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by trade name, trademark, manufacturer, or otherwise, does not necessarily 
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In radiobiology, radiation physics, and related areas, there is growing interest in 

transitioning from cesium-based irradiators to X-ray technologies. Therefore, it makes it 

imperative for reproducibility purposes, for researchers to provide specifications regarding device 

parameters, machine calibration details, and experimental setup when innovative X-ray technology 

is being employed (Table 1).  

Several groups have already identified a glaring lack in completeness of critical 

information on experimental setups, equipment, and physical parameters in published radiation 

biology studies (Poirier et al. 2023; Stern et al 2022; Draeger, et. al 2019; Stark 2018; Baker 2016; 

Desrosiers et al. 2013). The Alternative Technologies Meta Study Report by Brookhaven National 
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Laboratory (BNL) examined 456 manuscripts published between 2017-2021 (Stern et al. 2022). 

Only 64 of the reviewed studies (14.0%) consistently reported methods that could allow for 

replication of their studies. However, 85% provided information on the manufacturer, the irradiator 

model and the absorbed radiation dose. Approximately 66% provided information on the energy 

spectra and the dose rate, but only one third disclosed the filter used. Less than 15% of the reviewed 

studies reported information on calibration and field geometry, specifically field size and distance 

from source, which are critical parameters in determining the absorbed radiation dose. 

Acknowledging this lack of critical information, several meetings were already organized 

and sponsored by National Institute of Standards and Technology (NIST), the National Institute of 

Allergy and Infectious Diseases (NIAID), and the National Cancer Institute (NCI). These meetings 

resulted in new dosimetry reporting guidelines for researchers and authors (Poirier et al. 2023). 

Additionally, the American Association of Medical Physicists Task Group No. 319’s work on 

creating guidelines for accurate dosimetry in radiation biology experiments and parallel initiatives 

by the Medical Radiation Physics and Science Groups, National Physical Laboratory (NPL), 

RadNet Standardization Dosimetry Group, and the Cancer Research UK (CRUK), are further 

examples of efforts to address this challenge. 

Under the Cesium Irradiator Replacement Project (CIRP), the National Nuclear Security 

Administration (NNSA) intends to assist and support the transition from cesium-based irradiators 

that can potentially be used in an act of terrorism, to X-ray technologies. In that vein, it seeks to 

alleviate the issue of inconsistent reporting measures and recognizes the problem’s contribution to 

the confusion and reluctance researchers may experience when considering the decision to 

transition to alternative technologies, despite the many advantages it provides. Advantages include 

guided imaging that mirror clinical applications (which cesium-137 irradiators cannot 
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accommodate), significantly decreased regulatory burdens, and the complete elimination of 

security threats. It should be noted that alternative technologies can also be understood as advanced 

technologies; a BNL survey revealed that 41% of researchers who transitioned to X-ray irradiators 

reported that the advantages of X-ray irradiators allowed them to pursue completely new and 

innovative lines of research (Stern et al, 2022). 

In this context, BNL organized the Compatibility of Irradiation Research Protocols Expert 

Roundtable (CIRPER) with the support of NNSA’s Office of Radiological Security (ORS) in 2022 

and 2023. The roundtable included foremost radiation biologists, medical physicists, federal grant 

managers, and device manufacturers (Table 2). In a concerted effort to increase transparency and 

reproducibility, experts at the meeting came to a consensus on a standardized set of parameters 

that any researcher working with X-ray irradiators ought to include upon publishing their work. 

CIRPER participants agreed that, at a minimum, the Methods section of these papers must 

reference irradiation protocols and provide details on device parameters, experimental setup, 

calibration details, and whether the irradiator calibration is traceable to a national standard 

(parameters detailed in Table 1). These parameters agree with the recently published standards of 

the aforementioned NIST/NIAD/NIH initiatives (Poirier et al. 2023). With this approach and a 

commitment to enforcing these expectations, NNSA intends to positively impact the quality of 

peer-reviewed and federally funded research. 
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Table 1 
Stern et al.     
        
        

Recommended Methodological Disclosure Requirements     
Device Parameters     
  Manufacturer and Model     
  Energy (kVp)     
  Time (mAs) or      
  Dose Rate (Gy/min)     

  
Air Kerma Rate or Dose Output (Gy/min) as provided by the manufacturer's 
datasheets (Gy/min)     

  Absorbed Dose to Target (Gy)     

  
Filters (Materials and Thickness) And Half-Value Layer (HVL) Whenever Available 

    
Machine Calibration Details      
  Calibration Detector (Manufacturer and Model)     

  
The energy at which the dosimeter was calibrated and the dose quantity used for 
calibration (Dw or air kerma)     

  Frequency and Date     
Experimental Setup     
  Field Size     
  Surface of sample distance from source and orientation     
  Sample description     
  Sample Shielding     
  Sample Holder     
  Other Sources of Scatter     
  photograph of the experimental setup (optional)     
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