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 Protecting Yourself (ALARA)
• Factors That Affect Occupational Exposure and Dose Profiles
• Use of Distance and Shielding
• Typical Dose Rates Encountered
• Occupational Dose Limits and Pregnancy
• Practical Tips for Minimizing Your Radiation Dose



Part III





 As Low As Reasonably Achievable
• Reasonable efforts should be made to keep occupational doses 

as far below regulatory limits as possible

 Fundamentals of radiation protection
• Time, Distance, & Shielding

 Staff doses are proportional to patient doses 
• ↑ patient dose ↑ staff dose
• Protecting your patient protects you!

 Time
 Distance
 Shielding



1 R

2 R

3 R

Distance Dose Rate % Reduction

1 foot 100 mR/hr --

2 feet 25 mR/hr 75%

4 feet 6.25 mR/hr 93.75%

8 feet 1.56 mR/hr 98.44%

𝐼𝐼1𝐷𝐷12 = 𝐼𝐼2𝐷𝐷22



Physician hands 
in x-ray field

The direct radiation beam 
from a C-Arm is about 
1000x higher than indirect 
or scattered radiation

Dr. Mihran Kassabian, 1903





 Shielding is more effective closer to the source 



On average, only 1% of the X-rays
will reach the image intensifier and
contribute to image formation. The
remaining 99% will be completely
absorbed or scattered.



 Keep the II as close to the 
patient as possible and the 
tube as far from the patient 
as possible

 The presence of an air gap 
will always increase the 
patient/operator exposure 
and decrease the image 
quality

 The II intercepts the X-Ray 
beam earlier

 Make sure no part of the 
patient is on or near the X-
Ray port

ESE 1.5 Rad/min

ESE 3.5 Rad/min



 X-Ray tube should always be below 
the table, if possible

 Higher exposure to the operator’s 
head and eyes results during 
oblique angle projections where the 
X-ray tube is tilted towards the 
operator (I-I is tilted away from the 
operator). Conversely, radiation 
exposure is decreased when the X-
ray tube is tilted away from the 
operator (I-I tilted towards the 
operator)

 Lateral and oblique projections are 
associated with increased radiation 
exposure as the X-Ray beam must 
pass through more tissue Dose Rate = 30 mR/hr

Dose Rate = 250 mR/hr



Are they really lead?
• Probably not – most are 

“lead equivalent”
 Polymers – Pb, Sb, Bi, Ba

• Applicable at certain kVp
 Efficiency changes with 

changing kVp



Lead Aprons
• 1 piece vs. 2 piece
• Lead should fit 

comfortably and be 
free of defects

Thyroid Shield



Proper storage
• Hanging lead on hangers and hooks prevents 

the aprons from cracking



 Badge Function
 Practical Tips

• Wear it!
• Turn it in
• Store in a low background area
• Don’t take it home
• Wear outside of your lead, if 

applicable
• Only wear your badge!

 Webster Formula
• Single Badge vs. Double Badge



Annual Limit

Whole Body (TEDE) 5,000 mrem 50 mSv

Extremities & Skin (SDE) 50,000 mrem 500 mSv

Lens of Eye 15,000 mrem 150 mSv

Gestational Limit

Declared Pregnant Workers 500 mrem 5 mSv

Limits

Members of the Public 100 mrem* 2 mrem in any 1 hour

* Limit goes to 500 mrem when source is an individual administered unsealed byproduct material

Medical X-ray procedures are performed to directly benefit the patient. 
Note that limits have not been established for how much dose a patient 
may receive. The regulations properly leave this matter up to the 
discretion of physicians.



 Think ALARA
 Stay out of the direct radiation beam
 Maintain adequate distance between yourself 

and the patient
 Limit the amount of time you are near the 

radiation source
 Use localized shielding 
 Ensure the C-Arm is positioned correctly
 Wear your lead and dosimeter correctly
 Limit the dose to your patient

• Your dose is proportional to the patient dose!
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