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Abstract

Purpose—An interlaboratory comparison of radiation dosimetry was conducted to determine the
accuracy of doses being used experimentally for animal exposures within a large multi-
institutional research project. The background and approach to this effort are described and
discussed in terms of basic findings, problems and solutions.
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Methods—Dosimetry tests were carried out utilizing optically stimulated luminescence (OSL)
dosimeters embedded midline into mouse carcasses and thermal luminescence dosimeters (TLD)
embedded midline into acrylic phantoms.

Results—The effort demonstrated that the majority (4/7) of the laboratories was able to deliver
sufficiently accurate exposures having maximum dosing errors of < 5%. Comparable rates of
‘dosimetric compliance” were noted between OSL- and TLD-based tests. Data analysis showed a
highly linear relationship between ‘measured’ and ‘target’ doses, with errors falling largely
between 0-20%. Outliers were most notable for OSL-based tests, while multiple tests by ‘non-
compliant’ laboratories using orthovoltage x-rays contributed heavily to the wide variation in
dosing errors.

Conclusions—For the dosimetrically non-compliant laboratories, the relatively high rates of
dosing errors were problematic, potentially compromising the quality of ongoing radiobiological
research. This dosimetry effort proved to be instructive in establishing rigorous reviews of basic
dosimetry protocols ensuring that dosing errors were minimized.

Keywords
dosimetry; OSL/TLD dosimeters; animal models

Introduction

Over the past several decades the federal government has been supporting, via contracts and
grants, large multi-institutional, multi-investigator-related radiobiological research programs
(NIAID 2005, NIAID 2009, NIAID 2012, NIST 2011, BER 2015, Maidment 2011). The
vast majority of these research programs involve active laboratory work requiring the use of
ionizing radiation (IR) and associated IR-emitting devices to irradiate specific test subjects,
and the subsequent monitoring and assessment of IR-induced responses within those
‘targets’. These biological targets can, and often do, span the entire spectrum of biological
organization, going from elemental molecules of the cell, to vital tissues of the body, to
whole animals. The IR-induced responses are equally diverse, but dependent on defined,
highly variable IR exposure conditions, predetermined by investigative objectives and
strategies. Some of the key exposure variables include, but are not limited to: total dose and
rate of exposure of IR, the quality of IR, and a host of biologic variables. Certainly the latter
includes both the basic nature of the biologic entity and its’ targeted volume (Zoetelief et al.
1984). Measurements of the IR-induced responses of those biologic targets can vary as well,
sometimes extensively, but generally in proportion to the total magnitude, the intensity, and
the duration of the exposing IR. Accordingly, the accuracy and precision (reproducibility) of
the bioresponse-initiating IR exposures are, in general, critical to the successful outcomes of
any/all radiobiological investigations, especially in terms of achieving reliable, reproducible
results that are useful to the scientific community (Desrosiers et al. 2013). The latter
sentiment has been embraced by investigators, program managers, and the radiobiological
community at large. This is evident by the numerous conferences and workshops that have
been devoted to this subject (Desrosiers et al. 2013, Murphy 2011, NIST 2011, RadCore
2010, Yoshizumi et al. 2011).
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A multi-institutional NIAID-sponsored research project entitled “Studies of
immunosenescence and other late effects of acute ionizing radiation exposures in atomic
bomb survivors” was initiated September 30 2009 and continues to date (NIAID 2009). The
research project contractually links the Radiation Effects Research Foundation (RERF) in
Hiroshima Japan and the National Institute of Allergy and Infectious Diseases (NIAID),
along with nine collaborating institutions (five US institutions and four Japanese
institutions), and has as its primary objective the study of the long-term health effects of
atomic radiation exposures on a defined Japanese population and the use of RERF’s unique
repositories of longitudinal clinical and biologic data, radiation exposure estimates, and
biospecimens to define more precisely the changing nature of immune capacity and function
with age and with (or without) prior acute radiation exposure and associated injury.

Although the major scientific thrust of this NIAID-funded program is ‘epidemiological’ in
nature (i.e., retrospective, clinical, sample-based analyses) and involves the analyses of
stored biosamples from atomic bomb survivors, supplemental, supporting experimental
radiation studies using small animal (mice) models are being conducted by a number of the
collaborating researchers. It was recognized by the program managers early on of the need
to confirm and verify the accuracy of the IR doses being proposed for use in animal
experiments at the various participating institutions. As such, dosimetric confirmations of
the experimental radiation exposures were considered to be fundamental to the proper
performance of any/all radiobiologic investigations. Accordingly, a radiation dosimetry
exercise was initiated early in 2010 for these IR dose confirmations (Seed 2011). The goals
of this exercise were two-fold, namely to: 1) standardize the basic dosimetric approach
among the laboratories (performing animal-based experiments); 2) assure that the radiation
doses being delivered to experimental animals were consistent, with a minimal accuracy of
95% or better (or conversely, a maximum error of 5% or less). In this regard, the proper use
of IR generating systems (IR-irradiators) required full periodic dosimetric assessments in
order to assure consistent, accurate and precise IR exposures. But beyond the later
requirements, was the need to ensure consistency between laboratories so that the data
coming from individual institutions could be compared in a meaningful manner. This report
attempts to summarize the primary findings of this ‘dosimetry exercise’, while highlighting
strengths and weaknesses of the work effort, and suggested areas of improvement for
comparable, future efforts by others.

Materials and Methods

General

The ‘dosimetry exercise’ developed as a result of the early recognition that in order to
effectively execute the planned animal-based radiobiological studies across the various
participating institutions, oversight and guidance on IR dosimetry related issues were crucial
to programmatic success. The sheer complexity of the project itself and the involvement of
numerous investigators working at different institutions under different conditions were the
principal drivers of these initial concerns. Accordingly, plans for a coordinated dosimetry
testing and support effort (i.e., the ‘dosimetry exercise”) were laid during the initial ‘kick-
off” meeting at NIAID/NIH in Bethesda, MD, December 9 2009 (RERF-NIAID 2009).
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Survey of available resources

A major ‘action item’ resulting from discussions of ‘experimental radiation exposures of
mice’ during the initial contractor’s meeting related to the need to try to “‘harmonize’ as
much as possible, IR exposure protocols within the various laboratories. This would
however require surveying the various participating laboratories and gathering details on IR
irradiators and IR exposure protocols. A survey was subsequently initiated to collect
information on the following four areas: 1) type, model, and operating conditions the IR
irradiator being used and/or proposed for use (i.e., IR type, manufacturer, model, basic
operating conditions and other comments); 2) basic parameters of the planned exposures
(range of doses; exposure rate, exposure array, stationary/rotating, unilateral/bilateral/
multilateral); 3) dosimetry performed to date for the impending animal exposures (dosimetry
performed, reliance on manufacturer’s specifications, dosimeters employed, doses measures,
phantoms employed); and 4) availability and access to a qualified staff radiation dosimetrist
at the facility.

The survey was forwarded by email to each of the co-investigators at the seven participating
institutions (four Japanese laboratories, plus three US laboratories) who were planning
animal-based experiments. The information collected in this initial survey, and in subsequent
follow-up queries to the participating laboratories, is listed in Table I.

Outsourcing of dosimetry assessments

While the “survey of resources’ was being collected, it was clear from the initial discussions
that among the participating laboratories there was an extraordinarily wide range of available
resources, experience, and capabilities relative to radiation dosimetry specifically and to
radiation biology in

Therefore, in addition to the survey, we proceeded to find a suitable ‘out-source’ for the
project’s dosimetric needs and requirements. Following consultations with the Dosimetry
Group (Dr Vitaly Nagy) at the US Armed Forces Radiobiology Institute (Bethesda, MD) and
with the Radiation Dosimetry Laboratory (Dr Terry Yoshizumi) at Duke University
(Durham, NC), along with the principal investigators and program managers at RERF, an
additional commercial dosimetry laboratory, Landauer Inc. (Glenwood, IL) was contacted
(and latter contracted) for specific dosimetric services. Midway through the contract, another
major dosimetry facility, namely the Medical Radiation Research Center (MRRC) at the
University of Wisconsin (Madison, WI), under the direction of Dr Larry DeWerd, was
contacted, and again, services contracted.

Approaches to the ‘dosimetry exercise’

Initially the plan was to perform dosimetry testing using optically stimulated luminescence
(OSL) dosimeters embedded midline into mouse carcasses (Figure 1, Phase 1) (Note- later
in the project, Phase 2, TLD dosimeters embedded midline into plastic phantoms). All
participating laboratories were asked to perform a preset range of test IR exposures with
their irradiators using OSL dosimeters (InLight NanoDot!™ ; Al,O3) that were supplied and
later analyzed by Landauer Inc. (Landauer Inc, 2 Science Road, Glenwood, Illinois 60425
USA). Landauer Inc. is fully accredited and licensed ionizing radiation calibration facility
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for OSL-based, radiation monitoring services and technologies. Briefly, the OSL dosimeters
supplied by Landauer Inc. represent a new generation of highly sensitive and reliable
radiation dosimeters are designed for use in single point radiation assessments over a wide
range of potential energies and engineered to be conveniently read out by small, table-top
optical luminescence detectors- the microStar®. These OSL dosimeters offer the advantages
of a complete reanalysis if required, requires no preparation prior to use and has a labeled
sensitivity that is built into the dosimeter 2D bar code for rapid, accurate reading. In
addition, prior to shipping (to the participating laboratories) all dosimeters were prescreened
for radiation sensitivity and for reproducibility of measurement accuracy (+/- 3%). ( http://
www.landauer.com/uploadedFiles/InLight_nanoDot_FN.pdf). Further details concerning the
nature, analytics and calibrations of these OSL dosimeters can be obtained by the reference
articles by Akselrod (Akselrod 2011) and Yukihara and McKeever (Yukihara and McKeever
2008, 2011).

Guidance was provided to each of the laboratories as to how the OSL dosimeters were to be
handled. Briefly, prescreened InLight NanoDot™ dosimeters were encased within mini
watertight plastic ‘zip-lock’ pouches and surgically embedded into the abdominal cavities of
freshly sacrificed mice of standard size and weight (e.g., ~25 g weight, ~6.5cm in length and
~2.5cm wide). The mouse carcasses with embedded OSL dosimeters were then positioned
within the IR exposure chamber as would be the experimental IR-exposed test animals. For
these exposures, it was recommended that at least two (of the three) test doses be between
1-4 Gy, while the third test dose could be either higher or lower depending on the individual
laboratory’s needs (the IR doses evaluated by the various laboratories ranged from 0.5 to 10
Gy). Duplicate tests were to be performed for each of the radiation doses tested. Following
test IR exposures, the mouse carcass-embedded dosimeters were retrieved, repackaged and
forwarded, via a courier delivery service, to the Landauer dosimetry laboratory for analyses.
Dosimeters were analyzed individually using a Landauer® InLight® microStar reader and
standard OSL calibration curves based on: a) 0.662 MeV 137Cs gamma rays (for

either 137Cs- or 0Co irradiators); or b) 140 kVp x-ray beam (with 8.3 mm Al filter at the
‘half value layer’ or HVL) in the case of orthovoltage x-ray irradiators. The ‘read-out’
process by the microStar reader is based on a light emitting diode array that stimulates light
emission from the OSL detector material that in turn is detected and measured by a
photomultiplier tube using a ultrasensitive photon counting system. The light released during
optical stimulation is directly proportional to the radiation dose and the intensity of the
stimulation light. The calibration factor formula and dose calculations used for the microStar
reader are as previously published (Yukihara and McKeever 2011) and based, in part, on the
early work by Moscovitch (Moscovitch 1993, 1999) that described dose algorithms for
personal luminescence-based dosimetry. Full dosimetric reports were generated and
forwarded to the participating investigators. Figure 2 illustrates basic logistics of the
dosimetry test cycle using Phase 1 elements.

As a result of anomalous results coming from a select number of laboratories using
orthovoltage x-ray units and based on solicited recommendations of several radiation
dosimetrists, the decision was made to switch over to more traditionally used
thermoluminescent dosimeters (TLD) with lower photon energy-dependence in combination
with plastic (acrylic), mouse-like phantoms (Figure 1, Phase 2). As indicated above, the
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MRRC at the University of Wisconsin (MRRC, University of Wisconsin, 1111 Highland
Avenue, Madison, WI 53705) was contracted for this phase of the dosimetry work. Briefly,
the TLD used were LiF:MgTi 1mm?3 microcubes (TLD-100™, Thermo Scientific RMP,
Franklin MA), processed using the Cameron method (Cameron et al. 1964), and read out
using a Harshaw 5500 TLD reader. Prior to shipping, all of the TLD were fully characterized
and sorted for their precision reliability. The plastic mouse phantoms with embedded TLD
were calibrated by MRRC using three distinct irradiator types, namely: a) a gamma ray
emitting 137Cs irradiator (Hopewell G10 137Cs, Hopewell Designs, Inc., Alpharetta, GA); b)
a gamma ray emitting 5°Co irradiator (Theratronics T-1000 60Co, Best Theratronics, Ottawa,
Ontario, Canada); and c) orthovoltage photon X-ray emitting unit (Advanced X-ray CP320
orthovoltage unit). With these irradiators, the MRRC facility delivered National Institute of
Standards and Technology (NIST)-traceable air kerma irradiations to the plastic phantoms
using NIST-calibrated ion chambers and with calculations of known absorbed doses using
Monte Carlo simulations. Air kerma-to-absorbed dose conversion factors were calculated for
each beam energy used.

The dosimetry test package shipped to individual labs included six plastic phantoms, each
with three pre-tested TLD-100™ microtubes (LiF:Mg Ti - 1x1x1 mm cubes; Thermo
Scientific RMP, Franklin, MA) that were inserted midline (geometric center) into the body
of the phantoms. Additional TLD (3) were included in the test package and used as
‘unirradiated controls’. The participating laboratories were asked to irradiate three phantoms
at each of the two ‘target’ doses, namely 1 and 4 Gy using their standard exposure protocol
employed for their experimental animals. Following these exposures, the irradiated
phantoms were collected (along with the ‘unirradiated control TLD) and sent back to the
MRRC for subsequent analyses. Once the dosimeters were received by the MRRC, they
were processed using read-out methods described above. Results were reported to the
investigators in terms of the measured midline doses (absorbed dose in Gy in water) and the
standard deviations of those measurements. Average doses, along with the percent variances
from target doses were reported as well. Figure 3 illustrates basic logistics of the dosimetry
test cycle using Phase 2 elements.

Data management

Results

All dosimetry data coming from specific laboratories were incorporated into a centralized
database, the ‘REDCap’ database system, and is currently available for further analyses by
the project’s investigators and program managers alike.

Surveys of irradiators and operating conditions

The project’s participating laboratories and associated investigators who performed animal-
based experiments employed a full range of irradiators. These irradiators included six
gamma ray units (4 137Cs units and 2 6°Co units, with one of the latter $0Co units
decommissioned midstream during the project). In addition, there were four orthovoltage X-
ray machines (2 of X-ray units remained in active service for the duration of the project,
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while one was decommissioned and another one became inactive relative to the project’s
work) (Table I).

Periodic surveys of the irradiators used by the project’s investigators in their research
facilities, along with basic operating parameters, were conducted and results compiled
(Table 1). A range of both estimated radiation doses and dose-rates, namely 0.5-10 Gy and
0.9-1.3 Gy per minute of exposure respectively, were utilized experimentally by the
different laboratories for exposures carried out alternatively either uni-directionally, bi-
directionally or rotationally. Similarly, different types of exposure arrays were employed
allowing for the constraint and irradiation of either single- or multiple animals. Despite the
periodic surveys, verification of specific operating conditions of these irradiators was
occasionally problematic, due to the failure by certain laboratories to provide specific and
detailed answers to a number of survey-related questions (e.g., lack of specific details not
only concerning basic irradiator operation [HVL values, exposure rates, etc.] but also how
the animals were handled during given exposures [nature of the constraining devices,
numbers of animals irradiated per exposure run, etc.]).

Dosimetry and dosimetrists

Survey of the participating laboratories revealed that less than half (3/7 or ~43%) of the
participating laboratories had a qualified dosimetrist on staff to assist in dosimetry.
Nevertheless, the survey suggested that the majority of laboratories (5/7 or ~71%) had
performed preliminary, experiment-specific radiation dosimetry on the irradiators. A sizable
fraction (3/7 or ~43%) of the laboratories did however, acknowledge that historical data on
their irradiators were used to setup initial exposure conditions (Table I).

OSL-based dosimetry tests

The initial phase (Phase 1/OSL-based) of the ‘dosimetry exercise’ was completed during the
first ~2.5 years of the program’s contract. Results of Phase 1 can be summarized as follows:
1) 100% all of participating laboratories (7/7) performed the requisite OSL-based tests using
cadaver mice that had been implanted (midline) with OSL dosimeters prior to exposure to
predetermined radiation doses (generally 1-4 Gy, but some laboratories chose to test both
higher and lower radiation doses as well). Results of these OSL-based tests are shown in
Figures 4, 5 and 6 and summarized in Table 1I; 2) ~57% (4/7) of the laboratories ‘passed’
this initial test and demonstrated a capacity to deliver sufficiently accurate doses to specific
biologic targets (mouse midlines) that were within the desired 95-105% range of the
estimated doses.

For the four “passing’ laboratories equipped with either 137Cs or 80Co gamma irradiators, the
average dosing errors across all target doses tested were: —0.26%, 1.55%, 1.58% and 4.16%,
respectively. By contrast, the three ‘non-passing’ laboratories (3/7 or ~43%), all using
orthovoltage X-rays, were unable to demonstrate consistently this exposure capability,
despite multiple testing cycles. The average estimated errors for these laboratories across all
radiation doses tested were significantly higher, namely 14.3%, 21.8% and 6.7%. The reason
for the latter inability (i.e., to achieve dosing errors of 5% or less) remains uncertain.
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TLD-based dosimetry tests

In light of the OSL-dosimetry-based results, a second, slightly different dosimetric strategy
was developed and implemented. In this ‘secondary phase’ of dosimetric testing, older, more
conventional ‘thermoluminescent dosimeters’ (TLD) and associated technologies were used
(Figure 1). Results of the TLD-based dosimetry tests can be summarized as follows: 1) all
seven participating laboratories (100%) performed the test exposures as requested, with
several laboratories performing additional follow-up analyses; 2) four of the 7 laboratories
(~57%) achieved the original goal of having maximum radiation dosing errors of 5% or less.
The results of the TLD-based tests are shown in Figures 7 & 8 and summarized in Table II.
In contrast to the OSL-based tests of Phase 1, these positive results (i.e., estimated dosing
errors of < 5%) included laboratories equipped not only with gamma ray units but also an X-
ray unit as well. Based on these TLD-results, a single laboratory successfully reduced
exposure errors from above 5% to 5% or less, while another laboratory (with a prior record
of successful tests using OSL dosimeters) had slightly elevated exposure errors (i.e.,
exposure errors >5%).

Combined results of OSL- and TLD-based dosimetry tests

Analysis of the data has shown an expected, highly linear relationship between the
‘measured dose’ versus the ‘target dose’ for all tests done to date. The predominance of
dosing errors fell between 0-20% across the entire range of radiation doses tested (Figures 9
& 10). Outliers were most notable for the Phase 1 tests that employed OSL dosimeters and
that multiple tests by ‘non-compliant’ laboratories using largely orthovoltage x-ray units
contributed heavily to the noted wide variation in dosing errors. In sum, the ‘dosimetry
exercise’ has indicated that four of the seven laboratories (~57%) were able to reach the
original dosimetric goal of having maximum dosing errors of 5% or less (Table II).

Discussion

Observations

A dosimetric exercise for a large, multi-institutional radiobiological research project was
initiated by early in 2010 to certify the accuracy of ionizing radiation doses used for animal-
based experiments by various investigators working on the same scientific project at several
different research institutions located in both the United States and in Japan. While driven by
rather simple and straight forward objectives (e.g., to test and to document the reliability and
accuracy of radiation exposures delivered to the Project’s experimental animals) this task
proved to be much more difficult than originally anticipated. The original goal was to have
all of the participating laboratories (7 laboratories in total; 3 US labs, plus 4 Japanese labs)
‘compliant’ in terms of demonstrating minimum exposure accuracies of 95% or greater (or
conversely, maximum dosing errors of 5% or less). However, in the final analysis, only 4 of
laboratories (4/7 or ~57%) had achieved this goal. Average dosing errors across the specific
radiation doses tested recorded by the three non-compliant laboratories using TLD-based
dosimetry were 11.5%, —20.6% and —53.6% respectively: this markedly contrasted with the
minimal dosing errors of —0.9%, 1.8%, 3.8% and 5.0% for the laboratories deemed
‘compliant’, using again TLD-based dosimetry. In general, the aggregate data (of the
average error values) from all laboratories showed, as expected, a highly linear relationship
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over the full range of radiation doses (target doses ranging from 0.5 to 10 Gy). Such linearity
of both the aggregate error data, as well as data from individual laboratories, suggests a
systematic source rather than a random score of errors.

It is of interest to note the somewhat comparable outcomes of previously reported studies
concerning ‘inter-laboratory dosimetry testing’ of radiation sources used both clinically and
experimentally (Zoetelief et al 1985; Yegingil et al 2012; Roue et al 2004). The relatively
high rates of radiation dosing errors that we report here for experimental irradiators within
select laboratories appear not to be an uncommon finding (Zoetelief et al. 1985).

Problems and solutions

Dosing errors associated with the use of historical dosimetry data and the lack of
consultative assistance by qualified ‘in-house’ radiation physicists contributed significantly
to the large errors reported during the initial testing phase that employed OSL dosimeters
implanted into midsections of mouse cadavers. One laboratory, for example, had planned on
using an older $9Co gamma irradiator available to them as a departmental resource and
although operational protocols of the irradiator were well-documented, the source strength
and associated dosimetry had not been updated. The solution to the latter was simply a
matter of garnering the assistance of their local radiation/health physicist in order to
recalibrate the source strength and updating general operational protocols for the irradiator
and subsequently retesting the instrument. Once these corrective actions were taken, the
dosimetry ‘problem’ was rectified; e.g., the dosing errors declined appreciably from ~47% to
~6%, over the course of two dosimetry testing cycles.

In the Commission of European Communities (EC)/European Union Late Effects Project
(EULEP) report by Zoetelief et al in 1985, potential, underlying source of these IR dosing
errors (specifically for experimental X-ray sources) were addressed and detailed, with four
major causation groups identified, namely 1) x-ray output (e.g, beam filtration, voltage
waveform), ii) scatter (e.g., size/shape of beam, proximity of phantom to other scattering
materials), iii) depth dose (e.g., focus-to-surface distance, position in beam relative to central
axis) and iv) miscellaneous (e.g., positioning phantom/animal in beam). However, the report
concluded that the basis of IR dosing errors resides mainly at the level of basic IR irradiator
setup and associated dosimetry testing, beginning with the use of properly calibrated and
standardized ionizing chambers. Further, above cited EC/EULEP report (as well a follow up
report by Zoetelief et al 2001) provides procedural guidelines for such preliminary
dosimetry testing and basic requirements of experimental animal irradiations with x-rays.

Another major problem that presented early in the testing phase (Phase 1) using OSL-based
dosimetry involved laboratories using orthovoltage x-ray units and claiming (via the initial
surveys) photon beam energies to be in the range of 150 kVp. Exposure errors recorded with
OSL dosimeters implanted into mouse carcasses were uniformly on the high side, suggesting
perhaps that they were over responding to relatively low energy x-rays, a phenomenon that
has been well-documented with maximum photon energies falling below ~125 KeV (MS
Akselrod, personal communication): e.g., at ~100 KeV of photon energy OSL dosimeter
signals can be ~1.5 times higher than those OSL signals recorded at substantially higher
photon energies, i.e., 150 KeV or greater (Akselrod 2011). Although the dosimetry service
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provider, Landauer Inc., had attempted to correct for the use of relatively low energy X-rays
(OSL signal correction was for 125 KeV) based on the information (or lack thereof) they
received back from participating laboratories, these corrections appeared to be insufficient.
Rather than requiring the laboratories with orthovoltage x-ray units to establish substantially
higher, more uniform beam energies amenable for the OSL-based dosimetry, an entirely new
dosimetry strategy was adopted. This strategy utilized older, more conventional, and slightly
less energy-dependent, thermoluminescence dosimeters embedded into midlines of mouse-
sized, acrylic phantoms. This switch in dosimeter type required that a new service provider
(the Medical Radiation Research Center at the University of Wisconsin) be contracted. The
results of these TLD-based tests were revealing, although not entirely unexpected, in that the
suspected OSL-based dosimetry problem was not entirely corrected with the switch to the
TLD dosimeters: two of the three laboratories with orthovoltage x-ray units still reported
unacceptably large dosing errors, while the remaining laboratory using orthovoltage x-rays
did show significant improvement and managed to reach the original dosimetry goal of
having dosing errors of 5% or less. Further, an additional surprise came from a laboratory
using a 137Cs irradiator that after registering acceptable dosing errors of <5% using OSL
dosimeters, reported significantly higher and clearly now non-compliant (in terms of original
dosimetric goals) dosing errors in the range of ~10-14% during the later tests with TLD
dosimeters. This laboratory acknowledged the dosimetry problem, initiated a full internal
dosimetric review and subsequent corrective changes. Unfortunately, this laboratory declined
the offer of having their irradiator retested by the MRRC/UW group.

The ‘bottom-line” here is that when the final results of Phase 1 (OSL-based dosimetry) and
Phase 2 (TLD-based dosimetry) tests were compared, similar fractions of ‘compliant” and
‘non-compliant’ laboratories (~57% vs ~43% respectively) were noted, suggesting a
commonality of test results, independent of the type of dosimeter applied.

Lessons learned and recommendations

Lessons were indeed both taught and learned as a consequence of this ‘dosimetry exercise’.
First, a full range of proficiencies were noted among the participating laboratories: several
were able to achieve reasonably precise exposures in a consistent manner from the very start
of project, while others were able to achieve this dosimetry proficiency only after significant
reassessments and readjustments of their dosimetry. Unfortunately, a few laboratories were
simply unable to obtain the initially established goals, due possibly to the lack of dosimetry
resources available to them, especially in terms of having a ‘in-house’ radiation dosimetrists
on staff, or of having the essential funds to bring in, on a temporary basis, skilled staff or
contractors in order to perform the necessary corrective dosimetric assessments and
adjustments. One laboratory that initially failed the initial OLS-based dosimetry tests and
lacked “in-house’ dosimetry support, found it necessary to bring in external service experts
from the irradiator’s manufacturer: as a result, later dosimetry tests proved successful, with
dosing errors substantially reduced to a bare minimum. The ‘take-home’ lesson here is that
all prospective investigators proposing irradiated animal-based experiments need to carefully
assess their own institutional resources in order to be able to perform full and proper
dosimetry and to provide written assurances of these capabilities and resources within in
their proposals prior to funding.
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Further because of the noted dosimetric difficulties experienced by laboratories equipped
with orthovoltage x-ray units, it is suggested, although quite hesitantly, that these IR-
generating devices are perhaps not well suited and place investigators at a disadvantage
when conducting animal-based, radiobiological studies. Gamma ray emitting 137Cs

and 0Co sources, by contrast, have more predictable and uniform beam properties. As
pointed out by one of RERF’s internal reviewers (in a pre-journal submission review), x-ray
units produce a “....wide spectrum of photon energies that depend not only ....on the
nominal peak kilovoltage of the electrical waveform....”, but also on a number of other
critical factors, including “....the actual applied peak kilovoltage, the rectification of the
waveform, the nature of the target inside the X-ray tube and the angle between the electron
beam and target surface, and the inherent and added beam filtration.” Bearing in mind these
factors, it is quite understandable why the orthovoltage x-ray units might be less predictable
than the gamma ray generating IR sources when used in combination with energy-sensitive
responses of OSL dosimeters.

Still another lesson is that all investigators need to recognize the fundamental importance of
having a well-developed and properly executed dosimetry program for radiobiological
studies. Relative to this project, the later ‘lesson’ specifically entailed not only a periodic
developing, reviewing and updating IR exposure SOPs, but also a continued effort to
perform ‘in house’ dosimetry and the certification of the accuracy and reliability of radiation
dose estimates. The final lesson for individual investigators and program managers alike is
that all essential details of experimental irradiation and associated dosimetry need to be
incorporated into any/all progress reports and journal publications.
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Two basic dosimetry testing approaches, in turn two phases, have been employed for the
RERF/NIAID-funded project: Phase 1, OSL dosimeters embedded surgically into mouse
carcasses; Phase 2, TLD dosimeters embedded into plastic mouse phantoms.
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Approach- Phase 1 testing logistics
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Approach- Phase 2 testing logistics
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Phase 1: OSL-based results
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Phase 1 OSL-based testing: Measured doses relative to 1 & 4 Gy target doses for each
participating laboratory. (Plotted doses are averages of measured doses with standard
deviations generally < 0.05, except for SDs of 1 Gy Lab #3 value of 0.20 and 4 Gy Lab #7

value of 0.54).
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Phase 1: OSL-based results

i 1 Gy targetdose 4 Gy target dose
w0 268
- 2. 40 -
O 30
8 20 ‘:4 120 g 180
s wy @ oo 20 -
e 10 =] * 0o
= 0 0 g -1 10 P
= S 0 ETIL ET T m T, i@
E . T8 g . ® e
‘g 10 127 Eo 772
55 * SE 10 e
SE 2 -
& 20 o -2
0123 456738 -30 L e

[

012 3 456 ':"
Laboratory Laboratory

Figure5.
Phase 1 OSL-based testing: Dose errors (% errors) relative to 1 & 4 Gy target doses for each

participating laboratory. (Plotted doses are averages of measured % errors with standard
deviations generally < 5.0, except for SDs of 1 Gy values for Lab #1 of 5.8, Lab #3 of 20.4
& 10.8).
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Phase 1: OSL-based results
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Phase 1 OSL-based testing: Measured doses (left panel) and dosing errors (right panel)
relative to all other target doses tested (0.5, 2, 5, 7, 8, & 10 Gy) for each participating
laboratory. (Plotted doses are averages of measured doses with standard deviations generally
< 0.05, except for SDs of Lab #2 at 10 Gy of 0.20, Lab #5 at 7 Gy of 0.15, and Lab #6 at 8
Gy of 0.09: plotted % errors are average values with standard deviations generally < 5.0,
except for SDs of Lab #1 at 0.5 Gy of 9.1/17.2 and at 2.0 Gy of 11.3).
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Phase 2: TLD-based results

Figure 7.
Phase 2 TLD-based testing: Measured doses relative to 1 & 4 Gy target doses for each

participating laboratory. (Plotted doses are averages of measured doses with standard
deviations generally < 0.05, except for SDs of 1 Gy Lab #3 value of 1.99 and 4 Gy Lab #1
value of 0.55, Lab #3 of 1.05 and Lab #7 of 0.06).
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Phase 2: TLD-based results
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Figure8.

Phase 2 TLD-based testing: Dose errors relative to 1 & 4 Gy target doses for each
participating laboratory. (Plotted doses are averages of measured % errors with standard
deviations generally < 5.0, except for SDs of 4 Gy value for Lab #1 of 13.9).
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Phases 1&2: Combined results
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Combined OSL- and TLD-based tests: Relationship between measured radiation doses and

related target doses.
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Phases 1&2: Combined results
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