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EXECUTIVE SUMMARY 
 
 
Derived air concentration (DAC) values for 175 radionuclides* produced at the Oak Ridge National 
Laboratory (ORNL) Spallation Neutron Source (SNS), but not listed in Appendix A of 10 CFR 835 
(01/01/2009 version), are presented.  The proposed DAC values, ranging between 1 E-07 μCi/mL and 
2 E-03 μCi/mL, were calculated in accordance with the recommendations of the International 
Commission on Radiological Protection (ICRP), and are intended to support an exemption request 
seeking regulatory relief from the 10 CFR 835, Appendix A, requirement to apply restrictive DACs of 
2E-13 μCi/mL and 4E-11 μCi/mL and for non-listed alpha and non-alpha-emitting radionuclides, 
respectively.  

 
      

1. INTRODUCTION 
 

 
The DAC is a secondary radiation protection standard used to control personnel exposure to airborne 
radioactivity.  The DAC is defined within 10 CFR 835.2 (ref. 1) as “the airborne concentration that 
equals the ALI divided by the volume of air breathed by an average worker for a working year of 
2000 hours…”  The annual limit on intake (ALI) is further defined in §835.2 as: 
 

“the derived limit for the amount of radioactive material taken into the body of an 
adult worker by inhalation or ingestion in a year.  ALI is the smaller value of intake 
of a given radionuclide in a year by reference man (ICRP Publication 23) that 
would result in a committed effective dose of 5 rem (0.05 sieverts (Sv)) (1 rem = 
0.01 Sv) or a committed equivalent dose of 50 rems (0.5 Sv) to any individual 
organ or tissue.  ALI values for intake by ingestion and inhalation of selected 
radionuclides are based on International Commission on Radiological Protection 
Publication 68, Dose Coefficients for Intakes of Radionuclides by Workers…” 

 
DAC values mandated for Department of Energy (DOE) facilities are codified in Appendix A to 
10 CFR 835 (01/01/2009 version).  Appendix A lists DAC values for slightly over 700 radionuclides.  
The regulatory listing is primarily limited to radionuclides having half-lives greater than 10 minutes 
(unless supported by a longer-lived parent) which have published radioactive decay information† that 
are typically encountered in the nuclear fuel cycle, weapons research, or medical applications.  
However, early operational experience at the ORNL SNS has revealed that the 10 CFR 835, 
Appendix A, DAC listing is incomplete for the unique radiological mixture produced at the SNS. 
 
The SNS generates neutrons through the bombardment of a mercury target by high-energy protons.  
The mercury target becomes radioactive due to the production of spallation products and the capture 
of neutrons and other secondary particles.  The radioactive inventory for the mercury target and 
supporting structures is estimated to contain over 1500 radionuclides extending from tritium to 
radioactive lead.  Many of these radionuclides are extremely short-lived and do not constitute a 
significant airborne radiological hazard.  As such, this calculation package specifically analyzes a 
subset of 768 radionuclides identified in the SNS final safety assessment for accident analysis 

                                                 
*  The 175 total includes 174 particulates and reactive gases that are controlled by inhalation dose (tabulated in 

Table 1) and a single inert gas that is controlled by immersion dose (addressed in Appendix E). 
†  Dose coefficients published in ICRP Publication 68 (ref. 2) apply radioactive decay data presented in ICRP 

Publication 38 (ref. 3). 
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purposes (refs. 4, 5).  Of this subset, DAC values are listed for 529 nuclides.‡  DACs are not listed in 
10 CFR 835 for 239 remaining radionuclides.§ 
 
The distribution of radionuclides for which DACs are not listed is presented graphically in Fig. 1.  On 
this plot, which mimics the chart of the nuclides, the line of stability is represented with the solid 
black squares, green squares represent radionuclides in the SNS accident inventory for which DAC 
values are listed, and DAC omissions are highlighted by red squares.   Inspection of Fig. 1 shows that 
the majority of the non-listed nuclides lies above the line of stability (proton-rich), tends to group at 
the periphery of the charted values, and are clustered above an atomic mass of 150. 
 
In cases of DAC omission, 10 CFR 835 requires that: 
 

“For any single radionuclide not listed in appendix A with decay mode other than 
alpha emission or spontaneous fission and with radioactive half-life greater than two 
hours, the DAC value shall be 4E-11 μCi/mL (1 Bq/m3).  For any single radionuclide 
not listed in appendix A that decays by alpha emission or spontaneous fission the 
DAC value shall be 2 E-13μCi/mL (8 E-03 Bq/m3).” 

 
Of the 239 nuclides for which no DAC is listed, only 40 have a half-life greater than 2 hours.  These 
nuclides are listed below.  Operational experience at the SNS has shown that some of these longer-
lived radionuclides (for example Re-183) are encountered and have been involved in personnel 
contamination events. 
 

Nuclide Half-life  Nuclide Half-life Nuclide Half-life 
Ar-42 32.9 years  Nd-140 3.4 days Re-183 70.0 days 
Se-72 8.4 days  Tb-152 17.5 hours Os-183 13.0 hours 
Nb-91 680.4 years  Tb-154m 9.7 hours Os-191 15.3 days 
Nb-92m 10.12 days  Tb-154n 22.7 hours Os-183m 18.2 hours 
Pd-112 21.1 hours  Dy152 2.4 hours Ir-186 15.6 hours 
Ag-113 5.4 hours  Dy-153 6.4 hours Pt-187 2.4 hours 
Te-118 6 days  Ho-163 4556.9 years Pt-202 1.8 days 
Te-119 16.1 hours  Er-158 2.3 hours Au-191 3.2 hours 
Te-119m 4.7 days  Er-160 1.2 days Au-192 4.9 hours 
Ba-129 2.2 hours  Tm-165 1.3 days Au-196 6.2 days 
Ba-129m 2.2 hours  Tm-168 93.1 days Au-196m 9.7 hours 
La-133 3.9 hours  Hf-171 12.1 hours Hg-192 4.9 hours 
Ce-132 3.5 hours  Ta-178m 2.2 hours   
Ce-133m 4.9 hours  Re-182 64 hours   

                                                 
‡  The total of 529 radionuclides includes 21 inert radioactive gases for which DAC values are based on 

submersion, rather than inhalation, and are addressed in Appendix C to 10 CFR 835. 
§  The total of 239 radionuclides includes four inert radioactive gases (N-13, Ar-42, Ar-43, and Ar-44) for 

which DAC values are based on submersion, rather than inhalation. 
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Fig. 1.  DAC omissions for the SNS accident inventory plotted on the chart of the nuclides. 

 
Given that the majority of the non-listed radionuclides included in the SNS inventory are short-lived 
and decay by electron capture, the regulatory DAC limitation is overly conservative.  This conclusion 
is supported by an earlier dosimetric evaluation that calculated inhalation dose coefficients for the 
general public for off-site accident analyses.  The accident-based dose factors suggest that the DACs 
for the non-listed radionuclides should range between 1E-07 μCi/mL and 8E-03 μCi/mL (ref. 6). 
However, because the accident-based dose coefficients apply to the general public, utilize a 1-μm 
AMAD particle size, and only address the effective whole body dose, the corresponding DAC values 
are inappropriate for occupational control. 
 
In support of an application for regulatory exemption, this calculation package applies ICRP 
methodology combined with updated radiological decay data [ICRP 107 (ref. 7) and JAERI (ref. 8)] 
to calculate DAC values for the unlisted radionuclides produced at the SNS.  To ensure compliance 
with 10 CFR 835, the DAC values calculated in this package apply a 5-μm AMAD particle size and 
evaluate both deterministic and stochastic control limits.**  
 

                                                 
**  The SNS accident inventory contains four radioactive gases (N-13, Ar-42, Ar-43, and Ar-44) for which 

DAC values are not listed in 10 CFR 835.  These nuclides are controlled by immersion dose rather than 
inhalation.  DAC values for similarly controlled nuclides are tabulated in Appendix C to Part 835.  For 
omitted radioactive gases with a decay mode other than alpha emission or spontaneous fission and a half-
life of less than two hours, a DAC value of 6E-06 μCi/mL (2E+04 Bq/m3) is to be applied.  With the 
exception of Ar-42 (32.9-year half-life), this provision applies to all the non-listed radioactive gases 
produced at the SNS.  A DAC value for Ar-42 is derived in Appendix E.  No regulatory relief for the other 
three inert gases is sought.  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Page Intentionally Blank)



 

5 
 

2. CALCULATION METHOD 
 
 
Annual occupational dose limits for general employees are established in 10 CFR 835.202 as 5 rem 
(0.05 Sv) total effective dose and 50 rem (0.5 Sv) to any organ or tissue other than the lens of the eye.  
For internal exposures, these limitations account for the committed dose – that is, the dose delivered over 
50 years following an intake of radioactive material. 
 
10 CFR 835 defines the committed equivalent dose (HT,50) as the equivalent dose calculated to be 
received by a tissue or organ over a 50-year period after the intake of a radionuclide into the body.   The 
committed effective dose (E50) is defined as the sum of the committed equivalent doses to various tissues 
or organs in the body, each multiplied by the appropriate tissue weighting factor. 
 
Mathematically, the committed equivalent dose (HT,50) is calculated as (ref. 2): 
 
 
 
 
 
 where: 
 
 HT,50 = the committed (50-year) equivalent dose to organ or target tissue “T”, 
 
 US(50) = the number of nuclear transformations (Bq s) in 50 years in source 

region “S” following an acute intake, 
 
 YR = the yield of radiation “R” per nuclear transformation, 
 
 ER = the energy of radiation “R”, 
 
 wR = the radiation weighting factor for radiation “R” (from Table 8 of 

ICRP 68), 
 
 AF(T←S)R = the absorbed fraction in tissue “T” per transformation in region “S” for 

radiation “R”, and 
 
 mT = mass of target tissue “T”. 
 
 
The committed effective dose is calculated as: 
 

 
 where: 
 
 E50 = committed effective dose, and 
 
 wT = weighting factor for organ/tissue “T”. 
 

∑ ∑ ←
=

s R T

RRR
sT,50 )1(,)ST(AF)50(

m
wEYUH R

)2(,T,50T50 ∑= HwE
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The organ/tissue weighting factors are taken from 10 CFR 835 as follows: 
 

Organ/tissue Weighting factor
Gonads 0.20 
Red bone marrow 0.12 
Colon 0.12 
Lungs 0.12 
Stomach 0.12 
Bladder 0.05 
Breast 0.05 
Liver 0.05 
Esophagus 0.05 
Thyroid 0.05 
Skin 0.01 
Bone surfaces 0.01 
Remainder 0.05 
Whole body 1.00 

 
 
To control internal exposures, the ICRP introduced the ALI as a secondary radiation protection limit to 
meet occupational exposure recommendations.  The ALI is defined as the greatest value of the annual 
intake which satisfies both of the following inequalities: 
 

 
 
     and 
 

 
 
The DAC is “derived” from the ALI and is defined as that concentration in air which, if breathed by 
Reference Man for a working year of 2000 hours under conditions of “light activity,” would result in the 
ALI by inhalation.  Numerically, the ALI is given as: 
 

 
 
where the ALI is the controlling limit on intake from Eqs. 3 and 4 and the amount of air inhaled annually 
is 2.4E+03 m3. 
 
As shown above, values of E50 and H50,T are complex functions combining metabolism, anatomy, 
radiation interactions, and radiological decay.  Historically, listings of E50 and H50,T have been published.  

)4(,Sv5.0ALIorSv5.0)ALI(
T50,

T50, H
H ≤≤

( )3,Sv05.0ALIorSv05.0)ALI(
50

50 E
E ≤≤

)5(,
m03E4.2

BqALIDAC 3+
=
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For example, Federal Guidance Report #11 (ref. 9) published dose coefficients for the effective whole 
body and seven organs/tissues based on ICRP 30 metabolism and ICRP 38 (ref. 3) decay data.  Though 
10 CFR 835 notes that DAC values are derived from dose coefficients published in ICRP 68, the ICRP 68 
report does not provide organ-specific dose factors.   
 
Given that organ-specific dose factors (H50,T) are not published in the ICRP 68 report, this calculation 
package applies dose coefficients generated by the DCAL System (ref. 10).  DCAL is a PC-based 
software code developed by Keith Eckerman and his colleagues in the ORNL Life Sciences Division to 
calculate both E50 and H50,T dose coefficients.  DCAL is an extension of the SEECAL code originally used 
to calculate the dose conversion factors published in ICRP 68 (ref. 2; see reference to Christy and 
Eckerman on p. 19).  DCAL has also been adopted by the U.S. Environmental Protection Agency for risk 
analysis (ref. 11).  DCAL 09, the most recent version, utilizes current metabolic modeling information 
and updated radiological decay information from ICRP 107 (ref. 7) and the Japanese Atomic Energy 
Research Institute (ref. 8).  The dose coefficients applied in this calculation package are provided in 
Appendix A.   
 
By convention, DAC values are reported to one significant figure.  In practice, as noted in a June 2007 
Federal Register posting (ref. 1), DAC values listed in 10 CFR 835 are “truncated to one significant 
figure.”  Though the use of truncation is unambiguous, no discussion concerning mathematical rounding 
practices is provided.  Depending on the point of application (for example, rounding any or all of the 
following: the dose conversion factor, the ALI, and/or the DAC ) can alter the final DAC value, 
particularly when truncation is applied. Therefore, as standard rounding may be non-conservative,†† this 
calculation applies the following truncation and rounding rules:  
 
 1)  DCAL-generated inhalation dose conversion factors are rounded to two significant digits,  
 
 2)  ALI values are neither rounded nor truncated, and  
 
 3)  DACs are truncated to one significant digit.   
 
An example calculation applying these rules is presented in Appendix B. 
 
To validate the approach described above, DAC values for 57 radionuclides listed in 10 CFR 835 were 
calculated.  One radioisotope was arbitrarily selected for each element for which a DAC calculation was 
required.  All of the applicable solubility types, as defined within Appendix A, for each of these nuclides 
were evaluated.  In addition, gaseous forms of S, Te, I, and Hg were examined.   A comparison of the 
DCAL-generated committed effective dose coefficients (E50) against ICRP 68 values and a comparison of 
calculated DAC values against 10 CFR 835 listed values are presented in Appendix C. 
 
DAC values for 61 radionuclides remain uncalculated due to incomplete radiation emission data.  These 
nuclides, of which only five have a half-life greater than 2 hours, are summarized in Appendix D.  Until 
peer-reviewed decay information is published, these nuclides remain subject to the 10 CFR 835 DAC 
limitations of 2E-13 μCi/mL or 4E-11 μCi/mL, depending upon their decay characteristics. 

                                                 
††  For example, given an ALI of 9 Bq, the corresponding DAC is 3.75E-03 Bq/m3.  By applying conventional 

rounding, the DAC would be reported as 4E-03 Bq/m3 to one significant digit.  Continuous exposure to such a 
concentration would exceed the ALI and the corresponding dose limit.  Therefore, for conservatism, truncation 
(rather than rounding) is applied in this calculation package.  As such, this DAC would be reported as 
3 E-03 Bq/m3.   
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3. RESULTS 
 

 
DAC values for 174 radionuclides present in the SNS target inventory, but not listed in Appendix A of 
10 CFR 835, are presented below.   The tabular format used in this report is identical to that presented in 
Appendix A of 10 CFR 835.  The calculated DAC values for unlisted radionuclides range from a 
minimum of 1E-07 μCi/mL to a maximum of 2E-03 μCi/mL. 

 
 
 

Table 1.  DAC values for non-listed radionuclides 
 

Radionuclide 

 
Absorption typeb 

(μCi/mL) 
 

 
Absorption typeb 

(Bq/m3) 
 

Stochastic 
or 

organ or 
tissuea 

F M S F M S (F/M/S) 
Mg-27 1.E-05 1.E-05 - 6.E+05 4.E+05 - ET / ET / 
Al-28 3.E-05 3.E-05 - 1.E+06 1.E+06 - ET / ET / 
Al-29 1.E-05 1.E-05 - 6.E+05 5.E+05 - ET / ET / 
S-37 (vapor) - 4.E-05 - - 1.E+06 - / ET / 
S-37 1.E-05 1.E-05 - 6.E+05 5.E+05 - ET / ET / 
S-38 (vapor) - 2.E-06 - - 1.E+05 - / St / 
S-38 1.E-06 1.E-06 - 5.E+04 4.E+04 - ET / E / 
Ca-49 - 8.E-06 - - 3.E+05 - / ET / 
Ti-51 2.E-05 2.E-05 1.E-05 9.E+05 7.E+05 7.E+05 ET / ET / ET 
V-52 2.E-05 2.E-05 - 9.E+05 8.E+05 - ET / ET / 
Cr-55 4.E-05 3.E-05 3.E-05 1.E+06 1.E+06 1.E+06 ET / ET / ET 
Cr-56 1.E-05 1.E-05 1.E-05 7.E+05 5.E+05 5.E+05 ET / ET / ET 
Cu-62 1.E-05 1.E-05 1.E-05 6.E+05 4.E+05 4.E+05 ET / ET / ET 
Cu-66 3.E-05 2.E-05 2.E-05 1.E+06 8.E+05 8.E+05 ET / ET / ET 
Ga-74 1.E-05 9.E-06 - 4.E+05 3.E+05 - ET / ET / 
As-79 - 1.E-05 - - 4.E+05 - / ET / 
Se-72 2.E-07 2.E-07 - 7.E+03 7.E+03 - St / St / 
Br-78 2.E-05 1.E-05 - 7.E+05 6.E+05 - ET / ET / 
Br-82m 1.E-04 9.E-05 - 3.E+06 3.E+06 - ET / ET / 
Rb-78 6.E-06 - - 2.E+05 - - ET /   / 
Rb-82 6.E-05 - - 2.E+06 - - ET /   / 
Rb-84m 2.E-05 - - 8.E+05 - - ET /   / 
Sr-93 1.E-05 - 9.E-06 4.E+05 - 3.E+05 ET /   / ET 
Y-83 - 1.E-05 1.E-05 - 4.E+05 4.E+05 / ET / ET 
Y-85 - 2.E-06 2.E-06 - 9.E+04 9.E+04 / ET / ET 
Zr-85 1.E-05 1.E-05 1.E-05 5.E+05 4.E+05 4.E+05 ET / ET / ET 
Zr-87 4.E-06 3.E-06 3.E-06 1.E+05 1.E+05 1.E+05 ET / ET / ET 
Nb-91 - 3.E-06 5.E-07 - 1.E+05 1.E+04 / St / St 
Nb-91m - 2.E-07 1.E-07 - 7.E+03 6.E+03 / St / St 
Nb-92m - 6.E-07 6.E-07 - 2.E+04 2.E+04 / ET / ET 
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Radionuclide 

 
Absorption typeb 

(μCi/mL) 
 

 
Absorption typeb 

(Bq/m3) 
 

Stochastic 
or 

organ or 
tissuea 

F M S F M S (F/M/S) 
Mo-91 1.E-05 - 9.E-06 5.E+05 - 3.E+05 ET /   / ET 
Mo-102 1.E-05 - 7.E-06 4.E+05 - 2.E+05 ET /   / ET 
Tc-105 1.E-05 1.E-05 - 5.E+05 4.E+05 - ET / ET / 
Ru-95 4.E-06 3.E-06 3.E-06 1.E+05 1.E+05 1.E+05 ET / ET / ET 
Ru-107 2.E-05 2.E-05 1.E-05 9.E+05 7.E+05 7.E+05 ET / ET / ET 
Ru-108 1.E-05 1.E-05 1.E-05 5.E+05 4.E+05 4.E+05 ET / ET / ET 
Rh-96 9.E-06 7.E-06 7.E-06 3.E+05 2.E+05 2.E+05 ET / ET / ET 
Rh-97 8.E-06 7.E-06 7.E-06 3.E+05 2.E+05 2.E+05 ET / ET / ET 
Rh-98 1.E-05 1.E-05 1.E-05 5.E+05 4.E+05 4.E+05 ET / ET / ET 
Rh-106 1.E-04 1.E-04 1.E-04 6.E+06 6.E+06 6.E+06 ET / ET / ET 
Pd-98 1.E-05 7.E-06 7.E-06 3.E+05 2.E+05 2.E+05 ET / ET / ET 
Pd-111 1.E-05 1.E-05 1.E-05 5.E+05 3.E+05 3.E+05 ET / ET / ET 
Pd-112 7.E-07 4.E-07 4.E-07 2.E+04 1.E+04 1.E+04 St / St / St 
Ag-101 1.E-05 1.E-05 1.E-05 5.E+05 4.E+05 3.E+05 ET / ET / ET 
Ag-109m 3.E-04 3.E-04 3.E-04 1.E+07 1.E+07 1.E+07 ET / ET / ET 
Ag-111m 2.E-03 1.E-03 1.E-03 1.E+08 6.E+07 6.E+07 St / St / St 
Ag-113 4.E-06 2.E-06 2.E-06 1.E+05 8.E+04 8.E+04 St / St / St 
Cd-105 7.E-06 6.E-06 6.E-06 2.E+05 2.E+05 2.E+05 ET / ET / ET 
Cd-111m 1.E-05 6.E-06 6.E-06 3.E+05 2.E+05 2.E+05 ET / ET / ET 
Cd-118 7.E-06 4.E-06 4.E-06 2.E+05 1.E+05 1.E+05 ET / E / ET 
In-106 1.E-05 1.E-05 - 4.E+05 4.E+05 - ET / ET / 
In-107 8.E-06 7.E-06 - 3.E+05 2.E+05 - ET / ET / 
In-108 2.E-06 2.E-06 - 1.E+05 9.E+04 - ET / ET / 
In-112m 1.E-05 6.E-06 - 3.E+05 2.E+05 - ET / ET / 
In-114 8.E-05 7.E-05 - 3.E+06 2.E+06 - ET / ET / 
In-119 4.E-05 3.E-05 - 1.E+06 1.E+06 - ET / ET / 
Sn-108 1.E-05 1.E-05 - 6.E+05 5.E+05 - ET / ET / 
Sn-109 1.E-05 9.E-06 - 4.E+05 3.E+05 - ET / ET / 
Sn-113m 9.E-05 7.E-05 - 3.E+06 2.E+06 - ET / ET / 
Sn-125m 2.E-05 1.E-05 - 7.E+05 5.E+05 - ET / ET / 
Sb-113 2.E-05 1.E-05 - 8.E+05 6.E+05 - ET / ET / 
Sb-114 2.E-05 2.E-05 - 9.E+05 7.E+05 - ET / ET / 
Sb-118 3.E-05 3.E-05 - 1.E+06 1.E+06 - ET / ET / 
Te-114 (vapor) - 1.E-05 - - 6.E+05 - / St / 
Te-114 7.E-06 5.E-06 - 2.E+05 2.E+05 - ET / ET / 
Te-117 (vapor) - 1.E-05 - - 6.E+05 - / ET / 
Te-117 5.E-06 5.E-06 - 2.E+05 1.E+05 - ET / ET / 
Te-118 (vapor) - 2.E-07 - - 1.E+04 - / St / 
Te-118 4.E-07 2.E-07 - 1.E+04 9.E+03 - St / St / 
Te-119 (vapor) - 5.E-06 - - 1.E+05 - / ET / 
Te-119 1.E-06 1.E-06 - 5.E+04 5.E+04 - ET / ET / 
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Radionuclide 

 
Absorption typeb 

(μCi/mL) 
 

 
Absorption typeb 

(Bq/m3) 
 

Stochastic 
or 

organ or 
tissuea 

F M S F M S (F/M/S) 
Te-119m (vapor) - 8.E-07 - - 3.E+04 - / St / 
Te-119m 5.E-07 5.E-07 - 1.E+04 1.E+04 - ET / ET / 
I-118 (methyl) 3.E-06 - - 1.E+05 - - T /   / 
I-118 (vapor) - 2.E-06 - - 9.E+04 - / T / 
I-118 4.E-06 - - 1.E+05 - - T /   / 
I-119 (methyl) 2.E-05 - - 8.E+05 - - T /   / 
I-119 (vapor) - 1.E-05 - - 4.E+05 - / St / 
I-119 1.E-05 - - 4.E+05 - - ET /   / 
I-122 (methyl) 5.E-04 - - 1.E+07 - - St /   / 
I-122 (vapor) - 2.E-05 - - 1.E+06 - / St / 
I-122 3.E-05 - - 1.E+06 - - ET /   / 
Cs-126 5.E-05 - - 2.E+06 - - ET /   / 
Cs-128 3.E-05 - - 1.E+06 - - ET /   / 
Cs-139 1.E-05 - - 7.E+05 - - ET /   / 
Ba-124 1.E-05 - - 4.E+05 - - ET /   / 
Ba-127 1.E-05 - - 6.E+05 - - ET /   / 
Ba-129 8.E-06 - - 3.E+05 - - ET /   / 
Ba-129m 3.E-06 - - 1.E+05 - - ET /   / 
Ba-137m 1.E-04 - - 6.E+06 - - ET /   / 
La-129 1.E-05 1.E-05 - 6.E+05 4.E+05 - ET / ET / 
La-130 1.E-05 1.E-05 - 5.E+05 4.E+05 - ET / ET / 
La-133 1.E-05 1.E-05 - 4.E+05 4.E+05 - ET / ET / 
La-134 3.E-05 2.E-05 - 1.E+06 9.E+05 - ET / ET / 
La-136 4.E-05 3.E-05 - 1.E+06 1.E+06 - ET / ET / 
Ce-130 - 5.E-06 5.E-06 - 2.E+05 2.E+05 / ET / ET 
Ce-131 - 1.E-05 1.E-05 - 4.E+05 3.E+05 / ET / ET 
Ce-132 - 2.E-06 2.E-06 - 7.E+04 7.E+04 / ET / ET 
Ce-133m - 1.E-06 1.E-06 - 5.E+04 5.E+04 / ET / ET 
Ce-146 - 7.E-06 7.E-06 - 2.E+05 2.E+05 / ET / ET 
Pr-134m - 7.E-06 6.E-06 - 2.E+05 2.E+05 / ET / ET 
Pr-135 - 9.E-06 9.E-06 - 3.E+05 3.E+05 / ET / ET 
Pr-138 - 6.E-05 6.E-05 - 2.E+06 2.E+06 / ET / ET 
Pr-140 - 4.E-05 4.E-05 - 1.E+06 1.E+06 / ET / ET 
Pr-146 - 7.E-06 7.E-06 - 2.E+05 2.E+05 / ET / ET 
Nd-134 - 1.E-05 1.E-05 - 4.E+05 4.E+05 / ET / ET 
Nd-135 - 7.E-06 6.E-06 - 2.E+05 2.E+05 / ET / ET 
Nd-137 - 6.E-06 6.E-06 - 2.E+05 2.E+05 / ET / ET 
Nd-140 - 4.E-07 4.E-07 - 1.E+04 1.E+04 / St / St 
Nd-152 - 7.E-06 7.E-06 - 2.E+05 2.E+05 / ET / ET 
Pm-139 - 2.E-05 2.E-05 - 9.E+05 8.E+05 / ET / ET 
Pm-152 - 2.E-05 2.E-05 - 8.E+05 8.E+05 / ET / ET 
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Radionuclide 

 
Absorption typeb 

(μCi/mL) 
 

 
Absorption typeb 

(Bq/m3) 
 

Stochastic 
or 

organ or 
tissuea 

F M S F M S (F/M/S) 
Sm-140 - 7.E-06 - - 2.E+05 - / ET / 
Sm-143 - 2.E-05 - - 9.E+05 - / ET / 
Eu-152n - 5.E-05 - - 1.E+06 - / St / 
Eu-154m - 1.E-04 - - 3.E+06 - / E / 
Eu-159 - 9.E-06 - - 3.E+05 - / ET / 
Gd-144 1.E-05 1.E-05 - 6.E+05 5.E+05 - ET / ET / 
Gd-162 1.E-05 8.E-06 - 4.E+05 3.E+05 - ET / ET / 
Tb-148 - 3.E-06 - - 1.E+05 - / ET / 
Tb-152 - 9.E-07 - - 3.E+04 - / ET / 
Tb-162 - 1.E-05 - - 4.E+05 - / ET / 
Dy-148 - 4.E-05 - - 1.E+06 - / ET / 
Dy-149 - 1.E-05 - - 6.E+05 - / St / 
Dy-150 - 2.E-06 - - 8.E+04 - / St / 
Dy-151 - 6.E-06 - - 2.E+05 - / St / 
Dy-152 - 5.E-06 - - 1.E+05 - / ET / 
Dy-153 - 2.E-06 - - 8.E+04 - / ET / 
Ho-154 - 1.E-05 - - 3.E+05 - / ET / 
Ho-156 - 3.E-06 - - 1.E+05 - / ET / 
Ho-160 - 9.E-06 - - 3.E+05 - / ET / 
Ho-163 - 2.E-06 - - 1.E+05 - / BS / 
Ho-168 - 2.E-05 - - 9.E+05 - / ET / 
Er-154 - 3.E-05 - - 1.E+06 - / ET / 
Er-156 - 1.E-05 - - 4.E+05 - / ET / 
Er-159 - 8.E-06 - - 3.E+05 - / ET / 
Er-163 - 1.E-04 - - 4.E+06 - / ET / 
Tm-161 - 6.E-06 - - 2.E+05 - / ET / 
Tm-163 - 4.E-06 - - 1.E+05 - / ET / 
Tm-164 - 6.E-05 - - 2.E+06 - / ET / 
Tm-165 - 1.E-06 - - 5.E+04 - / ET / 
Tm-168 - 1.E-07 - - 6.E+03 - / St / 
Yb-163 - 1.E-05 1.E-05 - 6.E+05 6.E+05 / ET / ET 
Yb-164 - 6.E-06 6.E-06 - 2.E+05 2.E+05 / ET / ET 
Yb-165 - 4.E-05 4.E-05 - 1.E+06 1.E+06 / ET / ET 
Lu-165 - 1.E-05 1.E-05 - 4.E+05 4.E+05 / ET / ET 
Lu-167 - 5.E-06 5.E-06 - 1.E+05 1.E+05 / ET / ET 
Hf-167 5.E-05 5.E-05 - 2.E+06 1.E+06 - ET / ET / 
Hf-169 8.E-05 7.E-05 - 3.E+06 2.E+06 - ET / ET / 
Ta-170 - 1.E-05 1.E-05 - 4.E+05 4.E+05 / ET / ET 
Ta-178m - 2.E-06 2.E-06 - 1.E+05 1.E+05 / ET / ET 
W-179m 2.E-05 - - 7.E+05 - - ET /   / 
W-183m 1.E-03 - - 5.E+07 - - ET /   / 
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Radionuclide 

 
Absorption typeb 

(μCi/mL) 
 

 
Absorption typeb 

(Bq/m3) 
 

Stochastic 
or 

organ or 
tissuea 

F M S F M S (F/M/S) 
Re-179 1.E-05 1.E-05 - 6.E+05 4.E+05 - ET / ET / 
Re-180 5.E-05 4.E-05 - 1.E+06 1.E+06 - ET / ET / 
Re-182 4.E-07 3.E-07 - 1.E+04 1.E+04 - ET / St / 
Re-183 1.E-06 2.E-07 - 3.E+04 9.E+03 - St / St / 
Os-183 2.E-06 1.E-06 1.E-06 7.E+04 6.E+04 6.E+04 ET / ET / ET 
Os-183m 1.E-06 1.E-06 1.E-06 6.E+04 5.E+04 5.E+04 ET / ET / ET 
Os-190m 1.E-05 1.E-05 1.E-05 6.E+05 5.E+05 5.E+05 ET / ET / ET 
Os-191 1.E-06 4.E-07 3.E-07 5.E+04 1.E+04 1.E+04 St / St / St 
Os-196 7.E-06 4.E-06 4.E-06 2.E+05 1.E+05 1.E+05 ET / ET / ET 
Ir-183 5.E-06 4.E-06 4.E-06 2.E+05 1.E+05 1.E+05 ET / ET / ET 
Ir-186 7.E-07 7.E-07 7.E-07 2.E+04 2.E+04 2.E+04 ET / ET / ET 
Ir-196 1.E-04 9.E-05 9.E-05 3.E+06 3.E+06 3.E+06 ET / ET / ET 
Ir-196m 2.E-06 1.E-06 1.E-06 8.E+04 7.E+04 7.E+04 ET / ET / ET 
Pt-184 8.E-06 - - 3.E+05 - - ET /   / 
Pt-187 4.E-06 - - 1.E+05 - - ET /   / 
Pt-202 4.E-07 - - 1.E+04 - - St /   / 
Au-186 9.E-06 8.E-06 7.E-06 3.E+05 2.E+05 2.E+05 ET / ET / ET 
Au-187 2.E-05 2.E-05 2.E-05 9.E+05 7.E+05 7.E+05 ET / ET / ET 
Au-190 6.E-06 5.E-06 5.E-06 2.E+05 2.E+05 2.E+05 ET / ET / ET 
Au-191 4.E-06 4.E-06 4.E-06 1.E+05 1.E+05 1.E+05 ET / ET / ET 
Au-192 1.E-06 1.E-06 1.E-06 6.E+04 5.E+04 5.E+04 ET / ET / ET 
Au-196 1.E-06 1.E-06 1.E-06 5.E+04 5.E+04 4.E+04 ET / ET / St 
Au-196m 1.E-06 1.E-06 9.E-07 4.E+04 3.E+04 3.E+04 ET / St / St 
Au-202 1.E-04 1.E-04 1.E-04 6.E+06 6.E+06 6.E+06 ET / ET / ET 
Hg-190 (org) 1.E-05 - - 4.E+05 - - ET /   / 
Hg-190 1.E-05 1.E-05 - 4.E+05 4.E+05 - ET / ET / 
Hg-190 (vapor) - 7.E-06 - - 2.E+05 - / St / 
Hg-192 (org) 1.E-06 - - 6.E+04 - - ET /   / 
Hg-192 1.E-06 1.E-06 - 6.E+04 6.E+04 - ET / ET / 
Hg-192 (vapor) - 5.E-07 - - 2.E+04 - / St / 
Hg-205 (org) 2.E-05 - - 1.E+06 - - ET /   / 
Hg-205 2.E-05 2.E-05 - 1.E+06 8.E+05 - ET / ET / 
Hg-205 (vapor) - 4.E-05 - - 1.E+06 - / St / 
Tl-190 3.E-05 - - 1.E+06 - - ET /   / 
Tl-196 3.E-06 - - 1.E+05 - - ET /   / 
Pb-194 1.E-05 - - 5.E+05 - - ET /   / 
Pb-195m 7.E-06 - - 2.E+05 - - ET /   / 
Pb-196 6.E-06 - - 2.E+05 - - ET /   / 
Pb-197 2.E-05 - - 1.E+06 - - ET /   / 
Pb-204m 4.E-06 - - 1.E+05 - - ET /   / 
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a A determination of whether the DACs are controlled by stochastic (St) or deterministic (organ or tissue) dose for each 

absorption type is given in this column.  The key to the organ notation for deterministic dose is:  BS = bone surface, 
ET = extra thoracic, K = kidney, L = liver, and T = thyroid.  The “St” notation is applied to stochastically controlled 
DACs.  The notation “E” is applied in cases where the stochastic and deterministic DACs are equivalent.  A blank 
indicates that no calculations were performed for the absorption type shown. 

 
b A dash indicates no values given for this data category. 
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APPENDIX A.   DCAL VALUES OF E50 AND H50,T 
 
 
 
DCAL-generated committed effective dose (E50) and committed equivalent dose (HT,50) 
coefficients are presented in Table A.1.  Unless otherwise noted, the nuclide-specific 
dose coefficients are applicable to the acute inhalation of 5-μm AMAD particles by 
adults.  Dose coefficients are provided for each solubility type recognized by the ICRP.  
Values are listed for the following 17 tissues/organs which may be controlling based on 
deterministic health effects:‡‡ 
 

· ET airways  · Adrenals          · Bladder            · Bone surfaces   
· Brain            · Breast                · Esophagus/thymus§§  · Kidney             
· Lung        · Muscle      · Pancreas · Remainder 
· Skin          · Small intestine  · Spleen              · Thyroid 
· Uterus    

 
The limiting dose coefficient for each nuclide/solubility combination is bolded (and 
highlighted with grey shading).  For example, as dose to the ET airways is controlling for 
Type “F” Mg-27, the ET airways dose coefficient is bolded and shaded.  In cases where 
stochastic and deterministic limits result in equivalent controls (cases where HT,50 and 
E50 – rounded to two significant figures - differ by a factor of 10) both the committed 
effective coefficient and the limiting tissue/organ coefficient are bolded and shaded (for 
example, see Type” M” Cd-118). 
 
 
 

                                                 
‡‡  The tissue/organ listing includes those organs or tissues assigned a tissue weighting factor 

(wT) less than 0.1.  In practice, because the stochastic and deterministic control levels differ 
by a factor of 10 (5 rem vs 50 rem), deterministic effects become controlling for 
organs/tissues assigned weighting factors less than 0.1.  For example, a thyroid dose of 
100 rem is required to achieve an effective whole body dose of 5 rem [that is, 5 rem = 
(100 rem)(wT) = (100 rem)(0.05)].  Therefore, the 50 rem deterministic limit is controlling.  A 
survey of 10 CFR 835, Appendix A, shows that only five organs/tissues are currently listed as 
deterministic controls: ET airways, bone surfaces, kidneys, thyroid, and liver.  

 
§§  DCAL does not generate a dose coefficient for the esophagus.  As such, the thymus, for which 

a dose coefficient is calculated, is used as an anatomical analogue. 
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APPENDIX B.   EXAMPLE CALCULATION 
 
 
 
An example calculation for Type “F” and “M” Au-196m is provided below. 
 
From Appendix A, the committed effective dose coefficients for the effective whole body and the 
committed equivalent dose coefficients for the seven highest irradiated tissues/organs are summarized 
below. 
 

Nuclide Solubility 
Committed 

effective 
E(50) 

(Sv/Bq) 

Committed equivalent HT,50 
(Sv/Bq) 

ET Remainder Small 
intestine Bladder Uterus Bone 

surfaces Pancreas 

Au-196m F 2.130E-10 4.254E-09 2.139E-09 1.831E-10 9.688E-11 2.831E-11 2.823E-11 2.144E-11 

Au-196m M 5.569E-10 5.227E-09 2.622E-09 3.256E-10 2.849E-11 2.293E-11 1.671E-11 1.341E-11 

 
By inspection, it is noted that the “ET” region is the limiting organ/tissue for both solubility types as 
this region has the greatest dose coefficient for all listed organ and tissues.  For type “F” material, it is 
also noted that the ET region will be the overall controlling organ/tissue as its dose coefficient 
exceeds the whole body dose coefficient by nearly a factor of 20.  Therefore, the 50-rem organ limit 
will be reached before the 5-rem whole body limit.  In contrast, the whole body will be limiting for 
“M” material as the difference between the dose coefficients is less than a factor of 10, therefore the 
whole body limit will be reached before the organ/tissue limit. 
 
By convention, in this calculation, the dose factors for the effective whole body and the controlling 
organ/tissue are rounded to two significant digits giving: 
 

Nuclide Solubility

Committed 
effective 

E50 
(Sv/Bq) 

Committed 
equivalent 

HT,50 
for ET airways 

(Sv/Bq) 
Au-196m F 2.1E-10 4.3E-09 
Au-196m M 5.6E-10 5.2E-09 

 
 
 
Applying the whole body dose limit of 0.05 Sv and the tissue/organ dose limit of 0.50 Sv, the ALI 
values are calculated: 
 
 
 
 
 
 
 
 
 
 
 

 Type “F” 
 

.  Bq08E16.1
Sv/Bq09E3.4

Sv5.0ALI.  Bq08E38.2
Sv/Bq10E1.2
Sv05.0ALI ET)50( +=

−
=+=

−
=E
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Review of the ALI calculations confirm that the ET region is controlling for type “F” material 
(ALIET < ALI E(50)) and the whole body is controlling for type “M” material (ALI E(50) < ALIET ). 
 
DAC values are then calculated by dividing the limiting ALI by the amount of air inhaled annually: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Applying convention units gives: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type “M” 
 

.  Bq07E61.9
Sv/Bq09E2.5

Sv5.0ALI.  Bq07E93.8
Sv/Bq10E6.5

Sv05.0ALI ETE(50) +=
−

=+=
−

=

 

Type F (SI units) 
 

.Bq/m04E83.4
m03E4.2
Bq08E16.1DAC 3

3 +=
+
+

=  

Type M (SI units) 
 

.Bq/m04E72.3
m03E4.2
Bq07E93.8DAC 3

3 +=
+
+

=  

Type F (Conventional units) 
 

.Ci/mL06E30.1
mL09E4.2

)Bq04E7.3/Ci1)(Bq08E16.1(DAC μμ
−=

+
++

=  

Type M (Conventional units) 
 

.Ci/mL06E00.1
mL09E4.2

)Bq04E7.3/Ci1)(Bq07E93.8(DAC μμ
−=

+
++

=  
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The four DAC values are then truncated to one significant digit giving: 
 
 

Type F: DAC (SI units) = 4E+04 Bq/m3.    
 

 DAC (conventional units) = 1E-06 μCi/mL.  
 

 Controlled by doses to the ET region. 
 
 

Type M: DAC (SI units) = 3E+04 Bq/m3. 
                   
 DAC (conventional units) = 1E-06 μCi/mL.  
 

 Controlled by doses to the effective whole body, “St”. 
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APPENDIX C.   VALIDATION 
 
The methods described in this calculation package for generating dose coefficients and calculating 
DAC values were validated by: 

 
1) Comparing committed effective dose coefficients (E50) generated by DCAL against those 

listed in ICRP Publication 68, and 
 
2)  Comparing calculated DACs against DACs listed in Appendix A of 10 CFR 835. 
 
3) Comparing the controlling organs listed in 10 CFR 835 Appendix A against the 

controlling tissue identified in this report. 
 

Validations were completed for 57 radioisotopes with one isotope selected for each element in the 
SNS target accident inventory which required a DAC to be calculated.***  Validation calculations 
were completed for each solubility type listed in 10 CFR 835.  In addition, gaseous forms of S, Te, I, 
and Hg were examined.  In total, the validation consists of 115 independent comparisons. 
 
The objective of the validation process is to ensure that the radiological decay characteristics, 
anatomical parameters, and metabolic modeling assumptions applied in this report are consistent with 
those applied in 10 CFR 835, Appendix A.  It is important to note that because of differences in the 
use of significant digits, rounding, and truncation between publications, exact agreement between 
published values and values calculated in this package is not expected.  
 
For example, 10 CFR 835, Appendix A, lists the stochastically-controlled DAC for type “M” Eu-154 
as 5E+02 Bq/m3.  ICRP 68 lists the committed effective dose coefficient as 3.5E-08 Sv/Bq.  Applying 
the methods described in this package the DAC is calculated as: 
 
 
 
 
 
 
which is truncated to 500 Bq and equals the 10 CFR 835 value.  However, the DCAL-generated dose 
coefficient is 3.39E-08 Sv/Bq.  Rounding this value to 3.4E-08 Sv/Bq and substituting into the DAC 
equation gives: 
 

 
 
which, in this report, is truncated to 600 Bq.  While the actual difference is +3% (613 compared to 
595), the difference in the validation table is reported as +20% (600 compared to 500).  

                                                 
***  For example, a DAC calculation was required for Re-183.  Appendix A lists DACs for 13 rhenium isotopes 

(Re-177, Re-178, Re-181, Re-182 (64 hour), Re-182 (12 hour), Re-184m, Re-184, Re-186m, Re-186, 
Re-187, Re-188m, Re-188, and Re-189). By arbitrary selection, the rhenium validation was performed 
against Re-186. 

,Bq/m595
m03E4.2

Sv/Bq08E5.3
Sv05.0

DAC 3
3 =

+
−=

,Bq/m613
m03E4.2

Sv/Bq08E4.3
Sv05.0

DAC 3
3 =

+
−=
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Truncating to one significant digit can account for differences ranging between 11% (the difference 
between a leading digit of 8 and 9) to 100% (the difference between a leading digit of 1 and 2). 
 
Unless otherwise justified, the acceptance criteria applied in this package is: 

 
 

1) Agreement between DCAL generated and ICRP 68 reported dose coefficients to within a 
factor of 2 (-50% to +100%), and 

 
2) Agreement between calculated and reported 10 CFR 835, Appendix A, DAC values to 

within a factor of 2 (-50% to +100%). 
 
 

The acceptance criteria were satisfied for all 57 test cases.  The largest difference concerning the 
committed effective dose coefficient was +50% for Type S Lu-173.  The largest DAC difference was 
±50% for four radionuclides.  With the exception of a very few nuclides (Cu-64, Pd-109, and W-181) 
the identified controlling organ/tissue agreed with those listed in Appendix A. 
 
Specific comparisons show the following: 
 
 
 Dose factors: Exact agreement was achieved for 50% of the examined 

dose factors.  Agreement to within 10% was observed for 
89% of cases.  The largest difference was +50% for 
Type “S” Lu-173. 

 
 DACs, conventional units: Exact agreement was achieved for 82% of the examined 

cases.  Agreement to within 10% was observed for 83% of 
the cases.  The largest difference was ±50% for four 
radionuclides (Ru-103, Tb-155, Lu-173, and Ir-190)  

 
 DACs, SI units: Exact agreement was achieved for 85% of the examined 

cases.  Agreement to within 10% was observed for 88% of 
the cases.  The largest difference was -38% for Type “M” 
Lu-173. 

 
 Controlling organs: Exact agreement was achieved for 97% of the examined 

cases.  Differences were observed for three radionuclides 
(Cu-64, Pd-109, and W-181) 

 
Differences greater than 10% are highlighted in Table C.1 and discussed in Table C.2. 
 
In conclusion, the validation demonstrates that the calculation methods described in this package are 
consistent with the radiological protection philosophy and calculation methods adopted by DOE and 
incorporated in 10 CFR 835, Appendix A.  The observed differences are understood and connected 
with either updated radiological decay information, revised metabolic models, or mathematical 
rounding and truncation practices.  The observed differences are within the acceptance criteria 
established for this report. 



 

C-5 

 
Table C.1.  Validation comparison 

 

 
Nuclide 

  E(50)     DAC     DAC   
Organ/tissue 

  
  

F M S F M S F M S 

(Sv/Bq) (Sv/Bq) (Sv/Bq) (uCi/ml) (uCi/ml) (uCi/ml) (Bq/m3) (Bq/m3) (Bq/m3) 

Mg-28 
Calculated 1.1E-09 1.7E-09 - 3.E-07 3.E-07 - 1.E+04 1.E+04 - ET / St /   

Reported 1.1E-09 1.7E-09 - 3.E-07 3.E-07 - 1.E+04 1.E+04 - ET / St /  

Difference 0% 0% - 0% 0% - 0% 0% -   

Al-26 
Calculated 1.4E-08 1.2E-08 - 4.E-08 4.E-08 - 1.E+03 1.E+03 - St / St /   

Reported 1.4E-08 1.2E-08 - 4.E-08 4.E-08 - 1.E+03 1.E+03 -  St / St /  

Difference 0% 0% - 0% 0% - 0% 0% -   

S-35 
Calculated 8.0E-11 1.1E-09 - 7.E-06 5.E-07 - 2.E+05 1.E+04 - St / St /   

Reported 8.0E-11 1.1E-09 - 7.E-06 5.E-07 - 2.E+05 1.E+04 - St / St /  

Difference 0% 0% - 0% 0% - 0% 0% -   

S-35 
(vapor) 

Calculated - 1.1E-10 - - 5.E-06 - - 1.E+05 -   / St /   

Reported - 1.2E-10 - - 4.E-06 - - 1.E+05 -  / St /  

Difference - -8% - - 25% - - 0% -   

Ca-45 
Calculated - 2.2E-09 - - 2.E-07 - - 9.E+03 -   / St /   

Reported - 2.3E-09 - - 2.E-07 - - 9.E+03 -  / St /  

Difference - -4% - - 0% - - 0% -   

Ti-45 
Calculated 8.3E-11 1.4E-10 1.5E-10 3.E-06 2.E-06 2.E-06 1.E+05 1.E+05 9.E+04 ET / ET / ET 

Reported 8.3E-11 1.4E-10 1.5E-10 3.E-06 2.E-06 2.E-06 1.E+05 1.E+05 1.E+05 ET / ET / ET 

Difference 0% 0% 0% 0% 0% 0% 0% 0% -10%   

V-49 
Calculated 2.6E-11 2.3E-11 - 1.E-05 2.E-05 - 7.E+05 9.E+05 - BS / St /   

Reported 2.6E-11 2.3E-11 - 1.E-05 2.E-05 - 7.E+05 9.E+05 - BS / St /   

Difference 0% 0% - 0% 0% - 0% 0% -   

Cr-51 
Calculated 3.0E-11 3.5E-11 3.7E-11 1.E-05 1.E-05 1.E-05 6.E+05 5.E+05 5.E+05 St / St / St 

Reported 3.0E-11 3.4E-11 3.6E-11 1.E-05 1.E-05 1.E-05 6.E+05 6.E+05 5.E+05 St / St / St 

Difference 0% 3% 3% 0% 0% 0% 0% -17% 0%   

Cu-64 
Calculated 6.8E-11 1.5E-10 1.6E-10 4.E-06 3.E-06 3.E-06 1.E+05 1.E+05 1.E+05 ET / E / E 

Reported 6.8E-11 1.5E-10 1.5E-10 4.E-06 3.E-06 3.E-06 1.E+05 1.E+05 1.E+05 ET / ET / ET 

Difference 0% 0% 7% 0% 0% 0% 0% 0% 0%   

Ga-70 
Calculated 1.6E-11 2.6E-11 - 1.E-05 1.E-05 - 6.E+05 4.E+05 - ET / ET /   

Reported 1.6E-11 2.6E-11 - 1.E-05 1.E-05 - 6.E+05 4.E+05 - ET / ET /   

Difference 0% 0% - 0% 0% - 0% 0% -   

As-74 
Calculated - 1.8E-09 - - 3.E-07 - - 1.E+04 -   / St /   

Reported - 1.8E-09 - - 3.E-07 - - 1.E+04 -  / St /  

Difference - 0% - - 0% - - 0% -   



 

C-6 

 

Nuclide 
 
 

  E(50)     DAC     DAC   
Organ/tissue 

 F M S F M S F M S 

(Sv/Bq) (Sv/Bq) (Sv/Bq) (uCi/ml) (uCi/ml) (uCi/ml) (Bq/m3) (Bq/m3) (Bq/m3) 

Se-79 
Calculated 1.5E-09 2.9E-09 - 3.E-07 1.E-07 - 1.E+04 7.E+03 - K / St /   

Reported 1.6E-09 3.1E-09 - 3.E-07 1.E-07 - 1.E+04 6.E+03 - K / St /  

Difference -6% -6% - 0% 0% - 0% 17% -   

Br-74 
Calculated 5.0E-11 6.8E-11 - 4.E-06 4.E-06 - 1.E+05 1.E+05 - ET / ET /   

Reported 5.0E-11 6.8E-11 - 4.E-06 4.E-06 - 1.E+05 1.E+05 = ET / ET /  

Difference 0% 0% - 0% 0% - 0% 0% -   

Rb-88 
Calculated 2.8E-11 - - 1.E-05 - - 5.E+05 - - ET /   /   

Reported 2.8E-11 - - 1.E-05 - - 5.E+05 - - ET /   /  

Difference 0% - - 0% - - 0% - -   

Sr-89 
Calculated 1.4E-09 - 5.6E-09 4.E-07 - 1.E-07 1.E+04 - 3.E+03 St /   / St 

Reported 1.4E-09 - 5.6E-09 4.E-07 - 1.E-07 1.E+04 - 3.E+03 St /  / St 

Difference 0% - 0% 0% - 0% 0% - 0%   

Y-90 
Calculated - 1.6E-09 1.7E-09 - 3.E-07 3.E-07 - 1.E+04 1.E+04   / St / St 

Reported - 1.6E-09 1.7E-09 - 3.E-07 3.E-07 - 1.E+04 1.E+04   / St / St 

Difference - 0% 0% - 0% 0% - 0% 0%   

Zr-93 
Calculated 2.8E-08 6.4E-09 1.6E-09 4.E-09 1.E-08 1.E-07 1.E+02 6.E+02 5.E+03 BS / BS / BS 

Reported 2.9E-08 6.6E-09 1.7E-09 3.E-09 1.E-08 1.E-07 1.E+02 5.E+02 5.E+03 BS / BS / BS 

Difference -3% -3% -6% 33% 0% 0% 0% 20% 0%   

Nb-90 
Calculated - 1.1E-09 1.1E-09 - 3.E-07 3.E-07 - 1.E+04 1.E+04   / ET / ET 

Reported - 1.0E-09 1.1E-09 - 3.E-07 3.E-07 - 1.E+04 1.E+04  / ET / ET 

Difference - 10% 0% - 0% 0% - 0% 0%   

Mo-99 
Calculated 3.6E-10 - 1.1E-09 1.E-06 - 5.E-07 5.E+04 - 1.E+04 E /   / St 

Reported 3.6E-10 - 1.1E-09 1.E-06 - 5.E-07 5.E+04 - 1.E+04 E /  / St 

Difference 0% - 0% 0% - 0% 0% - 0%   

Tc-98 
Calculated 1.4E-09 5.7E-09 - 4.E-07 9.E-08 - 1.E+04 3.E+03 - St / St /   

Reported 1.5E-09 6.1E-09 - 3.E-07 9.E-08 - 1.E+04 3.E+03 - St / St /  

Difference -7% -7% - 33% 0% - 0% 0% -   

Ru-103 
Calculated 6.8E-10 1.8E-09 2.1E-09 8.E-07 3.E-07 2.E-07 3.E+04 1.E+04 9.E+03 St / St / St 

Reported 6.8E-10 1.9E-09 2.2E-09 8.E-07 2.E-07 2.E-07 3.E+04 1.E+04 9.E+03 St / St / St 

Difference 0% -5% -5% 0% 50% 0% 0% 0% 0%   

Rh-105 
Calculated 1.5E-10 4.1E-10 4.4E-10 3.E-06 1.E-06 1.E-06 1.E+05 5.E+04 4.E+04 ET / St / St 

Reported 1.5E-10 4.1E-10 4.4E-10 3.E-06 1.E-06 1.E-06 1.E+05 5.E+04 4.E+04 ET / St / St 

Difference 0% 0% 0% 0% 0% 0% 0% 0% 0%   

Pd-109 
Calculated 2.1E-10 4.8E-10 5.1E-10 2.E-06 1.E-06 1.E-06 9.E+04 4.E+04 4.E+04 E / St / St 

Reported 2.1E-10 4.7E-10 5.0E-10 2.E-06 1.E-06 1.E-06 9.E+04 4.E+04 4.E+04 St / St / St 

Difference 0% 2% 2% 0% 0% 0% 0% 0% 0%   



 

C-7 

 

Nuclide 
  E(50)     DAC     DAC   

Organ/tissue 
 

F M S F M S F M S 

(Sv/Bq) (Sv/Bq) (Sv/Bq) (uCi/ml) (uCi/ml) (uCi/ml) (Bq/m3) (Bq/m3) (Bq/m3) 

Ag-106 

Calculated 1.7E-11 2.5E-11 2.6E-11 1.E-05 1.E-05 1.E-05 5.E+05 4.E+05 4.E+05 ET / ET / ET 
Reported 1.7E-11 2.6E-11 2.7E-11 1.E-05 1.E-05 1.E-05 5.E+05 4.E+05 4.E+05 ET / ET / ET 
Difference 0% -4% -4% 0% 0% 0% 0% 0% 0%   

Cd-109 

Calculated 9.6E-09 5.2E-09 4.4E-09 2.E-08 9.E-08 1.E-07 8.E+02 3.E+03 4.E+03 K / K / St 
Reported 9.6E-09 5.1E-09 4.4E-09 2.E-08 9.E-08 1.E-07 9.E+02 3.E+03 4.E+03 K / K / St 
Difference 0% 2% 0% 0% 0% 0% -11% 0% 0%   

In-111 

Calculated 2.2E-10 3.2E-10 - 1.E-06 1.E-06 - 5.E+04 5.E+04 - ET / ET /   
Reported 2.2E-10 3.1E-10 - 1.E-06 1.E-06 - 5.E+04 5.E+04 - ET / ET /  
Difference 0% 3% - 0% 0% - 0% 0% -   

Sn-117m 

Calculated 4.0E-10 2.2E-09 - 8.E-07 2.E-07 - 2.E+04 9.E+03 - BS / St /   
Reported 3.9E-10 2.2E-09 - 8.E-07 2.E-07 - 3.E+04 9.E+03 - BS / St /   
Difference 3% 0% - 0% 0% - -33% 0% -   

Sb-127 

Calculated 7.5E-10 1.7E-09 - 7.E-07 3.E-07 - 2.E+04 1.E+04 - E / St /   
Reported 7.4E-10 1.7E-09 - 7.E-07 3.E-07 - 2.E+04 1.E+04 - E / St /  
Difference 1% 0% - 0% 0% - 0% 0% -   

Te-127 

Calculated 7.3E-11 1.9E-10 - 5.E-06 2.E-06 - 2.E+05 1.E+05 - ET / St /   
Reported 7.2E-11 1.8E-10 - 5.E-06 3.E-06 - 2.E+05 1.E+05 - ET / St /  
Difference 1% 6% - 0% -33% - 0% 0% -   

Te-127 
(vapor) 

Calculated - 7.7E-11 - - 7.E-06 - - 2.E+05 -   / St /   
Reported - - - - 7.E-06 - - 2.E+05 -  / St /  
Difference - N/A - - 0% - - 0% -   

I-125  
(methyl) 

Calculated 1.1E-08 - - 2.E-08 - - 9.E+02 - - T /   /   
Reported - - - 2.E-08 - - 9.E+02 - - T /   /   
Difference N/A - - 0% - - 0% - -   

I-125  
(vapor) 

Calculated - 1.4E-08 - - 2.E-08 - - 7.E+02 -   / T /   
Reported - 1.4E-08 - - 2.E-08 - - 7.E+02 -  / T /  
Difference - 0% - - 0% - - 0% -   

I-125 

Calculated 7.5E-09 - - 3.E-08 - - 1.E+03 - - T /   /   
Reported 7.3E-09 - - 3.E-08 - - 1.E+03 - - T /   /   
Difference 3% - - 0% - - 0% - -   

Cs-130 

Calculated 1.4E-11 - - 1.E-05 - - 6.E+05 - - ET /   /   
Reported 1.5E-11 - - 1.E-05 - - 6.E+05 - - ET /  /   
Difference -7% - - 0% - - 0% - -   

Ba-133 

Calculated 1.9E-09 - - 2.E-07 - - 1.E+04 - - St /   /   
Reported 1.8E-09 - - 3.E-07 - - 1.E+04 - - St /   /  
Difference 6% - - -33% - - 0% - -   



 

C-8 

 

Nuclide 
  E(50)     DAC     DAC   

Organ/tissue 

F M S F M S F M S 

(Sv/Bq) (Sv/Bq) (Sv/Bq) (uCi/ml) (uCi/ml) (uCi/ml) (Bq/m3) (Bq/m3) (Bq/m3) 

La-137 

Calculated 1.0E-08 2.4E-09 - 4.E-08 2.E-07 - 1.E+03 7.E+03 - L / L /   
Reported 1.0E-08 2.3E-09 - 4.E-08 2.E-07 - 1.E+03 8.E+03 - L / L /   
Difference 0% 4% - 0% 0% - 0% -13% -   

Ce-144 

Calculated - 2.3E-08 2.9E-08 - 2.E-08 1.E-08 - 9.E+02 7.E+02   / St / St 
Reported - 2.3E-08 2.9E-08 - 2.E-08 1.E-08 - 9.E+02 7.E+02    / St / St 
Difference - 0% 0% - 0% 0% - 0% 0%   

Pr-144 

Calculated - 2.9E-11 3.0E-11 - 1.E-05 1.E-05 - 4.E+05 4.E+05   / ET / ET 
Reported - 2.9E-11 3.0E-11 - 1.E-05 1.E-05 - 4.E+05 4.E+05  / ET / ET 
Difference - 0% 0% - 0% 0% - 0% 0%   

Nd-141 

Calculated - 9.0E-12 9.3E-12 - 3.E-05 2.E-05 - 1.E+06 1.E+06   / ET / ET 
Reported - 8.5E-12 8.8E-12 - 3.E-05 3.E-05 - 1.E+06 1.E+06  / ET / ET 
Difference - 6% 6% - 0% -33% - 0% 0%   

Pm-147 Calculated - 3.5E-09 3.2E-09 - 1.E-07 1.E-07 - 4.E+03 6.E+03   / BS / St 
  Reported - 3.5E-09 3.2E-09 - 1.E-07 1.E-07 - 4.E+03 6.E+03  / BS / St 
  Difference - 0% 0% - 0% 0% - 0% 0%   

Sm-146 

Calculated - 6.8E-06 - - 2.E-11 - - 1.E+00 -   / BS /   
Reported - 6.7E-06 - - 2.E-11 - - 1.E+00 -  / BS /  
Difference - 1% - - 0% - - 0% -   

Eu-154 

Calculated - 3.4E-08 - - 1.E-08 - - 6.E+02 -   / St /   
Reported - 3.5E-08 - - 1.E-08 - - 5.E+02 -  / St /  
Difference - -3% - - 0% - - 20% -   

Gd-151 

Calculated 1.1E-09 7.8E-10 - 2.E-07 7.E-07 - 7.E+03 2.E+04 - BS / St /   
Reported 9.3E-10 6.5E-10 - 2.E-07 8.E-07 - 9.E+03 3.E+04 - BS / St /   
Difference 18% 20% - 0% -13% - -22% -33% -   

Tb-155 

Calculated - 3.3E-10 - - 1.E-06 - - 6.E+04 -   / St /   
Reported - 2.5E-10 - - 2.E-06 - - 8.E+04 -  / St /  
Difference - 32% - - -50% - - -25% -   

Dy-165 

Calculated - 8.8E-11 - - 6.E-06 - - 2.E+05 -   / ET /   
Reported - 8.7E-11 - - 6.E-06 - - 2.E+05 -  / ET /  
Difference - 1% - - 0% - - 0% -   

Ho-161 

Calculated - 1.1E-11 - - 3.E-05 - - 1.E+06 -   / ET /   
Reported - 1.0E-11 - - 3.E-05 - - 1.E+06 -  / ET /  
Difference - 10% - - 0% - - 0% -   

Er-165 

Calculated - 1.4E-11 - - 2.E-05 - - 9.E+05 -   / ET /   
Reported - 1.4E-11 - - 2.E-05 - - 1.E+06 -  / ET /  
Difference - 0% - - 0% - - -10% -   



 

C-9 

 

Nuclide 
  E(50)     DAC     DAC   

Organ/tissue F M S F M S F M S 

(Sv/Bq) (Sv/Bq) (Sv/Bq) (uCi/ml) (uCi/ml) (uCi/ml) (Bq/m3) (Bq/m3) (Bq/m3) 

Tm-171 

Calculated - 9.1E-10 - - 2.E-07 - - 9.E+03 -   / BS /   
Reported - 9.1E-10 - - 2.E-07 - - 9.E+03 -  / BS /  
Difference - 0% - - 0% - - 0% -   

Yb-178 

Calculated - 1.0E-10 1.1E-10 - 5.E-06 5.E-06 - 1.E+05 1.E+05   / ET / E 
Reported - 1.0E-10 1.1E-10 - 5.E-06 5.E-06 - 1.E+05 1.E+05  / ET / E 
Difference - 0% 0% - 0% 0% - 0% 0%   

Lu-173 

Calculated - 2.1E-09 2.1E-09 - 1.E-07 2.E-07 - 5.E+03 9.E+03   / BS / St 
Reported - 1.5E-09 1.4E-09 - 2.E-07 4.E-07 - 8.E+03 1.E+04  / BS / St 
Difference - 40% 50% - -50% -50% - -38% -10%   

Hf-181 

Calculated 1.8E-09 4.1E-09 - 1.E-07 1.E-07 - 4.E+03 5.E+03 - BS / St /   
Reported 1.8E-09 4.1E-09 - 1.E-07 1.E-07 - 4.E+03 5.E+03 - BS / St /   
Difference 0% 0% - 0% 0% - 0% 0% -   

Ta-183 

Calculated - 1.9E-09 2.1E-09 - 2.E-07 2.E-07 - 1.E+04 9.E+03   / St / St 
Reported - 1.8E-09 2.0E-09 - 3.E-07 2.E-07 - 1.E+04 1.E+04  / St/ St 
Difference - 6% 5% - -33% 0% - 0% -10%   

W-181 

Calculated 4.8E-11 - - 1.E-05 - - 4.E+05 - - St /   /   
Reported 4.3E-11 - - 1.E-05 - - 4.E+05 - - ET /   /  
Difference 12% - - 0% - - 0% - -   

Re-186 

Calculated 7.1E-10 1.2E-09 - 7.E-07 4.E-07 - 2.E+04 1.E+04 - St / St /   
Reported 7.3E-10 1.2E-09 - 7.E-07 4.E-07 - 2.E+04 1.E+04 - St / St / 
Difference -3% 0% - 0% 0% - 0% 0% -   

Os-180 

Calculated 1.6E-11 2.5E-11 2.6E-11 1.E-05 1.E-05 9.E-06 4.E+05 3.E+05 3.E+05 ET / ET / ET 
Reported 1.6E-11 2.4E-11 2.5E-11 1.E-05 1.E-05 1.E-05 5.E+05 3.E+05 3.E+05 ET / ET / ET 
Difference 0% 4% 4% 0% 0% -10% -20% 0% 0%   

Ir-190 

Calculated 1.1E-09 1.5E-09 1.6E-09 4.E-07 3.E-07 3.E-07 1.E+04 1.E+04 1.E+04 ET / St / St 
Reported 1.2E-09 2.3E-09 2.5E-09 4.E-07 2.E-07 2.E-07 1.E+04 9.E+03 8.E+03 ET / St / St 
Difference -8% -35% -36% 0% 50% 50% 0% 11% 25%   

Pt-191 

Calculated 2.0E-10 - - 1.E-06 - - 6.E+04 - - ET /   /   
Reported 1.9E-10 - - 1.E-06 - - 7.E+04 - - ET /   /  
Difference 5% - - 0% - - -14% - -   

Au-198 

Calculated 3.9E-10 9.8E-10 1.1E-09 1.E-06 5.E-07 5.E-07 4.E+04 2.E+04 1.E+04 ET / St / St 
Reported 3.9E-10 9.8E-10 1.1E-09 1.E-06 5.E-07 5.E-07 4.E+04 2.E+04 1.E+04 ET / St / St 
Difference 0% 0% 0% 0% 0% 0% 0% 0% 0%   

Hg-195 
(org) 

Calculated 4.6E-11 - - 6.E-06 - - 2.E+05 - - ET /   /   
Reported 4.4E-11 - - 6.E-06 - - 2.E+05 - - ET /  /   
Difference 5% - - 0% - - 0% - -   



 

C-10 

 

Nuclide 

 E(50)   DAC   DAC  

Organ/tissue F M S F M S F M S 

(Sv/Bq) (Sv/Bq) (Sv/Bq) (uCi/ml) (uCi/ml) (uCi/ml) (Bq/m3) (Bq/m3) (Bq/m3) 

Hg-195 

Calculated 5.1E-11 9.6E-11 - 6.E-06 5.E-06 - 2.E+05 2.E+05 - ET / ET /   
Reported 4.8E-11 9.2E-11 - 6.E-06 6.E-06 - 2.E+05 2.E+05 - ET / ET /   
Difference 6% 4% - 0% -17% - 0% 0% -   

Hg-195 
(vapor) 

Calculated - 1.5E-09 - - 3.E-07 - - 1.E+04 -   / St /   
Reported - 1.4E-09 - - 4.E-07 - - 1.E+04 -  / St /  
Difference - 7% - - -25% - - 0% -   

Tl-197 

Calculated 2.9E-11 - - 7.E-06 - - 2.E+05 - - ET /   /   
Reported 2.7E-11 - - 8.E-06 - - 2.E+05 - - ET /  /   
Difference 7% - - -13% - - 0% - -   

Pb-198 

Calculated 8.7E-11 - - 2.E-06 - - 9.E+04 - - ET /   /   
Reported 8.7E-11 - - 2.E-06 - - 9.E+04 - - ET /  /   
Difference 0% - - 0% - - 0% - -   

 
 
 

Note:  ICRP 68 does not list dose conversion factors for vaporous Te-127 or methyl I-125.  As such, 
Table C.1 does not provide a comparison of E(50) values for these radionuclides.



 

C-11 

 
Table C.2.  Evaluation of observed differences 

 
Radionuclide Solubility Observed differences 

S-35 Vapor 

 
A 25% difference is reported for the conventional unit-based DAC 
(5E-06 μCi/mL vs 4 E-06 μCi/mL). Dose to the effective whole body is 
controlling.  DCAL and ICRP 68 effective whole body dose coefficients 
agree to within 8% (1.1E-10 Sv/Bq vs 1.2E-10 Sv/Bq). To two significant 
figures the corresponding DACs differ by only 9% (5.12E-06 μCi/mL vs 
4.69E-06 μCi/mL).  Truncation results in a 25% difference. 

Cr-51 Type M 

 
A 17% difference is reported for the SI unit DAC (5E+05 Bq/m3 vs 
6E+05 Bq/m3).  The DAC is stochastically controlled. DCAL and ICRP 68 
effective whole body dose coefficients agree to within 3% (3.5E-11 Sv/Bq vs 
3.4E-11 Sv/Bq). To two significant figures the DACs differ by only 3% 
(5.9E+05 Bq/m3 vs 6.13E+05 Bq/m3).  Truncation results in a 17% 
difference. 

Cu-64 Type M 

 
10 CFR 835 identifies the ET airways as the controlling organ.  DCAL gives 
an effective whole body dose coefficient of 1.467E-10 Sv/Bq and an ET 
airway dose coefficient of 1.531E-09 Sv/Bq.  Rounded to two significant 
digits these coefficients differ by a factor of 10.  Therefore, stochastic and 
deterministic controls are considered equal in this package. 

Cu-64 Type S 

 
10 CFR 835 identifies the ET airways as the controlling organ.  DCAL gives 
an effective whole body dose coefficient of 1.556E-10 Sv/Bq and an ET 
airway dose coefficient of 1.554E-09 Sv/Bq.  Rounded to two significant 
digits these coefficients differ by a factor of 10.  Therefore, stochastic and 
deterministic controls are considered equal in this package. 

Se-79 Type M 

 
A 17% difference is reported for the SI unit DAC (7E+03 Bq/m3 vs 6E+03 
Bq/m3).  The DAC is stochastically controlled. DCAL and ICRP 68 effective 
whole body dose coefficients agree to within 6% (2.9E-09 Sv/Bq vs 
3.1E-09 Sv/Bq). To two significant figures the DACs differ by only 7% 
(7.2E+03 Bq/m3 vs 6.7E+03 Bq/m3).  Truncation results in a 17% difference. 

Zr-93 Type F 

 
A 33% difference is reported for the conventional unit-based DAC 
(4E-09 μCi/mL vs 3 E-09 μCi/mL). Dose to bone surface is controlling.  The 
calculated DAC of 4E-09 μCi/mL (non-truncated: 4.02E-09 μCi/mL) is 
derived from a DCAL bone surface dose factor of 1.43E-06 Sv/Bq.  ICRP 68 
does not list organ-specific dose factors. Therefore, the coefficient used to 
generate the Appendix A DAC of 3E-09 μCi/mL is unknown.  IMBAa gives 
a bone surface dose coefficient of 1.48E-06 Sv/Bq.  The IMBA value 
corresponds to a DAC of 3 E-09 μCi/mL (non-truncated: 3.75E-09 μCi/mL).  
The non-truncated DACs differ by only 7%. Truncation increases the 
difference to 33%. 



 

C-12 

 
Radionuclide Solubility Observed Differences 

Zr-93 Type M 

 
A 20% difference is reported for the SI unit-based DAC (600 Bq/m3 vs 
500 Bq/m3). Dose to bone surface is controlling.  The calculated DAC of 
600 Bq/m3 (non-truncated: 651 Bq/m3) is derived from a DCAL bone surface 
dose factor of 3.15E-07 Sv/Bq.  ICRP 68 does not list organ-specific dose 
factors.   Therefore, the coefficient used to generate the Appendix A DAC of 
500 Bq/m3 is unknown.  IMBA give bone surface dose coefficient of 
3.27E-07 Sv/Bq which corresponds to a DAC of 600 Bq/m3 (non-truncated: 
631 Bq/m3).  This value agrees with the calculated value.  The Appendix A 
value could not be reproduced. 

Tc-98 Type F 

 
A 33% difference is reported for the conventional unit-based DAC 
(4E-07 μCi/mL vs 3 E-07 μCi/mL). Dose to the effective whole body is 
controlling.  DCAL and ICRP 68 effective whole body dose coefficients 
agree to within 7% (1.4E-09 Sv/Bq vs 1.5E-09 Sv/Bq). To two significant 
figures the corresponding DACs differ by only 7% (4.0E-07 μCi/mL vs 
3.8E-07 μCi/mL).  Truncation results in a 33% difference. 

Ru-103 Type M 

 
A 50% difference is reported for the conventional unit-based DAC 
(3E-07 μCi/mL vs 2 E-07μCi/mL). Dose to the effective whole body is 
controlling.  DCAL and ICRP 68 effective whole body dose coefficients 
agree to within 5% (1.8E-09 Sv/Bq vs 1.9E-09 Sv/Bq). To two significant 
figures the corresponding DACs differ by only 5% (3.13E-07 μCi/mL vs 
2.96E-07 μCi/mL).  Truncation results in a 50% difference. 

Pd-109 Type F 

 
10 CFR 835 identifies the effective whole body as the controlling organ.   
DCAL gives an effective whole body dose coefficient of 2.113E-10 Sv/Bq 
and an ET airway dose coefficient of 2.081E-09 Sv/Bq.  Rounded to two 
significant digits these coefficients differ by a factor of 10.  Therefore, 
stochastic and deterministic controls are considered equal in this package. 

Cd-109 Type F 

 
A 11% difference is reported for the SI unit-based DAC (800 Bq/m3 vs 
900 Bq/m3). Dose to the kidney is controlling.  The calculated DAC of 
800 Bq/m3 (non-truncated: 885 Bq/m3) is derived from a DCAL kidney dose 
factor of 2.35E-07 Sv/Bq.  ICRP 68 does not list organ-specific dose factors.  
Therefore, the coefficient used to generate the Appendix A DAC of 
900 Bq/m3 is unknown.  IMBA gives a bone surface dose coefficient of 
2.35E-07 Sv/Bq.  The IMBA-based value agrees with the DCAL value and 
produces an identical DAC value.  The Appendix A value could not be 
reproduced. 
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Radionuclide Solubility Observed Differences 

Sn-117m Type F 

 
A 33% difference is reported for the SI unit-based DAC (2E+04 Bq/m3 vs 
3E+04 Bq/m3). Dose to bone surfaces is controlling.  The calculated DAC of 
2E+04 Bq/m3 (non-truncated: 2.98E+04 Bq/m3) is derived from a DCAL 
bone surface dose factor of 7.00E-09 Sv/Bq.  ICRP 68 does not list organ-
specific dose factors.  Therefore, the coefficient used to generate the 
Appendix A DAC of 3E+04 Bq/m3 is unknown.  IMBA gives a bone surface 
dose coefficient of 6.88E-09 Sv/Bq which yields a DAC of 3E+04 Bq/m3 

(non-truncated: 3.03E+04 Bq/m3) which agrees with the Appendix A value.  
Before truncation the DAC values agree to within 2%. 

Te-127 Type M 

 
A 33% difference is reported for the conventional unit-based DAC 
(2E-06 μCi/mL vs 3 E-06μCi/mL). Dose to the effective whole body is 
controlling.  The calculated DAC of 2E-06 μCi/mL (non-truncated: 
2.96E-06 μCi/mL) is derived from a DCAL whole body dose factor of 
1.9E-10 Sv/Bq.  The ICRP 68 dose coefficient is reported as 1.8E-10 Sv/Bq 
which yields a DAC of 3E-06 μCi/mL (non-truncated: 3.13E-06 μCi/mL). 
The non-truncated DACs differ by only 5%.  Truncation increases the 
difference to 33%. 

Ba-133 Type F 

 
A 33% difference is reported for the conventional unit-based DAC 
(2E-07 μCi/mL vs 3 E-07μCi/mL). Dose to the effective whole body is 
controlling.  The calculated DAC of 2E-07 μCi/mL (non-truncated: 
2.96E-07 μCi/mL) is derived from a DCAL whole body dose factor of 
1.9E-09 Sv/Bq.  The ICRP 68 dose coefficient is reported as 1.8E-09 Sv/Bq 
which yields a DAC of 3E-07 μCi/mL (non-truncated: 3.13E-07 μCi/mL). 
The non-truncated DACs differ by only 5%. Truncation increases the 
difference to 33%. 

La-137 Type M 

 
A 13% difference is reported for the SI unit-based DAC (7000 Bq/m3 vs 
8000 Bq/m3). Dose to the liver is controlling.  The calculated DAC of 
7000 Bq/m3 (non-truncated: 7740 Bq/m3) is derived from a DCAL liver dose 
factor of 2.69E-08 Sv/Bq.  ICRP 68 dose not provide liver dose coefficients. 
IMBA gives a liver dose coefficient of 2.59E-08 Sv/Bq which yields a DAC 
of 8000 Bq/m3 (non-truncated: 8.04E+03 Bq/m3) which agrees with the 
Appendix A.  Before truncation the calculated DAC values agree to within 
4%. 

Nd-141 Type S 

 
A 33% difference is reported for the conventional unit-based DAC 
(2E-05 μCi/mL vs 3 E-05μCi/mL). Dose to the ET airways is controlling.  
The calculated DAC of 2E-05 μCi/mL (non-truncated: 2.96E-05 μCi/mL) is 
derived from a DCAL ET dose factor of 1.86E-10 Sv/Bq which is rounded to 
1.9E-10 Sv/Bq.  ICRP 68 dose not provide ET dose coefficients.  IMBA give 
an ET dose coefficient of 1.72E-10 Sv/Bq which yields a DAC of 
3E-05 μCi/mL (non-truncated: 3.27E-05 μCi/mL) which agrees with the 
Appendix A value.  Before truncation the calculated DAC values agree to 
within 9%. 
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Radionuclide Solubility Observed Differences 

Eu-154 Type M 

 
A 20% difference is reported for the SI unit-based DAC (600 Bq/m3vs 
500 Bq/m3). Dose to the effective whole body is controlling.  DCAL and 
ICRP 68 effective whole body dose coefficients also differ by 3% 
(3.4E-08 Sv/Bq vs 3.5E-08 Sv/Bq). To two significant figures the 
corresponding DACs differ by only 3% (613 Bq/m3vs 595 Bq/m3).  
Truncation results in a 20% difference. 

Gd-151 Type F 

 
An 18% increase is reported for the effective whole body dose coefficient 
(1.1E-09 Sv/Bq vs 9.3E-10 Sv/Bq).  This difference is equal to the increase 
in total electron energy emissions reported in ICRP 107 (0.0394MeV) as 
compared to ICRP 38 (0.0335 MeV).  The increased dose factor results in a 
decreased DAC value.  

Gd-151 Type M 

 
A 20% increase is reported for the effective whole body dose coefficient 
(7.8E-010 Sv/Bq vs 6.5E-10 Sv/Bq).  This difference is approximately equal 
to the increase in total electron energy emissions reported in ICRP 107 
(0.0394MeV) as compared to ICRP 38 (0.0335 MeV).  The increased dose 
factor results in a decreased DAC value. 

Tb-155 Type M 

 
A 32% increase is reported for the effective whole body dose coefficient 
(3.3E-10 Sv/Bq vs 2.5E-10 Sv/Bq).  This difference is equal to the increase 
in total energy emissions reported in ICRP 107 (0.2211 MeV) as compared to 
ICRP 38 (0.1704 MeV).  The increased dose factor results in a decreased 
DAC value. 

Lu-173 Type M 

 
A 40% increase is reported for the effective whole body dose coefficient 
(2.1E-09 Sv/Bq vs 1.5E-09 Sv/Bq).  This difference is approximately equal 
to the increase in total energy emissions reported in ICRP 107 (0.2360 MeV) 
as compared to ICRP 38 (0.1651 MeV).  The increased dose factor results in 
a decreased DAC value. 

Lu-173 Type S 

 
A 50% increase is reported for the effective whole body dose coefficient 
(2.1E-09 Sv/Bq vs 1.4E-09 Sv/Bq).  This difference is approximately equal 
to the increase in total energy emissions reported in ICRP 107 (0.2360 MeV) 
as compared to ICRP 38 (0.1651 MeV).  The increased dose factor results in 
a decreased DAC value. 

Ta-183 Type M 

 
A 33% difference is reported for the conventional unit-based DAC 
(2E-07 μCi/mL vs 3 E-07μCi/mL). Dose to the effective whole body is 
controlling.  The calculated DAC of 2E-07 μCi/mL (non-truncated: 
2.96E-07 μCi/mL) is derived from a DCAL whole body dose factor of 
1.9E-09 Sv/Bq.  The ICRP 68 dose coefficient is reported as 1.8E-09 Sv/Bq 
which yields a DAC of 3E-07 μCi/mL (non-truncated: 3.13E-07 μCi/mL). 
The non-truncated DACs differ by only 5%. Truncation increases the 
difference to 33%. 

W-181 Type F 

 
A 12% increase is reported for the effective whole body dose coefficient 
(4.8E-11 Sv/Bq vs 4.3E-11 Sv/Bq).  This difference is approximately equal 
to the increase in electron energy emissions reported in ICRP 107 
(0.0129 MeV) as compared to ICRP 38 (0.0109 MeV).   
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Radionuclide Solubility Observed Differences 

W-181 Type F 

 
10 CFR 835 identifies the ET Airways as the controlling organ.   DCAL 
gives an effective whole body dose coefficient of 4.750E-11 Sv/Bq and an 
ET airway dose coefficient of 4.514E-10 Sv/Bq.  Rounded to two significant 
digits these coefficients differ by less than a factor of 10.  Therefore, 
stochastic effects are considered controlling in this package. 

Os-180 Type F 

 
A 20% difference is reported for the SI unit-based DAC (4E+05 Bq/m3 vs 
5E+05 Bq/m3). Dose to the ET airways is controlling.  The calculated DAC 
of 4E+05 Bq/m3 (non-truncated: 4.95E+05 Bq/m3) is derived from a DCAL 
ET dose factor of 4.22E-10 Sv/Bq.  ICRP 68 does not list organ-specific dose 
factors.  Therefore, the coefficient used to generate the Appendix A DAC of 
5E+05 Bq/m3 is unknown.  IMBA gives an ET airway dose coefficient of 
4.03E-10 Sv/Bq, which yields a DAC of 5.2E+05 Bq/m3.  To two significant 
figures the corresponding DACs differ by only 5% (5.2E+05 Bq/m3vs 
4.9E+05 Bq/m3).  Truncation results in a 20% difference. 

Ir-190 Type M 

 
A 35% decrease is reported for the effective whole body dose coefficient 
(1.5E-09 Sv/Bq vs 2.3E-09 Sv/Bq).  This difference is approximately equal 
to the decrease in electron energy emissions reported in ICRP 107 
(0.0746 MeV) as compared to ICRP 38 (0.123 MeV).  The decreased dose 
factor results in an increased DAC.   

Ir-190 Type S 

 
A 36% decrease is reported for the effective whole body dose coefficient 
(1.6E-09 Sv/Bq vs 2.5E-09 Sv/Bq).  This difference is approximately equal 
to the decrease in electron energy emissions reported in ICRP 107 
(0.0746 MeV) as compared to ICRP 38 (0.123 MeV).  The decreased dose 
factor results in an increased DAC.   

Pt-191 Type F 

 
A 14% difference is reported for the SI unit-based DAC (6E+04 Bq/m3 vs 
7E+04 Bq/m3). Dose to the ET airways is controlling.  The calculated DAC 
of 6E+04 Bq/m3 (non-truncated: 6.87E+04 Bq/m3) is derived from a DCAL 
ET dose factor of 3.03E-09 Sv/Bq.  ICRP 68 does not list organ-specific dose 
factors.  Therefore, the coefficient used to generate the Appendix A DAC of 
7E+04 Bq/m3 is unknown.  IMBA gives an ET airway dose coefficient of 
2.89E-09 Sv/Bq which yields a DAC of 7.2E+04 Bq/ m3.  To two significant 
figures the corresponding DACs differ by only 5% (6.9E+04 Bq/m3 vs 
7.2E+04 Bq/m3).  Truncation results in a 14% difference 

Hg-195 Type M 

 
A 17% difference is reported for the conventional unit-based DAC 
(5E-06 μCi/mL vs 6E-06 μCi/mL). Dose to the ET airways is controlling.  
The calculated DAC of 5E-06 μCi/mL (non-truncated: 6.75E-06 μCi/mL) is 
derived from a DCAL ET dose factor of 9.79E-10 Sv/Bq.  ICRP 68 does not 
list organ-specific dose factors.  Therefore, the coefficient used to generate 
the Appendix A DAC of 6E-05 μCi/mL is unknown.  IMBA gives an ET 
airway dose coefficient of 9.34E-10 Sv/Bq which yields a DAC of 
5.75E-06 μCi/mL.  To two significant figures the corresponding DACs differ 
by only 5% (5.75E-06 μCi/mL vs 6.0E-06 μCi/mL).  Truncation results in a 
17% difference. 



 

C-16 

 
Radionuclide Solubility Observed Differences 

Hg-195 Vapor 

 
A 25% difference is reported for the conventional unit-based DAC 
(3E-07 μCi/mL vs 4 E-07μCi/mL). Dose to the effective whole body is 
controlling.  The calculated DAC of 3E-07 μCi/mL (non-truncated: 
3.75E-07 μCi/mL) is derived from a DCAL whole body dose factor of 
1.5E-09 Sv/Bq.  The ICRP 68 dose coefficient is reported as 1.4E-09 Sv/Bq 
which yields a DAC of 4E-07 μCi/mL (non-truncated: 4.02E-07 μCi/mL). 
The non-truncated DACs differ by only 7%. Truncation increases the 
difference to 25%. 

Tl-197 Type F 

 
A 13% difference is reported for the conventional unit-based DAC 
(7E-06 μCi/mL vs 8E-06 μCi/mL). Dose to the ET airways is controlling.  
The calculated DAC of 7E-06 μCi/mL (non-truncated: 7.33E-06 μCi/mL) is 
derived from a DCAL ET dose factor of 7.68E-10 Sv/Bq.  ICRP 68 does not 
list organ-specific dose factors.  Therefore, the coefficient used to generate 
the Appendix A DAC of 8E-06 μCi/mL is unknown.  IMBA gives an ET 
airway dose coefficient of 7.01E-10 Sv/Bq which yields a DAC of 
8.06E-06μCi/mL .  To two significant figures the corresponding DACs differ 
by only 9% (5.33E-06 μCi/mL vs 8.0E-06 μCi/mL).  Truncation results in a 
13% difference. 

 
 
a  A. Birchall et al., IMBA (Integrated Modules for Bioassay Analysis) Professional Plus, Software 

Package, Version 4.0.53, Health Protection Agency, United Kingdom, September 2007. 
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APPENDIX D.   NUCLIDES NOT ADDRESSED IN THIS CALCULATION PACKAGE 
 

 
DAC evaluations were not completed for 61 radionuclides due to insufficient radiological decay data.  
All but five of these nuclides have half-lives of less than 2 hours (see highlighted entries below).  The 
regulatory requirement to apply a DAC of 2E-13 μCi/mL and 4E-11 μCi/mL depending on decay 
mode will continue to be applied to this listing at this time.  
 

Nuclide Half Life Nuclide Half Life Nuclide Half Life 
Zr-84 25.83 minutes Hf-166 6.77 minutes Os-195 6.5 minutes 
Pr-133 6.5 minutes Hf-168 26. minutes Ir-179 4. minutes 
Tb-154m 9.7 hours Hf-171 12.11 hours Ir-181 4.9 minutes 
Tb-154n 23. hours Ta-168 2.43 minutes Ir-197 5.8 minutes 
Ho-152 2.7 minutes Ta-169 4.9 minutes Pt-182 2.6 minutes 
Ho-158 11 minutes Ta-171 23.33 minutes Pt-183 6.5 minutes 
Er-155 5.3 minutes W-170 4. minutes Pt-185 1.18 hours 
Er-157 18.67 minutes W-171 2.4 minutes Pt-201 2.5 minutes 
Er-158 2.25 hours W-172 6.67 minutes Au-185 4.33 minutes 
Er-160 1.19 days W-173 7.97 minutes Au-188 8.83 minutes 
Tm-157 3.5 minutes W-174 29.33 minutes Au-189 28.67 minutes
Tm-158 4.02 minutes W-175 34. minutes Hg-187 2.4 minutes 
Tm-159 9.15 minutes W-189 11.5 minutes Hg-188 3.25 minutes 
Tm-160 9.4 minutes Re-174 2.3 minutes Hg-189 7.6 minutes 
Yb-160 4.8 minutes Re-175 5.8 minutes Hg-191 48.33 minutes
Yb-161 4.2 minutes Re-176 5.67 minutes Tl-191m 5.2 minutes 
Lu-163 3.97 minutes Re-191 9.8 minutes Tl-192 10.6 minutes 
Lu-164 4.8 minutes Os-176 3. minutes Tl-193 21.67 minutes
Lu-166 2.65 minutes Os-177 2.8 minutes Pb-193m 5.8 minutes 
Lu-168 5.5 minutes Os-178 5. minutes - -- 
Hf-164 2.8 minutes Os-179 6.5 minutes - - 
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APPENDIX E.   INERT GASES 
 

 
The SNS accident inventory includes 25 inert gases.  DAC values are not listed in 10 CFR 835, 
Appendix C, for four of these:  
 

• N-13  (9.97 minutes) 
 

• Ar-42 (32.9 years) 
 

• Ar-43 (5.37 minutes) 
 

• Ar-44 (11.87 minutes) 
 

For omitted radioactive gases with a decay mode other than alpha emission or spontaneous fission 
and a half-life of less than 2 hours, 10 CFR 835 requires a DAC value of 6E-06 μCi/mL 
(2E+04 Bq/m3) to be applied.  As N-13, Ar-43, and Ar-44 have half-lives less than 2 hours, this 
provision applies to these radionuclides.  Argon-42, however, is not addressed. 
 
The majority of DAC values for noble gases are controlled by the effective whole body dose 
accumulated from the immersion within a semi-infinite cloud.  Dose rate coefficients are published in 
Annex D of ICRP 68.  However, ICRP 68 does not address Ar-42. 
 
The DCAL system provides a utility to calculate effective whole body dose rate coefficients for inert 
gases.  For Ar-42, the DCAL-generated effective whole body dose rate factor is 1.26E-16 Sv/s per 
Bq/m3.  Unit conversion gives a factor of 4.54E-13 Sv/hr per Bq/m3.  Given that an occupational 
worker is limited to a whole body dose of 0.05 Sv over an occupational year of 2000 hours, the DAC 
for Ar-42 is calculated as: 
 

Truncation yields 5E+07 Bq/m3 and 1E-03 μCi/mL. 
 
For validation, the dose factors associated with Ar-41 are examined.  For Ar-41, ICRP 68 gives a 
dose rate factor of 5.3E-09 Sv/day per Bq/m3.  The DCAL-generated whole body dose rate coefficient 
for Ar-41 is 6.15E-14 Sv/s per Bq/m3.  Unit conversion gives a DCAL value of 5.3E-09 Sv/day per 
Bq/m3which exactly agrees with the ICRP 68 value.
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