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Abstract
To estimatethe probability of causationin an occupationalradiation exposurecompensatioIf
~gram, it is necessaryto reconstructthe dosefor the tissueor organthat was diagnosedwith a
primary cancer. In occupationalmonitoring programs,dosimeterbadgesare commonly usedto
assesscompliancewith prescribedexposurelimits. Becausethe dosimeterbadgesmeasurethe
dose deliveredat a specific point on the body, and not to the actual organ, a method has been
developedto convert the regulatory compliancedose(monitored dose)to a doseto the affected
organ or tissue. The methodtakesinto consideration:1) the responseof the monitoring device;
2) the exposurephoton energy;and, 2) the exposuregeometry. The combinationof thesethree
factors results in a time, facility, and task specific organ dose conversionfactor (DCF). This
paperdescribesthe technicalapproachused in developingtheseorgan specific doseconversion
factors. Examplesof the relative importanceof accountingfor differencesbetweenregulatory
compliancedoseand the organdoseareprovided for selectedexposureconditions.

1. Introduction
Under the U.S. Energy EmployeesOccupationallllness CompensationProgram Act [1], the
National Institute for OccupationalSafety and Health (NIOSH) is tasked with reconstructing
internal and externalorgandosesfor certainU.S. Departmentof Energy (DOE) facility workers
who are covered under the provisions of the Act. Since most historical radiation monitoring
data has been perfOI'JDedfor regulatory compliance purposes, NIOSH has evaluated the
applicability of compliancebasedexternaldosemonitoring results againstthe needsof a worker
compensationprogramthat usesprobability of causationas the deciding factor.
A review of the literatureindicatesthat early externaldosimetrymonitoring datawas basedon a
measureof radiation exposurein Roengten(R). More recently the ambient dose equivalent
(H.(lO» or the personaldeepdoseequivalent(Hp(lO» have been usedto representthe external
doseto a worker. Eachof thesevalues,however,estimatethe exposureor doseat a singlepoint
on the body and were not intendedto be representativeof the doseto individual organs. In this
paper,we have used the valuestabulatedin ICRP Publication 74 [2] and ICRU Publication-43
[3] as the basis for developinga methodthat could be usedto evaluatethe differencesbetween
thesemonitoreddosesandorgandoses.
To convert any of the abovemonitoreddosesto an accurateestimateof organ dose,the photon
energy of the exposuremust be considered. While knowledge of the facility specific energy
spectrumwould be ideal, in most cases,only photon doseswithin broad energy intervals are
likely to be known. At DOE facilities in the United Statesfor example,film badgesin the mid1960s used multiple absorbersto determine the dose from low energy x-rays, intermediate
energy photons, and high energy photons. With these broad energy intervals, a mean or
effective doseconversionfactor is neededfor organdosedetermination.
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The following section describes the technical approach used to develop a method for converting
monitored dose to organ dose for each of the factors discussed above.

2. Methods
2.1. Monitoring Device Conversion
Many of the coefficients necessaryto convert monitored dose to organ dose are containedin
ICRP Publication 74 [2]. These are listed in that document by tissue of interest, exposure
geometry,and radiation energy. Thesecoefficients can be used to convert from ambient dose
equivalent (H*(10» and personal dose equivalent (Hp(IO» to free-in-air KERMA (Ka ) for
various photon energies. Also included in ICRP 74 are the coefficients necessaryto convert
Hp(IO) to Ka. Since most early monitoring data was reported in units of exposure,and not a
deepdoseat 10 mm, the conversionfrom exposurein Roengtento ambientdeep doserequires
an additional step. This was accomplishedusing the factors provided in ICRU Publication 43
[3]. Oncethe monitored doseis convertedto free-air KERMA, the organ dose is calculatedas
the product of free-air KERMA and the doseconversionfactors (DT/Ka). Equation 1 provides
the general foImula that can be used to convert Hp(lO) to organ dose for a given monitoring
device.
DCF( DAf.Hp(lOJ-+D,.)=
!!.!.~

x- D1
K.

Equation 1

K.
2.2. Energy Interval Estimation

Equation 2
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Figure 1. Red Bone Marrow Dose Conversion Factor (DCF) for the anterior-posterior
geometry a5 a function of photon energy

2.3.Exposure geometry

There are six basic radiation exposuregeometriesin the worlc enviromnent. With respectto the
incident radiation these are: 1) anterior to posterior (AP); 2) posterior to anterior (PA); 3) left
lateral (LLAT); 4) right lateral (RLAT); 5) rotational (ROT); an~ 6) isotropic (ISO). Of these,
only four (AP, P~ ROT, and ISO) are of primary interestin most occupationalsettings. While
the AP exposureorientationis the most commongeometryexperiencedby workerswho handled
radioactivematerials.thereare otherjobs with different exposureorientations. For example.the
isotropic exposuregeometrymight be representativeof a worker assignedto a dnnI1storage
warehouse.A reactorworker refuelling a graphitereactorwould likely receivetheir exposurein
both the AP and ROT geometry. Someoccupationalmedical exposuresare in the PA exposure

geometry.

-

Job specific exposure geometries.based on process evaluation and interviews, should be
determinedfor eachworker, however, the use of professionaljudgment may be requiredwhen
detailed infonnation is not available. In many circmnstancesworkers may have multiple
exposure geometries. To account for these different geometries,the organ doses can be
weighted basedon the amount of time spent in each exposureorientation, which results in a
work specific Dose Conversion Factor (DCF w) as shown in equation 3. As indicated, the
geometry specific dose conversion factors are functions of the monitoring device and photon
energy.

Jx:F(DAt,Er).= w,DCF(DAt,Er),+wNDCF(DJI,EY)~A

+

. +wSJDCF(DJI,Ey)m
w.".DCF (DAt,Er)WJ1
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Equation3

~

3. Discussion
The type of monitoring device~the exposureenergy~and the exposuregeometrycanhavea large
impact on the estimatedorgandose. With the exceptionof the thyroid, testesand bone surfaces
at low energies~the modem monitored dose is always greaterthan the organ dose. Figure 2
provides organ dose conversionfactors for bone marrow, breast and lung for exposureto 100
keY photons.
As indicatedin Figure 2, the doseconversionfactorsfrom exposuremeasurements
to organdose
are greaterthan the Hp(IO) to organ doseconversionfactors. This is primarily the result of the
inclusion of backscatterradiation in the calculation of personal dose equivalent. It should be
noted that in the intermediate energy band, the DCF could vary by 40% depending on
monitoring device alone.
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Figure 2. Comparison of organ dose conversion factors for selected organs at 100 keV
irradiation
The sequencein how the dose conversionfactor is computedcan affect the value of the final
dose conversion factor. The sequenceof computation should be perfOmled from the most
specific or best-la1owndatato the least specific data. In many cases,the monitoring device and
calibration methodology is latown. In addition, the energy intervals are mandatedby the
probability of causationmethodology. Thereforethesetwo componentsare calculatedfirst and
then the exposure geometry specific dose conversion factor is computed. However, if the
exposuregeometrywere known more preciselythan the energy spectrum,a work specific dQse
conversion factor as a function of energy should be developed before the energy interval
integration. Finally, the integration under the curve to obtain effective dose conversion
coefficients assumesa uniform distribution across the energy interval of interest. This
assumptionmight not be applicablein all circumstances.When the photon energyspectrumcan
be well characterized,this information shouldbe used.
While the methodology presentedin this paper is described for photon exposures;the same
methodology could be applied to external neutron and electron exposures. For neutron
expo~
some considerationmust be given to the ability of the monitoring device to detect
different energyneutronsandthe radiationweighting factorsthat might be applied.
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4. Conclusions
It is possibleusing published infonnation to convert monitored badge results into organ doses
relatively easily. Using the methodology described in this paper, the magnitude of the
differencesbetweenmonitoredexternaldoseand organdose can be evaluated. If desired,these
differencescould be accountedfor in a worker's externaldosereconstructioneffort.
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