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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 

a circle 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. 

 

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 

Bright salt: Structural 

energy 

 

120 

Oder of radioactivity: 

Radiation around us. 

 

810 

For your glove: Nuclear 

contamination 

demonstration 

 

810 

Nuclear energy: I’m in the 

middle of a (nuclear) chain 

reaction 

 

90 

Radioactive nuclei: Decay 

and half life demonstration  

90 

Imposter Keeping nuclear 

Materials Safe  

90 

Nuclear medicine: 

Separating Radionuclides  

90 

RADiation robots: 

Handling nuclear waste  

600 
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Think inside the box: 

Glove box handling 

techniques 

 

600 

 

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. 
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Annex II: Bright Salt: Structural Energy Risk Assessment. 
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Annex III: Order of Radioactivity: Radiation Around Us STEM Ambassador Guide. 
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Annex IV: Order of Radioactivity: Radiation Around Us Risk Assessment. 
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Annex V: For Your Glove: Nuclear Contamination Demonstration STEM Ambassador Guide. 
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Annex VI: For Your Glove: Nuclear Contamination Demonstration Risk Assessment. 
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Annex VII: Nuclear Energy: I’m in the middle of a (nuclear) chain reaction STEM Ambassador Guide. 
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Annex VIII: Radioactive Nuclei: Decay and Half-Life Demonstration STEM Ambassador Guide. 
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Annex IIX: Radioactive Nuclei: Decay and Half-Life Demonstration Risk Assessment 
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Annex IX: Imposter: Keeping Nuclear Materials Safe STEM Ambassador Guide. 
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Annex X: Imposter: Keeping Nuclear Materials Safe Risk Assessment 
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Annex XI: Nuclear Medicine: Separating Radionuclides STEM Ambassador Guide. 
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Annex XII: Nuclear Medicine: Separating Radionuclides Risk Assessment 
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Annex XIII: RADiation Robots: Handling Nuclear Waste STEM Ambassador Guide. 

 

 

 

 

 



A-CINCH – D5.8        
Page 36 / 42 
 

                                                                            
 

 

 

 



A-CINCH – D5.8         
Page 37 / 42 
 

 

Annex XIII: RADiation Robots: Handling Nuclear Waste Risk Assessment 
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Annex XIV: Think Inside the Box: Glove Box Handling Techniques STEM Ambassador Guide. 
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Annex XV: Think Inside the Box: Glove Box Handling Techniques Risk Assessment 
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