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Disclaimer:

This presentation is provided as a 
courtesy, informational briefing to 
the NC HPS audience and is not 
intended for dissemination outside 
of this immediate audience.  The 
content of this presentation, while 
prepared by an EPA federal 
employee, are strictly his express 
opinion and are not to be 
construed to be agency policy, 
interpretation or regulation.
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Disclaimer: (continued)

Any mention of a specific 
commercial product, Trade name 
or service is does not constitute 
an endorsement or 
recommendation for use.
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Statement of the Problem

While I still enjoy 

‘80s music videos on 

VH1 Classic, using a 

system / method 

purchased in 1985 

was no longer 

desirable.
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Agreements for 

bioassay measure-

ments at other 

institutions like Duke 

University and 

NIEHS no longer 

feasible.

Graham Hair, EPA/RTP RSO 1973-1994
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Objectives

• Review Iodine-125 bioassay requirements

• Review Iodine-125 detection options.

• Review techniques to determine Iodine-125
efficiency.

• Discuss materials, methods and data 
observations.

• See the practical results of the calibration.
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External Monitoring

• Whole Body (Badge)     
Monitoring
–Higher energy beta emitters; photon 

emitters

Examples – P-32, Cr-51, I-125, As-73

• Extremity  (Ring Badge) 
Monitoring
- Higher energy beta emitters

- Examples – P-32, P-33

Picture Credits: Landauer Corp. 

ldrsolutions.landauerinc.com14



Internal Dose Assessment

Thyroid Scan
for I-125 & I-131 Urine Analysis

for H-3, C-14, P-32, & S-35 

Picture Credit:  (Thyroid gland)

http://www.uos.harvard.edu/ehs/radsafety/pur_i125.shtml15



10 CFR 20 Limits on Intake

• Allowable Limit on Intake (ALI):
–Inhalation: 40 µCi

–Ingestion: 60 µCi

• Derived Air Concentration (DAC): 
3 x 10-8 µCi/mL

But what about thyroid burden?
- Follow-up required for > 0.12 µCi from Reg. 

Guide 8.20
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TABLE 1

Activity Levels Above Which Bioassay 

for I-125 or I-131 Is Necessary

Isotope Activity Limit** (mCi)

Volatile or 

Dispersible

Bound to Non-

Volatile Agent

125I 1.0 10

**Activity Limit applies to the larger quantity: 

[1] Three Month usage/disposal or 

[2] Maximum activity handled at one time.

Internal Exposure Monitoring

Reference: (Adapted)

U.S. Nuclear Regulatory Commission Regulatory Guide 8.20, 

“Applications of Bioassay for I-125 and I-131,” September, 1979.
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Configured for Calibration / 

Spectrum Acquisition
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Configured for Calibration / 

Spectrum Acquisition



NaI Scintillation Detector

NaI

PMT

AMP MCA Output

Device

Crystal Detector

Photomultiplier Tube

Amplifier Multi-Channel

Analyzer
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Incident Ionizing Radiation

Sodium-Iodide

Crystal

Photocathode

Optical Window

-

Pulse

Measuring

Device

Light Photon Photomultiplier Tube

Dynode Anode

Radiation Detection

Scintillation Detectors

Diagram Credit: 

HPS STW Technical 

Presentation
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Liquid Scintillation 

Counters (LSC)
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Gamma Counters

Picture Credits:  

(Various used equipment on-line sales listings.)
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Modern Gamma Counters

Picture Credit: 

Product Brochure from PerkinElmer formerly Wallac
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Iodine-125 Decays by 

Electron Capture

Results in Multiple, Discrete 

Photons Emitted

)( 0
0

  125
52

  0
1-

  125
53

neutrinoTeelectronI 

(Photons)
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Primary Photons for I-125

Photon Mode KeV % Abundance

Te K alpha 2 27.2 40.5

Te K alpha 1 27.5 75.6

Te K beta 1 31.0 20.1

Te K beta 2 31.9 4.4

 M1+0.07%E2 35.5 6.7

Reference: 

Brown, E and Firestone, R.; Table of Radioactive Isotopes, 1986.
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Primary Photons for I-129

Photon Mode KeV % Abundance

Xe K alpha 2 29.5 20.5

Xe K alpha 1 29.8 37.8

Xe K beta 1 33.6 10.2

Xe K beta 2 34.6 2.4

 M1+ 0.08%E2 39.6 7.5

Reference: 

Brown, E and Firestone, R.; Table of Radioactive Isotopes, 1986.
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Ratio of Photons

Isotope Photon Abundance

(Per decay)

Iodine-129 0.785

Iodine-125 1.473

Reference: 

Brown, E and Firestone, R.; Table of Radioactive Isotopes, 1986.
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Equivalency or Conversion Factor:

–Going from I-129 activity to I-125 activity divide by 

0.533.



Modern Gamma Counters

Picture Credit: 

Product Brochure from PerkinElmer formerly Wallac
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 ―Absolute detector efficiency—for I-125, it is possible 

to determine the absolute efficiency of the detector by 

using the Horrocks method. The method does not 

require calibrated sources (having a known DPM 

value). For other isotopes, detector efficiency is 

obtained by dividing corrected CPM in the counting 

window by the isotope DPM value. This method does 

require the use of calibrated sources.‖

From Perkin-Elmer Website

las.perkinelmer.com/Catalog/ProductInfoPage.htm?ProductID=2470-

0010
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Absolute Efficiency?

References: 

1. Eldrige, Nucleonics, 22 (6), 56 (1964)

2. Harper et. al, J. Nucl. Med. 4, 277 (1963)

3. Horrocks, Clinical Chemistry, Vol. 21, No. 3, (1975)



I-125 and I-129 Gamma Spectra

Reference: (Scanned page)

Packard AutoGamma 5000 Series Manual; Appd. B-13; 1989.32



Data/Observations
Iodine-129

• 0.23% Iodine-129 Efficiency

Iodine-125

• 0.43% Iodine-125 Efficiency

–Minimum Detectable Activity of 0.06 mCi

• Fewer counts in the sum (coincident) peak than with 

bench top gamma counting instruments.
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Future Work

• Acquire Iodine-125 spectrum under conditions of 
significant dead time.

• Validate with NIST traceable standard of Iodine-125

• Cross calibrate NIST Traceable Iodine-125 with NIST 
Iodine-129 traceable standard.

• Check on the derivation of the Reg. Guide Organ 
Burden.
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Physics Before Chemistry

―Physics is the knife that cuts through 

the grain of nature.‖

Unattributed-Unknown



Contact Information:

Todd Baker

baker.todd@epa.gov

Voice: 919-541-4307
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