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High absorbed energy per unit mass 

Many ionizations per unit mass 

Increased risk of biological damage 

ENERGY ABSORPTION 
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Absorbed Dose 

Absorbed energy per mass unit 

 

1 Gy (gray)=1 J/kg 
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Louis Harold Gray 

(1905-1965) 



Nuclear Medicine  Part 2: Radiation Physics 6 

Absorbed Dose 
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1 Gy is a relatively large quantity 

 Radiotherapy doses > 1Gy 

 Absorbed dose from nuclear medicine 

examination is typically 0.05-0.001Gy 

 Annual background radiation due to 

natural radiation (terrestic, cosmic, due 

to internal radioactivity, radon,…) about 

0.002-0.004 Gy 
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He = wr * D 
 

D: absorbed dose (Gy),  wr : radiation weighting factor (1-20) 

 

Heff=wT*He 
 

He: equivalent dose (Sv), wT: tissue weighting factor (0.01-0.12) 

Unit: 1 Sv (sievert) 

Equivalent & Effective Dose 



Nuclear Medicine  Part 2: Radiation Physics 9 

Rolf Maksimilian Sievert 

(1896-1966) 
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Equivalent Dose 
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Equivalent Dose 
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Effective Dose 
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Effective Dose 
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Effective Dose 
E w HT

T
T 

Tissue or organ Tissue Weighting factor 
Gonads    0.20 / 0.08 

Bone marrow (red)   0.12 

Colon    0.12 

Lung    0.12 

Stomach    0.12 

Bladder    0.05 / 0.04 

Breast    0.05 

Liver    0.05 / 0.04 

Oesophagus   0.05 / 0.04 

Thyroid    0.01 / 0.04 

Bone surface   0.01 

Remainder (adrenals, kidney, muscle, 0.05 / 0.12 

upper large intestine, small intestine, 

pancreas, spleen, thymus, uterus, brain 0.01) 
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Effective Dose (mSv) 

0.01 

0.1 

1 

10 

cardioangiography                     thyroid  I-131 

CT pelvis    myocard  Tl-201 

large intestine 

CT abdomen   CBF   Tc-99m 

urography    thyroid  I-123 

lumbar spine   bone   Tc-99m 

     thyroid  Tc-99m 

     liver   Tc-99m 

     lung   Tc-99m 

chest     renography  I-131 

 

 

extremities 

     blood volume I-125 

dental     clearance  Cr-51 

X-ray                                              Nuclear medicine 



Nuclear Medicine  

Effective Dose (mSv) 

http://www.imagewisely.org/imaging-modalities/nuclear-medicine/articles/ct-protocol-selection 
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Protection from what? 

 Unnecessary examination or treatment 

(justification) 

 Unnecessary exposure (optimization) 

 Inadequate examination or treatment, which 

can lead to incorrect or incomplete diagnosis 

or therapy (optimization) 
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MEDICAL EXPOSURE 

DEFINITION 
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MEDICAL EXPOSURE 

DEFINITION 
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MEDICAL EXPOSURE 
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PLANNED MEDICAL EXPOSURE SITUATIONS 
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PLANNED MEDICAL EXPOSURE SITUATIONS 
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Medical objective            Medical exposure 

PLANNED MEDICAL EXPOSURE SITUATIONS 
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BREASTFEEDING 

PLANNED MEDICAL EXPOSURE SITUATIONS 
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PREGNANCY AFTER THERAPY 

Radiopharmaceutical             All activities             Avoid pregnancy 

          up to (MBq)                 (months) 

Au-198 colloid   10000         2 

I-131 iodide (thyroid ca)    5000         4 

I-131 iodide (thyrotoxicosis)     800         4 

I-131 MIBG       5000         4 

P-32 phosphate          200         3 

Sr-89 chloride          150       24 

Y-90 colloid (arthritic joints)     400         0 

Y-90 colloid (malignancy)    4000         1 
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Shall the patient be hospitalized? 

Can the patient leave? Any restrictions? 

PLANNED MEDICAL EXPOSURE SITUATIONS 
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Exposures from patient 

1000 MBq 

I-131 

0     0.5           1                           2 m 

0.5    0.1      0.06             0.03 mSv/h 

         Contamination                                   External 

 

          saliva 

          perspiration 

          breath 

          urine 
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 The patient should be kept at 

least 2h, and if possible one day 

in the hospital. 

 In the case of cancer treatment, 

the patient should generally be 

hospitalized for several days. 

 In all cases, the dose rate at 1 m 

from the patient should be down 

to an acceptable level 

established by the RPC. 

Therapy Patient 

I-131 
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HOSPITALIZATION OR NOT 
                   I-131 

 

 

1100 MBq             stay in hospital 

 

                                 stay in hospital or 

            discharged with individual restrictions 

600 MBq               

 

      

            discharged with individual restrictions 

 

150 MBq 

 

                              discharged, general  restrictions 
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OCCUPATIONAL EXPOSURE 

DEFINITION 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 



Nuclear Medicine  Part 5. Occupational Protection 40 

PLANNED EXPOSURE SITUATIONS 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 



Nuclear Medicine  Part 5. Occupational Protection 42 

Personal 
(effective dose, extremity dose & contamination) 

 

Workplace 
(external dose rate & contamination) 

MONITORING 
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Individual monitoring 

 control of radiation exposure 

 assessment of optimization 
principle 

 identifies high doses 

 assessment of working practices 
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WHO SHOULD BE MONITORED? 

Those who are working with preparation and 

administration of radiopharmaceuticals and those 

who are performing patient examinations and quality 

control of the equipment such as: 

 

Nuclear medicine specialist 

Nuclear medicine technicians 

Medical physicist 

…and more? 

 

Category A & B workers? Who should decide? 
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• film 

• termoluminescence 
 dosemeters (TLD) 

• electronic” dosemeters 

Different types of personal 

dosemeters for monitoring 

external exposure 
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MONITORING OF THYROID 

(internal contamination) 
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WHOLE BODY MONITORING 

(contamination) 

Whole-body counter or gamma camera without collimator can be used 
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EXPOSURE OF THE 

WORKER 

The monitored effective dose for workers in a nuclear 

medicine department is about 3-5 mSv per year. The  

extremity dose (fingers) is about 10 times higher. 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 
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EXPOSURES IN NUCLEAR MEDICINE 

Internal 

Ingested and/or inhaled 

radionuclides 

 

 

External 

Vials, syringes, patients… 
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Unpacking radioactive material 

Activity measurements 

Storage of sources 

Internal transports of sources 

Preparation of radiopharmaceuticals 

Administration 

Examination of the patient 

Care of the radioactive patient 

Handling of radioactive waste 

Accidents 

Exposure of the worker 
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•spills 

•improper administration 

•experimental work with animals 

•emergency surgery of a therapy patient 

•autopsy of a therapy patient 

Contamination of the worker 
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0 

0,5 

1 

1,5 

2 

2,5 

Dispensing Injection Examination 

D
o

s
e
 (

u
S

v
) 

Bone scan 

400 MBq, Tc-99m 

Dose to worker 
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Radiation Protection Measures 

•Time 

•Distance 

•Shielding 
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Time 
Dose  is proportional to 

the time exposed 

Dose  = Dose-rate x Time 
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Distance 

distance 

d
o

s
e

-r
a

te
 

Dose-rate    1/(distance)2 

Inverse square law (ISL): 



Nuclear Medicine  Part 5. Occupational Protection 57 

Patient with iodine-131 

1000 MBq 

I-131 

0     0.5           1                           2 m 

0.5    0.1      0.06             0.03 mSv/h 
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Shielding 

incident  

radiation transmitted  

radiation 

Barrier thickness 
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Shielding 

Bench top shield 

Vial shields 

Syringe shields 
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SHIELDING OF SOURCES 
Factors affecting the design: 

 

•radionuclide 

•activity 

•shielding material 
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SHIELDING IN PET 

Biodex Medical 

Protection against high energy 

photons requires lead shield of 

significant thickness (cm) 
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STRUCTURAL SHIELDING 

Patient with I-131 

D mSv/h 0.3 mSv/procedure 

Distance d 

Ordinary patient 

The absorbed dose is determined by factors such as: 

•source strength; 

•length of exposure; 

•distance from the source; 

•transmission through the protective barrier. 
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PROTECTIVE CLOTHING 

Appropriate clothing should as a minimum include 

lab coat and gloves.National regulations may require 

more. 
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Safety equipment needed depends 

on the type of work 

Safety equipment: 

•protective clothing 

•contamination monitor 

•shields 

•forceps, tongs 

Example unpacking: 

•check for damage 

•check for contamination 

•check the content 

•check the activity 
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•Shields 

•Protective clothing 

•Tools for remote handling 

  of radioactive material 

•Containers for radioactive waste 

•Dose rate monitor with alarm 

•Contamination monitor 

•Decontamination kit 

•Signs, labels and records 

SAFETY EQUIPMENT 
PREPARATION OF 

RADIOPHARMACEUTICALS 



Nuclear Medicine  Part 5. Occupational Protection 66 

ADMINISTRATION 

Syringe shield 

Gloves 

Lead apron? 

Absorbing pads 
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Vial Shield 

560 mGy/h 

1 mGy/h 

Tc-99m 

10 GBq 

10 ml 

2 mm lead 
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PATIENT EXAMINATION 

Movable shield 

Lead apron 
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To minimize contamination risks 
 

            - adopt clean operating conditions 

            - adopt good laboratory practices 

            - do not eat, smoke etc… 

            - use protective gloves and clothing 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 



Nuclear Medicine  Part 5. Occupational Protection 71 

CLASSIFICATION OF AREAS 

•Controlled area 

•Supervised area 
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…..display a warning symbol 
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…...appropriate instructions at access points 
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Monitoring instruments 
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EXAMPLE: MONITORING 

THERAPY WARD 

Area or item Initial 

(Bq/cm
2
) 

After cleaning 

(Bq/cm
2
) 

Toilet   

Washroom floor   

Sink and Faucets   

Shower   

Bed   

Armchair   

Bedroom floor   

TV/Telephone   

Bedside table   

Doorknobs   

Lamp switches   

   

   

 

Derived limit: 3 Bq/cm2 

 

METHODS 

• wipe test 

• area monitor 
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WIPE TEST 

Wipe a known surface area with an absorbent 

material moistened with water or alcohol. Put 

the sample in a tube and measure the activity  

in a well counter or a liquid scintillation counter. 

 

(cps-BG)/(Ec*Ew*A) = contamination (Bq/cm2) 

 

cps: counts per second for sample 

BG: instrument background 

Ec: counter efficiency (cps/Bq) 

Ew: swipe efficiency (assumed to be 0.1) 

A: area swiped (cm2) 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 
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PLANNED OCCUPATIONAL EXPOSURE SITUATIONS 



Part 12 

IAEA  Training Material on Radiation Protection in Nuclear Medicine 

 

Public Exposure 

Protection of the General Public 
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PUBLIC EXPOSURE 

DEFINITION 



Nuclear Medicine  Part 12. Protection of the general public 83 

Exposure of the general public 

 Contamination in/out-side department 

 Lost sources 

 Nuclear medicine patient 

 Visitors 

 Radioactive waste 

 Transportation of sources 
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PLANNED PUBLIC EXPOSURE SITUATIONS 
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PLANNED PUBLIC EXPOSURE SITUATIONS 
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PLANNED PUBLIC EXPOSURE SITUATIONS 
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PLANNED EXPOSURE SITUATIONS 



Nuclear Medicine  Part 5. Occupational Protection 88 

PLANNED PUBLIC EXPOSURE SITUATIONS 
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Layout of a  

nuclear medicine department 

From high to low activity 
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CLASSIFICATION OF AREAS 

•Controlled area 

•Supervised area 
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Patient areas 

• Separation of radioactive patients and other patients waiting is an 

  example of good practice, especially in a busy department.  

 

• Separate toilet room for the exclusive use of injected patients should   

  always be considered.  This patient washroom should not be used by  

  general public or hospital staff as it is likely that the floor, toilet seat  

  and sink faucet handles will be contaminated  

  frequently.   
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STRUCTURAL SHIELDING 

Patient with I-131 

D mSv/h 0.3 mSv/procedure 

Distance d 

General public 

The absorbed dose is determined by factors such as: 

• source strength; 

• length of exposure; 

• distance from the source; 

• transmission through the protective barrier. 
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• locked to prevent unauthorized use  

  and theft 

• warning sign 

• shielded to <2 uSv/h at 1m 

  (permanently occupied areas)  

  alternatively <20 uSv/h at 1 m 

  (temporarily occupied areas) 

• inventory record 

STORAGE OF SOURCES 
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The radioactive patient 
 Uncontrolled unsealed radioactive 

source that causes external 

exposure and contamination of the 

general public? 

YES! 
(after leaving the hospital) 
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The radioactive patient 

Keep the patient in the hospital 

Release the patient without any restrictions 

Release the patient with restrictions 

Exposure of general public  
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Transport Container 
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White-I Label 

< 5.0 Sv/h @ surface 

< 0.05 Sv/h @ 1.0 m 

  TI = 0 
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Yellow-II Label 

< 500 Sv/h, > 5 Sv/h 

    @ surface 

< 10 Sv/h @ 1.0 m 

  0  <  TI  <  1.0 
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Vehicle Placards 

 3 placards on vehicle 
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PLANNED PUBLIC EXPOSURE SITUATIONS 
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PLANNED PUBLIC EXPOSURE SITUATIONS 
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