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1. Introduction 
 
The Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) is an Australian Federal 
government agency which regulates the use of ionising and non-ionising radiation by other Federal 
government agencies in Australia. ARPANSA licensees include Federal security and border control 
organisations. 
 
Growing security concerns worldwide have led to the introduction of many new screening 
technologies using ionising radiation. These screening technologies are capable of detecting; 
 

 Hidden weapons 
 Explosives 
 Illicit drugs 
 People smuggling 

 
In some cases, security operations surrounding large public events may necessitate the screening of 
individuals which involves radiation exposure. This paper addresses the regulatory considerations, in 
particular those that relate to radiation protection. The paper also describes a set of radiation 
measurements around the mobile device to provide independent regulatory verification of the 
manufacturer’s claims of very low radiation doses. 
 
2. The Z® backscatter vanTM

 
The security device under consideration is marketed by the US company AS&E, and is known as the  
Z® backscatter vanTM [1]. This vehicle is currently used for examination of containers and their 
contents.  
 
Figure 1 shows a photograph of the Z® backscatter vanTM. 
 
3. The physics of backscatter 
 
In backscatter X-ray technology, the image is formed from X-rays which originate in the source, and 
are then scattered in the absorber material back towards the source. This is unlike conventional X-ray 
imaging methods, where the X-ray image is formed from transmission and absorption of the X-rays in 
the absorber. 
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Figure 2 illustrates the principles on which backscatter X-ray and transmission X-ray techniques 
operate. Figure 3 shows the patented Flying SpotTM collimator inside the Z® backscatter vanTM, which 
is the source of the backscattered X-rays.  
 
Compton scattering is the dominant mechanism of interaction in low atomic number (low Z) elements 
for X-rays in the range up to several hundred kiloelectronvolts (keV) (see Figure 4). Therefore the 
backscatter technique is more sensitive to low Z materials whereas transmission X-ray techniques are 
more sensitive to high Z materials. This makes the backscatter technique particularly sensitive to 
detection of organic materials such as explosives, drugs, and organic life forms (people), where the 
dominant elements present are carbon, hydrogen, oxygen and nitrogen. 
 
Figures 5, 6 and 7 show typical images obtained from the Z® backscatter vanTM. 
 
4. Regulatory considerations 
 
In the ARPANSA regulatory decision making process, there is a requirement that the applicant 
demonstrate that, as a result of the operation of the X-ray equipment:- 
 

 There is a net benefit from the operation of the equipment 
 Radiation exposures are as low as reasonably achievable (ALARA), economic and social factors 

taken into account 
 There is no undue risk to the health and safety of people 

 
4.1 Net benefit 
 
The manufacturer of the Z® backscatter vanTM  has provided radiation doses from the van measured by 
a third party. These doses are very small, with a maximum dose of 0.2 µSv quoted for a scan with a 
van speed of 1.5 km/hr, at a distance of 1.5 m from the side of the van emitting the X-rays. This is a 
surprisingly low dose for the quality of the images produced, and is equivalent to approximately one 
hour of natural background radiation in Australia. 
 
The van is capable of being used in a screening mode, which could result in individuals being exposed 
without any direct benefit to the individual. This is an argument against there being an individual net 
benefit from the operation of the van. However, on the basis of net societal benefit from prevention of 
acts of terrorism, an argument could be made for the use of the van in a screening mode where risks 
are indicated, eg counter-terrorism intelligence indicates that threat levels of imminent terrorist attacks 
are high. 
  
However, current regulatory consideration has only been given in the context where the screening of 
individuals is on a voluntary basis ie. in situations where individuals are screened with their consent 
beforehand, and are informed of potential radiation risks. The case of involuntary screening is more 
complex due to several factors that need to be taken into account in more detail, eg. 
 

 Radiation dose to an individual from repeated screening 
 Radiation dose to pregnant females 
 Privacy issues due to the ability of backscatter X-ray imaging techniques to effectively “strip” 

individuals of their clothing 
 
These are issues which would need to be considered before a regulatory decision could be made for 
backscatter X-ray screening with no prior consent. 
 
4.2 ALARA 
 
The IAEA document Basic Safety Standard No.115 [2] states in Schedule 1 (exemptions) that “the 
effective dose expected to be incurred by any member of the public due to the exempted practice or 
source is of the order of 10 µSv”. 
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Hence, if a maximum dose of 0.2 µSv per scan is assumed, it would require an individual to be 
scanned 50 times in a year before reaching the 10 µSv de minimus value. This is considered to be 
improbable, and hence a formal ALARA assessment is not considered necessary. 
 
4.3  No undue risk 
 
In order to independently verify that there is no undue risk, a set of radiation survey measurements 
was undertaken by ARPANSA. 
 
For measurements of the radiation doses around the Z® backscatter vanTM, a RadCal 9010 electrometer 
with a calibrated 1800 cc ion chamber was used, with a sensitivity of 0.2 nGy. The ion chamber was 
mounted on a camera tripod, and the height chosen to be approximately one metre above the ground. 
A set of dose points was chosen to simulate the following situations: 
 

 A person walks between the van and a vehicle being scanned (dose point 1) 
 Person is inside vehicle (dose point 2) 
 Person is on other side of vehicle from van (dose point 3) 
 Operator in van (dose point 4) 

 
Figure 8 shows a schematic of the dose points. 
 
Measurements were made at each dose point, and repeated three times. The operator dose was 
measured in the driver cabin whilst scanning against a concrete pillar to maximise backscatter. 
Although the van is capable of reconstruction at four speeds, only three speeds were chosen, viz. 1.5 
km/hr, 5 km/hr, 10 km/hr. 
 
The measured doses are presented in Table 1, and are background corrected.  
 
The maximum dose recorded over all speeds is at dose point 1, between the backscatter van and target 
vehicle as expected, and is 115.5 nGy ≈ 0.12 µSv. This is in good agreement with the values reported 
by AS&E. The dose in the operator cabin was measured to be zero in two scans, and 1.2 nGy in the 
third scan which is negligible. Interestingly, the doses recorded at dose point 3 ie. on the other side of 
the target vehicle, were marginally higher than those in the target vehicle itself. This is most likely due 
to the fact that the line of sight to the ion chamber is greater through the windows of the car when the 
chamber is on the other side of the target vehicle. 
 
Based on the measurements, an individual would need to be scanned approximately 100 times per year 
to reach a total dose of 10 µSv. It is considered that the risk to an individual as a result of security 
screening with the Z® backscatter vanTM is very low from a regulatory viewpoint. 
 
5. Conclusions 
 
The operation of the Z® backscatter vanTM  in a screening mode with prior consent has been shown to 
meet the ARPANSA requirements outlined in section 4 above ie. there is a net benefit from the 
operation of the van, radiation exposures are ALARA, and there is no undue risk. 
 
The US standard ANSI N43.17 [3] proposes doses limits for X-ray personnel security screening 
systems, viz. 
 

 0.1 μSv effective dose per scan 
 250 μSv effective dose per year 

 
The Z® backscatter vanTM satisfies the first criterion, as demonstrated by the independent 
measurements.  
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Finally, if we assume an average effective dose of  0.1 μSv per scan, an individual would require to be 
scanned approximately 7 times per day, every day for a year in order to exceed the second dose limit 
of 250 μSv per year. This is considered extremely unlikely, and hence the van also meets the 
requirements of ANSI N43.17. 
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Figure 1 : The Z® backscatter vanTM

 
 
 

 
 
 

Figure 2 : Principles of backscatter and transmission imaging techniques 
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Figure 3 : The Flying Spot collimator 
 
 
 
 
 
 
 

 
 

Figure 4 : Interaction cross-section as a function of X-ray energy and Z of absorber 
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Figure 5 : People smuggling in a transport container 
 
 
 
 
 

 
 

Figure 6 : Drug packages hidden in a car 
 
 

 
 

Figure 7 : Backscatter image versus transmission image. Note how the gun handle is visualised 
well in the backscatter image but not in the transmission image. 
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Table 1 : Doses as a function of van speed 
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