UTFEEh=1
= 3x 750 mL condcal Flask
o https: /fwww. amazon. ookt p productBO0EDVEIHC ref= pp_yo_dt_b_asin_image_
oll_s01Tig=UTFEEh=1
- Food colouring (3 ¥ primary colours)
= hitps: e amazon, ook gy product BO0EBLIRCE fref = ppx_yo_ck_b_asin_image_
oll_s017e=UTFHEh=1
- Squsery plastic pipettes
o https:/feww.amazon ook gy product [BOESETHEL 2 fref = ppx_yo_dt_b_asin_image_o
00_s007ip=UTFEEpsc=1
- Tape
o hitps: | Wws_ amanon. ooty py product BOSHXZ GHX S ref=ppa_yo_dt_b_asin_image_
oM _s0Mie=UTFBEpsE=1

} -
HATIGOML R :.-u:.
. LapRLrONT
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General hygiens Hand wash stations should be available or the nearest handwash point be

Th i n k | n S i d e th e BO X: G IO Ve known. Antibacterial wipes and hand sanitizer are provided.

. R Hazards Control Measures
BO X H an dl I n g Tec h n Iq u es Slips, trips and Good housek=eping to be maintained to remove potential trip, slip and fall
falls rishs.
: : This activity requires movement. Ensurs there is large 2nough area to
Think Inside the Box: perform the activity and there are no hazards nearby.
Activity Glove Box Handling Demonstrator(s): STEM ambassador(s)
Techniques
Date Venua: In addition to the abowve control measures, the following standard safety requirements should also
be in place:
Event Audbence: 11 — 18-year-olds and their < In place
Organiser B parents [ carers/ teachers + Appropriate ventilation and hygiene facilities should be present.
L I ke-shift glove box participants will mis: different *solutions” (dyed wats
Activity n & makanehit glove Fartopsnis will m rent "soluticns” (dyed water) * Dus to the nature of the activity and materials used PPE is not reguired

together to make a targst chemical. Te simulate how radiochemists handle

L=EE radioactive materials and solutions.
Signature:
Hazards Control Measures
Allergies Ambassador(s) should check they are not allergic to any of the materials Print Name:
used for the experiment. Particularly the latex gloves, Dt

Manual handling Mo heavy lifting is involved in experiments to help mitigate the risk of
damage to property and person.
Depending on the hight of the user the STEM ambassader may want to
locate 2 chair fram the venue, Taller participants may bensfit from sitting
and doing the activity, so they do not have to crouch. Smaller participants
may need to stand to reach the handles of the glows box,

Glassware hazards | Evacuate audience from the area. Broken glassware is to be swept up
{glass column} disposed of appropriately, wiz glass bin or however is specified by the
venus.
Appropriate PPE is worn {cut-proof gloves when cleaning broken glass).
The box is taped to the table to prevent the glassware falling to the ground
and shattering.

Spillages Ambassador(s) to ensure the box is fastened to the table, before preforming
the activity.
Should the contents of the conical flasks spill. clean it up quickly using the
tissues provided. None of the contents are hazardous, The waste is not
hazardous and can be disposad of wis housshold waste or the route
approvad by the venue. Liquid waste can be disposed of down any sink.

Waste If running the activity multiple times, a bucket can be used to store the
wasta after 2ach run, before disposing of it in bulk.
Dispose of the waste wia household waste or the route approved by the
venue, Liquid waste can be disposed of down any sink,




