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Abstract

The Evaluated Nuclear Structure Data File (ENSDF) is the principle source of nuclear
data for internal radiation dosimetry and is, therefore, described briefly. Nuclear data
needs and accuracy requirements for internal radiation dosimetry are summarized. Cur-
rently available sources of internal radiation dosimetry data are outlined and the need for
traceability and documentation of these data is discussed.

Evaluated Nuclear Structure Data File

The National Nuclear Data Center (NNDC), Brookhaven National Laboratory, USA on
behalf of the IAEA-sponsored International Nuclear Structure and Decay Data Network
maintains the Evaluated Nuclear Structure Data File (ENSDF) [1]. There are -3200
datasets of possible interest to internal radiation dosimetry contained in this database. The
ENSDF has been the starting point for most publications and databases relevant to
internal radiation dosimetry since about 1978.

Some limitations in this file related to the evaluation philosophy and current formats
do require additional work to satisfy some of the dosimetry needs. In terms of
philosophy, the decay datasets in the ENSDF usually reflect the "best" information for
that decay mode; therefore, the energy of the same y-ray observed in different decays
may differ. At present the decay datasets contain only the total internal conversion
coefficients for each atomic shell; this may result in insufficient detail for some
radiations. In many cases, for the metastable states populated in the decay the datasets do
not contain sufficient information for direct use in dosimetry applications.
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2 Nuclear Data Needs

The nuclear and related data required for internal radiation dosimetry are the following:
a Branching ratios (e.g., %a or %P"), half-lives (Ty2), independent or cumulative

spontaneous fission yields
• Radiation information:

• Electromagnetic radiations (y-rays):
o Photon energies and intensities
o Conversion coefficients — These are required to calculate the Auger- and

conversion-electron and x-ray energies and intensities
o Conversion-electron energies and intensities
o Electron/positron pair formation coefficients

• oc-ray energies and intensities and the recoil energies of the daughter nuclide
• P", P+, and electron capture:

o P* average and end-point energies and intensities — for many problems,
involving doses over short distances, one needs the actual spectrum to get
a true picture of the dose distributions.

o Electron capture fractions — these are required to calculate the Auger-
electron and x-ray energies and intensities.

• Atomic radiations associated with conversion electrons and electron capture
o Auger-electron energies and intensities — Auger electrons, along with

a's, are very useful in nuclear medicine since they exhibit linear energy
transfer. Therefore, in some cases, a very detailed description of the Auger
electron spectrum is required.

o X-ray energies and intensities
• Internal bremsstrahlung from p* and electron capture
• Spontaneous fission prompt neutron and y-ray average energies and intensities
• External bremsstrahlung associated with P* and Auger and conversion elec-

trons — the spectrum is dependent on the media surrounding the radioactive
source.

Estimates of the number of radionuclides for which data are required range from
about 250 to 1800. The lower figure of 250 represents those nuclides presently being
used or studied in nuclear medicine while the higher figure of 1800 probably represents
the needs of radiation protection. Including possible contaminants and daughter nuclei,
the total number of radionuclides for nuclear medicine range from about 400 to 800. New
production methods (possibly including Radioactive Ion Beam facilities or Accelerator
Driven Systems (ADS)) may increase the number of radionuclides useful to nuclear
medicine. Also, ADS and advanced accelerator designs will probably increase the
number of radionuclides whose data will be required for radiation protection.

The nuclear data used in internal radiation dosimetry should at least be consistent
with the current experimental and theoretical data (e.g., In 1978 Ti/2(79Se) was 65,000 y;
the current value is 1.1x10 y.). Where accuracy may be important, the nuclear data
should be current.
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3 Nuclear Data Accuracy Requirements

Generally, the accuracy requirements of the nuclear data are not very stringent since two
other factors dominate in the dose equations. These factors are the biokinetic data and the
absorbed fractions (energy emitted in a source that is absorbed in a target). These values
can have quite large uncertainties, which sometimes dwarf, by orders of magnitude, the
uncertainties in the nuclear data. This may change as the knowledge of these processes
improves.

For the ~250 nuclides used or being studied for diagnostic purposes, the accuracy of
the nuclear data should be as good as possible. This will allow a more precise calculation
of the dose, improving the "quality of life" for the patient.

4 Accessibility of Internal Radiation Dosimetry Data

Internal radiation dosimetry data are available in printed and electronic form. There are
also several computer programs that are useful. Following are summaries of some of
these sources.

Publications
Publication

DOE/TIC-11026[2]

ICRP-38 [3]

MIRD: Radionuclide Data and
Decay Schemes [4]
Table of Radioactive Isotopes [5]

ENSDFa

1978

1978

1987?

1984?

Comments
Nuclear data are over twenty years old
but data still extensively cited.
1. Nuclear data are over twenty years

old but data still extensively cited.
2. Fairly detailed Auger electron data.
3. Estimates of the prompt neutron and

y-ray average energies from spon-
taneous fission.

Fairly detailed Auger electron data.

1. Fairly detailed Auger electron data.
2. Continua P* and internal brems-

strahlung data tables but probably
insufficient: detail.

1 Approximate year of the ENSDF data used in the publication.
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Electronic Access
Database

MIRD

MIRD

NuDat

WWW Table of
Radioactive Isotopes
Evaluated Nuclear Data
File (ENDF)

Centers or
Organizations15

NNDC, IAEA-NDS,
CJD

SNM

NNDC, IAEA-NDS,
CJD

Lund, LBNL-IP

NNDC, IAEA-NDS,
CJD, NEADB

Comments

1. Generated "on the fly" from
ENSDF.

2. Similar format to ICRP-38 or
MIRD.

Site established in June 1999 but no
data available as of January 7, 2001.
1. Updated from ENSDF every six

months.
2. Similar format to DOE/TIC-

11026.
3. All radiations with an intensity

greater than 10"12% listed.
4. PC version also available.
Last updated February 1999.

1. ENDF/B-VI, JEF-2, JENDL-3,
etc.

2. Extensive set of decay data for
fission-product, actinide, and
other radionuclides.

3. Spontaneous fission yields and
prompt neutron and y-ray intensi-
ties and average energies.

4. Well-documented and computer-
readable format.

5. Format allows storage of
continua spectra.

b The database is available by the World Wide Web or TELNET at the centers indicated.
CJD—Russian Nuclear Data Center (Center Jadernykh Dannykh), A.I. Leipunski Institute of Physics and
Power Engineering (rndc.ippe.obninsk.ru).
IAEA-NDS — IAEA Nuclear Data Section, Vienna, Austria (www-nds.iaea.or.at).
LBNL-IP — Isotope Project, Lawrence Berkeley National Laboratory, Berkeley, USA (ie.lbl.gov).
Lund—Lund University, Lund, Sweden (nucleardata.nuclear.lu.se/nucleardata).
NEADB — OECD Nuclear Energy Agency Data Bank, Paris, France (www.nea.fr/html/databank).
NNDC—National Nuclear Data Center, Brookhaven National Laboratory, Brookhaven, USA
(www.nndc.bnl.gov).
SNM—Society of Nuclear Medicine, USA (www.snm.org).
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Computer Programs
The following programs all use ENSDF-formatted [1] files as input.

Code

EDISTR

RadList

SDF2NDF

Laboratory or
Center

Oak Ridge National
Laboratory, USA

NNDC, Brookhaven
National Laboratory,
USA

CEA Bruyeres-le-
Chatel, Service de
Physique Nucleaire,
France

Comments

1. Detailed calculation of conversion electrons,
Auger electrons, and x-rays.

2. Continua (3* and internal bremsstrahlung
spectra.

3. External bremsstrahlung in different absorbing
media of interest.

1. Descendant of MEDLST (ORNL).
2. Less detailed calculation of conversion elec-

trons, Auger electrons, and x-rays than
EDISTR.

3. Continua P* and internal bremsstrahlung
spectra.

4. Multiple output formats (ENDF, MEDLST,
MIRD, and NuDat).

1. Descendent of RadList.
2. Primary emphasis on ENDF.

5 Documentation and Traceability

The original source of the nuclear data (usually ENSDF of a certain date), auxiliary data
used (e.g., Auger-electron and x-ray yields), and calculational methods employed need to
be well documented. This is generally the case in the sources outlined in 4. Limitations in
the nuclear data or their vintage may require revisions to the original data. These
revisions need to be documented and archived in a manner, which will make this infor-
mation readily accessible.

6 Summary

Although it has a few limitations, the Evaluated Nuclear Structure Data File (ENSDF) [1]
has been used as a starting point for publications and databases relevant to internal
radiation dosimetry for over twenty years. The nuclear data required for dosimetry
applications include half-lives, branching ratios, and the energies and intensities of the
emitted radiations. For selected nuclides, a more detailed representation of the Auger-
electron spectra and continuum (3* than in the past is required. The nuclear data used
should at least be consistent with current knowledge and, in specific instances, should be
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current. As new methods of radioisotope production are developed and new designs of
critical reactors and accelerator driven systems mature, the number of radionuclides for
which data are needed will probably increase both for nuclear medicine and radiation
protection applications.
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