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What Is “IMBA”?

• The acronym “IMBA” stands for Integrated Modules for Bioassay Analysis.

• During 1997‐1999, the UK National Radiological Protection Board (NRPB), 
in collaboration with British Nuclear Fuels plc (BNFL) and Westlakes
Research Institute developed IMBA:
• a suite of software modules that implement the current, i.e., ICRP 
Publication 68 (1994), models for estimation of intakes and doses.

• The resulting product, NRPB’s “IMBA modules,” went through extensive 
(well documented) quality assurance, and:
• By 2000 were adopted for routine formal dose assessment by 
Approved Dosimetry Services (ADS) throughout the UK.
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Why Was IMBA Necessary?
• The increased complexity of models representing the biokinetic behavior 
of radionuclides in the body following intake, that were introduced in 
ICRP Publication 68, posed major problems for people who were required 
to implement these models, e.g., UK Approved Dosimetry Services (ADS).

• Prior to ICRP 68, in common with international (and U.S.) practice, UK 
ADSs were set up to use the ICRP Publication 26 methodology (ICRP, 
1977) for calculating doses together with empirically‐based metabolic
models from ICRP Publication 30 (ICRP, 1979; 1980; 1984).  

• In 2000, the UK (mandatorily) introduced new regulations that 
implemented the 1996 Euratom Directive:
• In compliance with the Euratom Directive, the 2000 UK regulations 
required all ADSs to apply ICRP’s basic 1990 Recommendations 
(Publication 60; ICRP, 1991) for calculating doses together with  
Publication 68’s (ICRP, 1994) physiologically‐based biokinetic models.
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What Did IMBA Achieve?

• UK ADSs were able to substitute the “computational” cores of their 
existing “dose assessment systems” with compatible “modules” that 
performed the necessary new calculations:
• E.g., BNFL already had a sophisticated “user‐interface” system that 
enabled relatively unskilled operators to perform routine dose 
assessments – using input “bioassay” data – according to ICRP 26/30 
“rules” and models.

• Replacement of the “core” ICRP 26/30 computational models with 
the new “IMBA” modules provided “seamless” transition to 
compliance with the new (2000) UK regulatiuons.

• Common adoption of the IMBA modules by ALL UK ADSs introduced 
UNIFORMITY in dose assessments throughout the UK – with LOW system 
programming overhead for the UK ADSs.
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Courtesy of Dr. Matt Puncher, HPA-RPD

What Is Internal Dose Assessment?
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Courtesy of Dr. Matt Puncher, HPA-RPD

What Does It Involve?
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Courtesy of Dr. Matt Puncher, HPA-RPD

How Is the Respiratory Tract “Modeled”?
– The ICRP 66 (1994) Human Respiratory Tract Model (HRTM)



Slide 8

Courtesy of Dr. Matt Puncher, HPA-RPD

How Are HRTM Tissue Doses Calculated?
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How Do the IMBA Modules Put All These Calculations Together?

Prospective – dose per unit intake
Retrospective – dose from bioassay measurements

Six independent modules – integrated via standard ASCII 
INPUT/OUTPUT data sets – can be run in any order to perform ALL
required dose calculations:
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What Are the Advantages of the Modular Design Ethos?

• Symbiotic relationship with quality assurance – the same (generic) 
modules act for ALL elements (and radiouclides).

• Readily enables each component of the (complex) dose calculation to be 
tested (to whatever precision is necessary to identify “anomolies” – not 
just one final dose coefficient.

• Applies previously quality assured code, e.g., LUDEP (in IMBA_DEP) –
LUDEP was used to generate the reference regional deposition values for 
the HRTM (ICRP 66).

• The original IMBA modules were developed independently by separate 
teams (using different mathematical and coding approaches) – and results 
were rigorously compared with the output of NRPB’s PLEIADES code (one 
of the codes used to generate ICRP reference dose coefficients).

• The same modules can be run in different orders – for different types of 
calculation (prospective or retrospective).

• The modules can readily be controlled by an external code, e.g., they can 
be incorporated into existing (or specially developed) software by treating 
them as subroutines.  
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IMBA-CALC and IMBA-URAN
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Extension of the IMBA Modules to Accommodate Different 
Dosimetry Rules and Regulatory Practices:

The IMBA Expert™ Concept

•Develop an intuitive (i.e., user friendly) MS Windows®‐based 
interface that can be customized for any dose assessment 
application or methodology.

• Extend core IMBA modules to introduce new computational 
capabilities, e.g.:
• Substitute the dosimetry rules mandated by 10CFR835 for 
the ICRP Publication 60/68 rules.

• Provide simultaneous statistical analyses (fitting) of 
multiple bioassay data and different types of data 
(bioassay quantities).
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“Exporting” the Concept of National Uniformity in Internal 
Dose Assessments to the U.S.!

• In 2000, Drs. Birchall and James (representing ACJ & Associates, Inc., 
Richland, WA) “floated” the possibility of applying NRPB’s “IMBA” 
concept to provide a common “tool” to USDOE’s site dosimetry services –
which would:
• Give USDOE sites the capability of applying “uniformly” the current 
(ICRP 68) biokinetic models and the ICRP 66 HRTM – whilst 
preserving their compliance with 10CFR835.

• DOE’s Office of Worker Protection Policy and Programs (EH‐32) recognized 
the benefits of such an approach:
• EH‐32 encouraged Birchall and James to seek the funding for the 
necessary development effort directly from the major individual DOE 
sites (the “Users”) – whilst also establishing the “special 
requirements” (product specifications) for each site. 
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IMBA Expert™ USDOE-Edition was developed in two phases – under an umbrella 
contract between USDOE and ACJ & Associates, Inc. (ACJ).

ACJ sub-contracted the UK NRPB (the IPR owner of IMBA) to co-develop IMBA 
Expert™ USDOE-Edition (and write the code).  ACJ and NRPB shared the resulting 
IPR.

The final “product” (Phase II) was delivered in 2004 – and subsequently “licensed” 
by 26 DOE sites.
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Features of IMBA Expert™ USDOE-Edition
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“User Interface” of IMBA Expert™ USDOE-Edition



Slide 17
“Bioassay Calculations” in IMBA Expert™ USDOE-Edition
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Special Feature of IMBA Expert™ USDOE-Edition:
Ability to “Select” Tissue Weighting Factors
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Ability to “Select” Remainder Tissue and “Splitting” Rules
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DOE Gap Analysis Recommending “Adoption”
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Parallel Developments to IMBA Expert™ USDOE-Edition
• IMBA Expert™ NIOSH‐Edition – custom‐developed for CDC/NIOSH/OCAS 
as a ‘bread‐board’ calculator for them to carry out preliminary 
assessments  in support of the 2000 Energy Employees Occupational 
Injury Compensation Program Act (EEOICPA).  Delivered in 2002.

• IMBA Expert™ CANDU‐Edition – custom‐developed for the (Canadian) 
CANDU Owners Group, Toronto, Ontario.  Delivered in 2004.

• IMBA Expert™ UK‐Edition – custom‐developed for UK ADs. Delivered in 
2004.

• IMBA Expert™ OCAS/ORAU‐Edition – custom‐developed for Oak Ridge 
Associated Universities (ORAU) to enable HP dose‐assessors to perform 
the standardized calculations of annual tissue doses required for 
substitution in the Interactive RadioEpidemiology Program (IREP) for 
cancer causation probability determination.  Delivered in several phases 
(through 2005).
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IMBA Expert™ OCAS/ORAU-Edition
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“Internationalizing” the IMBA Concept: The UK HPA-RPD’s
IMBA Professional Plus (IPP)

http://www.imbaprofessional.com/
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IPP Provides Bioassay Analysis Software in a Range of 
Standard (off-the-Shelf) “Packages”

The “Basic” package can be “enhanced” with off-the-shelf 
“Add-Ons” – to suit Users with different needs (and budgets!)
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IPP Maintains the “Look and Feel” of IMBA Expert™: But with Significantly 

Enhanced Features and Capabilities

ALL versions of IMBA are “backwards compatible” – and share a 
standard ascii data file format (“*.ix” case data).
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IPP Has Been Adopted Very Widely!

So how can an “IMBA-derived” code system help 
the U.S. Nuclear Regulatory Commission?
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The Future of “IMBA” – Ongoing Research & Development

The U.S. Transuranium & Uranium Registries is actively 
collaborating with Drs. Birchall and Puncher to TEST novel (IMBA-
based) analytical capabilities (and methods) with Registries case 

studies.
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Implementation (and Testing) of Proposed New ICRP Models
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USTUR: Learning from Plutonium and Uranium Workers

Leggett et al. (2005) – Revised (Improved?) Pu Biokinetics
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New Capability: “Build Your Own” Biokinetic Model in IPP!

Recycling model now solved “live” – does not require “pre-cooked” 
equivalent set of exponential terms (non-recycling approximation)
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USTUR: Learning from Plutonium and Uranium Workers

“IMBA” Computational Module Options Available in IPP Vers. 4.1.2
(64-bit Compatible)
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Can Implement – and Vary Parameter Values in –
the ICRP 100 Human Alimentary Tract (HAT) Model
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USTUR: Learning from Plutonium and Uranium Workers

New “IMBA Dosimetry” Modules for “Future” ICRP Dose Calculations
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Can Select Any “Compartment” of a Biokinetic Model as a 
New “Bioassay Quantity”
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New Radon (and Thoron) Progeny Dosimetry “Tool”
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Radon (and Thoron) Progeny Dose Calculations
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USTUR: Learning from Plutonium and Uranium Workers

Proposed Improvement of HRTM

ICRP Publication 66 (1994)

Gregoratto et al. (in press)
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USTUR: Learning from Plutonium and Uranium Workers
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USTUR: Learning from Plutonium and Uranium Workers

Internal Dose Assessment by “Rule Book” Can Get Very 
Complicated!!
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USTUR: Learning from Plutonium and Uranium Workers

Bayesian Analysis Goes Directly from Uncertainties in 
Bioassay Data to Uncertainties in Doses
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USTUR: Learning from Plutonium and Uranium Workers

Example from USTUR Case Study – “In Vivo” Bioassay Data
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USTUR: Learning from Plutonium and Uranium Workers

Simultaneous Evaluation of Uncertainties in HRTM Model 
Parameters
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USTUR: Learning from Plutonium and Uranium Workers

Case 0202 – Bayesian Posterior Distribution of
Intake – Pu Fire
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USTUR: Learning from Plutonium and Uranium Workers

Case 0202 – Bayesian Posterior Distribution of
“Effective” Dose to Lung, HE(lung)

Message: DOSE is NOT proportional to INTAKE! 
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USTUR: Learning from Plutonium and Uranium Workers

Case 0202 – Bayesian Posterior Distribution of 
Slow Absorption Rate, ss

Message: Uncertainty in ABSORPTION PARAMETER is 
significantly LARGER THAN uncertainty in DOSE! 
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USTUR: Learning from Plutonium and Uranium Workers

Case 0202 – Predicted Annual Dose Rates
(Optimized Gregoratto HRTM)
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USTUR: Learning from Plutonium and Uranium Workers

Comparison of Bronchial Target Cell Dose

Bronchial Target Cells
In this case (Pu fire incident), the OHRTM and OGPT
models give significantly different estimates of
committed dose to bronchial secretory cells (but not
basal cells):

Secretory cells
•OHRTM; 7.71 Sv (GSD = 1.33)
•OGPT; 0.273 Sv (GSD = 1.28).

Basal cells
•OHRTM; 0.494 Sv (GSD = 1.32)
•OGPT; 0.398 Sv (GSD = 1.28).
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USTUR: Learning from Plutonium and Uranium Workers

The USTUR Measures -Dose Rates to Tissues DIRECTLY –
From Radiochemical Analyses of Autopsy Samples
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USTUR: Learning from Plutonium and Uranium Workers

Including DIRECT Measurement of Terminal -Dose Rate to 
Thoracic (and Axillary) Lymph Nodes
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USTUR: Learning from Plutonium and Uranium Workers

ICRP Publication 103 Has Changed the Treatment of Lymph 
Nodes – and Remainder Tissues!!
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Some Potential Issues with New ICRP 103 “Dosimetry”

• Not stated whether Thoracic Lymph Nodes (LNTH) are included in the “lymph 
node dose average” – or how to calculate axillary lymph node dose (for a 
“wound” intake).

• If LNTH are included, their wT value would increase by an order of magnitude 
– from 0.001 (ICRP 66) to about 0.01 (one‐fourteenth of the 0.12 “remainder” 
value).

• At least for the actinides, the radionuclide concentrations (tissue doses) for 
the Breast, Brain, Salivary glands, Skin, Adrenals, Gall bladder, Heart, Pancreas, 
Prostate, Spleen, Thymus, Uterix/cervix are not “modeled” – and autopsy data 
indicates substantial differences from Massive Soft Tissue (MST).
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Concluding Remarks (Personal Observations)

• As found by many Approved Dosimetry Services (including the USDOE), a 
“unified” and pre‐quality assured approach to formalizing internal dose 
assessment (such as the “modular” approach embodied in IMBA‐based 
codes) is valuable in “seamlessly” implementing significant changes in 
regulatory practices.

• The developers of IMBA (and the related WeLMoS methodology and 
“interface”) have demonstrated the technical capability to apply these 
codes flexibly, reliably, and remarkably quickly to help both “Users” and 
regulators.

• I have tried to illustrate the ‘holistic’ scope and power of this approach in 
meeting anticipated regulatory needs – and also in stimulating (and 
facilitating) fundamental research on the quantification (and reduction) of 
uncertainty in internal dose assessment.
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Disclaimer: “This presentation was prepared as an account of work partly 
sponsored by an agency of the United States Government. Neither the 
United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any 
legal liability or responsibility for the accuracy, completeness, or usefulness 
of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to 
any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of author 
expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof” – or the views and policies of 
the UK Health Protection Agency.
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