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Introduction 
This presentation covers the following topics: 
  Settings in which x-ray exposures may occur 

  How to minimize your radiation exposure 

   How to manage patient radiation exposure  

  Typical radiation doses and regulatory limits 

  Instructions for personnel in the radiation monitoring program 

   Pregnancy & radiation exposure   

   Potential biological effects from radiation exposure, and 

  Radiation Safety Office contact information 



UTHSC-H Residency and Fellowship 
Programs 

 Anesthesiology 
 Cardiovascular & Thoracic 

Surgery 
 Dermatology 
 Diagnostic & Interventional 

Imaging (Radiology) 
 Emergency Medicine 
 Internal Medicine 
 Neurological Surgery 
 Neurology 
 Obstetrics & Gynecology 

 Ophthalmology 
 Orthopedic Surgery 
 Otolaryngology 
 Pathology 
 Pediatrics 
 Physical Medicine & Rehab 
 Preventive Medicine 
 Psychiatry 
 Surgery 
 Transitional Year 



UTHSC-H Programs Where Residents and 
Fellows Work in Radiation-Producing 

Environments (in bold) 
 Anesthesiology 
 Cardiovascular & Thoracic 

Surgery 
 Dermatology 
 Diagnostic & Interventional 

Imaging (Radiology) 
 Emergency Medicine 
 Family Medicine 
 Internal Medicine 
 Neurological Surgery 
 Neurology 
 Obstetrics & Gynecology 

 Ophthalmology 
 Orthopedic Surgery 
 Otolaryngology 
 Pathology 
 Pediatrics 
 Physical Medicine & 

Rehab 
 Preventive Medicine 
 Psychiatry 
 Surgery 
 Transitional Year 



Radiation Monitoring 

 In settings where radiation sources may be encountered and 
historical data indicate that occupational doses are not likely to 
exceed 10% of the regulatory limit, periodic monitoring is 
performed to ensure that these trends continue. 
 

 Personal radiation monitoring is required in settings where x-ray 
exposures are likely to be in excess of 10% of the annual limit, as 
determined by the nature of an individual’s working conditions.  
 



UTHSC-H Residency and Fellowship 
Programs With Possible X-ray Exposures 
in Excess of 10% of the Limit (in purple) 

 Anesthesiology 
 Cardiovascular & Thoracic 

Surgery 
 Dermatology 
 Diagnostic & 

Interventional Imaging 
 Emergency Medicine 
 Family Medicine 
 Internal Medicine(1) 

 Neurological Surgery 
 Neurology 
 Obstetrics & Gynecology 

 Ophthalmology 
 Orthopedic Surgery 
 Otolaryngology 
 Pathology 
 Pediatrics 
 Physical Medicine & 

Rehab 
 Preventive Medicine 
 Psychiatry 
 Surgery 
 Transitional Year 

(1) Specifically cardiology catheterization and nuclear cardiology 



Many UTHSC-H Residency and Fellowship 
Programs Will Place You in Settings Where You 

Will Be Exposed to Radiation 

 Radiation use is very prevalent throughout hospitals 
 Many steps have been taken to keep exposures to 

personnel at a minimum 
 You are required to understand the nature of this use, 

how to keep exposures under limits, and how to 
maximize a healthy working environment. 

 For all personnel the rule is to keep exposures ALARA: 
i.e., keep exposures As Low As Reasonably Achievable. 

 ALARA means that you must learn how to professionally 
execute your duties while responsibly managing yours 
and minimizing others’ radiation exposures. 
 

 



Remember These Key Points To Keep 
Machine-Produced Exposures To a 
Minimum 

 For machine-produced X rays, 
radiation emanates primarily from 
the area of the patient that is 
undergoing examination 

 A secondary source of much 
lower intensity is radiation 
escaping through the x-ray tube 
housing.  

 Machine-produced X-ray radiation 
exists only when the exposure 
switch is activated 
 

Patient 



Remember These Key Points To Keep 
Exposure To Everyone at a Minimum 

 Time 
 Physicians operating x-ray equipment 

should keep the x-ray “beam-on time” to 
the minimum necessary. 
 

 Personnel should limit the time they 
spend in unshielded environments to that 
which is necessary to complete their job 
properly. 



Minimizing Radiation Exposure 

 Distance 
 
 

 To the extent consistent with appropriate medical 
care, maximize the distance between you and the 
area of the patient that is actively being x rayed. 



Minimizing Radiation Exposure 

100 units 25 units 11 units 

2’ 
4’ 

6’ Distance 

Radiation source 

How distance from source corresponds to drop off in radiation exposure intensity 



Minimizing Radiation Exposure 

Reduce your radiation exposure by stepping back 
from the scanning ring. The lines below show how 
distance can minimize radiation exposure. 

Distance in a CT Room 



Minimizing Radiation Exposure 

 Shielding 

 X rays are easily shielded 
by a thin layer of dense 
material, like lead. 

 Protective aprons and 
leaded glass barriers in 
diagnostic radiology block 
most (~90% - 99%) of the 
radiation. 



Minimizing Exposure 
Combining the use of 

 
 Least Time 

 
 Greatest distance 

 
 Good shielding 

 
= ALARA 



Radiation Dose - Regulatory Limits 

Target Tissue Annual Limit (millirem*) 

Whole Body 5,000 

Extremity 50,000 

 Individual Organ  50,000 

Lens of the eye 15,000 

Embryo / Fetus 500 for gestation 
 

The Texas Department of State Health 
Services requires that occupational radiation 
exposures not exceed the following: 

*A miilirem is a small unit of radiation exposure, about what everyone gets everyday from naturally existing 
radiation in the environment. 



Sample Dosimeter Readings 
(Average Annual Employee Exposures) 

Work Group 

Collar Badge 
(radiation 

monitor) Reading 
(millirem) 

Assigned Whole 
Body Radiation 

Dose 

(millirem) 
Interventional 

Radiologists or 
Cardiologists 

2000 600* 

OR  X-ray 
Technologists 500 500 

ER  Nurses 100 100 

Anesthesiologists <100 <100 

*Assigned whole-body dose is lower than dose measured at collar for these workers because they 
wear a lead apron during procedures and dosimeter only monitors dose to unprotected area. 



Patient Dose 
Medical X-rays require a prescription 

from a physician 
 All medically ordered X-rays must be 

justified by medical need 
No regulatory dose limits exist for 

patients (physicians are expected to use only what is 
necessary for medical purposes) 

Order only those x-ray studies 
necessary to achieve clinical benefit 



Range of Patient Effective 
Doses 

Examination 

Dose 
(millirem) 

from 
Radiography 

Dose (millirem) 
from Computed 

Tomography 

Chest 10 700 

Abdomen 150 800 

Chest/Abdomen/Pelvis 220 1800 

Head 10 200 



Natural and Manmade  
“Background” Radiation 

Radon
37%

Internal Emitters
6%

Terrestrial
5%

Cosmic
4%

Consumer 
Products

2%

Other Man-made 
sources 

3%
Computed 

Tomography
24%

Medical 
Radionuclides

13%
Interventional 
Fluoroscopy

6%

Diagnostic Imaging
5%

National Annual  Average Exposure is 625 mrem 

Note: Medical procedures are not occupational but exposures as a patient. 



Personnel Monitoring 

Radiation dosimetry (e.g., 
whole body badge and/or finger 
ring) is provided to individuals 
who are likely to receive an 
exposure greater than 10% of 
the annual limit. 
 

The badge results are reviewed 
by Radiation Safety to ensure 
that radiation exposures are as 
low as reasonably achievable 
(ALARA). 
 



Personnel Monitoring 
Collar & Waist Badges 

  



Personnel Monitoring 
Collar & Waist Badges 

  



Personnel Monitoring 
If you are enrolled in the 
personnel monitoring 
program, you must: 
1. Wear your collar badge near the 

neck outside any protective apron 

2. Wear any specially assigned 
abdomen badge at the waist under 
any protective apron  

3. Store your badge away from 
radiation sources when not in use. 

4. If something happens to your 
badge (lost, the dog ate it), contact 
Radiation Safety 713-500-5840 

Where should you wear your 
collar badge? 

At the collar 
& 

outside a lead apron 



Personnel Monitoring 

 The timely return of radiation dosimeters assures prompt 
processing 

 Dosimetry results are reviewed frequently by Radiation Safety 
staff to monitor trends and work practices. If dose anomalies or 
abnormal readings are found, you will be contacted 

 You can review your dosimetry results personally by contacting 
Radiation Safety at 713 500 5840  

 If you are not in the program and believe you should be, contact 
Radiation Safety 

 
 



Dose Records Example 



ALARA Program Review for 
Residents, Fellows & Faculty at 
Hermann Hospital 

UTHSC-H levels to initiate ALARA investigation to ensure doses 
as low as reasonably achievable (ALARA), doses in mrem 

 
 
 
 
 
 
 
‡Cardiology & Diagnostic faculty, fellows, and residents have 0.3 “EDE2” correction 

applied for dosimeter worn outside of lead apron 

 

Deep Dose 
(DDE) 

Eye Dose 
(LDE) 

Shallow 
Dose (SDE) 

General ALARA Level 125 per 
month 

375 per 
month 

1,250 per 
month 

Cardiology & Diagnostic  
Faculty,  Fellows  & Residents 

Using X-rays‡ ALARA Level 

500 per 
month 

1,500 per 
month 

5,000 per 
month 



How to Obtain 
a Badge… 

 Fill out form (RS-03) 

http://www.uthouston.edu/safety/radiation-safety/dosimetry-service.htm 



Biological Effects 
 Stochastic effects are the principal hazard from 

diagnostic x-rays. 

 With a stochastic effect, the probability that the 
effect will occur increases with dose (more dose, 
higher risk).  Minimizing dose minimizes the risk 
of occurrence of stochastic effects. 

 Examples of stochastic effects are cancer and 
genetic defects. 

 Cancer risk is ~ 0.00008% per millirem effective 
dose. 



If I receive a radiation dose that is 
within occupational limits, will it cause 
me to get cancer? 

Unlikely. The risk of cancer from doses at or below 
the occupational limits is considered acceptably low 
and can be minimized only by professionally keeping 
your exposure ALARA. 
The risk at low doses is so low that scientific 
investigation has never conclusively demonstrated 
that there is or is not a slight risk. For the sake of 
safety, common practice is to assume that even small 
doses have some chance of causing cancer – thus 
ALARA is our theme.  



Biological Effects 
 Deterministic effects are effects where there is a 

threshold or minimum dose necessary before the 
effect occurs. 

 Once the threshold is achieved, the severity of the 
injury increases as the dose increases. 

 Thresholds for occurrence in millirem: 
 Cataracts    100000 (to lens of eye only)  
 Hair loss    300000 (to scalp only)  
 Skin erythema  600000 (local to skin only) 
 Death    ~200000 (whole body to a    

       few folks who are very sensitive ) 

 



Pregnancy & Radiation Exposure 
 The State of Texas requires exposure to the embryo/fetus of 

a declared pregnant worker be kept below 500 millirem. 
 Early disclosure of pregnancy to the supervisor is 

encouraged, but not required. 
 After a pregnant employee officially declares her pregnancy 

in writing to the Radiation Safety Office, an exposure history 
is conducted and extra precautions may be implemented. 

 If the pregnant employee wishes to informally notify the 
Radiation Safety Office, the same safety review and 
necessary added precautions will be implemented. 
 

 
 http://www.uthouston.edu/safety/radiation-

safety/Pregnant%20Employees%20Guide%20to%20Radiation.htm  

http://www.uthouston.edu/safety/radiation-safety/Pregnant Employees Guide to Radiation.htm�
http://www.uthouston.edu/safety/radiation-safety/Pregnant Employees Guide to Radiation.htm�
http://www.uthouston.edu/safety/radiation-safety/Pregnant Employees Guide to Radiation.htm�


 



 



Declared Pregnancy 

When you contact RSP regarding your pregnancy, 
RSP will schedule a confidential meeting to: 
 Review the risks associated with prenatal exposures 

and methods to minimize risks 
 Review previous personnel monitoring results 
 Review exposure limits 
 Discuss the NRC Regulatory Guide 8.13 
 Provide an opportunity for questions  
 Provide additional monitoring if appropriate 
 Assist you in completing the written declaration 



Probability of Radiation 
Effects for the Embryo/Fetus* 

Embryo/Fetus Dose 
(millirem) above 

natural background 

Estimated 
probability of no 

malformation 

Estimated 
probability of no 
childhood cancer 

0 97 99.7 

100 97 99.7 

500 
(embryo/fetus limit) 

97 99.7 

1000 97 99.6 

5000 
(occupational limit) 

97 99.4 

*Source: International Commission on Radiological Protection. Publication 84: Pregnancy and Medical Radiation, p38, 2000. 



Radiation Safety Permits in Texas 

 Permits for radioactive material or x-rays are 
with Texas Department of State Health 
Services Radiation Control 

 Applicable Rules -  25 TAC §289 
http://www.dshs.state.tx.us/radiation/rules.shtm  
 Notice to Employees 25§289.203 

 Each institution maintains applicable radiation 
safety manuals, operating & safety 
procedures, etc. 

http://www.dshs.state.tx.us/radiation/rules.shtm�


Radiation Safety Office UTHSC-H 

 Radiation Safety Website 
http://www.uthouston.edu/safety/radiation-safety/ 
 Forms is the repository for standard forms (e.g., 

pregnancy declaration, training & experience) 
 Policies lists the basic radiation safety policies 

 Office Phone Number: 713 500 5840 
 

 Radiation Emergency: 713 500 8100 or  911 
 

http://www.uthouston.edu/safety/radiation-safety/�


For more information: 

 
 Radiation Answers by the Health 

Physics Society 
 http://www.radiationanswers.org/  

 
 Image Gently Campaign 

 http://www.asrt.org/patients/image-gently  

 
 American College of Radiology 

 http://www.acr.org/  

http://www.radiationanswers.org/�
http://www.asrt.org/patients/image-gently�
http://www.acr.org/�
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