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2nd September: Practical Aspects Presentations. 
 
Training Course Contents for Different Groups Prof George Gordon, University of Strathclyde 
This paper was well placed as the first paper at the conference to make speakers wonder how much of their 
paper participants would remember when they went home!  According to William Glasser people learn about 
10% of what they read, 50 % if they can see and hear the material (lectures with slides, power Point?). This 
will rise to 70% if people can talk over materials with others. Interaction and participation improves learning. 
Prof. Gordon gave an example of the AURPO-Strathclyde Certificate Course where he thought that the 
virtual classroom was very important in stopping students becoming isolated. He thought that PC simulation 
exercises would be a good addition. 

Prof. Gordon advised us to know our audience! The learning goals may be set but we should tailor our 
training according to the knowledge base and our trainees preferred learning style. We should always access 
behaviours! He quoted from Honey and Mumford learning styles, Activists learn by doing, Reflectors only 
after thinking for a period of time. A Theorist will have an obligatory need for the facts but for a Pragmatist, 
theory will be of little help! Howard Gardner has expanded the term Intelligences to a wide range of 
attributes (linguistic, numerical, interpersonal etc.). Occupational groups may be strong in various clusters of 
these intelligences. So Prof. Gordon suggests that your awareness of the differing intelligence clusters should 
inform and influence your training course. After all knowledge comes in different flavours, professional 
knowledge is functional specific and pragmatic. Academic knowledge is declarative, abstract and conceptual. 
The leaning style for a Scientist may be different to that of a Secretary.  Other student based factors such as 
ability, commitment play a role here along with the ability to concentrate and personality types i.e. 
introvert/extrovert. 

Prof. Gordon admits that the lecture has its place, points are clarified and misconceptions can be corrected 
but does this steam of facts captivate your radiation workers? He invites us to consider peer directed groups 
(Buzz groups) or self directed exercises. Peer directed groups are useful to broaden understanding, provide 
different viewpoints and obtain insights with others like oneself. Self directed activities are useful for 
developing in depth understanding, monitoring and independent learning. (John Biggs, 2003). 

Good principles for practice include a well structured knowledge base with an appropriate motivational 
context with activities for the learner, preferably with interaction with others. The structure helps correlate 
feedback and the activities can use error in a constructive way. Most people accomplish a list of increasingly 
more difficult sets of tasks, building upon what they know, which Prof. Gordon terms “Constructive 
alignment”. The learner responses may vary from manipulating unstructured facts without answers to 
mastering extended abstract knowledge. 

So how much of this review will you remember?  

 

Contingency Plans Don Morecombe, GSK 
Don Morecombe’s paper first of all underlined the regulatory situation. IRR99 Reg 7 (1,2and 3): requires: -  
prior suitable and sufficient risk assessments, identification and prevention of foreseeable accidents or their 
consequences, and providing information, instruction, training and equipment. Reg 12 (1): requires a 
contingency plan to restrict radiation exposure and secure health & safety. The HSE Guidance 207:  calls for 
a plan of correct course of action and training of those identified in plan. Guidance 210: integrates the role of 
the emergency services into the plan (e.g. fire). Reg 12(2): calls for rehearsals of plans to be carried out at 
suitable intervals. Guidance 215: indicates that rehearsals should be dependent on potential severity, likely 
doses, complexity, number of people involved and reflect on the involvement of emergency services. 
Guidance note 2.05 suggests that training must be “as appropriate” and “practical”.  

GSK Research and Development has a generic contingency plan which fits in the corporate emergency 
health and safety standards. Emergencies are simulated and staff practice responding to them, results are 
evaluated and the implementing of any improvements are audited. Scenarios have included: fire, spillage of 
radioactivity featured in the early exercises, external exposure and external and internal contamination. GSK 
with Ambulance Services emergency planning officers will perform a full rehearsal during 2004 with a full 
involvement of receiving hospital(s). The rehearsal plan has the scenario of personal contamination and 
injury in the worst case up to 3 victims. 



The RPS has a key role in accident management and it is important that they are well trained. RPS’s are 
trained by PIRSDG RPS training courses at SRTS Ltd., 

GSK also runs annual RPS refresher training incorporating an exercise with the scenario of personal injury 
and contamination.  

 
2nd September: Workshop on risk management. 
 
The participants were split into three groups, each dealing with an incident scenario in a laboratory handling 
radioactive material. Each group had to deal with an unknown (P-32, I-125 and H-3) isotope spillage with 
the worker playing the injured/unconscious role. In our case it was Sonia Nuttall, who won the Oscar for best 
actress! In each group a 'ringer' was introduced a member of staff acting as the incompetent troublemaker. 
One member of the group was 'volunteered' as the RPA and another as the First Aider. 

The objectives of the group were; to assess the situation, determine the nature of the problem, identify the 
isotope, and take appropriate steps in managing the situation. 

Our group had the tritium incident. Sonia had a broken arm and head injury. The unknown isotope (H-3) was 
split over the work bench and floor. 

The interesting points that came out of the exercise were: 

• The 'pretty'spill kit was nice to look at but impractical, not enough gloves, overshoes etc. 
• Important to establish communication with the injured party ASAP rather than deal mainly with  the 

spill. 
• Defining a controlled area and restricting access to and from that area, this was made harder by the 

'ringer'. 
• The use of PPE and its control of movement discovered that gloves were used correctly but the same 

gloves were used to handle objects outside the controlled area and hence spreading the 
contamination. 

• The use of appropriate monitoring equipment and the maintenance of these were very important. 
• The role the RPA in showing control and leadership was significant in managing the situation safely 

and correctly. 
 
Overall this was an excellent exercise, showed that the real thing is much more complex then a paper 
exercise and this can only be mastered by repeated simulation such as these. Highly recommended. 
 
 
3rd September: Risk, Management and Organisation of Radiation Protection 
 
New Laser Standards Gus Zabierek, Birmingham University 

This presentation outlined the new laser standards and the committees behind them, in particular IEC 
Technical Committee 76 responsible for developing standards for lasers and laser applications.  The 
workgroups under TC76 cover: biological effects and optical radiation safety; laser safety measurement; 
safety of medical laser equipment (currently under review); fibre optic communications systems, including 
semi-conductor lasers; high power lasers; basic standards and guidance; maximum permissible exposure 
levels and measurement of non-coherent sources; industrial/processing applications; and diode emitters, 
including display lasers, signs and wireless free in air transmitters (ie remote controls). 

Gus outlined the main changes to the standard as: new laser classes (1, 1M, 2, 2M, 3R, 3B, 4); new 
measurement conditions for classification, particularly high divergent sources; new MPE levels, especially 
for ultra short pulses and shorter wavelength visible radiation over long exposure duration; improved 
treatment of extended source viewing; and the new wording of laser signs.  In the future ‘optical radiation’ 
may be transferred to the Physical Agents Directive rather than the Electro-technical. 

The principle documents available for laser safety were given along with brief details of a new work item to 
simplify labels, perhaps to have the starburst sign plus laser class only. Problem areas, such as the use of 
LEDs were discussed. In particular the new user guide to the standard, IEC TR 60825-14 (which will replace 
60825-3) will exclude LEDs unless they are laser based. (NB 60825 generically covers lasers and all other 
optical equipment).  60825-14 will be normative, ie imply mandatory compliance, rather than 60825-3 which 
is more informative.  New user guide will cover training, classes, MPEs, interlocks, biological effects etc and 



should be available mid 2004.  The CVCP guidance is also currently being reviewed with the NRPB taking 
the lead.  It will be internet based and utilise the ICNIRP standards (as these are more readily accessible). 

The subject of eye examinations was discussed, as guidance on best practice differs between the BS and 
NRPB.  Studies have concluded that there is no benefit to undertaking routine eye examinations as they do 
not have sufficient sensitivity or specificity. A recent survey concluded that where eye examinations are still 
performed routinely, the justification is reassurance.  However, it was considered best practice to have 
facilities available to assess eye damage in the event of an incident, particularly as the raising of a RIDDOR 
report would undoubtedly lead to a visit from the local HSE inspector. 

 

Risk of non-ionising EM fields in research institutes Graham Hart, Bradford Hospitals 

Graham began by summarising the characteristics of EM fields, in particular outlining the difference 
between the near field and far field and the difficulty in defining these regions.  Essentially in the far field (> 
λ/2π) the field approximates to plane wave geometry with maximas of the E and H fields in phase, in the 
near field, the EM field is more inhomogeneous and may have regions of pure E or H.  In the near field, it is 
important to measure both E and H fields and to remember that the presence of you may affect the results.  

The biological effects of EM fields were then described, these can be summarised as follows: Below 100kHz 
coupling occurs between the body and the field and currents are induced.  The E field does not appear to 
cause any effects, although a slight positive association between low H fields (above 0.4µT) and childhood 
leukaemia has been demonstrated.  Threshold currents for biological effects are 0.4mA for touch perception, 
16mA for pain and 23mA for severe shock at 50/60Hz *(ie mains frequency).  These values are a factor of 2 
lower for children.  Above 100kHz, the biological effect changes from nerve stimulation to heating.  
Epidemiological studies at these frequencies show mixed results and an increase in the risk of miscarriage 
has been shown by some studies.  Energy is absorbed in different regions of the body at different frequencies 
(due to resonances, e.g. length of body part). Lower frequencies are preferentially absorbed in the limbs, 
whereas very high frequencies, >10GHz, are absorbed mostly by the body surfaces. A specific absorption 
rate of > 4kW/kg causes a temperature rise of > 1oC which can lead to thermoregulatory problems.  
Occupational limits are, therefore, set to 1/10th of this level, at 0.4 kW/kg.  Thresholds for effects from high 
frequency EM fields are 25-40mA (child-adult) for perception and 30-55mA for pain with severe burns 
possible above 50mA. 

Other mechanisms for biological damage include direct and indirect contact with metallic objects which in 
high frequency fields can cause shocks and burns. 

ICNIRP guidelines give limits for occupational and public exposure in terms of current density for lower 
frequencies (up to 100kHz), current density and SAR (whole body, head & trunk, limb) for 100kHz-10MHz 
and in SAR only for high frequencies (up to 10GHz).  ICNIRP use the same hierarchy of control 
(engineering, administrative, PPE) as IR.  NRPB gives different advice (report R301 and Doc Vol 4 No 5 
1993) but concentrates on cases where simplistic analysis of the field may not be appropriate, eg fields with 
complex harmonics and pulsed fields.  The proposed EU EMF Directive uses a standard risk assessment and 
management approach, specifies action levels and exposure limits. 

EMF sources include mains power, security systems (1-100kHz), RF dielectric and surgical diathermy 
heaters (27 MHz, corresponds to body resonance, ie largest heating effect), radio (200kHz – 2MHz), TV 
(470-850MHz) and mobile phones (900MHz / 1.8GHz).  It is important to note that the risk from RF sources 
may not occur in the vicinity of the device, e.g. RF fields can be transported by metal pipework and poorly 
earthed wires. 

Graham concluded by stating that EMFs are difficult to measure and accurate equipment is expensive.  Care 
must be taken to ensure the correct quantity is being measured and that the observers presences on the 
measurements is taken into consideration. 

 

Management of NMR and large DC magnetic fields Peter Cole, Liverpool University 

NMR, or MRI, uses fields much stronger than the Earths magnetic field (1 Tesla).  The fields experienced 
are static (DC) magnetic fields, switched magnetic field gradients and RF fields.  Patients, volunteers, staff 
and the general public may be exposed.  These fields are characterised by two limits.  Limit 1 marks the 
boundary between fields which are totally safe and those where medical monitoring is required.  Limit 2 
marks the boundary between medical monitoring and fields which may pose a significant risk to the patient. 



The physical effects of DC fields may be described using two terms, ferromagnetic induction and 
interference.  The first causes the missile effect as any magnetic material is attracted to the source.  The 
second applies to electrical equipment such as imaging systems and cardiac pacemakers. With regard to 
personnel safety, stray fields generally fall off as 1/R3.  For example, a 1.5T field will have an attractive 
force equal to its own weight at a distance of 2m and 10x its own weight at 1.5m.  

A good site for information regarding MRI safety was given as 
http://www.radiology.upmc.edu/MRsafety/search.asp. 

Two types of shielding are available, passive (sheets of ferrous material in the walls) and active (opposing 
coils).  Controlled areas are also used.  Two areas are normally used, a general controlled area (0.5mT) in 
which patient screening is carried out and warning signs are place, and an inner area (3mT).  Pregnant staff 
may be excluded from the inner area during the first trimester (though no actual evidence of harm). Patient 
screening may include a questionnaire and frisking with a metal detector (lightweight, cheap, sensitive to 
30mg of metal within the body). Although the latter are not sensitive enough to detect intra-orbital material 
which may cause damage to the eye. 

Even weak magnetic fields can affect equipment, e.g. 0.1mTfields will interfere with TV systems.  Large 
moving metal objects, e.g. cars, should not be placed in fields > 0.3mT.  0.5mT is the safe limit for cardiac 
pacemakers, 1T will wipe credit cards and 3T will disrupt telephone operation. 

Biological effects are small up to 2T although will see a change in the ECG trace. 

Peter stressed the difference between MRI safe, which means that the patient won’t be harmed, and MRI 
compatible, which means the equipment will still work properly and safely. 

The final part of the presentation discussed emergencies with MR equipment. In particular the facility to 
quench the magnet (which will destroy it, but may be necessary in the event of a fault with the magnet or a 
fire where rapid access is required).  Training of fire fighters was also recommended to ensure metal 
equipment is used appropriately.  There can also be a build up of cryogenic gas from the cooling system 
which can cause an asphyxiation hazard.  All facilities contain an oxygen monitor for this purpose. 

In the discussion afterwards, Arwel Barrat stated that larger fields, up to 11T, were now being used in 
research facilities and fields up to 9T were being used in the US.  The major implication was how users 
would comply with the 2T safe working limit.  Brian Heaton made the point that all persons, including 
domestic and portering staff, who may enter MRI suites must be trained. 

 

Management of Accelerators and radiation generators Paul Wright, Rutherford Laboratory 

Paul discussed the safety management structure for the ISIS project.  The linear accelerator requires 4m of 
steel and 1m of concrete to ensure environmental doserates are kept below 2uSv/hr.  A small team is 
responsible for radiological safety and conducts radiation and contamination surveys daily.  Their particular 
problem is the detection of high energy protons and the pulsed nature of the radiation (pulse length 200ns).  
Due to the very high doserates during operation (up to 100000 Gy/h) exclusion areas are established and in 
fact most exposure occurs during maintenance periods. 

Personnel at the facility are monitored for both external and internal exposure (principally tritium) and there 
is a 3mSv dose constraint.  Work areas and stack discharges are monitored, as well as borehole and surface 
water sampling. 

 

Advisory Committees Wynne Davies, Amersham 

The aim of this presentation was to raise awareness of the role of advisory committees in radiation 
protection.  in particular Wynne described the function and past business of IRAC (recently replaced by the 
HSEs IR H&S forum), NuSAC, RWMAC and the recently formed CoRWM.  Wynne encouraged the 
audience to participate in the various committees. 

IRACs remit was to consider and advise the HSC/E on all matters concerning protection against ionising 
radiation.  It included representatives from professional bodies, government and industry and its outputs 
included guidance for female workers, work on the public perception of risk and the implementation of new 
Directives. IRAC has been replaced by the IR H&S forum whose remit is to provide a liaison mechanism 
between HSE and stakeholders on matters concerning protection against IR and to identify significant issues.  



Membership is similar and current issues include radon in the workplace and the control/security of high 
activity sources. 

The remit of the Nuclear Safety Advisory Committee (NuSAC) is to advise HSC and government on matters 
affecting nuclear safety on nuclear licensed sites. Membership includes CBI, TUC and independents.  
Research groups include fuel cycle operations, NDA and decommissioning, emergency arrangements and 
MoD related activities.  Previous work has included the Dounreay audit, dual regulation at the dockyards, 
REPPIR implementation and reviewing the work of the NII. 

RWMACs remit is to advise Secretaries of State on policy for all aspects of the management of civil 
radioactive waste.  It includes members from many fields, including geology, medical health, environmental 
law and lay persons. Working Groups have considered partitioning and transmutation, BPM and BPEO, 
Dounreay and Sellafield and reports are often made jointly with NuSAC.  RWMAC have recently 
undertaken a Small Users Study, which consisted of a questionnaire to RPAs, meetings with SEPA/EA etc 
and made recommendations regarding optimisation, historical sources, funding and exposure assessments. 

The newly formed CoRWM was intended to replace RWMAC.  Its remit is to oversee a review of options 
for managing radioactive waste in the UK and to recommend options that can provide a long term solution.  
CoRMW will have a strategic approach to the problem and its work will include consultation of the public 
and stakeholders. 

 

Transfer of radionuclides to neonates and foetal doses Alan Phipps, NRPB 

Alan outlined the documentation which is available for the estimation of foetal dose.  This includes ICRP 88 
(as a book or CDROM) and HSE report CRC 397/2001 Pt (there is also a Pt2 which deals with the transfer of 
radionuclides to nursing infants). ICRP guidance on uptake from breast milk is likely to be available next 
year. NRPB guidance will be available shortly. 

The foetal models were described, during the first 8 weeks the foetus weighs < 10g and the dose to the uterus 
is assumed to be the same as the foetal dose.  After this time organs are assumed to be present and 
functioning (apart from the thyroid which is not active until week 11).  Foetal has preferential uptake of 
calcium and phosphorus for bone formation.  The brain is also a critical organ between weeks 8-15.  The 
offspring dose is 11.5x that of the mother for 32P, 5x for 89S and 0.5x for iodine and caesium.  Foetal dose is 
generally 2x maternal dose for tritium, carbon, sulphur and iodine and 15-20x for alkaline earth metals and 
phosphor.  Foetal doses may be particularly important if members of the critical group may be pregnant. 

ICRP considers the dose in utero and the post natal dose to give the total exposure to the offspring.  It 
includes several intake scenarios, including acute and chronic intakes, pre and post conception. 

 

Using compartmental models for transfer from breast milk results in the following being present in milk in 
relation to the concentration in the mothers blood (the relative infant dose is given in brackets): 
45Ca 67% (3x) 
90S 31% (0.8x) 
131I 29% (2.5x) 

These, and the foetal, models can be adapted for specific medical radionuclides and forms. 

A particular area for concern is the concentration in the air in iodine treatment rooms (from patients exhaled 
breath) and the potential inhalation by pregnant staff. 

 

Process management in the EA Chris Englefield, EA 

Chris began by naming the current Radioactive Substances Regulation technical advisers and stated that their 
main aims were to develop guidance and standards for compliance with legislation and to support the 
government on CBRN issues. 

Current work includes the development of risk based mobile PET guidance, preparation of the HASS 
directive, simplifying the registration process for low risk premises, developing a risk based assessment 
procedure for RSA applications, developing guidance on the definition of  RPA/QE and considering the 
potential for more self-regulation for low risk users of radioactive material. 



The possibility of creating liaison groups for users nationwide is being discussed as the Thames group works 
well. 

With regard to the RPA issue, it should be noted that Schedule 1 of new authorisations requires advise to be 
sought from the RPA/QE, this would be easier to manage/audit if that individual was better defined. 

 

Management of records John Faulkner, Glasgow University 

John discussed the who, why and what of the management of records in the field of radiological safety. He 
outlined the requirements for record keeping under IRR99 and RSA93, in particular highlighting the changes 
from IRR85 to IRR99 (e.g. change in instrument testing from every 14 to 12 months).  The cost of record 
keeping was also discussed, in particular the rise in charge for RSA93 registrations through SEPA due in 
2005.   

The requirement for maintaining records of driver training and the transport of radioactive materials under 
RAMRoad 2002 were also notes. 

Essentially, John concluded that you should keep records indefinitely if possible. 

 

Appropriate dosimetry Arwel Barrat, HSE 

Arwel Barrat summarised the dosimetry methods which are available and stated that, from IRR99 Reg 20, an 
exposure of 1mSv/yr is significant and should be assessed.  However, when determining the magnitude of 
exposures, especially during accident situations, you must balance what you expect with what you could 
reasonably expect.  If it is possible that something can be done, then it is possible that it will be done.  In 
particular, you must take the used into account when deciding what is reasonably foreseeable. 

It was also noted that although you are only required to keep some records for two years, the regulator may 
require you to provide historical information for a longer period.  This supported John’s conclusion in the 
previous presentation that records should be made if practicable, even if not legally required, and should be 
kept for as long as possible. 

 
 


