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Abstract 
Safety education aims to reduce personal injury and improve well being.  This health 
promotion principle is applied in the case of hand-held open beam x-ray tube based 
analytical x-ray devices.  Such devices not only are light weight and portable, but also 
present high radiation exposure levels at the beam exit port and potentially can be used in a 
variety of industrial applications for determination of material composition. There is much 
potential for radiation risks to occur with resultant adverse effects if such devices are not 
used by trained individuals within controlled environments.  A level of radiation safety 
knowledge and understanding of the device design, construction and performance 
characteristics appear warranted. To reduce radiation risks, user certification at a federal 
level was introduced in 2004 based on International Standards Organization 20807, since 
that standard comprises  elements commensurate with risk reduction strategies.  Within these 
contexts, a federally certified user is deemed to have acquired a level of safety knowledge 
and skills to facilitate safe use of the device.  Certification, however, does not absolve the 
holder from obligations of compliance with applicable provincial, territorial or federal laws 
respecting device operation. The union of federal certification and applicable legislative 
mandated operational criteria reduces radiation risks overall. 
 
Introduction 
Undoubtedly today, advances in technology have brought about new products in the 
marketplace. While superficially many products are in general socially receptive, it is 
equally important from an egalitarian concept to consider the safety attributes for purposes 
of optimizing the benefit/risk ratio. Application of this principle in the case of hand-held x-
ray tube based x-ray fluorescent (XRF) devices translates into closer radiological evaluation 
and scrutiny of the product. 
 
Materials and methods 
In brief, hand-held x-ray tube based analytical XRF devices weigh 2-3 kg, provide an open 
x-ray beam for irradiation of test samples, and are capable of providing rapid results of 
elemental composition of metals and alloys within few seconds. The design incorporates a 
miniaturized x-ray tube which can operate at potentials of up to 40 kVp and tube currents of 
several tens of  microamps; the primary x-ray beam emerges from a small port (<1 cm3) 
where radiation exposures are high (~ 5.5 R/min). They are configured within a radiation 
shielded assembly equipped with safety features, including built-in radiation sensors and 
software processing systems. Their light weight and ability to provide rapid analyses are 
highly favorable features, suggestive of a diverse user application. 
Several attributes were considered and evaluated from a radiological point of view: 
marketing or product advertising; device design, construction and performance; intended 
and probable applications.  



 
Results and discussion 
Marketing or advertising strategy  
Manufacturer marketing materials or advertising strategies in the operator manual were 
examined for information that may be misleading or erroneous to the user about radiation 
risks associated with the product. Few statements were identified: (i) AIt is a low risk device, 
x rays were not always on as is the case for radioisotope based devices.@ This statement 
though partially correct were not substantiated. (ii) ADevice uses a miniaturized x-ray tube 
and eliminates the need for source replacements and licenses associated with radioisotope 
based devices. Some jurisdictions do not have registration requirements.@ This implies 
economic advantages and free market enterprise. In jurisdictions not incorporating device 
registration, there would be much potential for diverse usage with probably a corresponding 
increase in radiation risks. Consequently, source control measures are necessary to minimize 
risks.  
 
Device design and performance 
A number of items were of concern: safety indicators and mechanisms; radiation warning 
signs; controlled/timed exposures; scattered radiation fields at users= hands under 
conditions of normal usage; and leakage radiation. Some indicators (power on and x-ray on 
lights, warning statement) and x-ray on switch were generally present on devices intended 
for marketing, but not all the items of concern were addressed. This suggests conformance to 
a design/performance standard would be required in order to reduce radiation risks. Hence, 
the device was assigned a class for which a statutory standard exists. 
 
Intended application 
These devices appear to have application in a variety of industries. For example in the 
process industries (steel, food, automobile), they can be used for positive material 
identification of a pipe or a storage tank in order to gain insights as to the component failure 
(corrosion, break, process material contamination, etc.). Similarly in the energy sector 
(petroleum and gas) they may be utilized for identifying contaminants that might accelerate 
or cause material degradation or failure as part of hazard analysis and process safety 
management. Other applications include the pharmaceutical industries for verification and 
validation of critical stainless steel and alloy components, and the mining industry where 
analyses are required for various activities related to metal exploration, metal tailings, 
product monitoring, metals in soil, etc. Advantages also can be had for process control and 
quality assurance purposes in the metal manufacturing and process industries. It is generally 
perceived that these are mature and perhaps safety conscious industries having technically 
trained and qualified staff; therefore, in principle, with the proper administration of user 
training and authorization in place, the radiation risk to this user/worker group would be 
low. 
 
In sharp contrast, however, such devices may be utilized in scrap-metal recycling operations. 
Conceivably, in some scrap-metal operations, attendant staff may have low levels of 
education and plausibly engaged in a laxed attitude toward safety. Such operations would 
present significant potential for elevated radiation risks and, therefore, would warrant 
improved control of the radiation source and usage. 



 
Probable application 
A probable application is in the body piercing industry, which is characterized by the 
attachment of a wide variety of metallic objects (rings, pins, clips, etc.) to various body parts 
for cosmetic and fashion-trendy purposes; it appears to have much appeal in North America 
to clients ranging from pre-teens to seniors. As trendsetters become more fashion savvy and 
discriminatory, they may demand increased knowledge of the elemental composition (gold, 
silver, lead, etc.) of their ornamental choices and industry owners could respond voluntarily 
to their clients= requests. Attendant staff of body-piercing parlors are unlikely to have the 
technical or safety training necessary to enable them to use the devices in a safe manner, 
thus, device misuse or abuse are highly probable and this need to be considered along with 
individual radiation sensitivity issues (e.g., children are more radiation sensitive than their 
grandparents). Such applications most likely would present much potential for significant 
radiation exposure and resultant risks to the public; this could become a public health issue. 
Hence, control of the radiation source and usage would appear necessary. 
 
In view of the foregoing and in order to mitigate radiation risks, control of the practice is 
warranted. This translates into two key measures: (i) the device shall conform to a particular 
standard; and (ii) device users, in order to reduce personal injury and improve well being, 
shall have a level of radiation safety knowledge and understanding of the device design, 
construction and performance characteristics, as well as demonstrable skills on safe 
operation, and this implies user certification.  
 
In Canada x-ray equipment is federally regulated under the Radiation Emitting Devices Act 
(REDA)(1). Regarding the first key measure, the device is classed as analytical x-ray 
equipment and the applicable regulation is Scheduled II, Part XIV. Pursuant to Section 4 of 
the REDA, the device shall comply with the applicable federal regulation before it can be 
imported, demonstrated, leased or sold. Regarding the second key measure, user certification 
shall be clearly communicated in any such device promotion or advertising, pursuant to 
section 5 of the REDA. User certification, however, does not absolve the holder or the 
device owner or user from obligations of compliance with applicable provincial, territorial 
or federal laws respecting device operation.  
 
User certification 
User certification is a federal activity and is consistent with international standards, 
International Standards Organization (ISO) Publication 20807(2). Since XRF analyses are 
non-destructive, the device operator certification mirrors the certification requirements for 
industrial radiography, namely, a written examination, a radiation safety examination, a 
competency test, and re-certification. The radiation safety examination aims to ensure that 
the candidate has a basic knowledge of ionizing radiation and the fundamentals of radiation 
protection and safety. The competency test aims to ensure that the user has the necessary 
safety skills and proficiency to use the product in a safe manner. Within this framework, a 
certified user is deemed to have received a minimum level of radiation safety and knowledge 
commensurate with the practice or application. Adherence to mandated rules of operation 
and enforcement by the appropriate provincial, territorial or federal agency that has 



jurisdiction of the facility in which the device would be used exert additional control on the 
practice or application.   
 
Conclusion 
For hand held x-ray tube based XRF devices, the combination of (a) compliance of the 
device pursuant to a federal regulation; (b) user certification; and (c) compliance with 
provincial, territorial or federal rules of operation would appear to mitigate the radiation 
risks associated with the practice or application. 
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