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Radiation Health Effects 

• Stochastic Effects 

– Carcinogenesis 

– Mutations 

– Teratogenesis 

• Deterministic Effects 

– Erythema 

– Cataracts 
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Lifetime Attributable Risk  

10 mGy in 1,000,000 exposed persons 
(Based on BEIR VII Phase 2, 2006) 



Regulations 

• NRC vs Agreement State 

• Federal Regulations 

– 10 CFR 20 (Standards for Radiation Protection 

– 10 CFR 35 (Medical Use of By-Product 

Material) 

 

http://www.nrc.gov/reading-rm/doc-collections/cfr 



NRC NUREG Guides 

• NUREG 1516 (Management of Radioactive 

Material Safety Programs at Medical 

Facilities) 

• NUREG 1556, Vol. 9, rev. 2 (Consolidated 

Guidance about Materials Licenses: 

Program specific guidance about medical 

use licenses) 

http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/ 



Annual Dose Limits 

• Whole body (external + internal) : 50 mSv (5 rem) 

• Lens of eye:      150 mSv (15 rem) 

• Skin & extremities:    500 mSv (50 rem) 

• Individual Organs:   500 mSv (50 rem) 

• Fetus*:       5 mSv (0.5 rem) 

• General Public:   1 mSv (0.1 rem) 

 
*For a declared pregnant worker 



131I Release Criteria (10 CFR 35.75) 
§ 35.75 Release of individuals containing unsealed byproduct 

material or implants containing byproduct material. 

(a) A licensee may authorize the release from its control of any 

individual who has been administered unsealed byproduct material or 

implants containing byproduct material if the total effective dose 

equivalent to any other individual from exposure to the released 

individual is not likely to exceed 5 mSv (0.5 rem).1 

(b) A licensee shall provide the released individual, or the individual's 

parent or guardian, with instructions, including written instructions, 

on actions recommended to maintain doses to other individuals as 

low as is reasonably achievable if the total effective dose equivalent 

to any other individual is likely to exceed 1 mSv (0.1 rem). 

 

 1 The current revision of NUREG–1556, Vol. 9, describes methods 

for calculating doses to other individuals and contains tables of 

activities not likely to cause doses exceeding 5 mSv (0.5 rem). 

http://www.nrc.gov/reading-rm/doc-collections/cfr/part035/part035-0075.html
http://www.nrc.gov/reading-rm/doc-collections/cfr/part035/part035-0075.html


Setting Up Your NM Lab 

• Hot Lab 

• Imaging Lab 

• Other Rooms 

• Posting 



Hot Lab 

• Place were radioactivity is stored and 

patient doses are prepared 

– Locking Door (Combination Lock) 

– L Block 

– Dose Calibrator 

– Well Counter 

– Survey Meter 

– Calibration Sources 

– Shielded Sharps Container 



Hot Lab 



Dose Calibrator 

• Cylindrical ion chamber 
running in current mode 
with the current calibrated 
to activity (mCi or MBq) 

• Used to assay patient 
administered activities 

• Quality control according 
to national standards or 
manufacturer’s 
specifications 



Dose Calibrator QC 

• Geometry  

• Accuracy 

• Linearity 

• Constancy 

 



Geometry Calibration: 

• Tests the geometry dependence of the Dose 

Calibrator. 

• Common syringes and vials are tested at 

various heights in the chamber. 

• Done at installation of the Dose Calibrator 

and whenever the unit is moved. 

• Correction needed if outside 10% 



Accuracy Calibration: 

• Used to test the accuracy of responses to 
given settings for different nuclides. 

• Must use at least two different NIST 
traceable calibration sources with activity 
greater than 50 uCi and different nuclides. 

• Done at installation and every 12 months 
thereafter. 

• Cannot use if outside 10% 



Linearity Calibration: 

• Tests the response of the Dose Calibrator and 

different activities. 

• Several points must be tested from 10 uCi up to 

the highest dose to be assayed. 

• Cannot assay doses above the highest tested with 

the Linearity. 

• Done at installation and every 3 months thereafter. 

• Correction needed if  > 10% variation 



Constancy Calibration: 

• Tests the relative response of the Dose 
Calibrator to a dedicated check source. 

• Usually done for several settings. 

• Done at the beginning of each day of use. 

• Response of the Dose Calibrator is 
compared to historical behavior of the unit. 

• Cannot use if outside 10% 



Well Counter 

 

 

•Sodium Iodide cylindrical 

counter for assaying nCi levels 

•Use to evaluate wipe tests from 

•Radioactive packages 

•Weekly surveys 

•Sealed sources 

•QC not regulated 

•Energy calibration 

•Sensitivity (MDA) 

•Chi Square 



Dose Calibrator vs Well Counter 

• Dose Calibrator 

– Gas filled 

ionization chamber 

– Current Mode 

– 10 μCi – 1 Ci 

– Used to assay 

activity in vials and 

syringes 

• Well Counter 

– Solid scintillating 

crystal 

– Pulse mode 

– Less than 0.5 μCi  

– Used for wipe tests 

and biological 

samples 



Dose Calibrator vs Well Counter 

Dose Calibrator                                    Well Counter 



Geiger Müller Survey Meter 

• Gas filled detector 

• Sensitive to small levels 
of contamination 

• Used for 

– Package surveys 

– Daily area surveys 

– Hands and clothes 

• Calibrated Annually 



Ion Chamber Survey Meter 

• Gas detector operating in 

current mode 

• Measures exposure rate in 

mR/hr or air KERMA in 

μGy/hr 

• Used to monitor exposure 

rate in work areas or the 

from a I-131 patient prior to 

release 



Calibration Sources 

• Dose Calibrator (2 sources available for 
accuracy) 

– 57Co (5 mCi, T1/2 = 270 d) 

– 137Cs (0.2 mCi, T1/2 = 30 y) 

• Well Counter 

– 137Cs (0.2 μCi) 

• Survey Meter 

– 137Cs, below allowable limit 



• Inventory – semi-annually 

• Wipe test for removable activity 

– Semi-annually 

– Less than 5x10-3 μCi 

Calibration Sources 



Container for Radioactive Sharps 

• Need to store sharps until no 

longer radioactive 

• Measure with a survey meter and 

assure not above background 

(>10 T1/2s) 

• Remove or obliterate any 

radioactive symbols 

• Discard in regular trash 



Hot Lab 



Imaging Room 

• Gamma camera 

• Computer 

• Quality Control 

Program 



Other Rooms 

• Injection Room 

• Stress Lab 

• Reception and waiting area 



Posting 

• Caution, Radioactive Materials 

• Radiation Area 

• NRC Notice to Employees 

• Emergency Phone Numbers of RSO 

• Spill instructions 



Caution, Radioactive Materials 

• Posted if amounts of radioactivity used or 

stored are more than 10 times amount listed 

in Appendix C of 10 CFR 20 

 

 

•99mTc - 10 mCi 

•123I - 1 mCi 

•131I - 10 μCi 

•67Ga -  10 mCi 

 

•137Cs - 100 μCi 

•57Co - 1 mCi 

•111In - 1 mCi 

•201Tl - 10 mCi 

Probably a good idea to post all areas where radioactivity 

is stored or handled, i.e. hot lab, imaging room, injection 

room, stress room. 



Radiation Area 

• An area where an individual could receive more 

than 5 mrem in 1 hr at 30 cm (10CFR 20) 

• Area need not be posted if exposure is from a 

patient 

• Consider posting hot lab and perhaps imaging 

room when imaging a phantom leading to more 

than 5 mrem per hour 





Accepting Packages of  

Radioactive Materials 

• Note DOT labeling 

– White I (0.5 mR/hr at surface, 0 mR/hr at 1 m) 

– Yellow II (50 mR/hr at surface, 1 mR/hr at 1 m) 

– Yellow III (200 mR/hr at surface, 10 mR/hr at 1 m) 

• Monitor with survey meter 

– 200 mR/hr at surface, 10 mR/hr at 1 m 

• Wipe test for removable activity 

– 2200 dpm (10-3 μCi) over 100 cm2 



Administering Radioactivity 

• From a multi-dose vial or unit dose syringe? 

• If from multi-dose vial or activity in syringe 
is altered, need to assay dose in dose 
calibrator 

• Patient Dose Log 
– Date 

– Patient’s Name 

– Administered Activity 

– Technologist’s initials 



Workspace Radiation Control 

• Daily surveys with a meter 

• Weekly wipe surveys 

• Spill instructions 



Daily Surveys 



• Measure background exposure on survey meter 

• Record survey meter readings for each 

designated point on the room schematic 

• Action level must be established  

– 0.1 mrem/hr in unrestricted areas 

– 5.0 mrem/hr in restricted areas 

Daily Surveys 



Daily Surveys 



Weekly Wipe Surveys 

• To evaluate the level of removable 
radioactivity 

• Use filter paper to monitor surfaces where 
radioactivity has been handled. 

• Survey 100 cm2 area with each wipe 

• Action Levels must be established 

– 2200 dpm for 123I/131I 

– 22000 dpm for 99mTc 

Note:  Some states may be eliminating the need for weekly wipes in NM 



Spill Instructions 



Spill Instructions 



Spill Instructions 



Spill Instructions 



Personnel Radiation Safety 

• Personnel dosimeters 

• ALARA Levels 

• Time -  distance - shielding 

• Good lab practices 

• Pregnant worker 



Personnel Dosimeters 

• All personnel who may receive 
10% of the maximum 
permissible dose (MPD) need to 
be monitored 

• Ring badges needed for those 
who manually handle 
radioactivity 

 



ALARA Levels 

• “As Low As Reasonably Achievable” 

• Need to set ALARA trigger levels 

– ALARA 1 (2.5% of MPD per quarter) 

– ALARA 2 (10% of MPD per quarter) 



How do we reduce our exposure? 

• Time  

– Minimize time near source 

• Distance 

– Maximize distance from source 

• Shielding 

– Use shielding when appropriate 



Time 

• Dry run 

• Rotate staff 

• Obtain and maintain IV 

• Reduce time next to pt. 

• Practice makes perfect 

• Facility design 



Exposure Rate Constants 

Radionuclide ERC (R/hr/mCi at 1 cm) 

Fluorine-18 6.0 

Indium-111 3.4 

Gallium-67 1.1 

Technetium-99m 0.6 

Thallium-201 0.4 



Exposure Rates 

Radionuclide Admin. Act. 

(mCi) 

Exp. Rate 

(mR/hr at 1 m) 

Fluorine-18 12.0 4.0 

Technetium-99m 30.0 0.6 

Gallium-67 10.0 0.4 

Indium-111 0.5 0.06 

Thallium-201 4.0 0.05 



Exposure Rate Constant  

(R-cm2)/(mCi-hr) 

5.7 for 18F and 0.60 for 99mTc 

Exposure Rate vs Distance

(10 YO 1 Hour Post Admin)
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FDG PET 

1.87 0.47 0.21 

Exposure rates (mR/hr) 1 hr post injection of 4.5 mCi in 10 YO 

Total exposure for uptake and scan at 1 m 

0.77, 1.48, 2.46 mR, for 1, 5, 10 YO, respectively 





Photon Energy & Shielding 

for Lead 

Radionuclide TVL (mm) 

Fluorine-18 13.7 

Gallium-67 4.7 

Indium-111 2.2 

Technetium-99m 0.9 

Thallium-201 0.9 



Shielding 

Mobile Shields 
Syringe Shields (Tungsten 

and Lead Glass) 



Hot Lab 



Shielding Doses 



Good Lab Practices 



Good Lab Practices 



Good Lab Practices 



Things NOT To Do in the Lab 

•Don’t Drink 

•Don’t Eat 

•Don’t Smoke 

•No cosmetics 

•Don’t visit in the hot lab 



Good Lab Practices 

•Wear proper PPE 

•Cover work surfaces 

•Use correct pipetting technique 

•Wash & check hands frequently 



Dose Limit to Embryo/Fetus 
 

•The NRC requires that the dose equivalent to an 

embryo/fetus of an occupational exposed declared 

pregnant woman not exceed 0.5 rem (5 mSv) 

 

•Effort shall be made to keep the exposure at a 

uniform monthly rate. The NCRP recommends less 

than 0.05 rem per month). 



Declared Pregnant Woman 

   

• Means a woman who has voluntarily informed 

the licensee, in writing, of her pregnancy and 

the estimated date of conception 

• A licensee is required to keep the dose to the  

 embryo/fetus of a declared pregnant woman 

below 0.5 rem (5 mSv) 

 

   

   



New from snmmi.org/dose!! 

• snmmi.org/pedactivitytool 

– Provides recommended admin activity for 

children of different sizes 

• snmmi.org/dosetool 

– Provides estimates of effective dose and critical 

organ dose.  Also fetal dose for pregnant 

patients 



Questions? 


