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Math 

Chapter 3
Section 3- Radiation dose versus time

1.
If you are exposed for 50 minutes to a source that has an exposure rate at 3.0 mrem/hour, what will your total radiation dose be?


(3.0 mrem/hr)(0.83 hr) = 2.49 mrem.

2.
If a source has an exposure rate of 0.35 mrem/hr, what is the total radiation dose 
to a technologist who is exposed for 4 hours?


0.35 mrem/hr x 4 hr = 1.4 mrem
3.
(a)   What is the total radiation dose for a technologist who is exposed for 11 minutes to a source with a dose rate of 5.8 mrem/hr?  (b)  What is the total radiation dose if the technologist cuts the exposure time to 6 minutes?

(a)  (5.8 mrem/hr)(0.183 hr) = 1.06 mrem

(b)  (5.8 mrem/hr)(0.1 hr) = 0.58 mrem
4.
An area of undetected contamination has an exposure rate of 3.2 mrem/hr.  What will be the total radiation to a technologist who works over the contamination for 90 minutes?

3.2 mrem/hr x 1.5 hr = 4.8 mrem
5.
A poorly shielded vial of I131 produces a radiation dose of 35 mrem/hr.  What is the total radiation dose to a technologist who works beside the source for (a) 10 minutes?  (b) 25 minutes?

(a)  (35 mrem/hr)(0.167 hr) = 5.85 mrem

(b)  (35 mrem/hr)(0.42 hr) = 14.7 mrem
6.
If exposure to a source results in a radiation dose of 16μSv/hr, what is the total radiation dose for a technologist who works next to the source for 2.5 hours?


16μSv/hr x 2.5 hr = 40μSv
7.
A technologist has worked for 6 minutes with a source that has a dose rate of 85 μSv?hr.  What is the total radiation dose for a technologist who works for 2.5 hours?


(85 μSv/hr)(0.1hr) = 8.5 μSv
8.
The department’s secretary sits at a desk that is placed next to the wall of the hot lab.  The Mo99/Tc99m generator that is stored on the opposite side of the wall from the desk is not sufficiently shielded.  The secretary is being exposed to a radiation dose of 1.5 mrem/hr.

What is her total radiation dose for:


(a)  an 8 hour work day - 1.5 mrem/hr. x 8 hr =  12 mrem

(b)  a 40 hour work week – 1.5 mrem/hr x 40 hr = 60 mrem

(c)  4 weeks at 40 hours per week – 1.5 mrem/hr. x 160 hr = 240 mrem
Section 4 – Radiation dose versus distance from source
1.
A radioactive source produces 160 mrem/hr at 1 meter.  What is the exposure rate at


3 meters?

I2= (160 mrem/hr)(1)2 =  18 mrem/hr


(3m)2

2.
If a source produces an exposure rate of 350 mrem/hr at 3 inches from the surface, what is the exposure rate at 36 inches?


350 mrem/hr =  (36 in)2     



I2  
   (3 in)2

I2  = 350 mrem/hr x 9 in2   = 2.4 mrem/hr


1296 in2
3.
What is the exposure rate from the source in Problem 2 at 6 feet from the surface?

I2 = (350 mrem/hr)(3 inches)2 = 0.6 mrem/hr


(72 inches)2
4.
If a technologist is exposed to a dose rate of  80 mrem/hr when standing 2 feet from a radioactive source, what will be the dose rate at 3 feet from the source?


Dose rate = 80 mrem/hr x 4ft2  =  36 mrem/hr



 9 ft2
5.
A radioactive source produces 20 mrem/hr at 1 foot.  How far away must a technologist stand to decrease the exposure rate to 2 mrem/hr?



(20 mrem/hr)(1 ft)2 = (2 mrem/hr)(d)2   


√(d)2 = (20 mrem)(1ft2)  ≈ 3 ft



(2 mrem/hr)


6.
If a source produces an exposure rate of 50 mrem/hr at 3 inches from the source, how far away must you stand  to reduce the exposure rate to 0.5 mrem/hr?


 (D2)2 =  50 mrem/hr x  (3 in)2  = 900 in2


    0.5 mrem/hr


  D2  =   √900 in2  =  30 in
7.
How far away must stand from the source in Problem 6 to decrease the exposure rate to 0.05 mrem/hr?


√(d)2 = (50 mrem/hr)(3in)2  = 95 inches 


(0.05 mrem/hr)

8 a.
If you work 1960 hours/year and intend to accumulate no more than 10% of  
the TEDE, what is the maximum average exposure rate in mrem/hour to which you should be exposed?

NRC 10CFR20 sets the (TEDE) total equivalent dose equivalent for occupationally exposed individuals as up to 5 rem/year (0.05 Sv)


10% of  TEDE =  (0.10)(5000 mrem/year)   = 0.26 mrem/hr




1960 hr

 b.
If you are standing 2 feet from a radiation source that is producing an exposure rate of         1.5 mrem/hr, how far must you move from the source to achieve the maximum average exposure which will allow you to maintain ALARA exposure levels?

ALARA suggested level is 10% of the TEDE.

(D2 )  =  (1.5 mrem/hr)(2 ft)2   =  √23 ft2 = 4.8 ft

            
0.26 mrem/hr   

9.
A radiopharmacist has an average exposure rate of 35 mrem/hr when not using long-handled tongs for placing doses and vials in a dose calibrator.  The source of radioactivity is 1 inch from the hand when tongs are not used.  What will the exposure rate be if 12 inch tongs are used?


I2 = (35 mrem/hr)(1inch)2 = 0.24 mrem/hr


(12 inch)2

10.
A sealed generator is place 12 inches from a wall bordering a public hallway.  If readings in the hallway show a person would receive an exposure rate of 3.5 mrem/hr, determine how far back the generator must be moved in order to comply with NRC regulations.


NRC 10CFR20 states that members of the public must not receive an exposure from external sources that exceeds 2 mrem in an hour when in an unrestricted area. – 2 mrem in any hour not       2 mrem per hour.


(D2) = (3.5 mrem/hr)(12 in)2
=  √252 in2 = 16 inches



2 mrem


Generator will have to be moved 16 inches from the wall.
11.
Weekend deliveries of a generator are made to a hot lab that opens on to a public hallway.  If the package produces a dose rate of 100 mrem/hr at 2 inches from the package surface, how far from the door must the package be placed when delivered?

D2 = (100 mrem/hr)(2 inches)2 =  √200 = 14 inches


(2 mrem/hr)

12.
A patient who has received a therapeutic dose of I131 is producing an exposure rate of            6 mrem/hr at 2 feet from the bedside.  In order to prevent visitors from receiving more than   2 mrem/hr, how far from the bedside must they remain?


D2  = (6 mrem/hr)(2 ft)2   =  √12 ft2 = 3.5 ft


2 mrem/hr
Section 5:  Radiation dose versus shielding
1.
A radioactive source produces an exposure rate of 15 mR/hr outside a HVL shield.  If an additional two half-values layers are added, what will the resultant exposure rate be?

(15 mR/hr)(.25) = 3.75 mR/hr
2.
An unshielded Tc99m vial is generating an exposure rate of 8850 mR/hr.  What will the exposure rate when the vial is placed in a shield with the thickness of 10 HVLs?

10 HVLs = 0.1% of 8850 mR/hr = 8.85 mR/hr
3.
A point source that gives an exposure rate of 0.05 mR/hr is stored in a lead pig that is 6 HVL thick.  What will be the exposure rate outside the shield?

(0.05 mR/hr)(0.016) = 0.0008 mR/hr
4.
The HVL of lead is 0.27 mm for Tc99m.  A dose generates 5300mR/hr before being shielded.  What will be the exposure rate after the dose is placed in a shield made with .90 mm of lead?


I = Ioe –(0.693)(x/HVL)


I =  5300 mR/hr e-(.693)(.90 mm/0.27 mm)  =  526 mR/hr
5.
A thicker shield is to be used for the above dose.  The shield is made of 3.8 mm lead.  What will be the exposure rate after shielding?

I = 5300 mR/hr e –(.693)(3.8mm/0.27) = 0.3 mR/hr
6.
A shielded dose of T1201 registers as 25 mR/hr on an ionization survey meter held 4 inches from the surface.  If the HVL for lead is 0.2 mm, what will be the reading at 4 inches after the shielded dose is placed in a lead pig constructed if 1.35 mm thick lead?

I  mR/hr = 25 mR/hr e-(.693)(1.35 mm/0.2 mm)  =  0.23 mR/hr
7.
A Mo99 generator produces 90 mR/hr at ½ meter away from the spot where technologists stand to prepare doses.  If lead bricks 9 cm thick are placed in front of the generator, what will be the new exposure rate at ½ meter?  The HVL of lead for Mo99 is 0.7 cm.

I = 90 mR/hr e –(0.693)(9 cm/ 0.7cm) = 0.012 mR/hr/hr
8.
A shielded vial of I131 gives a reading of 30 mR/hr at 1 meter.  If the vial is placed in a drawer lined with 5 mm of lead, what will the 1 meter exposure rate be?  The HVL of lead for I131 is 0.21 mm.


I mR/hr = 30mR/hr e-(.693)(5 mm/ 0.21 mm)  =  2.0 E-6
9.
A sealed Co57 dose calibrator source produces 0.15 mR/hr unshielded at 1 foot from the vial.  How many 0.2 mm HVLs must be placed in front of the source in order to decrease the exposure rate to the background level of 0.01 mR/hr?


0.01 mR/hr = 0.15 mR/hr e –(.693) (x / 0.2mm)


0.01 mR/hr  =  e –(.693) (x / 0.2mm)   = 0.067 mR/hr = e –(.693) (x / 0.2mm)   

0.15 mR/hr

ln0.067 mR/hr = ln e –(.693) (x / 0.2mm)   =  -2.7 mR/hr = -(.693)(x mm/ 0.2 mm)


x = (-2.7 mR/hr)(0.2 mm) = 0.78 mm lead
 

-0.693

10.
A Mo99 generator is located next to a wall shared by a public hallway.  The reading in the hallway is 6.4 mR/hr.  How much shielding must be added to decrease the exposure rate to 2 mR/hr?  The HVL for Mo99 is 0.7 cm of lead.


2 mR/hr = 6.4 mR/hr e-(0.693)(x / 0.7 cm)  

Isolate x:    2 mR/hr   = e-(0.693)(x cm / 0.7 cm)   

                 6.4 mR/hr



0.313 = e –(0.693)(x cm/0.7 cm)           ln 0.313 = ln e-(0.693)(x cm/0.7 cm)


-1.16 = -(0.693)(x/0.7)


x = (-1.16)(0.7)  =  1.2 cm of lead


-0.693

11.
A survey meter reading taken outside the shield surrounding a radionuclide storage area gives a reading of 12.8 mR/hr.  Only Tc99m is being stored.  The HVL for lead is 0.27 mm.  How many mm of lead must be added to bring the reading down to a background reading of 0.02 mR/hr?

0.02 mR/hr = 12.8 mR/hr e –(0.693)(x / 0.27 mm)  = 0.02mR/hr = e –(0.693)(x / 0.27 mm)  







  12.8 mR/hr



ln0.0016 mR/hr = lne –(0.693)(x / 0.27 mm)  = -6.46 = -(0.693)(x / 0.27)

x = (-6.46)(0.27) = 2.5 mm of lead


-(.693)
Section 6:  Effective half-life calculations from biological and physical half-lives

1.
Calculate the effective half-life for Tc99m albumin colloid using the following data:

Tp = 6 hours    Tb = 11 hours


Te = ( 6 hrs)(11 hrs)  =  3.9 hrs

       6hrs + 11 hrs
2.
When red blood cells are tagged in vitro with Tc99m, the majority have a biological half-life of 29 hours.  What is the effective half-life?  Tc99m  = 6 hours


Te = (6 hrs)(29 hrs) = 5 hrs

        6 hrs + 29 hrs

3.
With a physical half-life of 73 hours and a biological half-life of about 10 days, what is the effective half-life of T1201 thallous chloride?


Te = (73 hrs)(240 hrs) = 56 hrs

         73 hrs + 240 hrs

4.
The estimated biological half-life of Co57 vitamin B12 is 91 days.  If Tp = 270 days, what is the effective halflife?

Te = (91 days)(270 days) =  68 days

        270 days + 91 days
5.
About 17% of injected Ga67 gallium citrate is excreted from the body with a biological half-life of 30 hours.  The remaining 83 % has a biological half-life of 25 days. What are the effective half-lives for these two fractions if Tp = 78 hours?


Te of 17% Ga67 = (78 hrs)(30 hrs) =  22 hrs

      

      78 hrs + 30 hrs

Te  of 83 % Ga67 = (78 hrs)(600 hrs) = 69 hrs



        78 hrs + 600 hrs

6.
Xe133 has a biological half-life of 0.37 minutes in the lungs where 68% of the administered dose concentrates.  What is the Te  if Tp  = 5.3 days? 


Te =  (7632 mins)(0.37 mins) =  0.37 mins

         7632 mins + 0.37 mins

7.
When injected, P32 sodium phosphate has a biological half-life of 49 days.  With a physical half-life of about 14 days, what is the effective half-life?

Te = (14 days)(49 days) = 11 days
                   14 days + 49 days
8.
Orally administered P32 sodium phosphate is excreted more rapidly than the IV preparation.  It has a biological half-life averaging 5 days.  What is the effective half-life for the orally administered radiopharmaceutical?


Te = (5 days)(14 days) =  3.7 days

        5 days + 14 days

Chapter 4

Section 1

Calculate the 10% acceptable range for each of the following:

2.
(1.95 μCi)(.10) =  0.195 μCi

195 μCi + = 176 to 214 μCi

4
(81.3 μCi)(.10) = 8.1 μCi


81.3 μCi + 8.1 μCi = 73.2 to 89.4 μCi

10.
A co57 source contained 76.0 μCi on May 1.  What is the 5% acceptable range when the source is used for a dose calibrator precision test on May 31? 


Tp = 270 days


30 day decay factor is 0.926

76.0 x 0.926 = 70.376 x .05 = 3.5μCi 


70.4 μCi + 3.5 μCi =  66.9 to 73.9 μCi

12.
A Co57 source is being used for dose calibrator accuracy.  It is 90 days since it was certified to contain122 μCi.  Will a reading of 90.2 μCi fall within the 10% acceptable range? 


122 μCi x 0.794 = 96.86 μCi


96.86 x 0.10 =  9.67 μCi


96.86 + 9.67 = 87.19 to 106.5 μCi  
Section 2 – Percent error for dose calibrator accuracy and constancy 

2.
If a source reads 1.03 mCi in a dose calibrator when the expected activity is 


0.96 mCi, can the instrument be used according to NRC standards.
*
0.96mCi – 1.03mCi   x 100% = -7.29 %
 
       0.96 mCi
4.
A facility’s license sets a maximum error of 5% for dose calibrator precision.  If the expected activity is 77.3 μCi and the actual reading is 79.6 μCi, is the precision acceptable?


77.3 μCi – 79.6 μCi  x 100% = 3%, precision is acceptable because it is under 5%



77.3 μCi

6.
If 5% precision is required, would a dose calibrator meet the requirement with the following results.


97.9 μCi – 92.1 μCi  x 100% = 5.9 %, no


97.9 μCi

8.
Determine if a dose calibrator precision test meets NRC regulations using the following data.  A Ba 133 source is being used.  The half-life of Ba133 is 10.66 years. 

t : 9-10-80  to  9-6-95 = 15 years

A = Aoe-.(693)(t/t1/2)

58 μCi  = 154 μCi e-(0.693)(15 yrs/ 10.66 yrs)   


54.8 μCi – 58 μCi x100% =  5.8 %, within 5% error margin


54.8 μCi 
10.
A Cs137 (Tp = 30.0 years) source is used to evaluate dose calibrator accuracy.  If the source contained 85.2 μCi on April 15, 1976, and gave a reading of 58.2 μCi on October 14, 1994, did the dose calibrator’s performance meet NRC regulations?
 
t : 4 /15/1976 to 10/14/1994 = 18 yrs 6 months

58.2 μCi  = 85.2 μCie-(0.693)(18.5 yrs/ 30.0 yrs) = 55.6 μCi

58.2 μCi – 55.6 μCi x 100% =  4.4% error, meets standard.

      58.2μCi 
Section 3 Dose calibrator geometry and percent error for syringes

2.
Would a correction factor be needed for a 5 cc syringe if the following data were obtained during geometry testing?


original vial activity

94.5 mCi


vial activity after dose
  
71.7 mCi


syringe activity 

21.6 mCi


Expected reading:  94.5 mCi – 71.7 mCi = 22.8 mCi


22.8 mCi – 21.6 mCi x 100% = 5.3 %, no (error does not exceed 10%)
 
   22.8 mCi

4.
Use the following geometry test data to determine if a correction factor is needed.


Vial before dose

33.8 mCi


Vial after dose


24.3 mCi


Syringe activity

10.6 mCi


Expected reading:  33.8 mCi – 24.3 mCi = 9.5 mCi

9.5 mCi – 10.6 mCi x 100% = 11.6 %, no (error is below 10%)



9.5 mCi
6.
Determine if a correction factor is needed for a 5 cc syringe based on the results of a geometry test.


Vial before dose 

112.3 mCi


Vial after dose


  66.7 mCi


Syringe activity

  44.9 mCi


Expected reading:  112.3 mCi – 66.7 mCi = 45.6 mCi


45.6 mCi – 44.9 mCi x 100% = 44.6%, no correction factor required



45.6 mCi

Section 4 Dose calibrator geometry and percent error for volumes

2.
During a dose calibrator geometry test, the 8 ml reference produced a reading of 1.94 mCi and the 6 ml volume produced a reading of 1.89 mCi.  What is the percent error?  Is a correction factor needed?


1.94 mCi – 1.89 mCi x 100% = 2.6 %, no (error is below 10%)


1.94 mCi

4.
Determine if a 20 ml volume is affected by geometry when measured in the dose calibrator.


10 ml reference

2.06 mCi


20 ml solution


1.84 mCi


2.06mCi – 1.84 mCi x 100% =  10.7%, a correction factor must be applied.



2.06 mCi

6.
A 16 ml volume produces a reading of 1.69 mCi during a dose calibrator geometry test.  If the reference solution gives a reading of 1.73 mCi, will a correction factor be needed when a 16 ml volume is used?


1.73 mCi – 1.69 mCi x 100% = 2.3 % no


1.73 mCi
8.
The following data were acquired during a dose calibrator geometry test.  Is a correction factor needed when a 4 ml solution is calibrated?


8 ml reference

2.17 mCi


4 ml solution

2.30 mCi


2.17 mCi – 2.30 mCi x 100 % = 6%, no as error is below 10%



2.17 mCi
