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Meet the Presenters…   Robert Litman

Mr. Bob Shannon has supported government and independent commercial testing laboratory 
radiochemistry needs for over 20 years and currently performs consulting work through 
Environmental Management Support (EMS) and his company, QRS, LLC. His recent project 
support includes drafting revision 2 of NRC RG 4.15 to incorporate MARLAP principals, 
developing and teaching training courses on basic radiochemistry for State and Federal lab 
radiochemists, performing audits for the EPA and DOE, and helping author laboratory 
guidance documents and develop Rapid Radioanalytical Methods for the EPA. Mr. Shannon 
chairs The NELAC Institute Radiochemistry Expert Committee, the ASTM D19.04 Fission 
and Activation Products Task Group, and is the Radiochemistry Part Coordinator for 
Standard Methods for the Examination of Water and Wastewater.
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Robert Litman, Ph.D., has been a researcher and practitioner of nuclear and radiochemical 
analysis for the past 42 years. He is well respected in the nuclear power industry as a 
specialist in radiochemistry, radiochemical instrumentation and plant systems corrosion. 
He has co-authored two chapters of MARLAP, and is currently one of a team of EMS 
consultants developing radiological laboratory guidance on radionuclide sample analyses in 
various matrices, radioactive sample screening, method validation, core radioanalytical 
laboratory operations, contamination, and rapid radioanalytical methods. He authored the 
section of the EPRI PWR, Primary Water Chemistry Guidelines on Radionuclides, and has 
been a significant contributor to EPRI Primary-to-Secondary Leak Detection Guidelines. Dr. 
Litman has worked with the NRC in support of resolving GSI-191 issues (chemical effects 
following a loss of coolant accident) at current  nuclear power plants and reviewed designs 
for addressing that safety issue for new nuclear power plants. His areas of technical 
expertise are gamma spectroscopy and radiochemical separations. Dr. Litman has been 
teaching courses in Radiochemistry and related special areas for the past 28 years.
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Challenges for Laboratories 
Following a Radiological Incident
• Sudden influx of large numbers of potentially 

radioactive samples
- Wide range of activities possible
- Multiple matrices
- Very short turnaround and reporting time required

• Data quality objectives (DQOs) and measurement 
quality objectives (MQOs) associated with the 
protection of human life and the environment

• Too few experienced staff

• Laboratories unfamiliar with controls for elevated 
radiation and contamination concentration
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What Has Been Done to Address 
These Issues?

Publications and training have been developed on:

• Radiological emergency response guides

• Rapid methods of radiological analysis

• Proficiency test samples
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Radiological Incident Response 
Guides – Different Matrices

Purpose of the guides:
• Provide MQOs to help labs plan for incident response

- Required method uncertainty at analytical action levels (AAL)

- Conversion of protective action guides (PAGs) and risk levels to 
radionuclide concentrations in different matrices

• Discuss potential problems when processing high activity 
concentration samples

• Flow charts for sample processing optimized to the phase of the 
incident

• Detailed radiological background information for the particular 
matrix
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All Guides Contain

• List of threat radionuclides

• Discrete radioactive particles discussion

• Specific radionuclide concentrations at PAGs and 
AALs for each matrix

• How to calculate the required method 
uncertainty

• Flow charts for sample processing

• Other requirements specific to the matrix
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List of Threat Radionuclides

This list 
includes 
radionuclides 
that are most 
likely to be 
encountered in 
a radiological 
event.
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Demonstrating the Calculation for 
MQO – Required Method Uncertainty
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Notes:
[1] Using survey instrument calibrated to 137Cs on contact in the recommended geometry.
Radiological Laboratory Sample Analysis Guide for Incidents of National Significance —
Radionuclides in Water

[2] uMR ≤ (Δ/[z1‐α +z1‐ β ]) = 2000/3.29 = 610
[3] Diamond 9 is the limiting decision criterion.
[4] Mathematically computed from data obtained earlier.
[5] Based on professional judgment from data obtained earlier. The comparison made is based on 
the MQOs established
for the screening analyses and the individual radionuclide analyses. The acceptability of this 
measurement will vary
widely based on the actual radionuclides in the sample and the radionuclides used to calibrate the 
screening
instruments. Thus it will be incumbent on the laboratory staff to assess the agreement of these 
numbers. Guidance
given in the document is a ratio range of approximately 0.5 to 2.0.
[6] The value for uMR (relative required method uncertainty) is determined by dividing the value of 
uMR by the AAL
(fourth column in this table).
[7] Values for gamma analysis assume radionuclide‐specific analyses using an HPGe. If a gamma 
detector of lower
resolution is used, the screening error rates for gamma analysis should be changed to that of the 
alpha and beta
analysis.
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Types of issues specific to 
air samples discussed
• Volume of air sampled

• Beginning and ending times 
of the sampling period

• Type of filter medium

• Percent area of the filter sent 
to the laboratory (e.g., if the 
filter was split or “punched” 
prior to shipment to the 
laboratory)

• Contact activity or dose 
reading of the filter at the 
end of the sampling period
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The autoradiograph shows the 
presence of hot particles of 
various sizes in a soil sample
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Suggested configuration for rapid 
screening of air particulate filters



Radiological Incident Response Guides –
Laboratory and Management Technical 
Information
Guides provide details of:

• Technical or statistical bases for quality assurance aspects 
of method validation

• Background information on the types of radionuclides to 
expect and potential chemical forms

• Correspondence between laboratory and field 
measurements

• Laboratory operations when switching to incident 
response mode
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Some key components:

• How to develop an incident 
response plan that addresses:

• How to switch from routine 
environmental laboratory to 
incident response operations

• Increased contamination 
controls

• Impacts on the quality system 
and quality control program

• Identifying needs and 
managing resources
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Some key components:
• Use together with core 

operations guide

• Contrasts radiological and 
radioanalytical 
contamination

• Identifies importance of 
controls on contamination

• Examples of setting up 
process flow and sample 
handling for incident 
response

• Examples on how to develop 
MQOs appropriate to 
radioanalytical 
contamination monitoring



Some key components:

• Statistically defensible 
evidence that MQOs 
specified in the method 
applicability will be met

• Implements MARLAP 
Chapter 6 method 
validation

• Graded approach with 5 
validation levels

• Number of samples varies 
by validation level

• Step-by-step process with 
clear examples
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Some key components:
• Describes complementary aspects 

of field and lab measurement 
techniques

• Developing MQOs

• Validation of lab and field methods

• Example Scenarios: Approaches to 
integrating field and laboratory 
measurements during response to 
a radiological or nuclear incident
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Some key components:
• Effectiveness and limitations of 

swipe measurements

• Discusses appropriate calculation of 
activity and estimation of 
uncertainty for swipe 
measurements

• Guidance on types of swipes to use

• Review of regulatory approach and 
application of swipes to radiation 
protection and incident response

• References to literature on use of 
swipes
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Some key components:
• Lists closed radioactive materials 

sites in the U.S.

• Identifies different methods and 
their detection capabilities for a 
variety of radionuclides

• Chemical and physical properties 
for selected radionuclides 

• Sample preservation and 
transport

• Principles of radioactive decay 
and radioactive equilibrium
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Proficiency Test Program

• Current PT programs do not require the type of 
report needed following an incident

• They also suffer from the following:
- Activity concentrations are very limited

- Use same short list of long-lived radionuclides 
every time

- Do not cover IND or RDD-type radionuclides

- Do not stress MQOs
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Project Phases for New PT Program
Supply participating laboratories with:

• Phase I
- A single water sample – 8 fission products, 2 activation products (AP), 

1 radionuclide not commonly encountered (all added as individual 
radionuclides in a ratio of approximately that from a fission event)

• Phase II
- Single sample of freshly irradiated uranium (natural) dissolved in acid
- Initial focus – gamma ray emitters
- Round 2 – Pu and Sr analysis also requested

• Phase III (still in development)
- Computer simulated, electronic spectra of various fission product 

radionuclides
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Participation
• Federal, state, and commercial laboratories

• Phase I 
- First round (13 participants)
- Second round (19 participants)

• Phase II
- First round (27 participants)
- Second round (39 participants)
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Summary of Gamma Spectrometry 
Results
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Summary of Analytical Performance
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Results for 89Sr
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Results for 90Sr
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Results for 239Pu



29

PT Program Lessons Learned –
So Far…

• Phase I
- Many fission products not in library
- Low abundance gamma ray lines not in libraries
- Laboratories do not have sample geometries necessary for 

high activity samples

• Phase II 
- Fission product spectra provided a significant challenge to 

software algorithms
- Some short-lived radionuclides (t1/2 <1-2 d) are present 

even after four weeks
- Significantly higher activity creates significant level of 

interference
- Sample screening at the laboratory yields information that 

conflicts with or contradicts the activity concentrations 
within the sample
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Rapid Radiochemical Methods

Previously:
• Many radiological analyses require turn-around-

times (TAT) of days to weeks

• Validation of many methods not performed and 
method performance unknown for different 
matrices 

• Methods not tested for “ruggedness”
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Rapid Radiochemical Methods
• Target radionuclides:

- 241Am
- 239/240Pu and 238Pu
- U isotopes
- 226Ra
- 90Sr (Total Radio Sr)
- 32P

• Used more rapid technology 
(e.g., extraction chromatography, 
vacuum box processing)

• Achieved TATs for radionuclides 
in hours to a day
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Additional Matrices
In addition to water, method validation has been 
completed for:

• Air particulate filters
• Swipes
• Soil
• Concrete
• Brick
• Radioisotope thermoelectric generator material



Additional Development Planned 
and In-Progress
• Rapid methods

- Rapid methods for building and roofing materials
- Rapid methods for asphalt
- Gross alpha and beta analysis of fracking fluids
- Analysis of 89Sr in fresh fission product mixtures
- Rapid methods for 252Cf in various matrices
- Rapid methods for 243/244Cm in various matrices

• Guide for gamma spectrometric analysis
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EPA Contact Information
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For additional information on the Radiological Laboratory Incident 
Response Guides or Rapid Methods please contact:

Dr. John Griggs, Director
National Analytical Radiation Environmental Laboratory (NAREL) 
Office of Radiation and Indoor Air ( ORIA ) 
Environmental Protection Agency
Email: griggs.john@epa.gov
Phone: 334- 270 – 3401

Most of the guides and rapid methods are located on the NAREL 
website at http://www.epa.gov/narel/index.html. 

For hard copies of the Laboratory Incident Response Guides, please 
send your request along with your address to Dr. Griggs.



Questions?
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Future NAMP Radiochemistry Webinars 

• Detection Limits and Decision Limits (December 12)
• Guide to Uncertainty Measurement (January 23)
• Mass Spectrometry (February 27)

Visit the NAMP website at www.wipp.energy.gov/namp


