
6 ^ - <? 30 if/ 
PNL-SA-21776 

IMPLICATIONS OF SCIENTIFIC AND TECHNOLOGICAL 
DEVELOPMENTS FOR RADIATION PROTECTION IN THE 
NEXT DECADE 

EIVED 
DEC 2 7 1994 

J. R. Johnson O Q T I 
P. S. Stansbury U O ' » 
H. Paretzke 

January 1993 

Presented at the 
Workshop on Radiation Protection Toward the Turn 

of the Century 
January 11-13, 1993 
Paris, France 

Prepared for 
the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Richland, Washington 99352 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

P>STR!®LmON OF Tfm DOOL&ffi£%&&WyMtTEO ~f^ r 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



A. Introduction 
New and revised epidemiological data have lead to a revision 

of ICRP recommendations. Further review of the dosimetry and 
epidemiology in the Japanese atomic bomb survivors, in 
radioiodine and other radionuclide exposures from Atomic Bomb 
tests weapons material production Technologically Enhanced 
Natural Radiation such as Rn in U mining, and the combination of 
dose records on radiation workers from a number of countries may 
lead to improved knowledge. As new or revised estimates of the 
relationship between organ dose and risk are reviewed and 
accepted by the world scientific community, these estimates will 
undoubtedly lead to further revisions to the ICRP 
recommendations, and subsequently be incorporated into national 
regulations. 

However, it will likely be at least a decade before these 
revised estimates are accepted by the scientific community and 
have an impact on radiation protection practices. In the 
interim, there are scientific and technological developments 
taking place that will effect our understanding of the 
interaction of ionizing radiation with matter, our ability to 
measure the important parameters of ionizing radiation, and our 
ability to model radioactivity transport, both in the human body 
and in the environment. Many of these developments have been 
reported previously and have been the subject of recent symposia. 

This paper focuses on emerging scientific and technological 
developments that will impact radiation protection in the next 
decade. Emerging scientific developments included in this paper 
are new methods and better analytic capabilities in epidemiology, 
a better understanding of the interactions between ionizing 
radiation and the various cellular components and more realistic 
models to describe the uptake, distribution, retention and 
excretion of radionuclides in humans. Technological developments 
include instruments to measure radioactivity in the humans and 
the environment, and better software to calculate doses from 
these previously measured quantities. 
B. Epidemiology 

Our improved understanding of the interaction of radiation 
with cellular structures allows us to take a completely different 
approach to epidemiology than was available in the past. It now 
is, at least theoretically, possible to examine the DNA of cells 
within a tumor, and assign a probability that the tumor resulted 
from exposure to ionizing radiation. This and other scientific 
developments beings epidemiology and radiobiology much closer to 
being a single science. 
C. Radiobiology 

Several recent meetings have highlighted the impact that new 
biochemical knowledge and experimental techniques will have on 



radiation protection in general. In particular, a book that 
reviewed our understanding of radiation protection issues for 
Auger emitter has been recently published. 

In order to give health physicists an overview of this 
developing science, the Health Physics Society (HPS) arranged a 
special session at the 1992 annual meeting. A half day session 
was organized consisting of presentations by recognized experts. 
It is now being written up as a paper and being prepared for 
publication in the HP Journal. 

A complete review of this emerging science is beyond the 
scope of this paper, but a sampling of some of the ongoing 
experiments and results/analyses will be published shortly. 
D. Dosimetry 

It is normal to divide radiation protection dosimetry into 
two categories, external and internal, that depend on the type of 
radionuclide involved; both of these have two others, 
occupational and environmental, that depend on the person 
receiving the dose. A third category, medical, can have aspect 
of all the above, and with a large female work force is gaining 
prominence, particularly with the growing concern about 
irradiation of the conceptus and fetus. In this paper, we have 
chosen to deal with all these combinations by using only three 
categories; external, internal, and medical. Other groupings 
would be equally valid. 
External and internal doses are normally estimated by one of two 

methods, or a combination of both. The first method, and the one 
normally used for environmental doses, is to use environmental 
pathways to obtain estimates of the concentrations of 
radionuclides in air and on or in surfaces. These concentrations 
are then used to calculate doses from external and internal 
exposures. The calculation of doses from external exposures is 
straight forward, using standard factors to convert 
concentrations in air or on surfaces to dose, and is relatively 
straight forward once the concentrations are known. 
D.l Dosimetry 

Estimates of internal doses require the same environmental 
pathway calculations and uses these to calculate the radionuclide 
concentrations in air, food, and water and these, along with 
estimates of breathing, drinking and eating rates and the 
distribution and retention of radionuclides (calculated using 
metabolic models) in humans body to estimate the "integrated 
retention" human organs and tissues. Once the integrated 
retention has been calculated, it is an easy matter to calculate 
the dose using standard factors such as those given in the 
supplements to ICRP Pub 30. These standard factors .are estimates 
for "Reference Man" which are normally used for all .adults in 
occupational settings. When estimates of non adults are desired, 



as in this case, other factors, such as those given in ICRP Pub 
56, and in the soon to be published reports on new lung models by 
the ICRP and NCRP need to be used. 

The second method is more di.rect; when measurements of the 
amount of a radionuclide in an organ or tissue exist, as they do 
in this case from whole body counting, thyroid counting, etc., 
these measurements can be used to estimate the integrated 
retention, and hence doses, if the time course of all intakes is 
known, or can be estimated from the environmental pathways 
calculations. The same metabolic models are used in this case as 
in the first situation, and when counting data exist these 
measurements are best used to "calibrate" the environmental 
pathways models to improve the estimates of exposure, and hence 
improve the dose estimates for the whole population, not just the 
monitored group. 
D.2 Medical Dosimetry 

One of the first Centers for radiation dosimetry in Medicine 
was at Oak Ridge, USA. This center has had a lead role in the 
U.S. and international developments for more than 40 years. 
Medical practice, and in particular nuclear medicine, has 

undergone considerable change in the last decade, and will 
continue rapid change in the remainder of this century. The 
driving forces for these changes are twofold: 
Electronic information storage and retrial will have increased 

use and impact as small, fast computers become more available to 
the operational radiation protection practitioner. 
E. Better Hardware for Radiation Protection 

Scientific and technological developments in the areas of 
radiation protection and radiation detection techniques continue 
at a great rate. These developments are resulting in the 
deployment of sophisticated technology for work place, and 
environmental radiation protection is becoming more widespread. 
Perhaps the most visible current demonstration of the 
world-wide deployment of sophisticated radiation protection/ 
detection technology is the unfortunate incident at Chernobyl in 
which the world's first indication of the problem was given by 
worker monitoring equipment. Following that the incident, 
contamination from Chernobyl was detected, often at trace levels, 
by every industrialized country. Gamma spectrometry is an 
example in which the technological advancements of plug-in boards 
for personal computers and germanium detectors have led to 
widespread use of this sophisticated technology for 
identification of radioactive contamination. 

Cooled optically stimulated luminescence (COSL) technology 
is likely to make significant improvements to personal dosimetry. 
In this process, cooling, irradiating with ultraviolet light, and 
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warming of crystalline materials replaces the more familiar 
thermoluminescent (TL) process. COSL is more sensitive to what, 
having a minimum detectable level corresponding to 1 /xGy, 
and may use materials less expensive than the high purity LiF 
common in TL dosimeters. 

Exposures of workers and the public to RN in air is normally 
accessed using fixed or portable air monitors containing an air 
pump. However there is the possibility to assess exposures using 
passive instruments (no pump) at least for radionuclides of 
elements that have the right characteristics. Those that warrant 
further study are charged particle emitters, particularly those 
that are soluble in a liquid that is a liquid scintillator, or 
can be readily converted to LS material. There has been work 
ongoing at Chalk River Laboratory and Ontario Hydro to develop 
such devices for Tritium. Examples of their use include 
monitoring room air during experimental exposures to animals and 
monitoring room air during operation of the Fast Intense Neutron 
Source. Monitoring worker exposure and effluent requires methods 
of recording time and air volume. This success leads to the 
assumption that similar devices could be developed for isotopes 
of C, Fe, I, Te, Se, etc. In fact, some work has been done for 
C-14 in breath, using the same scientific principles. 

There is also a possibility that passive devices could be 
developed for aerosols, but this would have to use different 
scientific principals. Obviously passive monitors have potential 
but considerable R&D remains to be done. 
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