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A. Isotope Efficiency Calculation 

Your Atomlab 960 features a 2" x 2" Tube Assembly configuration. The Operations Manual 

provides examples of geometric efficiency in Appendix A that are based on a tube assembly 

diameter of 1.75". For the 2" diameter Tube Assembly, the example values provided for 

geometric efficiency should read as follows: 

 
If the wipe or calibration source is placed 1/2" from the probe, the G.E. = 27.6% 

For X = 0.25", G.E. = 37.9%, 

For X = 0.75", G.E. = 20.0% 

 
NOTE: The Atomlab 960 is shipped with the Isotope Efficiency screen set to centimeters (see 

Figure 4.7 and Figure 4.12). The system can be set to centimeters, inches or any other unit of 

measure, as long as it is consistent for the diameter and distance. 

 
NOTE: The distance scale on the collimator is in centimeters. It is recommended that you work 

in centimeters. 

 
Please verify that the set-up in the Isotope Efficiency page is set to match the 2" (5.08 cm) 

diameter tube supplied with this unit. 

 
NOTE: 2" diameter = 5.08 centimeters 

1.75" diameter = 4,445 centimeters 

 
When the distance is changed in the Detector Management screen, the set-up associated with 

the detector in the wipe or bioassay programs are automatically altered to match. It is vital that 

you verify the correct geometric efficiency to ensure readings obtained in the wipe and bioassay 

programs will be correct. 
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A. Geometric Efficiency (G.E.) 
The value for Geometric Efficiency (G.E.) is calculated from the following equations for a well 

and probe: 

 
WELL: 

 

G.E. WELL = 
1   1+ 1 

* 100% 
2 

1+ ID 2 

2X 
 

I.D. = Inner diameter of the well opening 

X = Depth into the well, measured from the top surface 

 
Example: The Biodex Nal well dimensions have an I.D. = 0.75 inches and a well depth of 1.432 

inches. When the wipe (or calibration source) is placed in the well, the isotope emitting 

radiation will not be at the very bottom. If we take the isotope position to be 1 inch from the 

top, then G.E. = 96.82%. 

(For X = 1.25 inches deep, G.E. = 97.89% 

For X = 0.75 inches deep, G.E. = 94.72%, which are +1.07% and -2.1% respectively, from 1 inch.) 

PROBE: 

G.E. PROBE = 
1   1- 1 

* 100% 
2 

1+ OD 2 

2X 
                                              

 

O.D. = Outer diameter of the probe 

X = Distance from the probe 

 
Example: The Biodex Nal probe O.D. = 2.00 inches. When the wipe (or calibration source) is 

placed .5 inch from the probe, then G.E. = 27.64%. 

For X = 0.25, G.E. = 37.9% 

For X= 0.75, G.E. = 20.0% 

From these two examples, you can see that the well is at least 4 to 5 times more efficient for 

wipe test counting than the probe and is less dependent upon wipe positioning errors. 

 
The Atomlab 960 is shipped with the Isotope Efficiency screen set to centimeters (see Figure 

4.11 and Figure 4.12).  The system can be set to centimeters, inches or any other unit of 

measure, as long as it is consistent for the diameter and distance. Please verify that the set-up 

in the Isotope Efficiency page is set to match the 5.08 cm diameter tube supplied with this unit. 

 

B. Detector Efficiency (D.E.) 
D.E. can be calculated theoretically from system parameters or can be empirically determined 

by measuring the count rate from a known activity of each isotope. The empirical method 

results in a composite value (G.E. * D.E.) which can be reduced to D.E. by dividing by the 

calculated value for G.E. Only the empirical method will be discussed below. The theoretical 

(analytic) method is discussed (Item E) following an example calculation. 
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C. Efficiency Values for Wipe Testing 
All isotopes for which wipes are to be counted shall either be prepared from a known liquid 

concentration or if possible, a standard source can be purchased in a wand form from various 

manufacturers. Generally, the isotopes Cs-137, Co-57, Co-60, Ba-133, and Am-241 are available 

in wand form with a stated activity and uncertainty. The activity should be kept in the range of 

0.01 to 0.1 µCi, and should not exceed 0.2 µCi. This will generally keep the overall counting  

rate below 10,000 cps and will eliminate any spectrum distortion or non-linearity from playing a 

role in the efficiency calculation. 

 
A suggested procedure for source preparation is outlined on the next page. The liquid source 

will be deposited on an absorbent material in the bottom of a plastic vial which fits inside the 

well. It is recommended that no more than 10 ul of liquid be dispensed in order to reduce 

spilling radioactive material. 

 
NOTE: If a probe is being tested for efficiency, a method for holding the source or vial in 

proximity of the probe, approximately one (1) cm, must be arranged and then the following 

procedure followed with modification as needed. If a greater distance is used then you must 

increase activity according to the inverse square law. 

 
Source Preparation: 

1. Prepare an activity of 0.1 to 0.01 mCi of the isotope in 10.0 ml of saline. This will result in a 

concentration of approximately 0.01 to 0.001 mCi/ml. The volume should be either 

controlled as close as possible to 10.0 ml or precisely measured. 

2. Assay the activity in the vial in a dose calibrator which has a resolution of 0.01 µCi. 

Compensate for background before making the measurement. Record the time of 

measurement. 

3. Calculate concentration by dividing the measured activity by the source volume and record 

with the time of measurement. 

4. Prepare the vial with absorbent material (such as a portion of a wipe pad or the end of a 

Q-tip) at the bottom of the vial. 

5. Draw off 10 ul of source material and carefully place the end of the syringe tip at the bottom 

of the vial. Deposit all of the source material onto the absorbent material. 

6. Withdraw the syringe and immediately rinse it in saline at least ten (10) times. This will 

reduce the chance of contamination of the next source which will be a different isotope. 
7. Record the activity in the test vial as Ax -123 `at the time T is recorded in step 2. (The Xx- 

x 

123 subscript is meant to designate the isotope symbol which should be recorded, i.e., 

Am-241.) 

 
NOTE: A tuberculin syringe is not suitable in this procedure. Hamilton microliter syringe, model 

701-N, has a capacity of 10 ul with 0.2 ul resolution and will provide the necessary precision. 

Hamilton Co., P.O. Box 10030, Reno, Nevada, 89520. Phone: 800-648-5950. 

 
After the source preparation, the efficiency can be measured by counting the source in the 

Administration Mode “Isotope Efficiency” page of the Atomlab 960. 

 

D. Efficiency Measurement 
To Measure Efficiency: 

1. From the Select An Isotope list, highlight the desired isotope and then select <Efficiency>. 
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The Detector Efficiency Options screen is now displayed. The selected isotope is displayed 
at the top of the screen, along with the selected detector. 

2. Select <Measure Efficiency>. 
3. Select the <Measure> icon to the right of the Measure Efficiency field. 
4. Select <Accept>. The Background Calibration screen is displayed and background collection 

begins. When counting is complete, select <Analysis> to analyze the spectrum (see 
Spectrum Analysis) or select <Next > to advance to the Measure Efficiency screen. 

 

 
 

Figure A.1. The Measure Efficiency screen. 
 
 

5. Enter the source calibration activity and date. Select <Accept> when complete. 
6. Select <Calculate> to calculate the current decayed activity for the standard being used.  

The set distance at which the standard will be counted, along with the geometric efficiency, 
are also displayed. 

7. To change the geometric distance and geometric efficiency, select the <Detector> icon on 
the left side of the screen. The Detector Measurements screen is now displayed. 
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Figure A.2. Detector Measurements screen. 

 
8. Change the distance from the probe to the correct distance to be used. Select <Accept> to 

save or <Cancel> to return to the Measure Efficiency screen without saving. 
9. Select the <Measure> icon and position the source in the correct geometry. 

10. Select <Accept> to measure the standard. The system will now start counting the standard 
placed in front of the detector. 

11. Select <Abort> to abort the count, or <Stop> if you do not want to finish the count but still 
want to accept it. The system shows the elapsed and remaining time. 

12. Select <Analysis> to review the spectrum screen if desired, or <Next> to return to the 
Measure Efficiency screen. Isotope efficiency is now displayed. Select <Accept> or
<Cancel>. 
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Figure A.3. The Measure Efficiency screen with the isotope efficiency shown. 
 
 
 

NOTE: Total efficiency for an isotope is the (isotope efficiency) x (the geometric efficiency). This 

procedure allows the user to create one standard for an isotope. If you change the geometry, 

you do not have to create a new standard. 

 
NOTE: The A960 system will automatically record and calculate for you. 

 
NOTE: You must create a new isotope if you want the probe and well to have different ROI’s. 

Several isotopes in the list are shown with a different ROI for the well. 

 
13. If you wish to manually calculate the efficiency, record the counts in the ROI as (S). (Proceed 

with step 10 for Manual Calculation.) 

14. Select <Accept> and the system will automatically calculate and display the isotope 

detector efficiency. 

 
NOTE: Total efficiency is a combination of the geometric and detector efficiencies. 
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15. Calculate the composite efficiencies D.E. * G.E. using one of the following equations: 
 

𝐷.𝐸.∗ 𝐺.𝐸.=   

𝑆 − 𝐵 𝑐𝑜𝑢𝑛𝑡𝑠
100!"#

𝐴!"#  ×  37000  𝑑𝑝𝑠 +   µμCi  ×  2
(!!!)
!! !

 

 
            

𝐷.𝐸.∗ 𝐺.𝐸.=   

𝑆  − 𝐵   𝑐𝑜𝑢𝑛𝑡𝑠
100!"#

𝑐𝑢𝑟𝑟𝑒𝑛𝑡  𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦  𝑑𝑖𝑠𝑝𝑙𝑎𝑦𝑒𝑑   ∗ 100% 

                              
 

S is Standard ROI counts 

B is Background ROI counts 

 
A is the activity determined in step 7 under Source Preparation for isotope Xx-123 with 

units of microcuries. 

 
Exponent of “2”: 

This is a decay correction. For short lived isotopes such as Tc-99m, it is important. For long 

lived isotopes such as I-125, it may not be important unless the source is saved for future 

efficiency checks. 
 

T 
1/2 

is the half-life of isotope Xx-123, in units of hours, days, etc. 
 

T and t are respectively the time of source measurement in the dose calibrator and the 

same of counting the source in the well detector. Both should have the same units as T1/2. 

 
For example: 

If T = 08:31 h and t = 15:49 h, then T - t = -7.300 h. 

If T 
 
 

1/2 
= 3.261 days for Ga-67, then T - t should be converted to days = -0.3041 days. In this 

case, the decay result would be 0.937. 

 
16. Calculate D.E. from the composite (D.E. * G.E.) found in step 10 above and from the 

calculated value of G.E. found earlier in the discussion on GEOMETRIC EFFICIENCY. The 

following equation defines the calculation. 

 

𝐷.𝐸.=   
𝐺.𝐸.∗ 𝐷.𝐸.

𝐺.𝐸   ∗ 100% 

 
 

Note that the two terms (D.E. * G.E.) and G.E. are both calculated as percents in the earlier 

expressions and the above result preserves D.E. as a percentage. 
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Example Calculation: 

Determine the detector efficiency of Am-241 in a well detector with an opening of 0.625 inches 

and the source located in the well at 1 inch below the surface. 

 
Geometric Efficiency for a Well: I.D. = 0.625 inches 

X = 1.00 inch 

G.E. = 97.7% (see earlier example) 

Detector Efficiency for Am-241: A = 0.095 µCi @ T = 8/15/84 
T 

1/2 
= 432.2 

t = 5/1/93 (date counted in well) 

 
Am-241 was programmed for range of 12 and an ROI of 50 to 69 keV. 

100 second counts resulted in the following: 

S = 99,403 

B = 83 

 
Now calculate the individual parts of the equation for (D.E. ∗ G.E.) 

Count rate = (S-B)/100 s = 993 cps 

Disintegration rate = A µCi ∗ 37000 dps/µCi = 3515 dpm 

Decay Correction = 2 (T-t)T 
 

 
1/2 

= 2 (84.71 y - 93.42 y)/432.2 y = 0.986 

D.E. ∗ G.E. = 0.286 ∗ 100% = 28.6% 

D.E. = {(D.E. ∗ G.E.)/G.E.} ∗ 100% = (28.6/97.7) ∗ 100 = 29.3% 
 
 
 

We should now check our result for common sense. The photon emission from Am-241 are 

59.5 keV at 35.9% intensity and 26.3 keV at 2.4% intensity. The interaction probability for a 

60 keV photon is very high in the Nal well detector (Nal thickness on sides and bottom is about 

0.625 inches), the bulk of this interaction will be photoelectric which puts most of the counts 

recorded in the photo peak. The ROI is set to integrate the photo peak of 59.5 keV. Therefore, 

we would expect a detector efficiency to be a little less than photon intensity at 59.5 keV which 

it is. 
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Example of a Well Compared to a Probe for Counting Efficiency 

 
If we assume the following parameters: 

Isotope: Cs-137 

 
D.E. Probe: 9.86% 

D.E. Well: 13.47% 

 
G.E. Well: 96.816% for a source placed 2.54 cm deep in the well 

G.E. Probe: 0.278% for a source placed 21 cm in front of the probe 

Probe: D.E. ∗ G.E. = 9.86% ∗ 0.278% = .02741% 

Well: D.E. ∗ G.E. = 13.47% ∗ 96.816% = 13.04% 
 

A.)  If the detector counts 54 cpm that is equivalent to the following dpm for the parameters 

listed above. 

 
Probe: 54 cpm/.02741% = 197,008 dpm 

 
Well: 54 cpm/13.04% = 414 dpm 
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E. Analytically Determined (Theoretical) Detector Efficiencies 
The following table of 25 isotopes contains analytically determined efficiency values for use 

with this instrument. Stated with the efficiency value is lower and upper region of interest for 

which the efficiency is valid. In the wipe test program, these ROI’s are fixed and cannot be 

adjusted. Therefore, these efficiency values may be used in the wipe test program of this 

instrument instead of empirically determining the efficiency for each isotope. 

 
NOTE: It is recommended that you empirically determine the detector efficiency of your system, 

the analytically determined values are approximations. 

 
The detector efficiency “D.E.” is a composite number which allows conversion from detector 

counts to disintegrations for a given isotope. Three factors affect it: 

 
1. The photon intensity in the isotope decay scheme defines the number of photons which are 

emitted per 100 disintegrations of the isotope. This number can be less than or greater than 

100% as exhibited by Cr-51 (~10%) and Co-60 (~200%). The photon energy and percent 

abundance in the decay scheme can be found in “Table of Radioactive Isotopes” by Edgardo 

Browne and Richard B. Firestone, pub John Wiley & Sons, 1986, ISBN 0-471-84909-X. 

2. The photon interaction in the detector will produce counts which integrate to a fraction of 

the total number of photons passing through the detector. This will always be less than 

100% and will depend upon the window thickness which the photon detector must pass 

through, detector crystal geometry and the photon energy. This photon interaction has been 

calculated using “Nal (Tl) SCINTILLATION DETECTORS”, published by Bicron, manufacturer of 

the probe and well detectors. This publication contains two sets of curves which were used 

in the calculation of detector efficiency: Figure 14 “Absorption Efficiency of Nal (Tl)” for 

various thicknesses of Nal, and Figure 17 “X-Ray and Gamma Transmission Through Bicron 

Detector Windows” for various window thicknesses. 

3. The ROI setting in the MCA determines the fraction of the MCA counts which are 

accumulated. Normally the ROI is adjusted around the photo peak, however, there can be 

several photon energies which are not included in this ROI because they may have a low 

emission intensity or their energies may cover a range too broad to be practical for 

background subtraction. The photo peak contribution to the photon calculation in the Nal 

crystal was calculated using “GAMMA-RAY ABSORPTION COEFFICIENTS FOR ELEMENTS 1 

THROUGH 100 DERIVED FROM THE THEORETICAL VALUES OF THE NATIONAL BUREAU OF 

STANDARDS”, published by Los Alamos Scientific Laboratory of the University of California, 

Los Alamos, New Mexico, Pub # LA-2237. 

 
The Detector Efficiency (D.E.) has been calculated for both probe and well detectors. There is a 

difference because the photon path length through the Nal detector is different in the two 

detector configurations. There are some isotopes that the well efficiency has not been 

analytically determined due to gamma ray summing in the well. You must use the empirical 

method for these isotopes. You may have to create a custom version of the isotope with a 

different ROI to properly count the isotope in the well. 
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Analytically Determined Detector Efficiencies 
Please refer to table below for Analytically Determined Detector Efficiency (%) settings on the 

Atomlab 960: 

Isotope 

Name 

Left 

ROI 

Right 

ROI 

Half 

Life 

Probe 
Efficiency % 

Well 
Efficiency % 

Au-198 349 474 2.693 days 	   	  
Ba-133 (probe) 256 410 10.54 years 48.70 	  
Ba-133 (well) 272 520 10.54 years 	   39.35 

Co-57 50 158 271.77 days 84.00 93.60 

Co-57 (wide) 50 200 271.77 days 	   	  
Co-58 434 933 70.916 days 	   	  
Co-60 997 1533 5.271 years 	   	  
Cr-51 272 368 27.704 days 	   	  
Cs-137 561 761 30 years 19.75 13.00 

F-18 420 600 109.71 minutes 60.70 26.34 

Fe-59 934 1486 44.496 days 	   	  
Ga-67 79 345 3.261 days 	   	  
Ga-68 434 588 1.13 hours 	   25.00 
Gd-153 25 175 241.6 days 	   87.45 
Ge-68/Ga-68 434 588 270.8 days/1.13 

hours 
	   25.00 

Hg-197 56 90 2.672 days 	   	  
I-123 (probe) 129 183 13.2 hours 49.00 	  
I-123 (well) 129 212 13.2 hours 	   64.00 

I-125 (probe) 20 40 60.14 days 56.00 	  
I-125 (well) 14 70 60.14 days 	   64.00 

I-131 320 410 8.04 days 43.60 29.20 

In-111 139 281 2.807 days 158.80 	  
Ir-192 250 703 73.831 days 	   	  
K-42 1296 1754 12.36 hours 	   	  
Lu-177 (well) 37 360 6.710 days 	   7.80 

Na-22 420 600 2.6 years 	   22.80 

Na-24 1162 3000 14.659 hours 	   	  
Pd-103 17 27 16.97 days 	   	  
Ra-223 (well) 40 430 11.430 days 	   68.00 

Se-75 102 461 119.77 days 	   	  
Sr-85 437 591 64.84 days 	   	  
Tc-99m 110 163 6.006 hours 70.80 84.00 

Tc-99m/Tl-201 50 200 3.046 days 	   70.70 

Tl-201 50 85 3.046 days 56.60 51.50 

Yb-169 41 228 32.022 days 	   	  
Wide Window (Cs-137) 25 750 30 years 68.60 35.90 

 

NOTE: It is recommended that users use the Empirical testing procedures for setting detector 

efficiency. 

 

NOTE: It is recommended to check the Cs-137 efficiency at least once per year with the                                                                        
Cs-137 rod source. Use the new efficiency obtained as the Cs-137 efficiency. 

 

 
Rev 5/27/13 
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B. ERROR AND INFORMATION MESSAGES 
 

The following messages serve to provide information or to alert the user about errors: 
 

• The recommended detector was not found. 

To correct this, select <Utilities>, then <Select Detectors>. Highlight the detector not being 

recognized and select <Edit>. Select the <Search> icon next to the serial port number. The 

system now scans for detectors. Make sure yours is highlighted and select <Accept>. Select 

<Accept> again to return to the Detectors screen. Select <Back> and then return to the 

system function in which you were trying to use the detector. 

 
• High voltage calibration is required. Do you want to measure high voltage for detector? 

When this message is displayed, you must perform a high voltage calibration before 

proceeding. 

 
• Daily calibration is required. Do you want to perform calibration for detector? 

When this message is displayed, you must perform a daily calibration for the selected 

detector before you can perform any counting function. 

 
• The high voltage calibration was aborted by the user. Please power cycle the system. 

When this message is displayed, you must power cycle the complete Thyroid Uptake System, 

including the stand, before proceeding. 

 
• Error communicating with the MCA. 

When this message is displayed, try counting again and if the same message is displayed 

you must power cycle the complete Thyroid System, including the stand. 

 
• MCA serial and port do not match. 

When this message is displayed, you must go to the <Utilities> menu, select <Detectors> 

and use the <Search> icon to rescan for the correct com port. 

 
• HV calibration failed. 

Confirm	  the	  Cs-‐137	  source	  is	  properly	  positioned.	  If	  failure	  persists,	  please	  contact	  your	   service	  
representative	  for	  assistance. 
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C. DECAY CALCULATIONS 

This appendix provides methods of performing radioisotope decay calculations. 

 
The first section provides two methods of performing Decay Calculations, the second section 

provides the Decay Factor Chart, and the third section provides an explanation of how the 

procedures used in the first section, and the Decay Factor Chart in the second section, are 

generated. 

 
Decay Calculation Methods – Calculator Method 
When using a calculator with the Yx function, perform the following: 

 

 

1. Measure the current activity of the radioisotope (A0), which can be compared to the decayed 

calculated activity. 

 
2. Look up the half life T1/2 of the radioisotope in Appendix E. 

Note the time units. 

 
3. T1/2 = Half life of the isotope 

t = Elapsed Time 

A = Current Activity 

A0 = Activity at the time of calibration 

 

4. Calculate A = A0 x 2 (-t/T ) 
1/2 

 
5. Calculate the elapsed time (t) in the same units as the (T1/2) that will elapse between the 

time the calibrated activity measurement was made and the time at which the decayed activity 

of the radioisotope must be known. 

Example: 

The following is a calculation of the decayed activity of Tc-99m with an initial activity of 43 mCi 
after 53 minutes: 
A

0
 = 43mCi. 

For Tc-99m, T
1/2

 = 6.007 h. 

Elapsed 𝑡   =   53  𝑚𝑖𝑛  ×    !  !!
!"  !"!

 

      = 0.8833  ℎ 
Replace the equation with following: 

𝐴   =   𝐴!  ×  2
!!
!!/!   

𝐴   =   43  𝑚𝐶𝑖  ×  2
!!.!!""
!.!!"   

𝐴   =   43  𝑚𝐶𝑖  ×  2 !!.!"#$"%   
𝐴   =   43  𝑚𝐶𝑖  ×0.903  
𝐴   =   38.83  𝑚𝐶𝑖 .
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Alternate Decay Calculation Method 
When using a calculator with a Yx function: 

1. Measure the current activity of the radioisotope A
0
, which can be compared to the decayed 

calculated activity. 

2. Look up the half live of T
1/2

 for the radioisotope in Table A.1.  Note the time units. 

3. T
1/2

 = Half life of the isotope 

t = Elapsed time 

A = Current activity 

A
0
 = Activity at the time of calibration 

4. Calculate 𝐴   =   𝐴!   ÷   2! 

5. Calculate the elapsed time (t) in the same units as the (T
1/2

) that will elapse between the time 
the calibrated activity measurement was made and the time at which the decayed activity of the 
radioisotope must be known. 

Example: 

The following is a calculation of the decayed activity of Tc-99m with an initial activity of 43 mCi 
after 53 minutes: 

A
0
 = 43 mCi. 

For Tc-99m, T
1/2

 = 6.007 h. 

Elapsed 𝑡   =   53  𝑚𝑖𝑛  ×    !  !!
!"  !"#

 

      = 0.8833  ℎ 

 
Replace the equation with following: 

A = A
0
 / 2n 

A = 43 mCi / 2(0.8833/6.007) 

A = 43 mCi / 2(0.1470451) 

A = 43 mCi / 1.1072992 

A = 38.83 mCi 

Decay Factor Method 

The following method is used to perform radioisotope decay calculations using a calculator without 
the ex function: 

1. Measure the current activity A
i
 if the radioisotope. 

2. Look up the half live (T
1/2

) of the radioisotope.  Note the time units. 
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3. Calculate the time t in the same units as the (T
1/2

) that will elapse between the time the activity 
measurement was made and the time at which the decayed activity of the radioisotope must be 
known.  

4. Calculate !! ! !!!!! in terms of N + R, where N is an integer and R is less than 1. 

5. Look up X
n
 (N) in Table C.1. 

6. Look up X
r
 (R) in Table C.2. Decay Factor Chart. 

7. Calculate !! !! !!! !!!!!! ! !!!!! ! !  =  

Sample Calculation 

The following is a calculation of the decayed activity of Tc-99m with an initial activity of 43 mCi 
after 32.5 hours: 

A
I
 = 43mCi. 

For Tc-99m, T
1/2

 = 6.007 h. 

t = 32.5 h. 

!!
!!!!

  = 32.5 h ÷ 6.007 = 5.410. 

N = 5 

R = 0.410.

From Table C.1, X
n
 (5) = 0.03125. 

From the Decay Factor Chart, the .41 row and the .000 column, X
r
 (.410) = .475262. 

!! !! !!! !!!!!! ! !!!!! ! !   

     = 43 mCi ! (0.03125) ! (0.75262) 

    = 1.01 mCi. 

Table Error! No text of specified style in document..1.  

 

N Xn (N) = 2 
 

 
0 

 
1 

1 0.5 

2 0.25 

3 0.125 

4 0.0625 

5 0.03125 

6 0.01563 

7 0.007813 

8 0.003906 

9 0.001953 

10 0.000977 
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Table C.2.  Decay Factor Chart 

Decay Factor Chart 
Xr  (R), where R = t ÷ T1/2 (0.000 to 0.499)  

R .000 .001 .002 .003 .004 .005 .006 .007 .008 .009 
.00 1.00000 0.99931 0.99861 0.99792 0.99723 0.99654 0.99585 0.99516 0.99447 0.99378 
.01 0.99309 0.99240 0.99172 0.99103 0.99034 0.98966 0.98897 0.98829 0.98760 0.98692 
.02 0.98623 0.98555 0.98487 0.98418 0.98350 0.98282 0.98214 0.98146 0.98078 0.98010 
.03 0.97942 0.97874 0.97806 0.97739 0.97671 0.97603 0.97536 0.97468 0.97400 0.97333 
.04 0.97265 0.97198 0.97131 0.97063 0.96996 0.96929 0.96862 0.96795 0.96728 0.96661 
.05 0.96594 0.96527 0.96460 0.96393 0.96326 0.96259 0.96193 0.96126 0.96059 0.95993 
.06 0.95926 0.95860 0.95794 0.95727 0.95661 0.95595 0.95528 0.95462 0.95396 0.95330 
.07 0.95264 0.95198 0.95132 0.95066 0.95000 0.94934 0.94868 0.94803 0.94737 0.94671 
.08 0.94606 0.94540 0.94475 0.94409 0.94344 0.94278 0.94213 0.94148 0.94083 0.94017 
.09 0.93952 0.93887 0.93822 0.93757 0.93692 0.93627 0.93562 0.93498 0.93433 0.93368 
.10 0.93303 0.93239 0.93174 0.93109 0.93045 0.92980 0.92916 0.92852 0.92787 0.92723 
.11 0.92659 0.92595 0.92530 0.92477 0.92402 0.92338 0.92274 0.92210 0.92146 0.92083 
.12 0.92019 0.91955 0.91891 0.91828 0.91764 0.91700 0.91637 0.91573 0.91510 0.91447 
.13 0.91383 0.91320 0.91257 0.91193 0.91130 0.91067 0.91004 0.90941 0.90878 0.90815 
.14 0.90752 0.90689 0.90626 0.90563 0.90501 0.90438 0.90375 0.90313 0.90250 0.90188 
.15 0.90125 0.90063 0.90000 0.89938 0.89876 0.89813 0.89751 0.89689 0.89627 0.89565 
.16 0.89503 0.89440 0.89379 0.89317 0.89255 0.89193 0.89131 0.89069 0.89008 0.88946 
.17 0.88884 0.88823 0.88761 0.88700 0.88638 0.88577 0.88515 0.88454 0.88393 0.88332 
.18 0.88270 0.88209 0.88148 0.88087 0.88026 0.87965 0.87904 0.87843 0.87782 0.87721 
.19 0.87661 0.87600 0.87539 0.87478 0.87418 0.87357 0.87297 0.87236 0.87176 0.87115 
.20 0.87055 0.86995 0.86934 0.86874 0.86814 0.86754 0.86694 0.86634 0.86574 0.86514 
.21 0.86454 0.86394 0.86334 0.86274 0.86214 0.86155 0.86095 0.86035 0.85976 0.85916 
.22 0.85857 0.85797 0.85738 0.85678 0.85619 0.85559 0.85500 0.85441 0.85382 0.85323 
.23 0.85263 0.85204 0.85145 0.85086 0.85027 0.84968 0.84910 0.84851 0.84792 0.84733 
.24 0.84675 0.84616 0.84557 0.84499 0.84440 0.84382 0.84323 0.84265 0.84206 0.84148 
.25 0.84090 0.84031 0.83973 0.83915 0.83857 0.83799 0.83741 0.83683 0.83625 0.83567 
.26 0.83509 0.83451 0.83393 0.83335 0.83278 0.83220 0.83162 0.83105 0.83047 0.82989 
.27 0.82932 0.82874 0.82817 0.82760 0.82702 0.82645 0.82588 0.82531 0.82473 0.82416 
.28 0.82359 0.82302 0.82245 0.82188 0.82131 0.82074 0.82017 0.81960 0.81904 0.81847 
.29 0.81790 0.81734 0.81677 0.81620 0.81564 0.81507 0.81451 0.81394 0.81338 0.81282 
.30 0.81225 0.81169 0.81113 0.81057 0.81000 0.80944 0.80888 0.80832 0.80776 0.80720 
.31 0.80664 0.80608 0.80552 0.80497 0.80441 0.80385 0.80329 0.80274 0.80218 0.80163 
.32 0.80107 0.80051 0.79996 0.79941 0.79885 0.79830 0.79775 0.79719 0.79664 0.79609 
.33 0.79554 0.79499 0.79443 0.79388 0.79333 0.79278 0.79223 0.79169 0.79114 0.79059 
.34 0.79004 0.78949 0.78895 0.78840 0.78785 0.78731 0.78676 0.78622 0.78567 0.78513 
.35 0.78458 0.78404 0.78350 0.78295 0.78241 0.78187 0.78133 0.78079 0.78025 0.77970 
.36 0.77916 0.77862 0.77809 0.77755 0.77701 0.77647 0.77593 0.77539 0.77486 0.77432 
.37 0.77378 0.77325 0.77271 0.77218 0.77164 0.77111 0.77057 0.77004 0.76950 0.76897 
.38 0.76844 0.76791 0.76737 0.76684 0.76631 0.76578 0.76525 0.76472 0.76419 0.76366 
.39 0.76313 0.76260 0.76207 0.76154 0.76102 0.76049 0.75996 0.75944 0.75891 0.75838 
.40 0.75786 0.75733 0.75681 0.75628 0.75576 0.75524 0.75471 0.75419 0.75367 0.75315 
.41 0.75262 0.75210 0.75158 0.75106 0.75054 0.75002 0.74950 0.74898 0.74846 0.74794 
.42 0.74742 0.74691 0.74639 0.74587 0.74536 0.74484 0.74432 0.74381 0.74329 0.74278 
.43 0.74226 0.74175 0.74123 0.74072 0.74021 0.73969 0.73918 0.73867 0.73816 0.73765 
.44 0.73713 0.73662 0.73611 0.73560 0.73509 0.73458 0.73408 0.73357 0.73306 0.73255 
.45 0.73204 0.73154 0.73103 0.73052 0.73002 0.72951 0.72900 0.72850 0.72799 0.72749 
.46 0.72699 0.72648 0.72598 0.72548 0.72497 0.72447 0.72397 0.72347 0.72297 0.72247 
.47 0.72196 0.72146 0.72096 0.72047 0.71997 0.71947 0.71897 0.71847 0.71797 0.71747 
.48 0.71698 0.71648 0.71598 0.71549 0.71499 0.71450 0.71400 0.71351 0.71301 0.71252 
.49 0.71203 0.71153 0.71104 0.71055 0.71005 0.70956 0.70907 0.70858 0.70809 0.70760 
 

 
 
 
 

Decay Factor Chart 



 

18 
 

Xr (R), where R = t ÷ T1/2 (0.500 to 1.0)  
R .000 .001 .002 .003 .004 .005 .006 .007 .008 .009 
.50 0.70711 0.70662 0.70613 0.70613 0.70564 0.70515 0.70466 0.70417 0.70368 0.70320 
.51 0.70222 0.70174 0.70125 0.70125 0.70076 0.70028 0.69979 0.69931 0.69882 0.69834 
.52 0.69737 0.69689 0.69641 0.69641 0.69592 0.69544 0.69496 0.69448 0.69400 0.69352 
.53 0.69255 0.69208 0.69160 0.69160 0.69112 0.69064 0.69016 0.68968 0.68920 0.68873 
.54 0.68777 0.68729 0.68682 0.68682 0.68634 0.68587 0.68539 0.68492 0.68444 0.68397 
.55 0.68302 0.68255 0.68207 0.68207 0.68160 0.68113 0.68066 0.68019 0.67971 0.67924 
.56 0.67830 0.67783 0.67736 0.67736 0.67689 0.67642 0.67596 0.67549 0.67502 0.67455 
.57 0.67362 0.67315 0.67268 0.67268 0.67222 0.67175 0.67129 0.67082 0.67036 0.66989 
.58 0.66896 0.66850 0.66804 0.66804 0.66757 0.66711 0.66665 0.66619 0.66573 0.66526 
.59 0.66434 0.66388 0.66342 0.66342 0.66296 0.66250 0.66204 0.66159 0.66113 0.66067 
.60 0.65975 0.65930 0.65884 0.65884 0.65838 0.65793 0.65747 0.65702 0.65656 0.65611 
.61 0.65520 0.65474 0.65429 0.65429 0.65384 0.65338 0.65293 0.65248 0.65203 0.65157 
.62 0.65067 0.65022 0.64977 0.64977 0.64932 0.64887 0.64842 0.64797 0.64752 0.64707 
.63 0.64618 0.64573 0.64528 0.64528 0.64483 0.64439 0.64394 0.64349 0.64305 0.64260 
.64 0.64171 0.64127 0.64082 0.64082 0.64038 0.63994 0.63949 0.63905 0.63861 0.63816 
.65 0.63728 0.63684 0.63640 0.63640 0.63596 0.63552 0.63508 0.63464 0.63420 0.63376 
.66 0.63288 0.63244 0.63200 0.63200 0.63156 0.63113 0.63069 0.63025 0.62982 0.62938 
.67 0.62851 0.62807 0.62764 0.62764 0.62720 0.62677 0.62633 0.62590 0.62546 0.62503 
.68 0.62417 0.62373 0.62330 0.62330 0.62287 0.62244 0.62201 0.62157 0.62114 0.62071 
.69 0.61985 0.61942 0.61900 0.61900 0.61857 0.61814 0.61771 0.61728 0.61685 0.61643 
.70 0.61557 0.61515 0.61472 0.61472 0.61429 0.61387 0.61344 0.61302 0.61259 0.61217 
.71 0.61132 0.61090 0.61047 0.61047 0.61005 0.60963 0.60921 0.60878 0.60836 0.60794 
.72 0.60710 0.60668 0.60626 0.60626 0.60584 0.60542 0.60500 0.60458 0.60416 0.60374 
.73 0.60290 0.60249 0.60207 0.60207 0.60165 0.60123 0.60082 0.60040 0.59999 0.59957 
.74 0.59874 0.59832 0.59791 0.59791 0.59750 0.59708 0.59667 0.59625 0.59584 0.59543 
.75 0.59460 0.59419 0.59378 0.59378 0.59337 0.59296 0.59255 0.59214 0.59173 0.59132 
.76 0.59050 0.59009 0.58968 0.58968 0.58927 0.58886 0.58845 0.58805 0.58764 0.58723 
.77 0.58642 0.58601 0.58561 0.58561 0.58520 0.58479 0.58439 0.58398 0.58358 0.58317 
.78 0.58237 0.58196 0.58156 0.58156 0.58116 0.58075 0.58035 0.57995 0.57955 0.57915 
.79 0.57834 0.57794 0.57754 0.57754 0.57714 0.57674 0.57634 0.57594 0.57554 0.57515 
.80 0.57435 0.57395 0.57355 0.57355 0.57316 0.57276 0.57236 0.57197 0.57157 0.57117 
.81 0.57038 0.56999 0.56959 0.56959 0.56920 0.56880 0.56841 0.56801 0.56762 0.56723 
.82 0.56644 0.56605 0.56566 0.56566 0.56527 0.56487 0.56448 0.56409 0.56370 0.56331 
.83 0.56253 0.56214 0.56175 0.56175 0.56136 0.56097 0.56058 0.56019 0.55981 0.55942 
.84 0.55864 0.55826 0.55787 0.55787 0.55748 0.55710 0.55671 0.55632 0.55594 0.55555 
.85 0.55478 0.55440 0.55402 0.55402 0.55363 0.55325 0.55287 0.55248 0.55210 0.55172 
.86 0.55095 0.55057 0.55019 0.55019 0.54981 0.54943 0.54905 0.54867 0.54829 0.54791 
.87 0.54715 0.54677 0.54639 0.54639 0.54601 0.54563 0.54525 0.54488 0.54450 0.54412 
.88 0.54337 0.54299 0.54261 0.54261 0.54224 0.54186 0.54149 0.54111 0.54074 0.53036 
.89 0.53961 0.53924 0.53887 0.53887 0.53849 0.53812 0.53775 0.53737 0.53700 0.53663 
.90 0.53589 0.53552 0.53514 0.53514 0.53477 0.53440 0.53403 0.53366 0.53329 0.53292 
.91 0.53218 0.53182 0.53145 0.53145 0.53108 0.53071 0.53034 0.52998 0.52961 0.52924 
.92 0.52851 0.52814 0.52778 0.52778 0.52741 0.52705 0.52668 0.52632 0.52595 0.52559 
.93 0.52486 0.52449 0.52413 0.52413 0.52377 0.52340 0.52304 0.52268 0.52232 0.52196 
.94 0.52123 0.52087 0.52051 0.52051 0.52015 0.51979 0.51943 0.51907 0.51871 0.51835 
.95 0.51763 0.51727 0.51692 0.51692 0.51656 0.51620 0.51584 0.51548 0.51513 0.51477 
.96 0.51406 0.51370 0.51334 0.51334 0.51299 0.51263 0.51228 0.51192 0.51157 0.51121 
.97 0.51051 0.51015 0.50980 0.50980 0.50945 0.50909 0.50874 0.50839 0.50803 0.50768 
.98 0.50698 0.50663 0.50628 0.50628 0.50593 0.50558 0.50523 0.50488 0.50453 0.50418 
.99 0.50348 0.50313 0.50278 0.50278 0.50243 0.50208 0.50174 0.50139 0.50104 0.50069 
1.0 0.50000          
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Decay Calculation Methods – An Explanation 

Calculator Method 

The radioactivity of an isotope can be calculated as it decays using the following expression: 

A
f 
 = A

i
 𝑒!" 

Where: 

A
f 
 = final activity at the end of the decay time; 

A
i
 = initial activity measured at the specified starting time; 

t = net decay time in units inverse to 𝜆, and 

𝜆  = (lamda) decay constant specific to the radioisotope. 

 

𝜆 = In (2) ÷ T
1/2

  

   = 0.693 ÷ T
1/2

  

Where:  T
1/2

 = half life specific to the radioisotope. 

Therefore, using a calculator with the ex function, decay calculations can be performed as 
illustrated in the beginning of this appendix. 

Decay Factor Method 

Without a calculator with an ex function, the above expression can be rewritten as follows: 

A
f
 = X × A

i
 

Where: 

X = X
n
 (N) × X

r
 (R) 

N = an integer number of half lives in time t; and 

R = the decimal remainder after dividing t by T
1/2

.  

 

To verify the result, remember three important relations regarding exponentials: 

1. 𝑒 !!!   =   𝑒!  ×  𝑒! 

2. 𝑒!" !   = 𝐴 

3. 𝑒!"   =    𝑒! ! 

 

𝑡   ÷   𝑇!/!   = 𝑁   + 𝑅  

Where: N is an integer 

 R is the remainder less than 1. 
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Given: t = 32.5 hours, and T

1/2
 = 6.007 hours; 

 t ÷ T
1/2 

= 32.5 ÷ 6.004 = 5.410 

Solving for N and R: 

 N = 5 

 R = 0.410. 

 

To simplify the calculations, the above relation can be written as: 

𝐴!   =   𝐴!   𝑒!!" = 𝐴!   𝑒
!!" ! !!

!!/! 

𝐴!   =   𝐴!   𝑒!!" ! !  !!   =   𝐴!   𝑒!!" ! !   +   𝑒!!" ! !  

     =   𝐴!   ×  𝑋!   𝑁   ×  𝑋!    𝑅  

𝑋!   𝑁   =   𝑒!!" ! !   =    𝑒!" ! !!
    =   2!!  

 

The following expression is used to generate the values in Table B.1: 

𝑋!    𝑅   =   𝑒!!" ! !  

 

The following expression is used to generate the Decay Factor Chart for values R from            0.001 
to 0.999 for the above example: 

𝑋! 5   = 0.03125  

𝑋!    0.410   =   0.75262  

𝐴!   = 𝑋  𝐴!   =    𝑋!   𝑁   ×  𝑋!    𝑅   𝐴!   =    0.03125  ×0.75262   43  𝑚𝐶𝑖    

𝐴!   = 1.01  𝑚𝐶𝑖  
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D. APPENDIX D – FORMULAS 
 

 
 

FWHM = 
Right ch # - Left ch # 

Peak channel # 

 
x 100 

	  
	  

 

a) Divide Peak channel count by 2 

b) Right channel is 1st channel # that has counts less than ½ Peak channel counts 

c) Left channel is 2st channel # that has counts less than ½ Peak channel counts 
 
 
Chi-Square 
Chi-Square (χ  2) test is a means for testing whether random variations in a set of 

measurements are consistent with what should be expected for a POISSON DISTRIBUTION. 
 

1. Obtain a set of 10 counting measurements, 10 seconds each. 
2. Compute the mean 𝑁 
 

𝑁   =    !"
!

!
!!!                                                           n = number of samples 

               Ni = each measurement from 1 to 10 
 

3. 𝑥! =    !"  !!   !

!  
!
!!!    

4. The probability is that it should fail 20% of the time: 10% high and 10% low. This Chi-Square 
result should be between 4.168 and 14.684. 
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Thyroid Uptake 

There are several methods that can be used in the Atomlab 960 
 

a) Thyroid Uptake when recounting a standard 

𝑈𝑝𝑡𝑎𝑘𝑒  % =   
𝑇ℎ𝑦𝑟𝑜𝑖𝑑  𝑐𝑝𝑚 − 𝑃𝑎𝑡𝑖𝑒𝑛𝑡  𝐵𝑘𝑔𝑛𝑑  𝑐𝑝𝑚

𝑅𝑒𝑐𝑜𝑢𝑛𝑡𝑒𝑑  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 − 𝐿𝑎𝑏  𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑   ×100 

b) Thyroid Uptake with decay correction of the dose 

𝑈𝑝𝑡𝑎𝑘𝑒  % =
𝑇ℎ𝑦𝑟𝑜𝑖𝑑  𝑐𝑝𝑚 − 𝑃𝑎𝑡𝑖𝑒𝑛𝑡  𝐵𝑘𝑔𝑛𝑑  𝑐𝑝𝑚

𝐷𝑒𝑐𝑎𝑦  𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑   𝐷𝑜𝑠𝑒  𝑐𝑜𝑢𝑛𝑡 − 𝐿𝑎𝑏  𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑   ×  100 

c) Thyroid Uptake for therapy doses 
i. Count in a dose calibrator the standard 
ii. Count in a dose calibrator the therapy dose 
 

𝐷𝑜𝑠𝑒  𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 =   
𝑇ℎ𝑒𝑟𝑎𝑝𝑦  𝐷𝑜𝑠𝑒  𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑  𝐷𝑜𝑠𝑒  𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦                                                     = 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 

 

𝑈𝑝𝑡𝑎𝑘𝑒  % =   
𝑃𝑎𝑡𝑖𝑒𝑛𝑡  𝑇ℎ𝑦𝑟𝑜𝑖𝑑  𝐶𝑜𝑢𝑛𝑡 −    𝑃𝑎𝑡𝑖𝑒𝑛𝑡  𝐵𝑘𝑔𝑛𝑑  𝐶𝑜𝑢𝑛𝑡

𝐷𝑒𝑐𝑎𝑦  𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑   𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑  𝐷𝑜𝑠𝑒  𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 − 𝐿𝑎𝑏  𝐵𝑘𝑔𝑛𝑑 ×   𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟
  ×100 

 

𝑈𝑝𝑡𝑎𝑘𝑒  % =   
𝑁𝑒𝑡  𝑃𝑎𝑡𝑖𝑒𝑛𝑡  𝑇ℎ𝑦𝑟𝑜𝑖𝑑  𝐶𝑜𝑢𝑛𝑡

𝐷𝑒𝑐𝑎𝑦  𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑   𝑁𝑒𝑡  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑  𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦  ×  𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟   ×100 

d) Alternate Therapy Calculation 
 

i. 𝑇𝑜𝑡𝑎𝑙  𝑐𝑝𝑚 =    !"#$%&#  !"#$  !"#
!"#$%#&%  !"#

  ×𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑   𝑁𝑒𝑡 𝑐𝑝𝑚  
 

NOTE: Measure Dose before measuring Standard in a Dose Calibrator. 

NOTE: Standard (Net) cpm is counted when counting the patient’s thyroid. 

 

ii. 𝑈𝑝𝑡𝑎𝑘𝑒  % =    !"#$%&#  !!!"#$%   !"# !"#
!"#$%  !"#

  ×100  
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Determining MDA for Radiation Measurements 

U.S. Government formula for MDA (Minimum Detectable Activity) 
 
 
 
 
 
 
 

NOTE: System assumes a 100 cm2 wipe
RB = count rate of the natural background 
TB = time of the background count 
TS = time of the sample count 
E = detection efficiency of the counter 
A = area monitored or wiped 
NOTE:  E = Detector efficiency x Geometric efficiency 
NOTE: Wipe area program assumes 100 cm2 

 

MDA Examples 
 

<+#(+)'&2! +%%! =>7?@A!
B&3+!"#1$)!.C!,+2!D!E!"D!7.>>>>0!
FGH$6!"#1$)!/C!,+2!D!E#"$"7I!

!
!

JK9(34+!9L!"#---I0!  
!

! !

!
! !

! !

! !

M5,)+(!N&,3495,!O,!.C>7=!63(!
JK9(34+!PL!E4---@C.! ! !

! ! .Q@!
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