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Abstract 

Statistical analyses of data from epidemiologic studies of workers exposed to 
radiation have been based on recorded annual radiation doses. It is usually 
assumed that the annual dose values are known exactly, although it is gener­
ally recognized that the data contain uncertainty due to measurement error 
and bias. In our previous work [1], a probability distribution was used to 
describe an individual's dose during a specific period of time and statistical 
methods were developed for estimating it from weekly film dosimetry data. 
This study showed that there was a systematic underestimation of doses for 
Oak Ridge National Laboratory (ORNL) workers. This could result in bi­
ased estimates of dose-response coefficients and their standard errors. The 
result of this evaluation raised serious questions about the validity of the 
historical personnel dosimetry data that are being used in low-dose studies 
of nuclear industry workers. 

Here we develop new methods for using additional information from 
daily pocket-meter data and combining it with film dosimetry data to im­
prove the distribution estimates. Together, the methods take into account 
the "measurement error" that is produced by the film and pocket-meter 
dosimetry systems, the biases introduced by policies that lead to recording 
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left-censored doses as zeros, and other measurement and recording prac­
tices . The combined methodology is applied to a sample of dose histories 
obtained from hard copy dosimetry records at ORNL for the years 1945 
to 1955. First, the rigorous addition of pocket-meter information shows 
that the negative bias is generally more severe than was reported in [1] , 
however the amount of bias also varies greatly between person-years. Sec­
ond, the addition of pocket-meter information reduces uncertainty for some, 
while increasing it for others. Together, these results suggest that detailed 
pocket-meter and film dosimetry information is required to obtain unbiased 
and reliable dosimetry data for use in epidemiologic studies of workers at 
ORNL. 

Finally, we comment on the benefits and feasibility of computerizing 
detailed pocket-meter and film information in hard copy records at ORNL. 

Significant Findings 

We have developed rigorous methodology for quantifying bias and uncer­
tainty in occupational radiation doses recorded during 1945 to 1955 at 
ORNL. Our study confirms previous studies that have shown negative bias 
in the recorded doses. The results of our study suggest that detailed pocket­
meter and film dosimetry information is required to obtain unbiased and re­
liable dosimetry data for use in epidemiologic studies of workers at ORNL. 

Usefulness of Findings 

The methodology that we developed for the ORNL cohort can be applied 
to other historical recorded dose settings at other facilities. Further, the 
availability of methodology for assessing uncertainty in dose estimates should 
provide additional motivation to develop methods that incorporate dose 
uncertainty into dose-response analyses. 

The primary benefit of computerizing the ORNL hard copy data would 
be better external dosimetry data for use in future epidemiologic studies of 
the ORNL cohort. 

Publications and Aims of the Project 

The major aim of developing methodology to combine detailed pocket-meter 
and film-badge information for better dose estimates is addressed in [2]. A 
section in the same report addresses the feasibility of computerizing hard 
copy records at ORNL. We expect to submit the report [2] for publication 
in an appropriate journal. 
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A second report [3] discusses some of the computational issues in apply­
ing the methodology. This report was submitted for publication to Compu­
tational Statistics f3 Data Analysis. 

All aims of the project have been addressed. 

[l] Toby J. Mitchell, George Ostrouchov, Edward L. Frome, and George D. 
Kerr. A method for estimating occupational radiation dose to individ­
uals , using weekly dosimetry data. Radiation Research, 147:195-207, 
1997. 

[2] George Ostrouchov, Edward L. Frome, and George D. Kerr. Dose esti­
mation from daily and weekly dosimetry data. Technical Report ORNL-
6945, ORNL, Oak Ridge, TN 37830, September 1998. 

[3] George Ostrouchov, Asim YarKhan, and Edward L. Frome. Comput­
ing occupational radiation dose distributions for individuals. Technical 
Report ORNL-6792, Oak Ridge National Laboratory, Oak Ridge, TN 
37831, 1998. 

FINANCIAL STATUS REPORT 

This report, dated July 22, 1998, was sent under separate cover to Ms. 
Karen Reeves, Grants Management Branch, PGO, at Centers for Disease 
Control and Prevention in Atlanta, GA. 

EQUIPMENT INVENTORY 

No major equipment was acquired under this grant. 

FINAL INVENTION STATEMENT 

No inventions were conceived under this grant . 
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Exposure Assessment 

Statistical analyses of data from epidemiologic studies of workers exposed to radiation 
have been based on recorded annual radiation doses. It is usually assumed that the annual 
dose values are known exactly, although it is generally recognized that the data contain 
uncertainty due to measurement error and bias. In our previous work, a probability 
distribution was used to describe an individual's dose during a specific period of time and 
statistical methods were developed for estimating it from weekly film dosimetry data. 
This study showed that there was a systematic underestimation of doses for Oak Ridge 
National Laboratory (ORNL) workers. This could result in biased estimates of dose­
response coefficients and their standard errors. The result of this evaluation raised 
serious questions about the validity of the historical personnel dosimetry data that are 
being used in low-dose studies of nuclear industry workers. 

Here we develop new methods for using additional information from daily pocket-meter 
data and combining it with film dosimetry data to improve the distribution estimates. 
Together, the methods take into account the "measurement error" that is produced by the 
film and pocket-meter dosimetry systems, the biases introduced by policies that lead to 
recording left-censored doses as zeros, and other measurement and recording practices. 
The combined methodology is applied to a sample of dose histories obtained from hard 
copy dosimetry records at ORNL for the years 1945 to 1955. First, the rigorous addition 
of pocket-meter information shows that the negative bias is generally more severe than 
was reported earlier; however, the amount of bias also varies greatly between person­
years. Second, the addition of pocket-meter information reduces uncertainty for some, 
while increasing it for others. Together, these results suggest that detailed pocket-meter 
and film dosimetry information is required to obtain unbiased and reliable dosimetry data 
for use in epidemiologic studies of workers at ORNL. 
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