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FOREWORD

Luxembourg, February 2011

The so called 'medico-legal procedures' were introduced in the European legislation with the
adoption in 1997 of Council Directive 97/43/Euratom on health protection of individuals
against the dangers of ionizing radiation in relation to medical exposure (Medical Exposure
Directive, MED). According to MED, the exposure due to medico-legal procedures, defined
as "those procedures performed for insurance or legal purposes without a medical
indication", is a sub-category of medical exposure; therefore radiation protection in this area
is arranged under the common legal framework for protection of patients and individuals
participating in health screening, occupational health surveillance or biomedical research
programmes.

The difficulties in implementing MED's legal requirements were recognized soon after the
Directive was adopted. Therefore, in 2002 the European Commission organized an
International Symposium with the objective to discuss the various practices involving medico-
legal procedures and to look at ways of addressing the associated radiation protection
issues. The proceedings of this meeting, including the main discussion points and
conclusions, were published by the Commission in 2003 as "Radiation Protection 130,
Medico-legal exposures, exposures with ionising radiation without medical indication".

The 2002 symposium identified a number of issues in different areas; most importantly, it
recognized that the MED framework failed to address all existing cases of deliberately
exposing humans to ionising radiation without medical indications. It was also concluded that
the MED protection philosophy, primarily intended for medical patients, can not always be
successfully applied to practices driven by legal, security and other non-medical
considerations. All this has lead to the conclusion that the issues in this area could not be
resolved by guidance or other 'soft tools' while the legal framework remained unchanged.

In 2005, with support of the Group of Experts established under Article 31 of the Euratom
treaty, the Commission launched a major revision of the Euratom radiation protection
legislation including, among others, the European Basic Safety Standards (EU BSS) and the
Medical Exposure Directives. This opportunity was used to propose also changes in the
protection framework for the deliberate exposure of people without medical indication or
motivation, now more appropriately named 'non-medical imaging exposures' (NMIE). The
draft proposal was worked out by the Commission staff together with experts from the Article
31 group. The authors of the proposal were also familiar with the ongoing revision process of
the International Basic Safety Standards.

The imaging technology utilizing ionising radiation has advanced rapidly, allowing more
people to be scanned faster and cheaper, not only for medical reasons but also for security,
immigration control and law enforcement purposes. The societal concerns in those areas
were also growing. This changing environment could lead to a situation where the wide-
spread use of ionising radiation on humans for non-medical reasons would be more easily
accepted.

Therefore the Commission decided to call another international meeting in 2009 to review the
development of the situation in the non-medical imaging area and to discuss with
stakeholders the newly developed draft EU BSS provisions on those practices. The meeting



brought together a wide range of experts from very different disciplines, ranging from ethics
and philosophy, through sport and forensic medicine, to security and law-enforcement.
International organizations, most notably the International Atomic Energy Agency, made
major contributions to the meeting. This allowed on the one hand to review the developments
and to discuss the legal and regulatory framework within which the NMIE procedures should
be implemented, on the other hand to provide discussion material and conclusions which can
serve as a basis for future guidance in the area.

These proceedings of the meeting are published at a time when the revised EU BSS is still in
draft (http://ec.europa.eu/energy/nuclear/radiation _protection/radiation _protection _en.htm). It
has been approved by the Euratom Article 31 group but has not yet become an official
Commission proposal. The draft responds to some of the conclusions in the document. The
Commission will continue to monitor the developments in the area of non-medical imaging
exposure and if appropriate take further initiatives.

Augustin Janssens
Head of Radiation Protection Unit
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1 EUROPEAN COMMISSION'S EXPECTATIONS FROM
THE INTERNATIONAL SYMPOSIUM ON NON-
MEDICAL IMAGING EXPOSURES

Augustin Janssens

Radiation Protection Unit, Directorate-General for Energy, European
Commission

Radiation Protection is protection against exposure to ionizing radiation. Protection includes
the means to reduce exposures, by shielding or distance for instance, but also, and in the
first place, avoid the exposure to occur. The principle of justification means that all
unnecessary exposures should be avoided. The subject matter of this Symposium is
however concerned with the deliberate exposure of individuals for imaging purposes. This is
meant, in general, to be justified for medical applications, even though the Conference on
Justification, 2 — 4 September in Brussels, has clearly demonstrated that there is a need for
better implementation of this principle. | expect that our Symposium will clarify whether, and
when, other uses of X-ray imaging are justified.

The justification of non-medical imaging exposures will be looked at in the context of a
technological revolution in digital imaging, which has led to an amazing quality of the
pictures. This technology ranges from the backscatter technique at very low doses to
computerized tomography (CT) at rather high doses.

The Basic Safety Standards Directive prohibits frivolous uses of ionizing radiation, such as
the deliberate addition of radioactive substances to toys or personal ornaments. This made
me think of so-called "X-ray spectacles", with no other purpose than voyeurism. Such
glasses featured in cartoons when | was a child, and aroused my curiosity and fantasy. Just
yesterday | did a Google-search and to my surprise they still are on sale, under brand names
such as "X-reflect" glasses or video cameras. Fortunately, it turns out that despite references
to X-rays, these devises use visible light. If X-rays would actually have been used, this would
certainly qualify as a frivolous application that would be forbidden.

Excuse me for this discursion, more seriously now: justification implies that the exposure is to
the benefit of the individual, or at least, to the clear benefit of society.

The assessment of societal benefit, of what is "good" for society, implies ethical or moralistic
considerations. The radiation protection philosophy of course already includes, at least
implicitly, ethical or value judgements. When we discuss non-medical exposures in the
context of law enforcement or security, the ethics or moral values underlying such
applications are beyond the radiation protection remit. It is a matter of political values or
preferences, on which people tend to have different or opposing views, which in our
European societies are resolved by democratic ruling. This may not be the case in the whole
world however, and even in a democracy the scientist, engineer or regulator has a
responsibility for the applications he introduces or allows to exist.

| am worried not only about the justification of such practices, but also about the fact that
these may escape regulatory control. Also in medical applications the role of the regulator is
limited, and we rely above all on requirements for education and training in radiation
protection and on professional guidance.
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| am worried that such education and training, or even awareness, may not exist for instance
for security screening. In addition, many people would view the police or intelligence services
to be above the law. Indeed, in the areas under their responsibility there are limitations on
the rights of the individual, for instance with regard to privacy. Law enforcement implies a
balancing of risks. In the case of X-ray imaging, this implies balancing the adverse health
effects of exposure to ionizing radiation against other risks.

| fear that, without proper oversight from a radiation protection point of view, X-ray imaging
may become commonplace. Users may be found to ignore radiation protection requirements,
or the risk to the exposed individual, there may be a proliferation of such equipment, and
hence a person may become subject to multiple exposures in a year. These may not only be
low doses, high doses from CT-type of devices or transmission scanning, such as used
already now to screen trucks and trains for illegal immigration, may become commonplace
as well.

The topic of this Symposium is therefore very important. It affects the foundations of the
radiation protection philosophy, and it represents a difficult regulatory challenge to fit these
exposures into the three categories: occupational, medical and public exposures. There will
be no 4™ category for security exposure or a 5" category e.g. for the comforters and carers in
medical exposure. With the revision of the Basic Safety Standards, we now regard non-
medical exposures clearly as public exposure. The old term "medico-legal" should be
avoided.

So it is public exposure, but the dose limit can be exceeded in exceptional cases. It is difficult
to define a reference group of the population. Since it is not possible to control the number of
exposures we must rely on dose constraints rather than dose limits.

We operate at the boundary of the scope of radiation protection. The basic rule is that
justification overrules exemption. No practice that is not justified shall be exempted from
regulatory control. But does this apply to very low dose applications? Should we balance the
risks of backscatter imaging against techniques using electromagnetic radiation or
ultrasound?

This Symposium is at the right time. It will provide input to the revision of our Euratom Basic
Safety Standards as well as to the international standards. The final drafts of these should be
completed by the end of this year, but will go through a possibly long endorsement process.
G. Simeonov will present the ongoing work for the Euratom Standards, R. Czarwinski for the
international standards.

We have been discussing this topic internationally even before we started reviewing the
Basic Safety Standards, for instance in the framework of the International Agency Committee
on Radiation Safety (IACRS). We are now getting close to some consensus, or rather a
compromise. ILO and PAHO for instance have outspoken views respectively on X-ray
imaging for theft detection and for security screening.

| appreciate that this Symposium takes place in Dublin, and is a follow-up to the first Dublin
Conference in 2002. | am grateful to G. O'Reilly for the efforts that she put in organising this
event, and | am very pleased that C. Zuur is here to explain the long intellectual journey that
we have made since this first conference.

That first conference highlighted the need for a more precise definition of "medico-legal”
exposures, and broadened the scope beyond the exposures for insurance of legal purposes.
It was also underlined that there was a need for guidance in the different areas. This is why
this second conference addresses not only security and crime prevention, but also sports
and occupational medicine, age-determination of adolescents, immigration health checks
etc., where the borderline with medical exposure is rather thin.

10
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The proceedings of the Symposium will be in the European Commission Radiation Protection
series. | hope this will be another milestone in the development of our thinking and a
reference for the development of national policies.

11
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2 NON-MEDICAL IMAGING EXPOSURES - REVIEW OF
PREVIOUS WORK

Ciska Zuur

Formerly Ministry of Housing, Spatial Planning and Environment,
the Netherlands

Geraldine O’Reilly

Department of Medical Physics and Bioengineering, St.James’s Hospital,
Dublin, Ireland

2.1 Introduction

The Medical Exposure Directive (MED)', 97/43/Euratom, defines medico-legal procedures as
‘procedures performed for insurance or legal purposes without a medical indication’. When
the Directive was first drafted, it was envisaged that medico-legal procedures would
comprise x rays for insurance purposes and those required as a result of legal proceedings.
Whereas, in fact, the definition of medico-legal procedures is such that the scope is almost
certainly wider than this.

The European Commission is currently in the process of revising the European Basic Safety
Standards®. As part of this exercise a number of European Directives dealing with radiation
safety and protection will be recast into a single Directive. This will include the Medical
Exposure Directive. The revision will provide an opportunity to address issues that have
arisen since the introduction of the MED in 1997. One of the issues to be addressed is that of
medico legal Exposures which have been redefined and will in future be known as non-
medical imaging exposures.

2.2 What are Medico Legal Exposures?

Medico-legal exposures are defined as ‘procedures performed for insurance or legal
purposes without a medical indication’. This can lead to a degree of ambiguity when
discussing medico-legal exposures and exposures which have a medical indication. Often
the latter are referred to simply as medical exposures — a term that is clearly imprecise within
the context of the Directive as medico-legal exposures are in fact a sub-set of medical
exposures.

Medico-legal exposures are difficult to define and it is not always easy to decide which
exposures are real ‘medico-legal’ and which are not. Often certain exposures could be
interpreted as being occupational or medically indicated. The definition contained within the
Directive is not sufficient to solve this problem. Some examples may help to illustrate some
of the difficulties that arise.

13
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2.3 Examples of Medico Legal Exposures

2.3.1 Age Determination

An x-ray of the wrist of an individual who presents with symptoms of a recently fractured wrist
has a clear medical indication, is supported by existing referral criteria and would be the
norm in clinical practice. This is clearly a justifiable exposure.

However, an x-ray of the wrist for the purpose of age determination is almost certainly a
medico-legal examination. Other radiological techniques, used for age determination, based
on the evaluation of bone maturity include x-rays of the elbow, iliac crest, AP view of the
hand and wrist or CT of the clavicle.® The accuracy is of the order of 6 months to 1 year,
resulting in a possible error in evaluation of age by as much as two years.

Other methods of age determination include a simple height measurement which is a rather
imprecise first approach. Dental radiography can also be used. However it has been reported
that the use of dental radiography can lead to errors of between 9 months and 3 years,
particularly when used for individuals between the ages of 16 and 21.

Age assessment is sometimes required, for example, to determine if an individual should be
assigned to a juvenile or an adult court. In this instance it is clear that the result of the
assessment could have very material and significant consequences for the exposed
individual. This would suggest that the technique should be robust and accurate, whereas in
fact there are unresolved issues surrounding the validity and accuracy of the technique,
particularly in relation to the selection of appropriate reference groups for comparison. So
although most of the techniques outlined above are considered to be relatively low dose
techniques, the justification is complex as instead of the normal risk benefit ratio, the
individual exposed may be disadvantaged by the consequences of the exposure.

If the age determination is required in the case of someone seeking asylum, some Member
States will grant asylum to those under 16 years, so the age assessment can be critical
where age is unknown or in doubt.

Another application in which age assessment is required is that of placement of a child in
care. It is important for a child’s psychological development and well being that they are
treated in a way that is appropriate to their age. For this, accurate age assessment is
required.

So, it is clear from consideration of the examples above that radiological examinations used
for age determination are not medically indicated exposures and should not be classified as
medical exposures. They fall into the category of non-medical imaging exposures. Although
there may be compelling reasons for determination of age, serious concerns remain about
the accuracy of the methods that are currently in use. With this level of doubt surrounding
their accuracy, extreme caution is required in their use and they are likely only to be suitable
for a limited range of applications and across a limited age range.

2.3.2 Sports Medicine
Imaging in sports medicine can be for acute or chronic overuse injuries or for screening
purposes. Imaging for acute sports injuries is, on the whole, medically justified. With chronic

overuse injuries, the need for imaging may either be for diagnosis or prognosis. While the
former is clearly a medical exposure, the latter may have financial implications and the

14
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motivation to perform such imaging may not be for medical care. Such imaging falls into a
grey area which may involve non-medical exposures.

Imaging is also used to aid selection for competition, to support decisions on training and
nutrition and as a preventative tool. Imaging is also used for screening purposes in certain
contact sports as a precautionary tool to rule out certain conditions which if present would
lead to heightened risk for the individual involved.

Imaging for screening purposes is also used where x-rays are requested without any specific
clinical indication, for example, to assess an individuals potential before a transfer or
appointment, as part of professional or contractual obligations or, with young persons, to
assess their potential future growth. Each of these examples should be treated as a separate
type of practice requiring explicit justification.

2.3.3 Non Accidental Injury (NAI)

In the setting of possible child abuse, x-ray, may be used to diagnose acute injuries that may
need treatment but also older injuries no longer requiring treatment. The x-rays can be used
to support the diagnosis of abuse. For those injuries that are acute, the initial x-ray can be
considered to be medical and justifiable. For older injuries, the classification is less clear and
open to interpretation. For those x-rays that are required for legal proceedings or as part of
an investigation, then they are most probably medico-legal exposures but could be
considered to be justifiable. And finally, x-rays of asymptomatic siblings are likely to be
medico legal but again could be considered to be justifiable. It is clear that in this particular
example of NAl, the classification is not straightforward and there are a number of issues that
should be considered as part of the justification process.

2.3.4 Growth Prognosis

There are numerous other examples for which the classification is unclear. X-rays can be
used in the prognosis of growth for individuals such as dancers where height may be an
issue. In this situation it is not clear what classification should apply to these exposure types
or whether the use in this situation is justifiable.

2.3.5 Criminal Activities

Other uses include the use of x-rays to combat criminal activities through the detection of
weapons or drugs. X-ray equipment based on the use of backscatter techniques can be used
in the surveillance of passengers prior to air travel. Given that there is certainly no medical
indication for the scan, these exposures must be classified as non-medical. The justification
will be influenced by how the scanners are intended to be used. If they are only to be used
on those who are suspected of attempting to smuggle weapons on board, then the case for
justification might be strengthened. If the scanners are to be used on all passengers then a
number of considerations will arise. These will include those relating to dose, privacy issues
and general ethical considerations. It is clear that whatever the intended use, the justification
process will be challenging and will demand input from a number of parties. Similar
considerations will apply in relation to the use of scanners in prisons.

X-ray examination is also used when there is a suspicion that drugs have been concealed
within the body. While the norm for this type of exposure would be a general x-ray, some
countries use computed tomography*, resulting in a potential dose of the order of

15



INTERNATIONAL SYMPOSIUM ON NON-MEDICAL IMAGING EXPOSURES

milliSieverts. Because this is carried out as if it was a medical exposure, a dose limit is not
applied, whereas if this were considered to be a public exposure, then a dose limit of 1 mSv
would apply. It has been argued on occasion that the detection of drugs within the body is
potentially advantageous to the individual exposed as the consequences of the packages
rupturing within the body are severe. However, it is questionable whether this argument is a
valid one as the primary motivation for the exposure is unlikely to be related to the health of
the individual being exposed. In this case, a number of issues arise but it is clear that the
justification of both the practice and individual exposures must take into account a broad
range of technical and societal considerations. It is not clear that the current framework
within which medico-legal exposures such as this take place, is appropriate for such complex
issues.

2.3.6 Cargo Search

Scanning techniques are also used for the detection of attempted clandestine entry via deep
concealment in vehicles. Whereas there is clear agreement that the use of scanning to
detect trafficking of illegal goods or substances is an industrial exposure and is covered by
the Basic Safety Standards (BSS), there is not universal agreement on its use to detect
clandestine entry. Some would consider this to be covered by the MED under the category of
medico-legal exposures and others would feel that the MED does not apply and only the
BSS is relevant here®. This remains as an issue to be resolved. Therefore the classification is
unclear and clarification on this issue would be an important first step in considering the
justification of these exposures. It has been observed that the detection of individuals hidden
in containers may in fact save their lives and that this should be considered as part of the
justification. This would have to be considered in the context of the motivation for the
exposure which is unlikely to be linked to the safety of persons who might be hidden.

2.4 Conclusions from Earlier Work

The various examples cited above demonstrate the complexity of both the classification of
exposure types and the justification process. Previous work has identified a range of
exposures that might be termed medico-legal and initiated a debate on whether or not they
were in fact medico-legal. It was concluded that although it was possible in many instances
to classify or categorise the exposure, the justification remained difficult. It was recognised
that the justification process had to take account of a broad range of considerations with a
wide array of social and economic issues that are integral to this matter. In fact it can be
seen that the key issue in medico-legal exposures is justification. There may be cases where
there is a strong public health, legal or security/safety reason which may dictate that the
exposure should go ahead even without consent. This must be decided by a legally entitled
authority. Where the decision to proceed resides with individuals, then very clear guidance
on selection criteria is required.

Some of the key issues that emerged from previous work can be summarised as follows:

2.4.1 Prescriber

All individual exposures should be justified by both prescriber and practitioner. What can
happen in practice is that a medical doctor can be asked for advice from a judge, an
employer, an insurance company or others. Depending on the nature of the request, it may
be that in order to properly respond, an x-ray is required. However, the net result of this

16
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interaction can be that the judge or the individual requesting the information in effect
becomes the prescriber. So legally, the doctor is still the prescriber but in practice, it may be
another individual or entity. This is an undesirable situation and one that should be avoided.

2.4.2 Multidisciplinary Issues

In considering the justification of non-medical exposures it is clear that input will be required
from sources that extend beyond the established radiation protection and radiological
community. Balancing the advantages and disadvantages of such exposures is complex,
because not only can these be difficult to quantify and hence compare, but often the
advantage may be to society whereas the disadvantage is usually to an individual. This adds
an additional layer of complexity to the problem and one, which requires input from a number
of sources beyond the established radiation protection community. Those that might be
included in the justification process will vary depending on the practice under consideration
but might include public health experts, law enforcement agencies, immigration authorities,
customs, Occupational Health, the judiciary etc. Communication between a diverse range of
professions and disciplines is essential to develop understanding and improve practice.

2.4.3 Referral Criteria

The proliferation of imaging equipment has meant that access to specialist imaging
techniques is not necessarily restricted to medical use. Ease of access can in certain
circumstances remove one of the obstacles that often focuses attention on justification. For
this and other reasons, the establishment of selection or referral criteria for all practices
involving non-medical exposures is of critical importance. The fact that the risk/benefit ratio is
severely altered in non-medical exposure means that existing selection criteria can not be
automatically used. The choice of imaging modality should be suited to the diagnostic
question. This also suggests that specific criteria are required as the level of image quality or
detail required even when imaging similar anatomy may be quite different in medical and
non-medical examinations. Such criteria do not yet exist but must be developed as an
essential tool required to support the justification process.

2.4.4 Common Views and Values

One of the issues that emerges in relation to non-medical exposures is that there can be very
differing views on the justification of certain practices and individual exposures among the
various stakeholders or groups concerned. The following two practices illustrate some of the
conflicting views and opinions that can arise.

The first of these is the use of chest radiography to screen for tuberculosis (TB). The practice
of screening for TB for immigrants might be viewed as being ‘politically incorrect’ by some.
On the other hand, there is also a view that it is reasonable to take steps to protect
vulnerable individuals in society by employing measures to ensure that the spread of TB is
avoided or at least curtailed.

Another example where diverging opinions can occur is the use of radiography in pre-
employment screening. X-rays may be required as a pre-requisite to employment in order to
rule out any underlying conditions that might compromise the ability of the employee to fully
discharge the duties expected of them. In this context the motivation is primarily to protect
the employer from future liability, financial or otherwise. While, there is a general social
concern about the compromise of health for commercial gain, reflecting a wider public
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distrust of corporate entities®, it may also be the case that other employees would resent
extended periods of absence as a result of chronic iliness that render an individual unsuitable
for a particular type of work, especially if this could have been identified prior to
commencement of employment.

2.4.5 X-Ray for All?

The use of security scanners at airports and other locations is likely to result in large
numbers of individuals being scanned and hence exposed. Yet the vast majority of these
individuals will pose no threat to either security or the control of goods/substances across
borders. The question arises as to whether it is reasonable to subject many individuals to
both the inconvenience of a scan and the associated radiation dose, however small, in order
to deal with the possible actions of a minority.

2.4.6 Preventative Medicine

Imaging in sport can be used to diagnose a possible injury at an early stage or to determine
the progression of the injury or subsequent recovery. Preventative medicine is not a term that
was defined in the Medical Exposure Directive and hence we have no framework within
which these practices can easily fit. Imaging is also used as a prognostic tool, both in sport
and other areas such as dancing, where it can be used to predict growth. It could be argued
that this use is justified in terms of the individual benefit as it avoids disappointment at a later
stage. However, the problem remains that our current system of protection and regulation is
not well suited to deal with exposures of this type.

2.4.7 Collective Dose

The numbers of individuals travelling through airports on a daily basis means that there is a
potential for very significant numbers to be affected by the introduction of security scanners
on a wide scale basis. Scanners based on x-ray technology will result in a collective dose for
the travelling population. Although the individual doses are likely to be small’, the cumulative
dose should be considered in the justification of the use of this technology for this practice.
However, it must be remembered that the use of collective dose for risk assessment should
be used with great caution where the numbers exposed are large and the associated doses
small.

2.4.8 Overuse of X-ray

The technological developments that have taken place over the last two decades have
resulted in the availability of a vast array of imaging techniques that can be applied to a wide
range of situations. While this has undoubtedly brought with it many advantages, it can at
times lead to the neglect of other simpler less complex methods of obtaining a diagnosis or
assessing a situation. It is important to ensure that clinical assessment using conventional
methods and essential skills is still an integral part of diagnosis.

18



NON-MEDICAL IMAGING EXPOSURES - REVIEW OF PREVIOUS WORK

2.5 Final Conclusions

Previous work has confirmed that the key issue in medico-legal exposures is justification®.
Justification is the balancing of the advantages against the disadvantages, but both are
difficult to quantify and are therefore often difficult to compare. Justification must take
account of all of the relevant social and economic issues and requires engagement with all of
the relevant stakeholders. Establishing a mechanism to facilitate this and ensure that the
required expertise, experience and knowledge is drawn into the process is challenging but is
an essential pre-requisite for an effective justification process. The justification of new and
existing practices requires an appropriate legal framework that can accommodate the
inherent complexities of the process. The recast of the BSS provides an ideal opportunity to
review and amend existing legal provisions.
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3 CONCLUSIONS FROM THE PREVIOUS SURVEY ON
MEDICO-LEGAL EXPOSURES

Wolfram Leitz

Swedish Radiation Safety Authority

3.1 Introduction

As one of the inputs to the previous symposium on medico-legal exposures (1) in 2002 a
questionnaire was prepared with the aim of gaining information on these practices. This
survey sought to ascertain if certain types of exposures are performed at all, if yes with what
frequency, doses involved, legal framework etc. The outcome of this questionnaire was
presented and discussed during the workshop and conclusions were drawn on what further
actions would be needed. This presentation gives a short overview on the achievements at the
workshop in 2002 and the conclusions drawn on what activities should be performed. Then it
is discussed which of these activities were performed, which not and whether they are valid
still today.

3.2 Questionnaire 2002

The questionnaire was designed by the members of the working party MED of the group of
experts according to Article 31 of the EURATOM treaty. Eleven categories of exposures were
defined, e.g. search of concealed drugs or weapons on the body of suspects, drugs inside the
body, verification of child abuse, routine x-ray examinations for immigrants, emigrants or as
condition for insurance policies. Questions asked for each of this exposure types were among
others - is this examination performed? If yes, with what frequency? What are the typical
doses? What is the legal frame work? Who is entitled to order such an exposure? What about
voluntariness?

The questionnaire was sent out to 15 countries where 13 responded. Some of the results
were:

e Some procedures were performed in all countries (drug search, civil litigation and child
abuse).

e Search for weapons in only one country.

e The remaining categories in 2 to 10 countries.

¢ Little information was given on the frequency of such exposures.

o Little information was given on the radiation doses involved for the different practices.

e Theoretically medico-legal exposures are mostly voluntary but in practice frequently
not.

e Legal provisions for most of the procedures exist.

¢ Most of the exposures are performed in a hospital by medical personnel.
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An analysis of the responses revealed some weaknesses in the design and response of the
questionnaire:

Terms were misinterpreted, questions were ambiguous, some topics were complex and had
not just a single answer, there are difficulties on how to treat cases in grey zones and as
mentioned above difficulties to obtain information about medico-legal exposures. One reason
for the latter was obviously that not just one but many bodies are involved in the various types
of medico-legal exposures which were not always identified as such or were not contacted by
the radiation protection authority which was normally the recipient of the questionnaire.

3.3 Conclusions of 2002 Symposium

It was found that despite the weaknesses of the questionnaire, a fairly good view on the
situation in Europe on medico-legal exposures was obtained. These findings can form a basis
for future actions within this area. It was concluded that further actions were needed for
increasing the knowledge about the practices with medico-legal exposures in the member
states and then to find ways to ensure that they are performed following radiation protection
principles. Strategies on how to proceed were also given. More precisely the following
conclusions were drawn.

e A network between radiation protection authorities and other bodies involved in the
actual medico-legal procedure should be established, including also the professions
involved.

¢ A refined questionnaire should be designed where especially questions regarding legal
issues and processes need to be defined more conclusively. Measures should also be
taken to ensure that the questionnaire is forwarded also to other stakeholders involved,
not only to the radiation protection authorities.

e Guidelines should be established for especially those procedures which envisage
difficult ethical aspects such as security checks with very low doses or exposures in
connection with child abuse.

¢ A new follow-up symposium should be organized within the near future.

3.4 Achievements since the 2002 Symposium

Very few of the suggestions at the 2002 symposium were achieved. The present symposium
did finally take place, but a long time later than foreseen. To the author’s knowledge no net-
works or targeted cooperation with other stakeholders have been established. Hence,
European guidelines on the practices presented here were not developed. During the spring of
2009 the IAEA designed a new questionnaire and distributed it to some hundred countries.
The preliminary results were presented at the present symposium. It is too early to conclude to
what extent this questionnaire has solved the problems envisaged in the 2002 survey.

In the following chapter recent activities in fundamental radiation protection standards are
discussed in the light of medico-legal exposures. The issue is discussed whether it would have
been beneficial if the plans suggested in 2002 had been realized.
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3.5 Recent Basic Radiation Protection Standards

International Commission on Radiological Protection (ICRP): In 2007 the ICRP issued its new
basic recommendations. Medico-legal exposures are mentioned in just one paragraph (5.7.2
(210)): Radiological examinations for occupational, health insurance, or legal purposes
undertaken without reference to clinical indications should be deemed to be unjustified, unless
the examination is expected to provide useful information on the health of the individual
examined or in support of important criminal investigations.

This requirement is somewhat too restrictive; benefits in connection with radiation exposures
are not totally limited to health issues and progress in crime investigations. Some other types
of exposures such as e.g. radiological examinations for age assessments or health checks for
sportsmen are not addressed at all. It would have been valuable if there had been more
guidance in this fundamental radiation protection policy document on how to deal with these
types of exposures.

International Atomic Energy Agency (IAEA): IAEA is revising its Basic Safety Standards (BSS)
on radiation protection. The revision has reached an advanced stage. Various types of
medico-legal exposures are addressed in the draft explicitly. It is stated that exposures for
occupational, legal or health insurance purposes are normally not justified. Exposures for theft
detection are deemed to be not justified. Exposures for detection of concealed objects are
normally deemed to be not justified. These requirements are quite restrictive and are implying
generally that no medico-legal exposures should be justified.

European Commission (EC): Also the EC is currently revising the Basic Safety Standards of
the EURATOM. The present draft is addressing Medico-legal exposures somewhat differently
compared to the IAEA BSS. Medico-legal exposures are redefined as “non-medical imaging
exposures”. These exposures require special attention to justification. If they are justified,
informed consent is required from the person who is subject to this exposure. These
exposures are normally considered to be exposures of the public and the dose limits for the
public apply. However, in exceptional circumstances the dose limit may be exceeded.

Common for all the three new basic radiation protection documents is that the importance of
justification for medico-legal exposures is emphasized. The requirements for the different
types of exposures differ, between a more or less categorical “not justified” to a weaker
“special attention to justification is needed”. The common impression of all three documents is
that there is a lack of input from other stakeholders in the field of medico-legal exposures, and
this might have consequences.

3.6 Future Work

Very much the same actions as required at the 2002 Symposium are still important to
accomplish. Those involved in the various practices need rather detailed and concrete
guidance on how to proceed, when and under which circumstances medico-legal exposures
may be performed. It is crucial that the stakeholders are closely involved in the process of
issuing guidance in order to make sure that their legitimate needs are duly taken into account.
Networks between stakeholders and the radiation protection community can contribute to a
mutual understanding of their corresponding problems. The outcome of this cooperation could
very well result in recommendations for some of the practices that are not completely in line
with all the recommendations and requirements in the three basic radiation protection
standards mentioned. Maybe in the justification process a wider range of beneficial factors will
be taken into account, there might be too much focus today on medical benefits.
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The initiative to create the networks mentioned should naturally come from the radiation
protection community. Many of the factors to be considered in the judgment of the various
practices are not related directly to monetary costs and somatic consequences. Therefore not
only the directly involved stakeholders such as police and customs should be taken on board,
but also expertise in other disciplines such as representatives in ethics, societal sciences and
philosophers. Thus solutions can be achieved that are well balanced between the sometimes
opposite opinions among the various interested parties.

3.7 Conclusions

It has been shown that the decisions for actions at the symposium in 2002 were well-founded
and needed. Unfortunately there might be negative consequences of having neglected these
recommendations until now. Requirements laid down in the new basic safety standards may
prevent the “best solution” for e.g. guidance or legal requirements for some of the medico-
legal practices. It is therefore important to start establishing networks very soon. For some of
the practices, e.g. child abuse, search for weapons or drugs and immigration/emigration
related exposures, there is an urgent need to develop guidance following a comprehensive
evaluation where all aspects are duly taken into account. The reputation of radiation protection
would suffer if the radiation protection community once more neglects to perform the
necessary actions.
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4 ICRP POSITIONS, EXPERIENCES AND INITIATIVES

Donald A. Cool, Ph.D.

ICRP Committee 4

4.1 Overview

This presentation will review some of the activities of the International Commission on
Radiological Protection.

It will also include a brief overview of some of the things that have been happening in the
United States.

The views and material in this paper do not represent the formal views or positions of the
U.S. Nuclear Regulatory Commission but are those of the author as a member of Committee
4 of the International Commission on Radiological Protection.

4.2 ICRP Publication 103

As with previous versions of the ICRP recommendations, the most recent recommendations
in ICRP Publication 103 state the fundamental principles of justification, optimization, and
limitation for exposures. Publication 103 moves to consolidate and organize the
Commission’s recommendations, and move to a “situation” based approach, recognizing

“‘planned”, “emergency”, and “existing” exposure situations.

With respect to justification of exposures, ICRP Publication 103 provides several situations in
which an exposure should normally be deemed to be unjustified unless there are exceptional
circumstances. One of those circumstances is a radiological examination of an individual
taken without reference to clinical indications.

The relevant part of the text in ICRP 103 is as follows:

‘The Commission considers that certain exposures should be deemed to be unjustified
without further analysis, unless there are exceptional circumstances. These include the
following: Radiological examination for occupational health insurance, or legal purposes
undertaken without reference to clinical indications, unless the examination is expected to
provide useful information on the health of the individual examined or in support of important
criminal investigations. This almost always means that a clinical evaluation of the image
acquired must be carried out, otherwise the exposure is not justified’.

4.3 Initial Work

ICRP Committee 3 on Medical Exposures, and ICRP Committee 4 on Application of the
Commission’s Recommendations, have engaged in a dialogue over the last few years on the
question of exposures of individuals.
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In fact, there have been two aspects under discussion. The first was situations in which an
exposure was taking place without a specific referral from a physician. These still constitute
a medical exposure, and Committee 3 has been examining what may be said about the
justification of such exams that do not have specific clinical indications, or which are part of
an approved screening process.

The second case, and the subject of this symposium, is the set of situations in which an
exam is made for some other purpose, be it legal information, security screening, etc. As
these discussions have progressed, one of the key questions faced within Committee 4 has
been the role for ICRP, and whether there is a specific useful place for some type of
statement or publication on the part of the Commission.

4.4 Dublin Meeting Review

ICRP Committee 4 last met here in Dublin, almost exactly one year ago, in another room
within this beautiful venue. During that meeting, we again reviewed the topic, and specifically
some of the things that are going on within the International Atomic Energy Agency, within
the Inter-Agency Committee on Radiation Safety (IACRS), and within the United States. It is
clear that considerable work has been done within the radiation protection community on the
subject.

The work of the IAEA will be presented during this symposium and so further discussion of
what is happening, particularly with respect to the International Basic Safety Standards will
be left to that time. Some of the activities in the United States will be reviewed in this paper.

Committee 4 concluded that it was not appropriate for a formal task group to be moved
forward at that time and that the Committee would maintain a review of the ongoing
developments. A Task Group is formed by ICRP when there is a clear topic that will lead to
a formal publication in the Annals of the ICRP published by Elsevier.

As a member of Committee 4 as we begin a new 4 year term of the Main Commission and
Committees, | am therefore grateful for this opportunity to hear from you about some of the
things going on. The discussions in this meeting will serve as one source of information for a
discussion that will take place within the ICRP in Oporto, Portugal, in November.

Committee 4, in taking the decision to maintain a review of the situation, noted several things
in particular. First, it observed that justification decisions are matters for national authorities,
or duly authorized agents of those authorities, and that the components of a justification
decision generally go far beyond the radiological protection considerations. While the
radiation protection information must be a significant contributor in the analysis, there are
always other factors that also must be weighed in determining the net benefit of any
particular exposure that is being proposed.

Because of this fact, ICRP has, and continues to maintain that it is generally not appropriate
for the ICRP to be making a specific recommendation on what types of activities are, or are
not justified. The ICRP has made observations on the general findings that have taken
place, and has noted, as seen earlier, that there are some circumstances that would seem to
be not justified unless there are exceptional circumstances.

In fact, it is a question before us here, and for each national authority, on what the
exceptional circumstances may be that would result in a decision to perform some type of
radiological examination.
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Committee 4 also took a clear position that these types of exposures, if justified, should be
considered as planned exposure situations, and the appropriate optimization of protection
and necessary radiation control programs should be applied. Although obvious, this is, in
fact, something which needs to be carefully considered, because in many instances the
organizations that may be doing the screening are not the typical authorized user, and may
have little expertise in the conduct of an acceptable program.

Application of the system of protection for planned exposure situations would include the
selection and use of constraints in the optimization of protection for the activity or facility.
Here again, there may be information that is important to the selection of the constraint
values, and the optimization of protection for workers who may be operating the equipment,
and a member of the public that may be receiving an exposure.

Committee 4 of the ICRP welcomes information on the status of various proposals, and any
advice on whether there are particular recommendations or statements that ICRP could
properly and usefully make within its mandate and scope competence.

4.5 US Activities

Recent activities within the United States will now be reviewed. These will include a report
published last year by the U.S. Interagency Steering Committee on Radiation Standards,
known as ISCORS, some of the work being done in the area of consensus standards, and a
couple of the questions faced by the Nuclear Regulatory Commission (NRC).

4.6 ISCORS GSSHUIR

Control of radiation and radioactive materials is widely distributed across a variety of
agencies and organizations within the United States. In particular, machine produced
radiations, including x-rays and accelerators, are under the control of the States. Control of
radioactive materials, including now accelerator produced radioactive materials, is under the
jurisdiction of the NRC, and the State programs that have entered into a formal agreement
with the NRC.

The Interagency Steering Committee on Radiation Standards (ISCORS) is an organization of
the major U.S. Federal Agencies with some responsibilities for radiation protection in the
United States. The agencies include the Nuclear Regulatory Commission, the Environmental
Protection Agency, the Department of Energy, the Department of Health and Human
Services, the Department of Transportation, the Department of Defence, and the Department
of Labour (Occupational Safety and Health Administration). We also have representatives
from selected State radiation control programs as invited observers to share with us their
expertise.

The “Guidance for Security Screening of Humans Utilizing lonizing Radiation” (GSSHUIR)
was developed by ISCORS in response to requests from agencies such as the
Transportation and Security Administration for information on how to make decisions about
use of radiation in security screening.

The report was published in July, 2008, and provides advice. It is not a mandatory
document, and does not change the obligations or responsibilities of any of the Federal
Agencies. The report provides advice on both the process and factors that should be
considered in making a justification decision, and advice on the implementation of an
appropriate radiation protection program if a decision is made to use such systems. lItis a
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relatively high level treatment of the subject, providing a good starting point for setting up
decision-making discussions.

The guidance acknowledges that decisions involve many factors in addition to radiation
protection and provides examples of the information that may be important to consider. The
guidance also suggests that the agency obtain legal advice, and take into account the
current threat assessment, physical security, and a variety of cultural and social issues in
making the decision of when security screening using radiation is justified.

The guidance makes use of the categorization of systems as “general use” and “limited use”
as found in Commentary 16 of the National Council on Radiation Protection and
Measurements (NCRP), and consensus standard ANSI 43.17.

The steps in the process start with defining the need for security screening, including the
threats, the populations, and the consequences of a failure of screening to protect against
the threat. The second step is to evaluate the options for screening that are available, both
radiological and non radiological. It is then necessary to evaluate privacy concerns.
Interestingly, this has been the issue of primary importance in press interest in such systems.
With this information, the radiation risks and net benefit can be assessed to determine if
radiation screening provides a positive benefit and is the most appropriate for the
circumstances. Finally, it is important to evaluate the ability of the organization to safely and
effectively carry out the screening, including the necessary radiation protection program
implementation.

The second part of the report provides advice on maintaining an adequate radiation safety
program commensurate with risks posed to employees who operate the security screen
systems, employees who may happen to work nearby, the screened individuals, and
members of the public.

The report also provides summaries of the information that is available from the different
federal agencies, and where additional resources can be found.

4.7 ANSI Standards

As mentioned previously, there have been statements prepared by the National Council on
Radiation Protection and Measurements, and there continues to be work within the
consensus standard area related to security screening. This includes a revision of N43.17
on Radiation safety of personnel security screening systems, as well as work to develop
standards on Safe Operating Practices for systems using fast neutrons, and on Radiation
Safety for X and Gamma cargo security screening systems.

The relevant ANSI standards are:

 N43.14 Safe Operating Practices for Active Interrogation Systems for Security
Screening Using Fast Neutrons (The standard is under development.)

* N43.16 Radiation Safety for X-Gamma Cargo Security Screening Systems (The
standard is under development.)

* N43.17 Radiation Safety of Personnel Security Screening Systems ("People

Scanners") (HPS Web site as ANSI/HPS N43.17-2002. The standard is under
revision.).
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4.8 Summary of Provisions of ANS Standard N43.17

N43.17 has the following requirements:

In terms of the exposed individual the subject dose is 0.1 uSv (10 mrem) effective dose per
scan with an additional limit of 250 uSv (25 mrem) per year. There is a requirement to
consider benefit vs. risk and negligible individual dose (< 10 ySv) and the subject must be
informed of the x-ray exposure and associated risk.

In terms of the scanner, radiation leakage should not exceed 2.5 pSv (0.25 mrem/h) @30 cm
from surface. There should be bystander protection with an Inspection zone — 20 pSv (2
mrem/h). There should be safety interlocks and the equipment should be appropriately
labelled.

There is also a requirement for operator training. Manufacturer and user facility records must
be kept. The annexes of the standard detail approaches in terms of risks and rationale along
with protocols for measurement and estimation of effective dose.

4.9 NRC Jurisdiction

As outlined earlier, the jurisdiction of the NRC extends to what is referred to as “Source”, “By
product”, and “Special Nuclear Material”. With the Energy Policy Act of 2005, the definition
of by product material was expanded to include materials made radioactive in an accelerator.
However, the NRC has not been given authority over machine produced radiations, including
the accelerators, or various types of x ray machines. States have authority over machine
produced radiation. NRC has authority over ‘By product’ materials but the provisions of 10
CFR Part 20 exclude radiation exposure due to background, diagnostic/therapeutic medical
exposure to patients and voluntary exposure from medical research.

Thus, the role of the NRC in the discussions on security screening with x-rays has been
more limited to consultation on radiation protection, rather than active licensing or inspection.

4.10 Current Issues

The NRC is aware of an increasing interest in the use of x-ray systems in a variety of
situations, including prisons, military applications, and customs and border protection. As
noted earlier, there is continuing interest by the Transportation and Security Administration,
which is part of the Department of Homeland Security.

While the individual screening systems have generally been x-ray systems, much of the
cargo scanning is done with devices using radioactive materials in sealed sources. Thus
these sources and systems are under the licensing jurisdiction of the NRC. More recently,
there have been increasing interest and questions about authorization of human scanning
with devices using sealed sources. At least some of these are a result of application of cargo
screening in situations where the driver may be present.

For example, the NRC has had requests to amend the sealed source device registrations
sheets to include the provision for human screening. This has raised serious questions
within the NRC and is currently the subject of a policy discussion within the agency.

Our regulations include dose limits for occupational and public exposure, and requirements
for licensees to implement radiation protection programs, and take steps to maintain doses
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“As Low as Reasonably Achievable”. Medical exposure of patients is not directly regulated
by the NRC. Instead, our regulatory role is to ensure that the treatment and dose intended
by a physician for a patient is accurately delivered.

4.11 Conclusion

This paper has provided a quick synopsis of the activities of the ICRP, and some of the
things going on within the United States. It is hoped that there will be a productive
discussion throughout this symposium.
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5 HUMAN IMAGING FOR PURPOSES OTHER THAN
MEDICAL DIAGNOSIS OR TREATMENT -
DEVELOPING A CONSISTENT AND COMPREHENSIVE
APPROACH TO RADIATION PROTECTION

Renate Czarwinski and John Le Heron

Radiation Safety and Monitoring Section, Division of Radiation, Transport and
Waste Safety, International Atomic Energy Agency, Vienna

5.1 Introduction

The deliberate exposure of humans to ionizing radiation is usually in the context of medical
exposures of patients, intended either for diagnosis or treatment. In these cases, the benefits
to the patient from the radiation exposure are expected to more than outweigh any radiation
detriment that may ensue.

However, there are situations in which persons might be deliberately exposed, typically in
order to produce an image, but not on the basis of medical indications. The perceived need
might arise for many reasons, including security, law enforcement, theft detection, legal
proceedings, insurance concerns, and immigration requirements. However, unlike medical
exposures, the benefit for the irradiated person in these cases may not be so evident, and
indeed there are significant ethical issues'?. Recent events in global and national security,
together with the development of sophisticated security imaging technologies, have
heightened interest in such activities with the potential for further increases in the use of
these non-medical human imaging techniques. A companion paper in these proceedings®
presents data on current practices and regulatory activities in the area of human imaging for
purposes other than medical diagnosis or treatment, showing wide variations in the approach
to implementing radiation protection. This lack of consistency, together with the increasing
interest in such activities, emphasizes the need to have current and appropriate international
safety standards setting out the radiation protection requirements for these applications.

The revision of the current International Basic Safety Standards for Protection against
lonizing Radiation and for the Safety of Radiation Sources (BSS)* has provided the
opportunity to develop an up-to-date consistent and comprehensive approach to ensuring
appropriate radiation protection for all situations of human imaging for purposes other than
medical diagnosis or treatment.

The phrase “human imaging for purposes other than medical diagnosis or treatment” is the
terminology that is being used in the revision of the BSS to refer to these imaging
procedures, but in recognition of its wordiness, the shorter phrases “non-medical human
imaging” and “human imaging for non-medical purposes” are used as equivalent alternatives
in this paper.

It is important to first discuss the historical context of the current BSS with respect to non-
medical human imaging, high-lighting the lack of stability in how these exposures were
viewed. This is followed by a discussion of the shortcomings of the current BSS in non-
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medical human imaging, and finally the approach being taken with the draft revised BSS is
presented and discussed.

5.2 The Road to the Current BSS

Radiation protection recommendations and requirements for the use of ionizing radiation in
many of these situations have been made by the International Commission on Radiological
Protection (ICRP), the World Health Organization (WHO), the International Atomic Energy
Agency (IAEA) and the European Commission (EC) over the last 40 years, but often in
response to particular issues as they arose, giving an uneven approach. This section will
briefly discuss those pronouncements made in the period up to the development of the
current BSS.

5.2.1 The ICRP

ICRP Publication 15°, in 1969, strongly disapproved of human imaging for non-medical
purposes, citing the two examples of anti-crime fluoroscopy and customs examinations (see
Table 1). From this default position, the recommendation then allowed for exceptional
circumstances under which these activities could be carried out — namely, permission by the
competent authority, that the examinations were considered essential, and that they would
be carried out under the supervision of a radiologist. There was no elaboration on how or on
what grounds the competent authority might grant permission; and it was not clear who
would decide whether the examinations were essential. International events at the time,
namely a spate of aircraft hijackings, led the ICRP in 1971° to state that they believed
security-screening of airline passengers could be justified, but again there was no
elaboration with respect to responsibilities and processes.

The general Recommendations of the ICRP in 1977, in Publication 26, did not supersede
some of the previous committee publications, including the above mentioned Publication 15.
Publication 26 also considered additional situations with respect to non-medical human
imaging (see Table 1). Examinations for occupational, medico-legal or insurance purposes
were included as part of medical exposure. In a specific recommendation, the ICRP noted
that examinations carried out to assess the fithess of an individual for work, to provide
information for medico-legal purposes, or for insurance purposes, carried advantages for
other parties and that this needed to be considered in the justification of such examinations.
No recommendations were made on how the justification process might actually take place.

Perhaps surprisingly, the 1990 Recommendations of the ICRP® did not contain any
recommendations with respect to human imaging for non-medical purposes. But now, the
scope of medical exposures no longer included examinations for occupational, medico-legal
or insurance purposes.

The pertinent ICRP recommendations in the period leading up to the publication of the BSS,
as discussed above, are presented in Table 1.
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Table 1: ICRP recommendations relevant to human imaging for purposes other than medical
diagnosis or treatment in the period leading up to the publication of the BSS*.

Publication Recommendation
ICRP 15, (285) The irradiation of persons for non-medical purposes, such as “anti-
1969° crime” fluoroscopy and in customs examinations, is generally deprecated. If,

in exceptional circumstances that are permitted by the competent authority,
such examinations are decided to be essential, they shall be carried out
under the supervision of a qualified medical radiologist.

ICRP London | The Commission has been asked for its views on an international proposal
statement, to use radiography as part of a system for security-screening of airline
1971° passengers. This envisages that a small proportion of passengers might be
examined radiographically, using specially developed techniques that would
restrict the exposure to 1 mR or less in any part of the body, to be used only
when other methods have indicated the presence of unexplained objects on
the passenger. Such passengers would be given the choice between x ray
examination and a body search. The Commission has already
recommended that the irradiation of persons for non-medical purposes,
such as anti-crime and customs examinations, is generally to be
deprecated. However, in view of the grave risks involved in the seizure of
aircraft, the Commission believes that the proposal, if performed under the
conditions already specified, could be justified in the light of the benefits that
might be expected.

ICRP 26, (196) The objectives of the medical procedures are: examinations or
1977’ treatments directly associated with illness; systematic examinations
undertaken for mass screening purposes or for periodic health checks;
examinations forming part of the medical surveillance of workers or carried
out for medico-legal or insurance purposes; examinations or treatment
forming part of a medical research program.

Examinations for occupational, medico-legal or insurance purposes

(202) Examinations carried out to assess the fitness of an individual for
work, to provide information for medico-legal purposes, or to assess the
health of a subscriber to, or beneficiary of, an insurance may carry some
direct or indirect advantages for the individual examined, but they also carry
advantages for the employer, third parties and the insurer. All these aspects
should be considered in assessing the justification of such examinations.

ICRP 60, (No recommendations were made; and the scope of medical exposure did
19918 not include exposures for medico-legal purposes.)
5.2.2 WHO

The WHO, in 1977, in its Technical Report Series 611 on the Use of ionizing radiation and
radionuclides on human beings for medical research, training and nonmedical purposes®
considered many nonmedical situations, including medico-legal, occupational, immigration,
irradiations as a routine administrative procedure, weapon detection and the detection of
smugglers. The overall general recommendation from this publication was that irradiation for
purposes unrelated to health should be done only when no satisfactory alternative methods
exist. This is stronger than the ICRP statement of 1971 where it was envisaged that a
passenger, for example, would be given the choice between an exposure and a body search
— i.e. a satisfactory alternative was part of the proposal.
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5.3 The Current BSS and its Shortcomings

The BSS* was developed in the period immediately following the publication of the 1990
ICRP Recommendations (Publication 60), culminating in its publication in 1996. Germane to
this paper are two requirements of the BSS, both appearing in Appendix Il on medical
exposures in a subsection on justification of medical exposures. Table 2 reproduces those
requirements.

Table 2: The BSS* requirements relevant to human imaging for purposes other than medical
diagnosis or treatment.

Paragraph
in Requirement
Appendix I
1.6 Any radiological examination for occupational, legal or health insurance

purposes undertaken without reference to clinical indications is deemed to be
not justified unless it is expected to provide useful information on the health of
the individual examined or unless the specific type of examination is justified by
those requesting it in consultation with relevant professional bodies.

1.9 Radiological examinations for theft detection purposes are deemed to be not
justified; should they nonetheless be conducted, they shall not be considered
medical exposure but shall be subject to the requirements for occupational and
public exposure of the Standards.

Paragraph 1.6 addresses occupational, health insurance, or legal purposes undertaken
without reference to clinical indications, taking the default stance that these are not justified
but then giving two caveats.

The first caveat is “unless the examination is expected to provide useful information on the
health of the individual examined”, which would suggest that the intended exposure was
really a medical exposure.

The second caveat is a more general condition for exception where the specific type of
examination is justified by those requesting it in consultation with relevant professional
bodies. It is difficult to interpret exactly what was envisaged with this second caveat. Is the
requester also the justifier? Are the relevant professional bodies, medical bodies or some
other bodies - legal, insurance, etc.?

It is also not clear what radiation protection is to be afforded persons who are to be subjected
to exposures arising from justified exceptions to 11.6. The placement of 1.6 in the medical
exposure section would imply that such persons would be offered the protection that would
be given if they were a patient undergoing medical exposure. However, there is doubt for two
reasons. First, the definition of medical exposure does not include these exposures and,
second, the relevant requirements in the medical exposure section are written from the
perspective of protecting a patient undergoing a radiological examination.

The second requirement in the BSS, paragraph 1.9, specifically addresses radiological
examinations for theft detection and clearly states that these are deemed to be not justified.
Unlike paragraph 11.6, there are no exceptions. Recognizing that some countries indeed do
allow such exposures and without wishing to condone such practices, the requirement then
carries on to say that if, however, these exposures do occur, then they must be subject to the
requirements for occupational and public exposure. No elaboration is provided on how the
requirements for occupational and public exposure might be applied and which requirements
to whom, or who has responsibilities.

Finally, the current BSS* does not address the area of human imaging for the purposes of
security screening.
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5.4 The Road to the Revised BSS

The decision to revise the current BSS, made in late 2006, has given the opportunity to
introduce a consistent and comprehensive approach to radiation protection in the area of
human imaging for purposes other than medical diagnosis or treatment. Further, since the
publication of the current BSS in 1996, focus on security screening has increased
dramatically and inspection imaging technology has evolved considerably, making its use
seemingly more viable.

Again, a brief look at what has happened with respect to international recommendations and
requirements since the current BSS was published is useful.

5.4.1 European Commission (EC)

The EC, in its Medical Exposures Directive EU 97/43/Euratom'®, defines the exposure of
individuals as part of the so-called medico-legal procedures as medical exposure, where
medico-legal procedures are defined as procedures performed for insurance or legal
purposes without a medical indication. This was the first time that medico-legal exposures
had been brought into an EU directive.

The specific requirements given in EU Directive 97/43 for medico-legal exposures appear to
give a good radiation protection framework for these types of exposures, covering the
radiation protection principles of justification and optimization, and assigning responsibilities.
However, implementation has been difficult, with quite different approaches being adopted in
the various EU member states. An international symposium was organised by the EC in
2002 to discuss the issues and difficulties associated with the implementation of the
Directive’s provisions?. Many presentations at this symposium highlighted the problems being
encountered. The re-cast of the EU BSS is reconsidering the medico-legal exposures issue.

5.4.2 ICRP

Since the publication of the BSS in 1996, several relevant ICRP publications have been
issued, as discussed below, and presented in Table 3.

ICRP Publication 73" is a publication that was dedicated to radiological protection and safety
in medicine. The scope of medical exposure was expanded (with respect to Publication 60)
to include exposures for medico-legal purposes. A specific recommendation stated that
special consideration was needed with diagnostic investigations where benefit to the patient
was not the primary objective, with insurance purposes being specifically mentioned, as were
medico-legal purposes. The implication was that special consideration meant that justification
needed special consideration, but there were no recommendations on how the justification
process might actually take place.

The recently issued recommendations of the ICRP in Publication 103" indicate a return to
taking a philosophical stance on whether certain exposures are justified or not. In a
subsection entitled “Unjustified exposures”, a default position of being not justified is taken
with certain exposures unless there are exceptional circumstances. Such unjustified
exposures include radiological examinations for occupational, health insurance, or legal
purposes undertaken without reference to clinical indications. Two exceptions are given,
namely, unless the examination is expected to provide useful information on the health of the
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individual examined or unless the examination is expected to provide useful information in
support of important criminal investigations. By way of explanation, the recommendation
adds that a clinical evaluation of the acquired images would almost always be expected.

Table 3: ICRP recommendations relevant to human imaging for purposes other than medical
diagnosis or treatment in the period after the publication of the BSS 4,

ICRP 73, 1996"" | (37) Medical exposure is essentially limited to

(a) the exposure of individuals for diagnostic and therapeutic purposes,
including screening and medico-legal purposes (for convenience, all
these individuals are called patients herein) and

(b) exposures...in the support and comfort of patients....

(47) The justification of diagnostic investigations for which the benefit to
the patient is not the primary objective needs special consideration. In
the use of radiography for insurance purposes, the primary benefit
usually accrues to the insurer, but there may be some economic benefit
for the individual examined. Examinations ordered by physicians as a
defence against medico-legal malpractice claims may have only
marginal advantages for the individual patient.

ICRP 103, 2007 | 5.7.2. Unjustified exposures: (210) The Commission considers that
12 certain exposures should be deemed to be unjustified without further
analysis, unless there are exceptional circumstances. These include the
following:

Radiological examination for occupational, health insurance, or legal
purposes undertaken without reference to clinical indications, unless the
examination is expected to provide useful information on the health of
the individual examined or in support of important criminal investigations.
This almost always means that a clinical evaluation of the image
acquired must be carried out, otherwise the exposure is not justified.

5.5 Revision of the BSS

The above overview of retrospective considerations of past ICRP recommendations, IAEA
requirements and EC requirements highlight the need for the radiation protection framework
for human imaging for non-medical purposes to be re-examined and developed further,
especially with respect to justification and responsibilities.

In developing an appropriate set of requirements for the revised BSS™, the following
questions, inter alia, needed to be considered:

— Are some activities simply not justified?

— When should there be caveats to a default position of an activity being not justified?

— Where do the sovereign rights of individual Member States fit into an international
standard?

— Who should be responsible for the justification of a proposed practice?

— How can appropriate requirements for the optimization of protection be invoked for the
irradiated person in all the different situations?

— Is there a place for dose constraints?

— What dose limits, if any, should apply?

— Does the irradiated person need to be informed?

— Should non-ionizing alternatives be made available?

The draft requirements for the revised BSS have been developed on the basis of dividing the
various uses of radiation for non-medical human imaging into two categories, referred to as
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simply “Category 1” and “Category 2” in this paper. While the purposes within each category
differ, especially for Category 1, there are common attributes within each category — where
the imaging is performed, what sort of radiation equipment is used, who operates that
equipment and what happens to the images. The synergies within each category simplify the
development of a consistent radiation protection framework for the disparate purposes of
radiation use.

To elaborate further, Category 1 is non-medical human imaging that:

— Takes place in a medical radiation facility;

— Uses medical radiological equipment;

— Is performed by radiology personnel;

— Produces images reported by a radiologist or other doctor;

For the purposes of:

— Obtaining legal evidence;

— Insurance;

— Employment;

— Immigration;

— Age determination;

— Assessing physiological suitability or status;
— Detection of drugs within a person.

On the other hand, Category 2 is non-medical human imaging that:

— Takes place in a non-medical facility (often in a public place);
— Uses specialized inspection imaging equipment;

— Is performed by non-radiology personnel;

— Produces images viewed by a non-medical person;

For the purposes of:

— Detection of concealed weapons on:
o Airline passengers; persons crossing a national border; visitors to prisons, court
houses, public buildings, etc.; prisoners within a prison;
— Theft detection;
— Screening cargo containers and vehicles.

The listing of the various purposes above does not in any way pre-empt the need for
justification or imply that such a justification is likely — it is merely a listing of possible non-
medical human imaging uses.

The radiation protection framework for human imaging for purposes other than medical
diagnosis or treatment must follow the ICRP system of radiological protection, underpinned
by the 3 principles of radiation protection — justification, optimization and limitation.

In line with the recommendations on “Unjustified exposures” in ICRP in Publication 103", the
draft revised BSS takes a stance with respect to human imaging for purposes other than
medical diagnosis or treatment. Two different stances are taken, namely:

— A default position of simply being deemed to be not justified is applied to human imaging
using radiation performed for theft detection purposes.
— A default position of being normally deemed to be not justified is applied to human
imaging using radiation performed for:
o Occupational, legal or health insurance purposes, and undertaken without
reference to clinical indication;
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o The detection of concealed objects for security or anti-smuggling purposes.

The latter default position recognizes that there might be exceptional circumstances where
the justification of such imaging might be considered, and in this case there are specific
requirements that then apply to ensure an appropriate framework for radiation protection in
these instances.

The crucial stage in these exceptional circumstances is the process around the consideration
of the justification for the contemplated radiation use. The draft requirements place this
responsibility with government, and the justification process has to consider, inter alia:

— Appropriateness of the radiation equipment for the proposed use;

— The use of alternative techniques that do not utilize ionizing radiation;

— The benefits and detriments of implementing the procedure;

— The benefits and detriments of not implementing the procedure;

— Evaluation of various radiation technologies available, including the effectiveness and
limitations of the procedures;

— Availability of sufficient resources to safely conduct the imaging procedure during the
intended period of use;

— The impact of any legal or ethical issues which may be raised by the use of the
technology.

If, after this process, a particular practice of human imaging for purposes other than medical
diagnosis or treatment is judged as being justified, then such a practice has to be subject to
regulatory control, with the radiation protection regulatory body, in cooperation with other
relevant authorities, agencies and professional bodies as appropriate, establishing the
requirements for this regulatory control.

The starting point for the optimization of radiation protection for the irradiated person is for:

— Category 1 procedures:

o As if they were undergoing a medical exposure
— Category 2 procedures:

o As a member of the public.

For Category 1 procedures, this is further reinforced by the use of dose constraints.
Appropriate dose constraints are required to be established for such non-medical human
imaging procedures. In other words, the appropriate optimization requirements for medical
exposures are applied, with the exception that these dose constraints are to be used instead
of diagnostic reference levels. Such a dose constraint may be lower than the diagnostic
reference level for the “equivalent” diagnostic procedure — for example, the dose from a CT
abdomen performed to detect swallowed drugs should be significantly lower than a
medically-indicated CT abdomen looking for anatomical detail.

For Category 2 procedures, clearly the requirements for public exposure in planned exposure
situations must be met for the imaged person, including the dose limits. Further, the
optimization of protection and safety needs to be subject to any dose constraints set by the
regulatory body in consultation with other relevant authorities and professional bodies. The
draft also includes a requirement that the person about to be irradiated must be informed
about the possibility of choosing an alternative technique that does not use ionizing radiation,
where such an option is available. A final requirement invokes conformance with relevant
standards of the International Electrotechnical Commission (IEC), the International
Organization for Standardization (ISO) or equivalent national standards for the imaging
equipment.
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5.6 The Way Forward

This paper has discussed the background to the development of the draft requirements in the
revised BSS for human imaging for purposes other than medical diagnosis or treatment. The
draft revised BSS has yet to pass through several review processes before it can be formally
adopted by the cosponsoring organizations and published. Changes to the requirements
may occur, but the intent is to ensure that there is a consistent and comprehensive approach
to radiation protection in the non-medical imaging area, based on the three radiation
protection principles of the ICRP.

It is also clear that guidance on the implementation of the requirements will need to be
developed.

5.7 Conclusions

Radiation protection recommendations and requirements for different non-medical human
imaging situations have been made over the last 40 years. These have often addressed
topical issues of the day and have tended to be anecdotal rather than part of a coherent
approach to radiation protection for all aspects of this area of human exposure. Specifics on
implementation, including responsibilities and processes for justification, were typically
missing. The requirements in the current BSS with respect to human imaging for purposes
other than medical diagnosis or treatment are inadequate for the world situation today.

The revision of the BSS has provided the opportunity to develop an up-to-date consistent
and comprehensive approach to ensuring appropriate radiation protection for all situations of
non-medical human imaging.

The draft requirements for the revised BSS have been developed on the basis of dividing the
various uses of radiation for non-medical human imaging into two categories, namely those
that take place in a medical radiation facility, using medical radiological equipment,
performed by radiology personnel, with the images reported by a radiologist or other doctor;
and those that take place in a non-medical facility (often in a public place), using specialized
inspection imaging equipment, performed by non-medical personnel, with the image viewed
by a non-medical person.

The draft requirements are based on the three radiation protection principles of the ICRP.
Government is assigned responsibility for the crucial justification process. Justified activities
are subject to regulatory control, including requirements for optimization of protection and
safety, with dose constraints, and, where appropriate, dose limitation. For Category 1
procedures, the imaged person is afforded the same protection as if they were a patient
undergoing a medical exposure. Additionally, purpose-specific dose constraints replace
diagnostic reference levels. For Category 2 procedures, the imaged person is afforded
protection as a member of the public, again with purpose-specific dose constraints.
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6.1 Introduction

The European Union's legal framework for protection of human health against the adverse
effects of ionizing radiation consists of the EURATOM Treaty' and the legislative documents
established under its relative provisions. Council Directive 96/29/EURATOM (BSS)?
establishes the basic standards for radiation protection in the Union; it is supplemented by
several other Directives covering different aspects of protection and categories of exposure,
medical exposure being dealt with in Council Directive 97/43/EURATOM (MED)*. The
European Commission is currently in a process of revising and bringing together the BSS
and the similar radiation protection Directives in one single piece of legislation — the 'recast
BSS'.

6.2 Medico-Legal Exposure in Medical Exposure Directive

The MED defines 'medical exposure' as the exposures incurred by:

— patients (being medically diagnosed or treated),

— individuals participating in health screening, occupational health surveillance or
(bio)medical research,
— individuals being subject to medico-legal procedures,

The Directive's definition of 'medico-legal procedures' is: "procedures performed for
insurance or legal purposes without a medical indication".

That grouping is made in order to ensure that individuals undergoing medico-legal
procedures enjoy the same level of protection as patients by making them subject to the
same legal requirements, including those for justification, optimization, training of the staff,
quality assurance, etc.

The MED also contains several provisions specific to the medico-legal procedures. Those
include the requirements that special attention shall be given to the justification and
optimization of these practices and that procedures have to be established for their
implementation. Nevertheless, the Directive leaves considerable freedom to the national
authorities to decide on how they are going to arrange for the appropriate justification and
regulation of medico-legal procedures.
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6.3 Issues in the Current Euratom Legal Framework

The existing legal framework provided by MED causes several conceptual concerns that
need to be discussed, and as much as practicable, resolved:

— Provided that in most cases there is no direct benefit to the exposed individual, why a
dose constraint is not imposed (as it is for the exposure of volunteers in research)?

— Provided that there is no relation to the health of the exposed person, why allow for
exclusion from the general radiation protection principle of dose limitation?

There are also more practical issues, such as:

— Does the current definition miss important cases of deliberate exposures of humans
similar to medical exposure (athletes, child abuse, pre-employment, security screening,
etc.)?

— How to apply certain requirements for medical exposure to the medico-legal procedures
- e.g. those on the role of the prescribing medical professional, on the clinical
responsibility, etc.?

As a result, the general question arises: "lIs the medical exposure legal framework at all
suitable for medico-legal procedures"?

6.4 The Way Forward

An attempt to resolve the situation has been made in the current draft of the recast BSS
where a new definition of the exposures in question has been proposed and the
corresponding legal requirements have been defined. It is well recognized that the proposed
solutions are not ideal and may in some cases cause other concerns. It is therefore very
important for the Commission to get feedback on them during the following two days. The
Commission's proposal is explained below.

In the current draft of the revised BSS the former "medico-legal procedures" have been
replaced by "non-medical imaging exposure" (NMIE) defined as "any exposure of humans for
imaging purposes where the primary motivation for making the exposure is not related to the
health of the individual being exposed". The new category of NMIE is taken out of the
definition of medical exposure and it has been established that they "should normally be
considered to be public exposures".

The draft BSS requires that special attention is given to the justification of practices involving
NMIE, taking into account that they should normally be considered as public exposures. It is
stipulated that the informed consent of the exposed individuals shall be received prior to
executing the NMIE procedure. However exceptional circumstances are allowed, where the
law enforcement bodies may proceed without consent but only in accordance with national
law.

In the case where a particular NMIE is deemed justified (by the regulatory body) it shall be
subject to authorization and the requirements for the practices, including criteria for individual
implementation, have to be established by the competent authority in cooperation with other
relevant agencies and professional bodies.

In justified cases of NMIE, the practice should be subject to the dose limits for the members
of the public. However, the public dose limit may be exceeded for an individual in exceptional
circumstances, where the expected advantages for the population as a whole are sufficient
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to compensate for the disadvantages; in those cases the criteria for individual
implementation of the exposure are particularly relevant.

Dose constraints shall be set for the justified NMIE practices. The constraints shall be
defined in such a way as to ensure compliance with the dose limit for the sum of doses to the
same individual from all regulated sources. The relevant optimization requirements as for
medical exposure shall also apply.

Finally, the Directive calls for the availability of alternative techniques which do not involve
ionizing radiation where the exposure is routinely carried out for security purposes.
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7.1 Introduction

There are situations in which persons might be deliberately exposed, typically in order to
produce an image, but not on the basis of medical indications. The perceived need might
arise for many reasons, including security, law enforcement, theft detection, legal
proceedings, insurance concerns, and immigration requirements. The revision of the current
International Basic Safety Standards for Protection against lonizing Radiation and for the
Safety of Radiation Sources (BSS)' has provided the opportunity to more adequately
address current worldwide needs for a consistent and comprehensive approach to radiation
protection in these areas of human imaging for purposes other than medical diagnosis or
treatment, as described in the companion paper in these proceedings?.

In the process of developing draft requirements, it became apparent that there was a lack of
information about how such uses of radiation were currently being regulated in Member
States. Anecdotally, there was evidence that several different types of bodies or
organizations might be involved in the regulation in different countries, and that coordination
or cooperation within a country might be lacking. A questionnaire was developed to gather
information on these activities, addressed to the national or state regulatory body for
radiation protection, to help identify issues that needed to be addressed by the draft radiation
protection requirements for these applications.

The phrase “human imaging for purposes other than medical diagnosis or treatment” is the
terminology that is being used in the revision of the BSS to refer to these imaging
procedures, but in recognition of its wordiness, the shorter phrases “non-medical human
imaging” and “human imaging for non-medical purposes” are used as equivalent alternatives
in this paper.

This paper presents the questionnaire and the results from the responses to the
questionnaire, and discusses the implications for the revision of the BSS.

7.2 The Questionnaire

The questionnaire was addressed to the radiation protection regulatory body. It was
recognized that there may be other bodies in a given country or jurisdiction that also have
regulatory responsibilities in the area of human imaging for purposes other than medical
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diagnosis or treatment. However, part of the strategy was an attempt to identify the extent to
which the radiation protection regulatory body had regulatory control over non-medical
human imaging in a given country.

The survey needed to consider a wide range of non-medical human imaging applications that
utilize ionizing radiation. To help simplify filling in the questionnaire, it was divided into five
parts, as follows:

— Part A, covering those procedures typically performed in a medical facility,

— using medical X ray equipment operated by medical personnel (called “category 1” in the
companion paper’) — specifically: obtaining legal evidence; insurance purposes;
employment purposes; immigration purposes; age determination; assessment of
physiological suitability or status; and detection of drugs within a person.

— Part B, covering security screening — specifically: the detection of concealed objects on:
airline passengers, persons crossing a national border, visitors to a prison, visitors to a
court house, visitors to a public building, other specified persons.

— Part C, covering theft detection — specifically: screening of workers to detect theft; and
screening of other specified persons to detect theft.

— Part D, covering screening of cargo containers and vehicles that might house persons.

o Part E, covering any other use, including for works of art.

All exposures mentioned in Parts B to E fall into what is called “category 2” in the companion
paper’ — namely, typically performed using imaging equipment specifically designed for the
purpose, operated by non-medical personnel, in a non-medical facility.

Part A was the most complicated, with a wide range of disparate purposes linked by their
typically being performed in a medical environment and hence, at least partially, within an
established radiation protection infrastructure. Because the boundaries between an exposure
being performed for medical purposes and those being performed on some other non-
medical basis can often be blurred, some guidance was given for each of the purposes being
specifically looked at — see Appendix A.

Part B was specifically addressing the increasing necessity of security screening in all its
guises in current times, and the likely role of devices utilizing ionizing radiation. Concealed
objects were intended to include firearms, knives, explosives, etc.

Part C was specific to theft detection. The current BSS [1] contains a requirement that
specifically states that such exposures are deemed to be unjustified. Historically, this stance
has been driven primarily by concerns for workers (such as in a diamond mine) being subject
to exposure for the benefit of the employer. Concerns clearly would extend to the use of
detection methods utilizing ionizing radiation on, for example, shoppers leaving a
supermarket.

Part D was on cargo screening in the first instance, but was really concerned about whether
this included specifically looking for concealed persons and thence the irradiation protection.

The questions for each purpose within each part (A to D) were similar, asking in the first
instance whether such imaging procedures were occurring in their jurisdiction. If the answer
was “yes”, then there were a series of questions on that purpose, including:

- What is the legal basis that allows exposures for this purpose?

- Was the question of “justification” formally considered in establishing the legal
basis?

- Who can request such exposures and who can authorize them?

- Who is responsible for radiation protection of the person being imaged?
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- What particular requirements does the regulatory body impose for the radiation
protection of the irradiated person?

-~ Does the regulatory body’s inspection programme specifically address radiation
protection issues associated with human imaging for this purpose?

-~ Does the regulatory body consider that there is adequate regulatory control of
radiation protection for these procedures?

Contact with the national regulatory bodies was made by email in late June 2009.Some
Member States have a federal system of government, where each “state” within the country
has jurisdiction over the use of X rays. In these cases, each “state” regulatory body was
contacted. Questionnaires were sent to 178 regulatory bodies in 124 countries. The initial
email included an invitation to participate in the survey, plus the questionnaire itself as an
attachment. Follow up emails were sent in early August 2009 to those regulatory bodies that
had not responded at that time.

It is acknowledged that there are some issues over sensitivity of information versus the need
for radiation protection knowledge — a balance being needed. Individual countries and
regulatory bodies are therefore not identified. Instead, the anonymized results are used to
identify any gaps in the draft revised BSS requirements (see the companion IAEA paper), as
well as providing the basis for a reality check on the practical implications of the proposed
approach.

7.3 Results

Responses to the questionnaire were returned to the IAEA by email. Responses to the
survey were received from 74 regulatory bodies and 48 countries, in each case
approximately 40% of the number contacted. Many responding regulatory bodies answered
only parts of the questionnaire.

Results for each part of the questionnaire will be presented in turn. In many cases the
number of regulatory bodies responding was low, and hence caution is needed in interpreting
the results.

7.4 Part A Results

As stated above, Part A covered non-medical human imaging for the purposes of: obtaining
legal evidence, insurance, employment, immigration, age determination, assessment of
physiological suitability or status, and detection of drugs within a person. It should be noted
that the number of regulatory bodies that gave answers for age determination and for
physiological assessment purposes was low.

In response to questions about the prevalence of these uses of non-medical human imaging:

— Approximately 50% of responding regulatory bodies reported that human imaging
was being performed for drug detection and for employment purposes.

— A little less than half (about 40%) reported “yes” for obtaining legal evidence, for
insurance purposes and for immigration purposes.

— Only a few (about 20%) reported “yes” for age determination and for physiological
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status or suitability determination.
— A not insignificant proportion of regulatory bodies (10 to 30 %, depending on the
purpose) did not know if such procedures were taking place.

Detailed results of the stated prevalence for each purpose covered in Part A is given in Table
B1 in Appendix B.

The responding regulatory bodies stated that almost all exposures for the “category 1”
purposes were taking place in a medical facility — namely:

— 100% for insurance purposes, immigration purposes, age determination, and
physiological assessment;

—  94% for employment purposes;

— 92% for obtaining legal evidence; and

— 80% for drug detection within the body.

In most countries, a law or regulation was the legal basis that allowed such exposures to
take place, and justification had been formally considered in establishing the legal basis in
the majority of countries. Details are given in Table B2 in Appendix B. Because of the nature
of the questionnaire, no information was available on the quality of the law or regulation, or
on how the justification process had been performed.

Overall about 70% of responding regulatory bodies stated that the person or authority that
can request a procedure for a given purpose is established by the legal basis. Details are
given in Table B3 in Appendix B. In response to who can request a procedure, the survey
produced no real surprises. For example:

— The police, justice department or ministry and courts of law or judges comprised
approximately 90% of those permitted to request exposures for obtaining legal
evidence, and 80% with respect to exposures for detecting drugs within the body.

— Insurance companies represented about 60% of permitted requesters for
insurance purposes.

— Employers and the labour department or ministry represented about 70% of
permitted requesters for employment purposes.

— Immigration authorities represented about 50% of permitted requesters for
immigration purposes.

In addition to these “agents”, medical practitioners were also named as being allowed to
request an exposure for these non-medical purposes.

The majority of responding regulatory bodies stated that the person or authority that can
authorize the performance of a particular procedure for a given purpose is established by the
legal basis. Details are given in Table B3 in Appendix B.

In response to who can authorize a procedure, most responses for the various non-medical
purposes stated that medical doctors had this responsibility, with radiologists in particular.
The one exception was the detection of drugs within the body, where the responses were
fairly evenly divided between the doctors and the authorities (police, courts, justice).

Responsibility for radiation protection of the person being imaged is mostly with the
radiologist (65 to 83% of responses, depending on the purpose) or, in some cases, other
medical practitioners. Responsibility for the radiation protection of the particular procedure
was assigned by law or regulation, primarily, and/or by licence or authorization condition.

In response to questions on regulatory activities:

— Approximately 90% of responding regulatory bodies stated that they impose
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requirements that would afford the person being imaged the same level of
radiation protection as if the person were a patient undergoing a medical
exposure.

— For almost all non-medical purposes, less than half of the regulatory bodies were
performing inspections which specifically addressed radiation protection issues
associated with human imaging.

— The level of satisfaction of responding regulatory bodies with the appropriateness
and adequacy of their regulatory control of radiation protection for these non-
medical imaging procedures was not very high —namely between 30 and 70%,
depending on the purpose.

These results are detailed in Table B4 in Appendix B.

7.5 Part B Results

In general, the prevalence of the use of radiation for human imaging for the detection of
concealed weapons, as reported, was very low — less than 15% for airline passengers, and
less than 10% for all other situations, with no regulatory body reporting the screening of
visitors to court houses or public buildings . A reasonable proportion of regulatory bodies
stated that they did not know if such activities were taking place in their jurisdiction. Detailed
results of the stated prevalence for each purpose covered in Part B are given in Table B5 in
Appendix B.

For the few regulatory bodies reporting the use of radiation for personal security screening:

— the majority reported that a law or regulation was the legal basis that allowed
these procedures to be performed;

— about one half stated that justification had been formally considered in
establishing the legal basis;

— few reported placing conditions on the doses which are allowed to be received by
persons being screened;

— few reported that a person to be screened can choose an alternative form of
procedure that does not involve being exposed to ionizing radiation;

— less than half of responding regulatory bodies reported being satisfied with the
appropriateness and adequacy of their regulatory control of radiation protection
for these non-medical imaging procedures.

7.6 Part C Results

Only one regulatory body reported the use of human imaging for theft detection purposes, 53
said such exposures where not taking place in their jurisdiction, and 6 stated that they did not
know.

The response from the one regulatory body indicated that it was taking place at the
entrance/exit to a factory/warehouse, that there had been no formal justification, that there
were no conditions on who could be screened or the doses associated with the screening,
and no provision for an alternative procedure to being screened with ionizing radiation. The
operator was required to have received radiation protection training.
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7.7 Part D Results

Nearly 80% (48 from 63) of regulatory bodies reported that cargo containers and/or vehicles
are screened with ionizing radiation in their jurisdiction, indicating a high level of prevalence
of this technology throughout the world. However, a much smaller percentage (10%, 5 from
the 48) stated that one of the specific purposes of screening was to detect concealed
persons, with a further 17% (8 from the 48) stating that they did not know. Even allowing for
these latter responses, the focus for the screening was clearly to detect unwanted or
undeclared objects.

Of the five regulatory bodies that reported the use of radiation for the detection of concealed
humans:

— All stated that this was occurring as part of national border control;

— 3 out of 5 stated that law or regulation was the legal basis;

— 4 out of 5 stated that potential human exposure was part of the justification
considerations in establishing the legal basis;

— 4 out of 5 stated that the person performing the actual screening was required to
have had formal radiation protection training;

— Only 1 out of the 5 stated that there were conditions on the doses which are
allowed to be received by concealed persons;

— 3 out of 5 stated that their regulatory inspections to these facilities included
radiation protection issues for potential exposures of concealed persons; and

— 3 out of 5 stated that they considered there was appropriate and adequate
regulatory control, with respect to radiation protection, for human exposure that
occurs as a result of container and vehicle screening.

7.8 Part E Results

No responding regulatory body reported any other situations where there was human
imaging occurring for purposes other than medical diagnosis or treatment.

7.9 Discussion — Implications for the Revision of the BSS

The survey has confirmed that human imaging for purposes other than medical diagnosis or
treatment is being performed for many different purposes in many countries and states,
emphasizing the need for the revised BSS to adequately address the particular radiation
protection issues associated with such uses.

A significant number of responding regulatory bodies indicated that they did not know
whether particular purposes were occurring in their jurisdictions or not. This underlines an
important point necessary for adequate regulatory control — namely the need for active
cooperation and coordination between the various regulatory authorities that have
responsibilities in the use of ionizing radiation for a particular purpose.

Effective implementation of the radiation protection principle of justification needs
strengthening in the area of non-medical human imaging — not just lip service. Stronger
emphasis on justification needs to be reflected in the revision of the BSS.
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The results indicated that regulatory control of doses received by persons being imaged for
non-medical purposes, through the implementation of the optimization principle, was not
particularly well established. For the “category 1” exposures of Part A, reliance is placed on
the exposures being part of the radiation protection infrastructure for medical exposures. This
may seem adequate in the first instance, but closer examination would suggest that there is
one area where this may not be so. Namely, diagnostic reference levels (DRLs) are a very
powerful tool in the optimization of radiation protection for imaging medical exposures. But
the values of DRLs are determined on the basis of clinical needs — sufficient image quality to
show the required anatomy, for example. A non-medical imaging procedure being performed
for drug detection, for example, may involve the abdomen being imaged by a CT scanner.
However the DRL for a CT abdomen is not appropriate — the drug detection imaging needs
are less demanding, and should be able to be acquired at a dose significantly less than the
medical CT procedure. Requirements in the revised BSS need to strengthen the optimization
of radiation protection for the imaged person through the use of dose constraints.

Similarly, for the “category 2” exposures the imaged person needs to be protected as a
member of the public, allowing the application of the public dose limits and dose constraints.

The survey has identified some other areas that need attention. For example, the responses
to Part A indicated that most of the regulatory bodies considered that the radiologist or other
medical practitioner had the responsibility for authorizing given procedures, even though the
purpose of the exposure was not medical. Many regulatory bodies also indicated that the
medical practitioner had a role in requesting such exposures. Are these requesting and
authorizing roles appropriate? What specific expertise do these doctors have in these non-
medical issues?

It is perhaps understandable why the medical practitioners appear to have these roles.
Clearly, the exposures are taking place in a medical facility. Historically, the radiologist has
been given a supervisory role — ICRP Publication 15° strongly disapproved of human imaging
for non-medical purposes, but from this default position, the recommendation then allowed
for exceptional circumstances under which they could be carried out — namely, permission by
the competent authority, that the examinations were considered essential, and that they
would be carried out under the supervision of a radiologist. Since that time, many of the
“category 1” exposures have been in and out, several times, of the ICRP definition of medical
exposures®’. The current European Directive EU97/43/Euratom® includes medico legal
exposures as part of medical exposure, although this is currently under review.

The real problem is the interface between three distinct stages of the non-medical human
imaging procedure — namely, the “initiation or request”, the “approval or authorization”, and
the subsequent “execution or performance” of the imaging procedure. The first two stages
should be occurring in a non-medical environment, but the last almost always occurs in the
medical environment. Guidance is clearly needed on how this separation of roles and the
necessary interfaces can be achieved in practice. Such guidance would need to be in the
supporting documentation to the revised BSS.

For personal security screening, the survey indicated that there was limited availability of
alternative procedures to be offered to persons needing to be screened. Consideration needs
to be given to whether regulatory bodies should require, through conditions of a licence or
similar, the provision of an alternative procedure not requiring exposure to ionizing radiation.
The alternative may be more time consuming and more invasive, but the person is being
offered a choice.

The survey results for Part C would suggest that countries have an aversion to the
application of human imaging for theft detection purposes. Historically, the context for such
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use was in diamond mines, and this was the context in which the current BSS takes the
stance that screening for theft detection is deemed to be not justified. The draft revised BSS®
retains the default position of their being deemed not justified.

The use of radiation to screen cargo containers and vehicles is widespread, but little
regulatory attention appears to be given to the potential doses to concealed persons .Such
exposures should be subject to dose constraints, and satisfy the public dose limits

Several websites present art works involving or incorporating radiographic images of
humans. Most of these websites indicate that such images were either acquired from images
of skeletons or were computer generated in some way. The survey, in Part E, elicited no
responses to indicate that any radiation protection regulatory body, at least, was aware of
practices in their countries or states that involved non-medical human imaging for the
purposes of art.

As a final comment, responses to the qualitative question on whether there was appropriate
and adequate regulatory control for non-medical human imaging exposures indicated that
there was a general sense that the regulatory control was not as good as it should or needs
to be. This would support the need for consistent radiation protection requirements and
guidance on their implementation.

7.10 Conclusions

The survey has confirmed that non-medical human imaging is being performed for many
different purposes in many countries and states. The means by which Member States
regulate the use of radiation for these purposes differ. A not insignificant number of radiation
protection regulatory bodies did not know whether given non-medical human imaging
activities were or were not taking place in their jurisdictions, indicating that better
coordination and cooperation between authorities is needed. There was a lack of formal
justification of some uses of radiation for non-medical human imaging, and there were in
general limited requirements for optimization of radiation protection for the exposed person.
Issues of responsibility for requesting, approving and performing exposures in “category 1”
were identified. Clearly, the revised BSS must provide a consistent approach that adequately
addresses the radiation protection issues associated with non-medical human imaging.

The consistent approach needs to be based on a strengthened emphasis on justification,
purpose specific optimization utilizing dose constraints, and public dose limitation where
applicable.

Requirements in the revised BSS will need to be implemented and the survey indicates that
specific guidance in the area of human imaging for purposes other than medical diagnosis or
treatment needs to be developed to facilitate implementation.
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Appendix A. Guidance notes for Part A of the Questionnaire

1. Obtaining legal evidence - The images are being obtained to establish the
presence or absence of diseases or injuries to be used in court proceedings with a
view tojustice. Examples would include a child abuse victim (but not the
images used for diagnosis or treatment), and siblings of a victim.

2. Insurance purposes — The images are being obtained for the insurance company for
their purpose sand interests. The images will be reported by a radiologist or
specialist, but for the purpose of providing information to the insurance company. It
is not the intent in making the images to use them in the medical management of the
individual being imaged. Exposures could occur before the insurance contract begins;
during its currency; or when a claim is made on the basis of the insurance contract.
Examples would include assessing the significance of pre-existing disorders;
assessing the degree of permanent injury; assessing any later deterioration of a
disorder; and exclusion of other causes of the disease. Images obtained on the
basis of medical indications for diagnosis or treatment, but subsequently used for
insurance purposes, are excluded.

3. Employment purposes — Either, pre employment: The employer may seek to be
satisfied that the prospective employee is in good general health, and hence not a
potential liability, or the employer may seek to be satisfied that the prospective
employee has the particular health or physical profile necessary for the particular
tasks involved or for the particular environment, and hence not a danger
to themselves, their fellow workers, or others who might depend on them (such as a
pilot). Or, occupational health surveillance with screening exposures based on
frequency or other criterion, but not on medical indications specific to a given worker.
Note: Exposures arising from specific symptoms/medical condition of a given worker
are medical exposures and are not part of this survey.

4. Immigration purposes — An exposure made in one country because of a
requirement, not based on individual medical indications, given by another country,
where positive identification of disease results in refused entry or emigration.

5. Age determination — Includes X ray examinations performed to: check the age of
older children seeking adoption who have no or poor quality documentary information
as to their age; assess the age of asylum seekers or illegal immigrants; assess the
age of young offenders, who have no or poor quality documentary information
as to their age, in order to decide whether or not adult laws are applicable.

6. Assessing physiological suitability or status — Exposures for the assessment of
likely suitability for a sport or activity (e.g. projected height for basketball, growth
prediction of young dancers or gymnasts); exposures performed to establish the
health status of an athlete with respect to a transfer — a commercial transaction. Note,
these exposures do not include the use of imaging in sports medicine — exposures
based on clinical indications, where the result (either positive or negative) will
influence patient management.

7. Detection of drugs within aperson —The images are obtained to determine
whether a person has swallowed drugs or other contraband for the purposes of
avoiding detection.
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Appendix B. Detailed Results from the Questionnaire

Table B1. Responses for Part A to the question:
Is human imaging for these purposes occurring within your jurisdiction?

Number and percentage of regulatory bodies who

Purpose responded:

Yes No Don’t know Total
Legal evidence 26 (42)* 2 (35) 14 (23) 2 (100)
Insurance 25 (42) 4 (41) 10 (17) 59 (100)
Employment 34 (54) 2 (35) 7(11) 63 (100)
Immigration 16 (38) 16 (38) 10 (24) 42 (100)
Age determination 9 (22) 4 (59) 8 (19) 41 (100)
Physiological 7(17) 2 (52) 13 (31) 42 (100)
suitability assessment
Detection of drugs 25 (57) 14 (32) 5(11) 44 (100)
within a person

*Values in parentheses are percentages of the corresponding total.

Table B2. Responses for Part A to the question:
1. Is the legal basis that allows these procedures to be performed a law or regulation?

2 Was ‘justification” of the use of radiation formally considered in establishing the legal
basis?

Number and percentage of regulatory bodies who
= responded “yes”:
urpose
1. Law or regulation? 2. Justification
considered?

Legal evidence 23 out of 26 (88)* 16 out of 24 (67)*
Insurance 14 out of 21 (67) 12 out of 20 (60)
Employment 29 out of 34 (85) 17 out of 28 (61)
Immigration 13 out of 16 (81) 8 out of 14 (57)
Age determination 7 out of 8 (88) 6 out of 7 (86)
Physiological 6 out of 7 (86) 5 out of 6 (83)
suitability assessment
Detection of drugs within 20 out of 25 (80) 16 out of 21 (76)
a person

*Values in parentheses are percentages of the corresponding total.
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Table B3. Responses for Part A of the question:

1. Does the legal basis specify who can request a procedure for the given purpose?

2. Does the legal basis specify who can authorize a particular procedure for the given

purpose?
Percentage of regulatory bodies who stated that the
legal basis established who could:
Purpose
1. Request a 2. Authorize a
given procedure given procedure
Legal evidence 68 73
Insurance 48 50
Employment 81 63
Immigration 77 64
Age determination 86 75
Physiological 67 83
suitability assessment
Detection of drugs within 71 70
a person

Table B4. Responses for Part A to the question:

1. Does the relevant regulatory body impose requirements that would afford the same
radiation protection to the imaged person as if they were undergoing a medical

exposure?

2. Does the relevant regulatory body’s inspection programme specifically address radiation

protection issues associated with human imaging for these purposes?

3. Do you consider that there is appropriate and adequate regulatory control of radiation

protection for these procedures in your country/state?

Purpose

Number of regulatory bodies who responded “yes”:

1. RP same as for
a patient?

2. Specific
inspections?

3.Satisfied with
regulatory control?

Legal evidence

25 out of 27 (93)*

12 out of 27 (44)*

19 out of 28 (68)*

Insurance 21 out of 23 (91) 10 out of 24 (42) 12 out of 23 (52)
Employment 30 out of 31 (97) 14 out of 32 (44) 20 out of 31 (65)
Immigration 16 out of 17 (94) 8 out of 18 (44) 10 out of 17 (59)
Age determination 9 out of 10 (90) 3 out of 10 (30) 3 out of 10 (30)
Physiological 7 out of 8 (88) 4 out of 8 (50) 3 out of 8 (38)

suitability assessment

Detection of
drugs within a person

22 out of 24 (92)

10 out of 24 (42)

14 out of 23 (61)
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Table B5. Responses for Part B to the question:

Are imaging procedures (screening) for these purposes being performed in your country or
state?

zﬂgﬁ% Igzgﬂgn(ﬂg? the Number of regulatory bodies who responded:
detection of concealed Yes No Don’t know Total
objects on:

Airline passengers 9 (14)* 49 (78) 5 (8) 63 (100)
Persons crossing a national 4 (7) 43 (75) 10 (18) 57 (100)
border

Visitors to prisons 3 (5) 45 (76) 11 (19) 59 (100)
Prisoners within a prison 2 (3) 39 (67) 17 (29) 58 (100)
Visitors to court houses or 0 (0) 52 (90) 6 (10) 58 (100)
public buildings

Other persons 0 (0) 37 (74) 13 (26) 50 (100)
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8 NON - MEDICAL IMAGING (MEDICO-LEGAL)
EXPOSURES - THE UK EXPERIENCE

Steve Ebdon-Jackson

Health Protection Agency, United Kingdom

8.1 Introduction

The EC Directive 96/29/Euratom (the Basic Safety Standards Directive (BSS)) provides for
Europe a high level framework for the health protection of individuals against the hazards of
ionising radiation. Article 6 of this Directive lays down requirements for the justification of
types or classes of practice. These include exposures as part of an individual’s medical
diagnosis or treatment.

The importance of medical exposures as a contribution towards the total radiation dose
received by individuals has been recognised by an additional Directive — 97/43/Euratom (the
Medical Exposure Directive (MED)). This specifies that medical exposures include a range of
exposures in addition to those as part of medical diagnosis or treatment, including those as
part of medico-legal procedures. Article 2 of the MED defines medico-legal procedures as
those that are performed for insurance or legal purposes, where there is no medical
indication. While this definition is welcome, it has not provided absolute clarity and many
Member States have stretched this definition to include a range of exposures that are neither
diagnostic nor research but require the principles and processes of individual justification and
optimisation to be applied and dose limits to be excluded.

This lack of clarity and consistency across Member States has been recognised by the
European Commission’s Article 31 Group of Experts and it is expected that the revised Basic
Safety Standard Directive will drop this category of medical exposure, introducing the more
comprehensive term “non-medical imaging”. This approach makes a clearer separation
between those exposures that are normally associated with an individual’'s healthcare and
those conducted for other reasons. Nevertheless, consideration of existing approaches to
exposures as part of medico-legal procedures can provide an approach for the future and
highlight the important criteria that should be applied to ensure adequate protection of the
individual.

8.2 Current UK Approach

In the UK requirements for these exposures are implemented primarily under the Justification
of Practices Involving lonising Radiation Regulations 2004 (JOPIIR) and the lonising
Radiation (Medical Exposures) Regulations 2000 (IR(ME)R. The facilities provided by both
sets of regulations are used in combination to provide the level of safety and the
requirements for exposures of individuals as part of medico-legal procedures.

The JOPIIR identify a range of types of practice that existed when the BSS was adopted and
include both the purpose and the type or class of practice. The intention is to include all
practices from all sectors. As an example, in the non-medical sector the enrichment of
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uranium through the use of centrifuge processes is identified as a specific type or class of
practice.

For medical diagnosis, the JOPIIR identifies that the use of radiography, fluoroscopy, CT and
in-vivo and in-vitro nuclear medicine apply as existing practices, whereas for health
screening, only radiography and in-vitro nuclear medicine apply. Specifically, for medico-
legal exposures, radiography, fluoroscopy, interventional radiography, CT and in-vivo nuclear
medicine can be used. Neither these regulations nor guidance provide a comprehensive list
of medico-legal procedures. All new procedures which might be considered as medico-legal
are considered on a case-by-case basis. When assessing new procedures for inclusion
within this category, it is considered that it is sufficient for an exposure to be part of a process
that is itself specified within a legal process. It is not necessary for the medical exposure to
be expressly included or referred to within a legal instrument, regulation or legislation.

The IR(ME)R implement the MED and address individual medical exposures. They include
within regulations 2 and 3 the definition and inclusion of medico-legal exposures within the
scope of the Regulations. The Regulations broadly implement the MED and emphasise the
requirements for justification and optimisation. In addition, the IR(ME)R specify duty holders
and their responsibilities, including those of the referrer and the practitioner. The referrer is
required to provide clinical data which provides the basis for the justification of the exposure.
The justification itself is undertaken by the practitioner. The regulations clearly define that the
referrer and the practitioner must be healthcare professionals.

The application of these two sets of Regulations can be illustrated by considering two types
of exposure:

1. x-ray exposure of suspected drug smugglers
2. x-ray exposure of suspected drug swallowers

The identification of drug smugglers at national borders is included within JOPIIR and the
use of x-ray exposures is identified as an existing type of practice using radiography.
Although this practice is not identified in regulations or legislation intended to address this
illegal activity, there are legal processes in place to detect and detain suspected drug
smugglers and as such it is deemed that x-ray exposures of drug smugglers can be
considered as a medico-legal exposure, and therefore subject to the requirements of
IR(ME)R.

In contrast, the identification of drug dealers who swallow drugs to avoid detection when
apprehended (drug swallowers) are not included within JOPIIR as the practice was not
identified in 2000. It is considered therefore as a new type of practice. In 2005, the Drugs Act
2005 provided for the x-ray examination of such drug swallowers and therefore there is little
doubt that these exposures can be classed as part of a medico-legal procedure. Again, the
full force of IR(ME)R applies.

The practical implications for both of these types of exposures are the same. In each case,
the referrer and the practitioner must be healthcare professionals. Therefore neither customs
officials nor police officers alone are allowed to request or justify these exposures. In each
case, all exposures must be undertaken with the full involvement of a medically qualified
individual and other healthcare professionals.

8.3 Discussion

The x-ray procedures utilised for these examinations include abdominal radiography and CT
and a reasonable degree of contrast resolution is required if the examination is to provide
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reliable information. In each case, the radiation doses involved are in the range of 0.5 —
1.5mSv. These doses levels in themselves do not have implications within the context of
medical exposures, where dose limits do not apply.

The intention to remove exposures as part of medico-legal procedures from the category of
medical exposures has strong conceptual merit. It emphasises that these exposures are not
part of the individual’s own diagnosis or treatment. Nevertheless, in doing so, practical issues
may emerge such as the application to these exposures of dose limits for members of the
public and removal of the need for individual justification. The practical implications of doing
so may also remove the intended merit and benefit to society of these exposures — for
instance will imposition of the public dose limit mean that such procedures can be used on
only one or two occasions per individual in any year?

8.4 Conclusion

The concept of exposures as part of medico-legal procedures has been addressed within the
UK legislation and regulation intended to implement European Directives. It has proved to be
effective within the regulatory framework and provides the intended protection for individuals
and society as a whole. Repositioning of medico-legal exposures with non-medical imaging
has clear philosophical advantages but may introduce operational difficulties and reduce or
remove some of the safeguards currently in place.
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9 NON-MEDICAL IMAGING EXPOSURES: HEARSAY
AND RESEARCH

Hermann Vogel

Hamburg, Germany

9.1 Introduction

Since the last meeting, non-medical imaging exposures have remained a topic. Own
research has concerned the exposure dose due to the search of persons. In national and
international meetings, the results have been presented to the public and have been
published in national and international journals. In co-operation with the European Congress
of Radiology and the Deutsches Réntgen-Museum, exhibitions have been created, which
have treated the search of persons, the search for persons and related exposures. Today,
six exhibitions exist in 7 languages; they have been shown more than 60 times all over the
world. These publications and the exhibitions induced discussions about the radiation risk,
about the probability of terror attacks and the possibility of their prevention, about the
perception of the available technology by the public, and about the way politicians choose
aspects for their statements which have a chance to be reported by the media and noticed by
the public.

In the following, some of these topics shall be treated.

9.2 Material and Methods

Own research concerned the

e exposure dose connected to the search of persons

¢ analysis of the possibilities of the technology for the search of persons, luggage and
shipped goods, including containers, autos, trucks and railway cars

e probability of future designs of terrorist attacks

e proof of previous torture by diagnostic imaging.

9.3 Search of Persons

In our working group, measurements have been performed by Hupe and Ankerhold"? from
the PTB (Physikalische Technische Bundesanstalt in Braunschweig). The possibilities of
technology have been analysed by Haller’, who evaluated the imaging material of the
manufacturers and of the internet; his work intended to make predictions about future
terrorist attacks and the possibilities and the limitations of different technology designs.

The exposure dose in Backscatter Imaging is less than in Transmission Imaging (Table 3.1).
A transatlantic flight results in a higher exposure dose than any of these exposures for
control — the equipment used has to be adjusted to low values. Individuals obtain such a
dose by radiation from natural sources in seconds to hours. The choice of the holiday site
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can make a larger difference to radiation exposure than the exposure of the flight and the
security control.

Tab. 1: Exposure Dose, Hp(10), during Flight, Controls, and Holidays M°°"¢¢ @ 7 an

Hp(10) in pSv T 9 ]
Backscatter Imaging 0.1 [ -
Transmission Imaging 6 S :J ilgli
Frankfurt - New York 7 hours [35

£ ES

Germany, external exposure natural 2100 uSv/year 40uSviweek
sources
Chest X-Ray 10-100
CT 8000-15000

The analysis of image material from the manufacturers and those who employed the
equipment indicated possible future developments of terrorist attacks®: Body-packers and
body-stuffers transported up to 2.5 kg drugs in their bodies. Such an amount of Semtex or
C4 could easily destroy the outer wall of an airplane. The larger parcel in the rectum and/or
the vagina could be accessible even in the plane; other components like the ignition device a
clock and a cell phone could be transported into the airplane separately; a suicidal attack or
the placement of a concealed explosive device which could be ignited via the cell phone
seemed realistic. It seemed all the more thinkable when one takes in consideration that large
items have been introduced and hidden in the rectum and the vagina for other reasons
(figures 3.1 - 3.3).

N 1

Fig. 3.1: Cell phone in Fig. 3.2: Body-stuffer. Large Cocain Fig. 3.3: Bottle in the rectum,
the rectum. In prison, parcel in the vagina self stimulation

the drug dealer

continued his business*

04-116821 1
ID: 04-11682
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Recently these analyses have been verified by new events: A key Saudi Prince has been
injured in a terror attack. “United States private sector intelligence group Stratfor said the
terrorist adopted the novel tactic of concealing an improvised explosive device (IED) in his
anal cavity. This is a technique more often used by drug mules.” This attack has been
connected to airline security: A terrorist bombing in Saudi Arabia has raised fresh concerns
about :%ir7line security after the bomber detonated an explosive device concealed in his anal
cavity.™

Whole-body scanners have been in the media quite recently: In February 2009, nuns
protested against a parade float of the carnival of Mainz. The media had published pictures
from the float, which showed the figure of a nun who had been scanned at an airport; the
figure wore underwear and was practically naked®. In April 2009, the media reported about
the initiative of the EU to test whole body-scanners at airports. Instead of whole body
scanner they referred to “Nacktscanner”; the reports were connected to interviews of
politicians. These stated that such equipment would not be admitted, because of the
compromise to human dignity. This was a reference to Art. 1GG (Grundgesetz, German
Constitution) stating “Die Wurde des Menschen ist unantastbar” (The dignity of the human
being is untouchable)®.

9.4 Age Determination and Search for Persons

In France, recent legislation classified sex with minors a legal offence. The consequence has
been that a male who has sex with a minor prostitute will be punished. The young women —
often from poor countries — have an interest to avoid punishment of their clients because this
would hurt their business. Their age would be determined with a radiograph of the hand. In
the discussion with the police and the medico legal radiologists, they insist that they are older
than 18.

In Germany, young criminals claim to be younger than 18 because they want to be judged
according to the law for minors; this law envisages less severe punishments for minors
compared with those for adults. These two observations demonstrate that general rules are
more difficult to draft than one would expect at first sight.

In Kassel, Germany, inmates of the prison repeatedly escaped by hiding in the laundry
packing. The administration applied for X-ray equipment for control. The request was
dismissed with the argument that X-ray exposure to humans for other than medical reasons
had to be regulated by law; the equipment should serve the detection of evaders which
meant that exposure of humans was considered possible at least. There was no law to justify
such an exposure, therefore the request could not be granted.
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9.5 Art

At the ECR 2006, Benedetta Bonichi, an Italian artist, had an exhibition, which showed
radiographs. Among others, there could be seen a whole body radiograph of the artist herself
with the title “Pin up”; another radiograph showed the artist together with a partner and had
the title “Kiss”, and a third “Banchetto di nozze” displaying several persons (fig. 5.1), which
bore a resemblance to the last supper of Leonardo da Vinci. The radiographs had been
produced in cooperation with the Universita Sapienza di Roma.

5.1: Benedetta Bonichi — Banchetto di nozze10

9.6 Torture

In a project, my group and | examined in Chile persons who claimed to have been tortured
under Pinochet and asylum seekers in Vienna''. We wanted to know whether previous
torture could be proven or made probable with diagnostic imaging. Rapidly it became
apparent that the possibilities of diagnostic imaging would be limited to exceptional cases like
broken bones and introduced foreign bodies (fig. 6.1 and 6.2). Previous beating could be
visualized for up to two years with scintigraphy ( fig. 6.3)"""

Fig. 6.1: Nail torture. A wire had been

introduced under the fingernails, when Fig. 6.2: Parrying fracture. The -
retracted some Splintersghave person tried to protect his head scintigraphy. 6 months after the

remained. when bee beaten. beating of the feet.

Fig. 6.3: Falaka. Increased uptake in
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9.7 Murder

In 2007, the murder of Litwinenko with Polonium 210 (*'°Po) in London attracted the interest
of authorities and the public’'*. One central question was who transported the ?"°Po to the
meeting in the Pine Bar in the Millennium Hotel in London. It was known that at least three
persons had been present, including the victim. The authorities followed the hypothesis that
on the way to the meeting the person transporting the ?'°Po could have left traces of the
substance. Finding traces of '°Po would help to identify the presumable killer. One of the
three had travelled to London via Hamburg; he had stayed in the apartment of his ex-wife
and for a night in the apartment of his former mother in law. In these places, the authorities of
Hamburg looked for #'°Po (fig. 7.1 and 7.2). They brought the woman and the children to my
hospital for collecting excrement. In the woman and in one of the two children traces of 2'°Po
could be found. This was exceedingly demanding because the presence of 2'°Po has to be
proven with alpha dosimetry — which is performed only by a few specialized institutions; in
our case it has been performed in Heidelberg. To detect ?'°Po by its gamma emission is
practically impossible.

Fig. 7.1: Looking for '"°Po in the car and the
apartment, where one of the suspects had been suspect's ex-wife and children had to stay in the hospital
during his stop over in Hamburg for collecting their excretions in search of traces of "'°Po

The suspect denied having transported the %'°Po; he insisted that the 2'°Po had
contaminated his ex-wife, the apartment and his children on other occasions. However, while
in Hamburg the person had visited the immigration office to prolong his residence
authorisation; there, he had signed the request for extension. The analysis of this form
resulted in the detection of traces of #'°Po.

9.8 Secret Services

We reviewed our material about the use of radiating material by the Stasi (Staatsicherheit,
special unit of the Ministry of Security (MfS) of the former German Democratic Republic). We
wanted to know whether there were guidelines for the agents who used radioactive
substances. It became evident that the MfS took the existing radiation protection laws of the
GDR into consideration, and interpreted them according to their actions by assigning limiting
exposure values™'®: for proving and uncovering punishable and anti-state actions, the

following annual limiting exposure values have been valid for explorative action:

(a) for all male and female persons up to 35 years, who are not professionally exposed:
Group I: Gonads and the haematopoietic organs up to 80mSwv.
Group Il: Eye lens, Gl-tract, liver, spleen, kidneys, lungs, muscles, fat tissue and
others with exception of the organs of group 1,11l and IV up to 120mSv.
Group lll: Bone, thyroid, skin up to 120mSwv.
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Group IV: Hands, lower arms, feet up to 400mSv.

(b) For women up to 35 years of age as a rule, the half of the indicated values ought not
to be exceeded.

(c) For children it has to be guaranteed that heir exposure must remain below 1/10 of the
values indicated under (a).

(d) For women, who are pregnant or nursing, it has to be guaranteed that the exposure
remains under 5 mSv. Furthermore, one has to pay attention, that persons, who are
exposed during their actions with radiating substances and who have been exposed
up to the limiting exposure values, will be in contact with these substances no more
than 3times in 10 years maximum'® .

In table 7.1 the exposure values for agent (pursuer) and target person are indicated, which
had to be observed.

Table 7.1 Exposure dose considered acceptable by the MfS for the agent (pursuer) and for
the person being pursued (target person)14’ 15

Distance from the Permissible dose Site of transport

body per time

3 cm < 1 mSv/week Trouser pocket Agent MfS
3cm < 3 mSv/ week Coat pocket Agent MfS

30 cm <1 mSv/ week Brief case Agent MfS
3cm <1 mSv/ week Trouser pocket Target person
3 cm < 80 mSv/action Coat pocket Target person
30 cm < 80 mSv/action Brief case Target person

Examﬁlef how the Stasi employed radioactive substances have been published by our
7
group ™ .

9.9 Discussion

Airport security is an important topic in the search of persons with X-rays. The discussion is
highly emotional and not always to the point'®. lonizing radiation may lose its importance as
the main argument against these controls, when terahertz radiation is employed on a larger
scale.

The analysis of the available technology can provide an insight into the design of future
terrorist attacks. Already today, suicide bombers could attack airplanes with incorporated IED
(improvised explosive devices); these IED could be concealed in their gastrointestinal tract,
in the vagina or somewhere else, placed by surgery. Whole body scanning seems the only
option to prevent such attacks. The IED could be ignited by the terrorist him/herself for
example by calling the incorporated cell phone.

In Germany, laws limit the exposure of humans by ionizing radiation. The exposure for
medical reasons is regulated in the Réntgenverordnung, the exposure for age determination
could be justified and demanded by a judge using the code of criminal procedure
(Strafprozessordnung). Many radiologists may know this; however, many of them behave in
a way, which replaces the medical indication or the request of the judge to produce a
radiograph by the consent of the person. The judges do not see a problem to obtain the
information about the age of a person. If a radiologist refuses to produce the radiograph and
the expertise, the judge would send the person to another institute or radiologist. The judge
is not interested in the reasons for the refusal to perform.

The medical ethics is not conclusive concerning the age determination. It seems possible to
argue that the wish of the person to be examined should be the guideline; however, following
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the wish of a person may result in acting against the person’s interests. It is to question,
whether the radiologist is obliged to evaluate what the person’s best interests would be. The
situation in France compared to the situation in Germany shows differences.

The dilemma of medical ethics is evident where torture is concerned. Being recognised as a
torture victim is an understandable wish and sometimes even a vital necessity, for example if
a request for asylum is at stake. An evaluation, which is purely scientific, of the X-ray findings
seems difficult when the basics of medical ethics are taken into account.

Often objections against the fact that people claim to have been tortured exist; political
correctness forces to leave them unexpressed and hidden. Our group encountered such
objections, when we asked for permission to look at radiographs with the viewing boxes in a
hospital, which was near to the centre in Chile, where the torture victims were taken care of.
Our request was turned down. No explanation was given.

9.10 Conclusion

In whole body scanning, the exposure dose seems low compared to the exposure due to
natural sources. Backscatter imaging is possible with minimal exposure, transmission
imaging means a higher exposure, which seems to be minor compared to the additional
exposure during a flight. Exposure for non-medical reasons can be approached by ethics and
it can be regulated by law.
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10 DRUG SMUGGLING BY "BODY PACKERS"

Mr. Tony Magnusson

Director of Operations, Western Sweden
Swedish Customs, Law Enforcement

10.1 Introduction

This paper will consider the topic of ‘Body packers’ and examine related issues. It will look at
the standard procedure used for these individuals. Experiences in other Nordic countries will
be reviewed. The use of CT will be considered and it will be contrasted to alternative imaging
or other methods.

10.2 Background

First of all | would like to explain what a body packer is and then | will briefly describe the
procedure when we try to detect them. Besides how we manage that in Sweden, | will also
tell you about the experiences from some other countries. Although | am just a simple law
enforcement officer and not a scientist, | will also try to explain why CT is used and a little
about the alternatives. At the end | will also present some points and issues that | have
identified during my studies when preparing this presentation.

| will talk about “body packers”, but what is that? | use that expression as a technical term for
people who use their own body for concealment of illicit drugs. Other names that are rather

commonly used (at least amongst customs officers) are “swallowers”, “stuffers” (insertion of
packets in rectum or vagina), “internal carriers” or just “couriers” or “mules”.

10.3 Body Packing

Cocaine and heroine are the most commonly body packed drugs, but we sometimes also
find other drugs such as cannabis, amphetamine, ecstasy and recently we made a seizure of
raw opium. It can also happen that a body packer has both cocaine and heroine at the same
time.

Usually the small packets consist of 810 grams of drugs, but we have seen examples of
packets as small as 5 grams and as much as 20-25 grams. One body packer normally
swallows 5-100 packages, which in most cases means that they have about 500-1000
grams of illicit drugs in their body. Again, we have seen examples of both less and more and
the worst case | have heard of was a man that had 2.2 kilos.

The drugs used to be packed in some kind of latex sheath and condoms are also very often
used. When the inner cover is tied at the open end, it is packed into other layers of latex and
finally it is often sealed with a hard wax coating. In some cases they use various kinds of
wrapping in order to alter the density in an attempt to limit the risk of detection.
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Nowadays the packets are wrapped in a very professional way and probably by using an
automated process. However, there are examples of not so well packed drugs and that may
lead to a disaster. Each packet contains more than enough drugs to be lethal if it breaks
when it is still in the body.

10.4 What Drives a Body Packer?

It's of interest to consider why people become body packers? Internal concealment (i.e.
inside the human body) is one of the most common modus operandi used for smuggling of
illicit drugs. The method is mainly used by couriers that use flights for transportation, but also
in connection with other means of transport. As the security checks at airports have become
more and more stringent the last years, internal concealment is the modus operandi with the
lowest risk (from a smugglers point of view) and so called body packers are a big challenge
to customs officers all over the world.

Money or other material compensation is of course one of the most common reasons as to
why people are smuggling drugs. Another reason can be that a person is promised a safe
and paid passage to another country. We also know of examples when someone in a
person's family has been taken as hostage in order to force him to perform a body pack
smuggling.

In some cases the smugglings are just individual initiatives, but smuggling by body packers is
also a very well organized business. An investigation we had recently, showed that various
couriers that we revealed in Sweden and Norway in a short time period were all sent out from
the same apartment in an European country. They came from all over the world and then
they were directed to that apartment, where they got prepared drugs to swallow and when
they were ready, they got tickets and information where to go.

A body packer could actually be anyone nowadays, both men and women at various ages
and unfortunately there are also a few examples of young teenagers and even pregnant
women. Sometimes we can see that the body packers predominantly originate from certain
countries or regions, but that varies from time to time.

10.5 Experience in a European Airport 2009

This is a true example from a big European airport last summer. It shows that the business is
well organised. In two days, within a week, customs detected six body packers. They were of
various nationalities, but all came from the same country in Central America. The amount of
drugs varies and one body packer had as much as up to 2.2 kilos!

Date Substance Weight (kg) No. of Gender Age
Packets

28.06.2009 Cocaine 1.0 70 Male 38

Cocaine 0.4 30 + 1 large | Male 22
packet

Cocaine 2.2 173 Male 42

5.07.2009 Cocaine 1.0 79 Male 27
Cocaine 1.3 105 Male 38
Cocaine 1.0 69 Male 46
Cocaine
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10.6 The Procedure — Customs

Selection of travellers for inspection is based on observations by the customs officer (using
his experience and intuition), information from our intelligence service or a tip. If the primary
inspection of the traveller's luggage does not give any result, but we still have reason to
believe that the person is hiding illicit drugs, a customs officer has far-reaching authorities to
go further. A customs officer may conduct what we call a body search or a superficial body
examination and also ask for a urine sample. If those checks do not give any result either or
if the urine sample indicates the presence of drugs in the body, the only remaining power is
what we call an extensive body examination.

10.7 Extensive Body Examination

According to The Swedish Code of Judicial Procedure, an extensive body examination may
be performed if a person is reasonably suspected of a punishable offence for which
imprisonment may be imposed. The decision to perform such an examination must be made
by a public prosecutor and it must be carried out at a hospital and by a medical doctor. It is
up to the customs officer to convince the prosecutor that a person is a reasonably suspected
body packer. It happens that we fail to do that sometimes and one reason may be that we
lately had some suspected body packers that have not had any internally concealed drugs.
We know that criminal organizations sometimes send out so called dummies that fit in to the
profile of a body packer, but do not carry any drugs.

The examination can be made by vaginal/rectal palpation, rectoscopy, normal X-ray (plain
film), CT or in some cases ultrasound scanning or sometimes a mix of the various methods.
Which method is used, may vary between different countries and even between various
hospitals within the same country. However, it seems that CT is becoming more and more
common as the primary method.

10.8 What if suspicious packets are identified?

If drugs are detected inside the body, the body packer is nowadays always taken to a care
unit at the hospital for observation. If no complications set in, the normal procedure is to let
nature take its course and just wait for the body packer to “produce” the drugs. In those
cases it is always customs that is responsible for guarding the body packer.

At some hospitals they refuse to take a body packer to a care unit as long as his/her general
medical condition is good. In those cases the body packer is taken in to custody.
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10.9 Example from Norway

This is an example of a body packer that was detained in Bergen in Norway at the end of
2007. The man, a 46 years old Turkish citizen reside in Germany, travelled from Casablanca
in Morocco via Amsterdam in Holland to his final destination in Bergen, Norway. The
customs officers became suspicious and the man was taken for body examination, which
detected unknown packets. The man admitted that he had swallowed 150 packets with 10
grams of cannabis (hashish) in each packet. Al1 in all 1.5 kilos!

¥
b Nl

Figure 1 1500g cannabis (150 x 10g capsules), Bergen, Norway 2007

b L

10.10 Questionnaire

In order to see how the procedure with detection of body packers works in other places, a
short questionnaire was sent to the Central Customs Administrations in the Nordic countries
and | got answers from Denmark, Iceland, Norway and my Swedish colleagues.

The questions asked were as follows:

* Who decides if a person is to undergo a scan?

+ Where are the examinations carried out?

» Does the customs officer and/or the prosecutor take in to consideration that a young
woman may be pregnant?

» Is CT or plain radiography used?

» Do you have any statistics or can you make an estimation of the number of scans per
year and the hit rate?

10.11 Results of the Questionnaire

10.11.1 Who decides if a person is to undergo a scan?
The procedure is about the same as in Sweden, which | described previously. Due to

differences in the judicial systems, Customs in some countries must involve the police when
they suspect or detect a serious crime.

10.11.2 Where are the examinations carried out?

In all countries the body examination (incl. X-ray) is carried out at a hospital.
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10.11.3 Pregnant women?

The question was: Does the customs officer and/or the prosecutor take in to consideration
that a young woman may be pregnant?

* No, that is something for the physician to take care of

» If a pregnancy test is positive some hospitals uses ultrasound to examine the body of
a pregnant woman

+ One radiologist in Sweden said that he would use CT also for examination of a
pregnant woman

10.11.4 Is CT or plain radiography used?

In both Sweden and Norway, CT is the primary tool. (One hospital first uses rectoscopy and
then plain radiography.). In Iceland, plain radiography is almost always used as the primary
tool. (There are a few exceptions). In Denmark, first plain radiography is used and if the
result of that examination is uncertain, CT is used.

10.11.5 Statistics

The statistics are a mixture of figures from 2007 and 2008. In some cases there were no
exact statistics available, but in those cases estimations were made and | consider the
presented statistics to be pretty reliable.

Country How many per Male /Female? Confirmed to have
year? drugs?
Sweden ~ 55 1BO% M/20% F =50 %
|iceland 42 SOM/12 F 50 %
IDenmark 16 14M/2F 56 %
Norway ~ 60 No information = 50 %
o o,
TOTAL ~ 173 About  20-25 %L 54
are female

In total for the four countries about 150 — 200 persons a year had to undergo a CT-scan or
plain radiography. About 20 — 25 % of them are women. The “hit rate” is about 50 % even if it
varies from time to time. For example at Arlanda Airport in Stockholm (SE) the hit rate was
only 14 % in 2007.

10.12 Why CT?

When | took my first suspect body packer to a hospital over 20 years ago, the routine was to
first make an examination by palpation and thereafter rectoscopy. After that a plain
abdominal radiography was performed. As | said before, CT is nowadays the first choice at
the hospitals in Stockholm and Gothenburg and that is also the primary method used in
Norway.
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| asked a Swedish radiologist about the reason for that and the answers | got was:

Higher resolution,

Better sensitivity,

Faster,

CT is widespread today,

Technological development has led to lower doses for CT,

» ltis better to make one CT-scan instead of many scans with plain radiography,
» Possibility to determine type of foreign bodies.

10.13 Example

An article in a Swedish medical journal’ tells about studies made with both model trials (a
plastic drum filled with water and drug packets) and with two suspected smugglers. The
conclusion was that CT is a more reliable tool and it revealed a lot more packets than plain
radiography. The author meant that the results are not only important from a judicial point of
view, but also from a medical viewpoint. Especially it is important to use CT if a final scan is
necessary after the body packer is said to be “empty”. Otherwise there is a very big risk for
intoxication if a remaining (not detected) packet should burst or start to leak.

In this example you can see, in figure 2 (a), an image from a plain abdominal radiography,
which doesn’t show any clear signs of drug packets.

Figure 2 (a) Figure 2 (b) Figure 2(c)

In figure 2 (b), you can see a CT-image, in which some suspected packets or perhaps gas
bubbles are visible. A measurement of the CT number (attenuation coefficient) shows that
number 1 and 2 in this image has a value of about 250 Hounsfield units (HU) which indicates
drugs (cocaine or amphetamine) and number 3 in this image has a value of 913 HU, which
indicates a gas bubble.

In figure 2(b), you can see another CT-image with a different window setting and that image
reveals additional packets.

10.14 New England Journal of Medicine

Another article, in the New England Journal of Medicine? also proves that plain abdominal
radiography is not sufficiently sensitive. In that article there also is a table with a comparison
between various radiographic approaches (figure 3):
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Table 1. Radiographic Approaches to the Identification of Body Packing.

Study Indications Sensitivity Comments
Plain abdominal ra- Screening test 85-90% Sensitivity for finding small numbers of packets
diography may be lower
May miss substantial numbers of packetsi+2+
Ultrasonography ~ Screening test Mot established  Has the potential to bevery useful
Large studies needed
Computed Used if equivocal results obtained on initial screen- Mot established  Large studies lacking
tomography ing test One false negative study reported2s
Used to document that gastrointestinal tract is clear
Contrast-enhanced Used if equivocal results obtained on initial screen-  96% Reported sensitivity based on one study2®
abdominal ing test
radiography Used to document that gastrointestinal tract is clear
MENGL ) MED 349,26 www.NEJM.ORG DECEMBER 25, 2003 2521
Figure 3

“The comparative value of CT and barium-enhanced radiography has not yet been
determined. Since barium may interfere with the subsequent performance of CT, CT may be
the preferred initial choice.” In the previously mentioned article in Lakartidningen (= Swedish
Medical Journal) it is also said that CT is faster and easier than contrast examination.

10.15 Disadvantages of using CT

When | have studied the articles | mentioned and spoken to radiologists in Sweden, | have
identified a few disadvantages of using CT instead of plain radiography:

» Higher dose to the suspect,
» Higher costs,
» It requires co-operation from the suspect to avoid movement artefacts.

10.16 Points at Issue

The conclusion is that CT is more and more used for examination of suspect body packers.
As a representative of a law enforcement agency, | think CT is a very good method for the
purpose of detecting internal concealment of drugs. However, | am not a scientist and | am
aware that there are differing opinions amongst various physicians and radiologists. During
my “studies” | have identified some points of issue:

- Is it right to expose people with X-rays without medical indication?

- What dose is reasonable in such case?

- How do we handle possibly pregnant women?

- Who will be responsible if someone claims that the CT-scan of a suspected body packer
is the reason for some kind of future illness?

- What if an X-ray image of a suspected body packer (for instance a paperless African
citizen) indicates the occurrence of a tumour?
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11 CARGO SCANNING - THE EUROPEAN EXPERIENCE

Michael O Dochartaigh

Investigations Coordination Unit, Revenue, Ireland

11.1 Background

In recent years there has been a major increase in the worldwide movement of containerised
traffic. This has resulted in an increased opportunity for cross border trafficking of illicit drugs,
explosives and other contraband. Faced with the challenge of intensifying inspection rates of
containers and trucks, while ensuring minimum disruption and expense to legitimate trade,
Customs and other enforcement agencies have increasingly turned to X-ray and gamma
scanners to screen import and export consignments.

11.2 Brief History of Container Scanning in EU

The earliest scanning systems were large fixed installations; the first maritime container
scanners being deployed at Calais and Folkestone in 1993 for use at the Eurotunnel.
Between 1994 and 1999 similar high-energy systems were installed in Le Havre, Hamburg,
Rotterdam and Vaalima.

In 2001 HMRC introduced a fleet of mobile scanning systems into the UK primarily to tackle
the ever-increasing problem of tobacco smuggling.

The first “relocatable” system was commissioned in Antwerp in 2004.

At the present time, container scanners of varying formats are deployed throughout the EU at
major ports and border crossings.

11.3 Types of Scanners

Fixed Systems, as the term implies, are permanently constructed structures usually using
linear accelerators having an energy source in the order of 8-9 MeV. They are relatively
expensive and are usually deployed in large seaports having a large throughput of
containerised traffic. Traditionally they have tended to provide the best performance
especially in terms of cargo penetration and scanning throughput.

Mobile Scanners, which are generally built on conventional truck chasses, have the
advantages of lower cost and greater flexibility. They can be readily moved from one
scanning location to another according to risk and traffic requirements. Until recently they
have had an energy range of between 300keV and 4 MeV, but 6MeV energy systems are
now available. The disadvantages associated with mobile scanners include higher
maintenance levels, reduced system availability owing to travelling times, and a relatively
large footprint in port areas to provide for significant safety exclusion areas.
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Relocatable systems incorporate many of the advantages of the fixed systems including
good reliability, high quality imaging and the capability to use dual-view format. They are
available with energies of up to 6MeV and are significantly less expensive than fixed
scanners. While they can be relocated from one scanning site to another, a significant
amount of permanent infrastructure is required for each site, and the time taken — 6 to 8
weeks — means that they are relocated infrequently. While scanning systems are available in
both X-ray and gamma formats, the majority of scanners now operating in the EU use X-ray
energy sources.

11.4 End User Requirements

The primary end users of cargo scanners are Customs administrations and other Law
Enforcement Agencies such as Immigration and Police services. However, the end user
community can be taken to include other groups such as Port authorities, Shipping
Companies, Importers/Exporters, Truck Drivers and other members of the public upon whom
cargo scanning impacts. As such, the requirements of these various groups must be taken
into account in the operation of detection technology applications.

In terms of detection priorities, the following are the most common:

llicit drugs

Arms and explosives

Cigarettes and alcohol

Radioactive materials

Nuclear materials

Counterfeit goods

CITES (flora, fauna and endangered species) and other prohibited goods
Other contraband

The order of priority may alter according to region and associated risk, but container cargo
scanning has proved to be an effective detection tool in all of these areas.

11.5 Radiological Safety

The use of ionising radiation for cargo scanning purposes can be justified on the grounds
that any radiological risk is trivial and is far outweighed by the societal benefits that they can
bring. Cargo scanning must, however, be subject to a well- regulated radiological safety
regime and must comply with the terms of the licence issued by the regulatory body.
Important factors include the appointment of a Radiological Protection Advisor (RPA) and
Radiological Protection Officer (RPO), appropriate training of all operators, formulation of
radiation safety procedures, establishment and preservation of safety zones and ongoing
dose monitoring.

The size and nature of safety exclusion zones depends on the value of the energy source
and the extent of any shielding measures put in place, whether or not integrated into the
scanning system. In the case of mobile scanners, a typical zone may measure up to
1,500m2. Such zones are preserved by infrared sensors which act to shut down the system’s
operation should a beam be broken and/or physical barriers such as traffic cones/tape etc.

An important consideration in radiation safety is the prevention, as far as possible, of
inadvertent exposure to stowaways. The possibility of a stowaway being present in a target
container is influenced by such factors as source and destination countries, shipping routes,
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and the nature of container cargoes. Precautions to limit inadvertent scanning include the
broadcasting of warnings in several languages and the use of sirens to signal the
commencement of scanning. Where scanning of persons is unavoidable, the radiation dose
involved is relatively trivial, normally not exceeding 10uSv for a single scan.

11.6 Image Interpretation

Modern container scanners provide good quality image-based information relating to shape,
density, size and positioning of cargo, and are best suited to the detection of risk goods or
threat objects of known shape, size and density e.g. firearms, alcohol and cigarettes.

Image interpretation forms a critical part of the scanning process and requires operators to
have a good awareness of the nature of maritime cargoes, the characteristics of risk goods
and knowledge of the design/construction of containers and vehicles.

Irregularly shaped consignments of risk goods such as illicit drugs and explosives are
especially difficult to detect. Specialist training in image interpretation can greatly improve
performance, although it is fair to say that image interpretation training for container scanner
operators has not been developed to the extent that training for baggage screeners
performing security scanning at airports has.

11.7 Concealment Techniques

The classic contraband concealment involves placing a “cover load” of expendable goods
close to the container doors. This serves to hide the smuggled goods from any partial or
cursory examination. Container scanners have had significant success in detecting
concealments of smuggled goods in such circumstances.

Smugglers have reacted accordingly by using shielding techniques in an effort to defeat the
screening process. These can take the form of straightforward shielding using dense
materials such as lead, steel, marble etc, or by concealing the smuggled goods within
cargoes having similar shape, form or density to the contraband.

In such cases the experience and expertise of the operators is of paramount importance in
detecting any anomaly which may lead to detection.

11.8 Multi-Application Approach

While there is an increasing desire to move towards 100% screening of cargo, it is not
currently a viable proposition on a global scale. Accordingly, Customs and other law
enforcement authorities must utilise all available tools to detect smuggled consignments.

These include the use of risk analysis and profiling techniques to select targets for further
screening. Container scanning and radioactive/nuclear substance detection systems can
eliminate many low-risk containers in a speedy and non-intrusive procedure. Where
“suspicious” cargoes are selected for physical examination, sniffer dogs, trace detection units
and other applications can offer additional help.

The use of container scanners having integrated radioactive/nuclear detection capability
provides an extra dimension to cargo screening.
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11.9 New and Emerging Applications

The majority of the scanning systems currently in operation use single X-ray radiography,
varying in energy between 450kV and 9 MeV. However recent years have seen the
introduction of a number of new applications.

These include Dual View systems which use a second linac source directed at a different
angle. This technique can enhance detection capability by providing additional information to
the image interpreter.

Security requirements have resulted in the need to scan an increasing number of containers
in shorter periods of time. Drive Through scanning, which allows target containers to be
driven through a scanner portal without stopping, has been developed to address this need.
Early drive through systems suffered from inferior quality imaging, and reduced cargo
penetration on account of radiological safety concerns. More recent systems have sought to
address both of these issues.

Until recently, Material Discrimination capability was not available in X-ray systems having
an energy source > 450 kV. The recent introduction of so-called Dual Energy applications in
high-energy scanners has made it possible to distinguish organic, inorganic and heavy metal
materials from each other.

Nonetheless, specific identification of component materials encountered in containerised
cargo, using X / gamma-ray scanners, is still not possible. Neutron scanning is seen as a
potential solution, using fast neutrons to identify the chemical elements of threat materials.

11.10 European Riposte against Illicit TR@ffiCking (ERITR@C)

ERITR@C is an EU-funded project — JLS/2007/ISEC/550 — which aims to find an industrial
application for the neutron scanning techniques developed in the earlier EURopean lllicit
TRAfficking Countermeasures Kit (EURITRACK) project.

A tagged neutron inspection system (TNIS) portal has been established in the port of Rijeka,
Croatia. The system works in tandem with a conventional X-ray scanner whereby a
“suspicious” area is identified in the X-ray image and is then referred to the neutron portal for
additional screening. The suspect voxel is irradiated by 14 MeV tagged neutrons. Gamma
rays are used to characterise carbon, oxygen and nitrogen which are the major elements of
threat materials such as drugs and explosives. By measuring relevant elemental ratios such
as O: C and N: C, it is possible to distinguish between illicit and legitimate cargoes.
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Karla Petrova, Ivanka Zachariasova
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12.1 Introduction

X-ray scanners for security checks have been the subject of discussions for many years but
no common internationally recognized opinion and procedure has been implemented so far.

The approach to this complicated issue depends very strongly on the evaluation of the
conditions and circumstances in each particular country. There was a European initiative on
this field in 2002 when there was a workshop on medico-legal exposures organized in
Dublin, however there were no unequivocal and consensual conclusions reached.

The latest official documents addressing this problem are the draft IAEA IBSS and also the
latest version of the draft EU BSS Directive. The security control of persons using X-rays is
defined as non-medical exposure and the exposure is classified as public exposure. This use
of sources of ionizing radiation is understood in IAEA IBSS as not justified unless the
assessment of the current threat of terrorism in the particular country shows an elevated risk.
This formulation is however still under discussion as well as the appropriateness of the
publication of the final judgment in IBSS (exposure is generally justified or unjustified). The
EU BSS leaves the justification of such exposures for each member state and for justified
procedures requires some conditions for their performance in the same way as is required for
medical exposures.

12.2 The Current Situation in the Czech Republic

Recently there were five companies in the Czech Republic distributing sources which have
got the type approval for X-ray machines — whole body scanners (using backscatter) — for
personal security control. The Czech Regulator in radiation protection - the State Office for
Nuclear Safety (SONS) categorised these devices for non-medical human imaging as
sources needing authorisation. All types of such devices are thus under regulation and
control - regardless the very low doses involved — a feature that is often incorrectly used as a
main argument for their widespread use. Based on this fact, one of the conditions of its type
approval requires that potential user of such a device is informed that a licence from SONS is
required. The applicant for the licence has to prepare all necessary documentation including
the justification of the use of the source.

In 2009, SONS received the first request from one airport in the country for the approval of
the use of X-ray machine for security control of persons. SONS organized a discussion at a
national level inviting the representatives of other ministries and offices which had an
involvement in this problem — the Ministry of Health, the Ministry of Interior, the Ministry of
Transport — the Civil Aviation Department, the Office for personal data protection, the Civil
Aviation Authority. Based on this discussion and further analyses, the response of SONS
was for the moment negative. Such use of ionizing radiation is understood as unjustified
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under current circumstances and from the point of view of radiation protection. Moreover
their use at the airport is influenced also by the fact that current EU legislation doesn’t
currently allow the use of such security control at the airports — there was only a sort of pilot
project testing the use of these devices at selected European airports — however at the end
of 2008 there was a discussion initiated by some European representatives which focused
mainly on the ethical aspects of the use of such devices. One of the important arguments
influencing the decision was that alternative techniques which enable a surface body control
of persons and which can identify “suspicious” objects on the body exist.

What should also be pointed out here is the observation that the main driver in the discussion
with the regulator and the source of pressure was a distributor of device. Unfortunately there
was not a clear and strong signal from the side of the potential user — airport - that the device
is 