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Webinar Functionality
Audio and video

�éDuring the presentation, from the presenters only
�éCaptions: More>Language and speech>Turn on live captions

Use the Chat feature to talk to discuss with everyone

Use Q&A feature to ask questions for Q&A portion

Posted on webinar page
�éVideo, answers to questions, copy of the slides

Follow up email will be sent
�éTopics covered, time of attendance
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Rhinoceroses, Radioisotopes, and 
Radiation Protection.

The Rhisotope Project
Using nuclear 
science 
techniques to 
devalue 
rhinoceros' 
horn, and  
fight 
rhinoceros 
poaching

We need to find the solution, and then 
the courage to back it. 
Sir David Attenborough



Director: Radiation and Physics Health Unit (RHPU) �± 
Wits
Project leader of The Rhisotope Project
Qualifications: Biology, Physics, Radiation Protection, and Nuclear Security
�‡ Lectured on nuclear security topics in Austria, Ita ly, Japan, US, UK, 

Morocco, Egypt, Sudan, Jordan, Austria, Chile, Ghana, Nigeria, South 
Korea, Brazil, Indonesia, Kazakhstan. More than 35 trips since 2017  with 
the IAEA.

�‡ Radiation Protection Specialist, and nuclear security education expert.
�‡ �)�R�U�P�H�U���F�K�D�L�U�P�D�Q�����,�Q�W�H�U�Q�D�W�L�R�Q�D�O���$�W�R�P�L�F���$�J�H�Q�F�\�¶�V�����,�$�(�$������

International Nuclear Security Education Network (I NSEN).
�‡ Collaborations with IAEA: Division of Nuclear Security and Nuclear 

Safety and the US State Department, and the European Union Joint 
Research Centre Non-Proliferation and Nuclear Security .

�‡ Visiting Professor, Brookhaven National Laboratory ( NY), US.
�‡ Member of the Institute for Nuclear Materials Manag ement, (INMM), US.
�‡ Associate Faculty Member Colorado State University
�‡ Founding member of the Southern African Radiation Protection Association 

(SARPA).
�‡ Fellow of the Royal Society of Medicine, UK (FRSM).
�‡ �9�L�V�L�W�L�Q�J���U�H�V�H�D�U�F�K�H�U�����.�L�Q�J�¶�V���&�R�O�O�H�J�H�����/�R�Q�G�R�Q��

Professor James Larkin



How does a radiation scientist 
become involved in rhino 
conservation?

�‡ Born in Kenya
�‡ Developed my love of wildlife there

�‡ Came to South Africa 30 years ago (forgot to go 
back to the UK )

�‡ Worked in radiation protection c. 30 years. Started 
on the goldmines and moved to Wits in 1999.

�‡ Nuclear security education c. 15 years as part of the 
FIFA World Cup here in South Africa.

�‡ After meeting people who wanted to use 
radioactivity to poison rhino horn, I realised that 
there might be a much better way to use 
radiation to protect rhino

�‡ Somebody should do something about the 
rhino poaching....maybe it was me?

Radiation 
Protection

Love of 
wildlife

Nuclear 
Security

Me



The Rhino Poaching Crisis

Rhinoceroses, Radioisotopes, and Radiation Protecti on.



Poaching in  South Africa �± The statistics
�‡ South Africa is home to approximately 

80% of the global population of Black 
and White Rhinoceros

�‡ Whilst it seems that the numbers are 
down �t that is not the whole story
�‡ Poachers are now starting to kill 

�Z�����Z�}�Œ�v�����[���Œ�Z�]�v�}�•���]�v���•�}�u�������Œ�����•
�‡ The Kruger National Park lost 88 animals in 

2024*.
�‡ Dec 2024 21 animals killed in KNP*
�‡ Jan 2025 another 17 killed in KNP*
�‡ Over the last 11 �t 12 years numbers of 

rhinos in the Kruger Park have fallen by > 
75%

*Statement from Department of Forestry, Fisheries &the 
environment 6th March 2025



Rhinoceros population numbers 
in South Africa

The rate at which poaching is happening has 
not decreased
Other countries/areas in Southern Africa have 
also seen poaching return/increase post Covid.



Poaching �± The brutal reality

Memorial to a species 
© Brent Stirton

�‡ Some animals survive the initial trauma �± but then succumb to their injuries, 
most are killed outright.

�‡ Wild- type horn, i.e. that which has been hacked from the head of a rhino is 
�W�K�R�X�J�K�W���W�R���E�H���³�P�R�U�H���S�R�W�H�Q�W�´���W�K�D�Q���K�R�U�Q���W�K�D�W���L�V���U�H�P�R�Y�H�G���D�V���S�D�U�W���R�I���D���G�H�K�R�U�Q�L�Q�J��
programme.  

More potent = more valuable
�‡ Reports vary but horn can be worth > US$ 60 000 . Kg -1  (Mature horn can be 

more than 2.5 Kg)



So, what is the idea? 

What are the effects at a population level?
1.Devalues the horns in the eyes of the end users. 

Less demand = less poaching

2. It becomes significantly easier to detect poached horn as it is moved 
across international borders

Greater Risk of Detection, Interception, and 
Prosecution with potentially increased penalties

We use small measured  quantities of a specific 
radioisotope inserted into the horns of rhinos. 

Internationally there are approximately 11 000 installed radiation 
monitors at various border crossings, airports and harbours that have 
been installed to prevent nuclear terrorism. We piggy-back on these 
systems.



The advantages for the single 
animal 

1. Rhinos keep their horns

2. Does not harm the rhinos

3. Quicker, easier and less stressful  than 
dehorning/horn trimming at a comparative 
cost.
�‡Only needs to be done once every five (5) 

years unlike dehorning that needs to be 
done every 18 months �±  2 years.



Justification
A Consideration of the various potential inputs into the 
Justification process

Rhinoceroses, Radioisotopes, and Radiation Protecti on.

Is there a nett 
benefit to the 
rhinos?



Justification
The consequences to be considered are not 
confined to those associated with the 
radiation . 
�‡ They include other risks and the costs and 

benefits of the activity.



Issues to be contemplated - 
The individual animal

Benefits
�‡ Live to reproduce

�‡ Females have a gestation period of 16 
months, and each calf remains at foot 
for at least three years

�‡ No need to dehorn
�‡ Reduction in behaviour modification 

because of horn removal
�‡ Reduction in the number of 

immobilizations/sedations as 
compared to dehorning

Detriments
�‡ A planned radiological 

Exposure
�‡ Potential stochastic or deterministic 

effects
�‡ Sedation and immobilization

�‡ There is a certain probability of harm 
associated with any medical procedure

�‡ Cost of treatment as compared 
to dehorning



Broader Issues to be contemplated 

�‡ Trade - Utilisation of potential value 
in horn
�‡ Some owners argue that they should be allowed 

to trade horn to offset costs of ownership.
�‡ Costs of maintaining security of rhino 

herds
�‡ Current security efforts tend to become 

paramilitary operations. 
�‡ Terrorism Funding

�‡ There is significant evidence that the illicit 
wildlife trade has been used to fund various 
terrorist actions, particularly in places like the 
Horn of Africa

�‡ Reduction in crime
�‡ Presence of poaching syndicates always goes 

hand in glove with other crime including 
arms/drugs/human trafficking

�‡ Social upliftment of people local to 
game farms/Parks
�‡ The presence of these animals at game parks 

leads to increased tourism and job creation
�‡ Habitat Preservation

�‡ As megaherbivores the browsing and grazing 
actions of these species of rhinos ensures a 
much more diverse ecosystem in those areas in 
which they live

�‡ Guardianship
�‡ Obligation to the current generation to ensure 

that these animals continue to live in the wild �± 
for the coming generations

�‡ Additional reasons to 
maintain/operate nuclear security 
infrastructure
�‡ Helps combat the illicit international wildlife 

trade



Dehorning 
�± A last 
resort

�‡ Dehorning needs to be done every 18 
months �± two years depending on the 
threat level

�‡ Latest research shows it has an 
adverse effect on the behaviour in 
black rhinos 



Security Options
Guns, Guards, Gates, and Geeks
�‡ Armed anti-poaching patrols
�‡ Access/Egress control
�‡ Drones, Automatic Number 

Plate Recognition (ANPR), 
Cameras, radar

�‡ These costs are continuing to 
escalate.

Property ID

Number of 
rhinos held

Rhino- specific 
security 

expenditure 
(US$)

Non-rhino security 
expenditure (US$)

Expenditure 
increase in 
previous 
decade

1 1,000�t2,500 1,000�t2,500 >200%

2 25�t49%

3 20�t50 2,500�t5,000 <1,000 >200%
4 5,000�t10,000 2,500�t5,000 100�t199%

5 <10 <1,000 2,500�t5,000 50�t99%
6 <10 1,000�t2,500 <1,000 >200%
7 >200%

8 >100 1,000�t2,500 5,000�t10,000 >200%
9 <1,000

10 5,000�t10,000 2,500�t5,000 >200%

11 20�t50 1,000�t2,500 <1,000 >200%
12 10�t20 2,500�t5,000 2,500�t5,000 50�t99%
13 50�t100 5,000�t10,000 1,000�t2,500 >200%
14 >100 >40,000 combined cost >200%
15 10,000�t20,000 10,000�t20,000 50�t99%

16 20�t50 50�t99%

17 100�t199%

18 50�t100 <1,000 2,500�t5,000 50�t99%
19 10,000�t20,000 1,000�t2,500 >200%

20 <10 <1,000 100�t199%

21 5,000�t10,000 1,000�t2,500 >200%

22 10�t20 >200%
Anti-poaching strategies employed by private rhino owners in
South Africa. Laura A Chapman1* and Piran CL White1
Pachyderm No. 61 July 2019�tJune 2020



Optimisation & 
Dose Limits How much 

radioisotope? 

Where to put it in 
the horn?

Is it safe for the 
animal?

Rhinoceroses, Radioisotopes, and Radiation Protecti on.



Managing the detrimental effects of a Planned 
Exposure to a rhinoceros

Identify:
1. The appropriate radioisotope

�‡ Availability, ease of manufacture, T1/2 , chemical nature, cost, potential for movement 
through the horn into the body of the animal

2. Activity concentration
�‡ How much would be needed to set off installed RPMs at a given probability, what 

would be the stochastic and deterministic effects on parts of the head of the rhino?
3. Method of application

�‡ How and where in the horn should the radioisotopes be placed?
4. Radiological Safety Assessment of the overall process

�‡ What are the potential exposures to people who have to work with these animals post-
insertion?

�‡ What are the potential exposures to end-users?
�‡ Regulatory and animal ethics approval



Choosing the appropriate radioisotope

Various aspects need to be considered in the selection of an appropriate radioisotope for this project.
1. One of the key questions is will any selected isotope stay where its placed ?

�‡ Stable isotopes of 13C and 15N were used to investigate this issue 
2. What is the T 1/2  of the chosen radioisotope?

�‡ A rhino should live up to 40 years �± would it be appropriate to do a single treatment or a series of 
treatments on some sort of repeating basis? 
�‡ Currently rhinos are dehorned c. 18-�P�R�Q�W�K���L�Q�W�H�U�Y�D�O�V�������V�R���L�G�H�D�O�O�\���W�K�H���µ�U�H�F�K�D�U�J�H���R�S�W�L�R�Q�¶���V�K�R�X�O�G���E�H��

longer than this reducing the associated risks of immobilization/sedation
3. Chosen radioisotope cannot be claimed to be a medical isotope in a person or transport 

package
�‡ Nuclear security issue. On detection and identification, the isotope should be recognised as being 

MORC and the appropriate actions taken
4. What is purchase cost and availability of the chosen radioisotope?

�‡ This has to be a practical cost-effective solution based on existing technologies. The development of 
new processes of manufacture and extraction of specialist isotopes would be prohibitive.



Choice of activity concentration

Dose to the animal must be kept ALARA.
Two key issues: 
1. Prevention of deterministic effects and reduction of stochastic effects

�‡ Dose assessment to head of rhino confirmed by laboratory measurements on a 3D 
printed phantom

2. �'�H�W�H�F�W�L�R�Q���R�I���W�K�H���F�K�R�V�H�Q���D�F�W�L�Y�L�W�\���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���E�\���W�K�H���µ�D�Y�H�U�D�J�H�¶���U�D�G�L�D�W�L�R�Q��
portal monitor
�‡ Will the activity concentration chosen in the dose assessment be detectable?



Turning a CT scan of a rhino head into a digital model that 
could be used for computational dose assessments 

CT scan obtained from the Witmer Labs at Ohio State 
University

Segmented image of head of a rhino created 
from the CT scan



CT scans from Ohio State 
University

Regions of concern in the dose assessment 
to the head

Potentially 
radiosensitive areas



Researching the structure of 
the horn growth plate, the 
variation is size and shape of 
horns

Determining appropriate positions in which to 
insert radioisotope pellets



Source insertion points

The horn/skin interface

Insertion points for the sources

Insert at 15 cm above horn/skin line 
and then 10 cm therafter



Sources at 15 cm and 25 cm above skin/horn intersection  on centre line
Total 

activity 
concentrati

on KBq

H*10 dose 
rate (Sv/h)

Sigma microSv.hr-1
Annual dose

mSv

2 x100 KBq
200

Sensitive area 
under horns

6.90E-07 0.21% 6.90E-04 6.04

2 x 150 KBq
300

Sensitive area 
under horns

8.00E-07 1.77% 8.00E-04 7

2 x 200 KBq
400

Sensitive area 
under horns

1.40E-06 0.86% 1.40E-03 12.23

2 x 370 KBq (20 
microcuries)

740
Sensitive area 
under horns

2.60E-06 13.00% 2.60E-03 22.75

2 x500 KBq
1000

Sensitive area 
under horns

3.47E-06 0.11% 3.47E-03 30.39

2 x 800 KBq
1600

Sensitive area 
under horns

5.63E-06 0.13% 5.63E-03 49.32

2 x 1 MBq
2000

Sensitive area 
under horns

6.97E-06 0.96% 6.97E-03 61.03

2 x 1.5  MBq
3000

Sensitive area 
under horns

1.05E-05 0.94% 1.05E-02 92.06

2 x 1.75 MBq
3500

Sensitive area 
under horns

1.21E-05 0.86% 1.21E-02 105.63

2 x 2 MBq
4000

Sensitive area 
under horns

1.38E-05 0.85% 1.38E-02 120.90

Results of 
dose 
assessment 
modelling.
The first year of 
exposure



Derived 
Consideration 
Reference Levels �± 
ICRP 136

Rhino dose



Regulatory 
Approval

Completion of The 
Radiological Hazard 
Assessment
 &
Radiation Protection 
Programme.



Radiological Safety Assessment

There are two specific groups that need to be satisfied that this is a 
safe, secure and justified project:

1. �8�Q�L�Y�H�U�V�L�W�\�¶�V���$�Q�L�P�D�O���(�W�K�L�F�V���&�R�P�P�L�W�W�H�H
�‡ Committee made up of university scientists and external parties 

including animal welfare societies had to be convinced that the 
�K�H�D�O�W�K���D�Q�G���Z�H�O�I�D�U�H���R�I���W�K�H�V�H���D�Q�L�P�D�O�V���Z�D�V�Q�¶�W���D�I�I�H�F�W�H�G���Q�H�J�D�W�L�Y�H�O�\��



2. The Regulatory Authorities
�‡ Firstly in South Africa but then as the project rolls out to different countries in Africa and 

elsewhere.
�‡ This is an international problem. India has poaching issues with the Indian or One 

horned rhinoceros. There have also been cases elsewhere in the world.

Issues addressed with the Regulator
�‡ Management and control of sources

�‡ Specific management and control of sources
�‡ Doses

�‡ end user/doses to veterinary surgeons and other staff/animals
�‡ Detailed calculations of numerous exposure situations

�‡ Loss of a source
�‡ Development of a set of SOPs for TRP based on existing regulations.

�‡ Detection of a treated rhino horn offsite
�‡ Development of a set of SOPs
�‡ Forensic issues
�‡ Retrieval of horn



The Pilot Project.

Practical 
demonstration of the 
theoretical concept 
that gave additional 
input into the 
Hazard Assessment 
and RPP.



Pilot Project �± June 2024 The Rhino Orphanage - 
Limpopo

20 Rhinos treated with radioisotopes.

Criteria for inclusion:
�‡ Adults with horns longer than 15 cm
�‡ Black ( 1 male & 1 female)  & White (8 

male & 10 female)
After care
�‡ All animals are checked daily by a team of 

rhino conservation experts
�‡ Armed anti-poaching patrols 24/7

Lessons learnt
�‡ A lot quicker than dehorning c. 10 

minutes from darting to revival.
�‡ Less stress
�‡ C. ½ the quantity of various drugs needed 

compared to dehorning





Testing portal monitors at JFK International Airport and Newark 
Harbour �± working with CBP New York. A practical demonstration

Maximum activity inserted 
into horn 800 KBq c. 22 
microCuries
Approximately equal to 3 CT 
scans in the first year

Just some of the 11 000 systems 
installed globally



Proving the 
concept at 
Newark 
Harbour, New 
York, USA.
There as 
guests of US 
Customs and 
Border 
Protection.
Horns 
detected in a 
full shipping 
container



Final stage of research in rhinos.
Blood sampling for biodosimetry, radiological measurements, 
and overall health status check �± Jan 2025

All the animals appear healthy, 
horn growth is good, results of 

blood tests just received



Results of blood sampling �± April 2025

MN = Micronuclei per 500 
blood cells counted
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Standard 
deviation

5 animals �t 
white rhino

24.6 5.8 14 animals �t 
white rhinos 

with 
radioisotopes 
in the horn

23.7 9.8



The Rhisotope  Project �± Recap of six 
years of research.

�W�Œ�}�i�����š���Z�}�(�(�]���]���o�o�Ç�[�����•�š�����o�]�•�Z������
2019
�{ Search for owner who was 

prepared to allow fundamental 
work to be done on some of their 
animals.

2019

Stable isotope work 
completed
�{ Demonstrating that there is no 

movement of material from the horn 
back into the animal

May 2021

Dose assessment modelling 
completed
�{ Construction of a digital model of a 

rhino's head

June 2023

Pilot project started
�{ The insertion of radioisotopes into 

the horns of 20 rhinos

June 2024

Blood sampling and dose 
measurements around the 
horn completed

Jan. 2025

Results of blood testing
�{ show no observable harm at current 

activity concentrations

April 2025

Launched to rhino owners in 
South Africa

August 2025

Wits Animal Ethics Clearances 2021/04/12/B & 2024/06/02



Research work completed to date in 
collaboration with the following:



���������������³�)�R�U���W�K�H���U�K�L�Q�R�V�´���«����������

Contact details:
Prof James Larkin

james.larkin@wits.ac.za  / 
info@Rhisotope.org

Phone: +27 (0)82 804 3549

https://Rhisotope.org



Questions?
�‡As time permits, we will 

address questions posted in 
the Q&A

�‡Questions we do not get to
�‡Answers will be posted to our 

website and a link to resources 
emailed out
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World Rhino Day
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Thank you for listening!

www.radiationsafety.ca
1-800-263-5803

info@radiationsafety.ca
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Wellness Break
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Ji Hong Tai Chi  Qi Gong, Richmond Hill, ON

Ji Hong Tai Chi & Qi Gong, Richmond Hill, ON 
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